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ONTUMI3AILLISI POBOYUX TAPAMETPIB CYJHOBOI
YTHIIBAIIIMHOI TAPOBOI TYPBIHHU

SYNOPSIS

The search for technical solutions search aimed at improving of the
ship steam turbines reliability (in particular utilization), part of the ex-
pansion process in which lies in a two-phase zone (wet steam) is a press-
ing issue for the ship power plants operation. So far, all the practically
important problems of mechanics of two-phases medium have been
completely solved.

The questions of optimization of grids and shapes of the turbin flow
range parts of turbines operating on wet steam remains open. The correct
choice of parameters and the distribution of thermal overlaps of turbine
stages is also important.

Wet-steam turbines research shows the need to develop specific rec-
ommendations on the most effective operation (in terms of energy loss
and erosion wear of working blades).

The objective of the study is to develop recommendations on the op-
timal choice of parameters for steam turbine stages operating on wet
steam.

The results of the analysis of the initial vapor pressure influence on
the final stages of the wet-steam turbines of the ship make it possible to
avoid unfavourable operating conditions in terms of the final humidity
and thereby increase their efficiency and erosion reliability.

The most economical operation mode for utilizing steam turbines us-
ing low-grade heat of exhaust gases and operating in the field of wet
steam with a significant degree of humidity is the mode at a vapor pres-
sure at the turbine inlet of about 0.7 MPa. Pressure increase leads to a
significant humidity increase and the to efficiency decrease. Reducing
the pressure of less than 0.6 MPa significantly affects the efficiency of
the turbine due to the decrease in available heat flow, which makes the
use of utilization turbines impractical.
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IMocTranoBka mpodaemu. [lomyk TEXHIYHUX PilIEHb CIPSIMOBAHHX
Ha MIiJBUINEHHS HAJIMHOCTI CYJIHOBUX TapoBUX TypOiH (30Kpema
yTUITI3allifHIX) YacTHHA TPOLIECY POIIMPEHHS B SKHX JISKUTHh B JIBO-
¢aszHiil 30Hi (BONOT0i MapH) € akTyaJbHUM MUTAHHSAM EKCIUTyaTalii cya-
HOBHX EHEpPreTHYHHX YCTaHOBOK. J[0 TemepilHbporo yacy BCi MPakTHYHI
BaYKJIMBI 3aBJIaHHSI MEXaHIKU JBOGA3HUX CEPEOBHUII BUPIlICH] B MOBHIH
Mipi. 3aJHIIAOThCs BIAKPUTHMHU MUTAHHS ONTHMi3allii PerToK i popm
MPOTOYHUX YACTHH TypOiH, IIO MpaIIoOTh Ha BoJorii mapi. He meHmn
BaYXJIMBUM Y LIbOMY 3B'SI3KY € MPaBWILHHUN BUOIp MapaMeTpiB 1 po3moin
TeruIonepenaiiB cxoaamMmu TypOiHH.

Anani3 nociaimxenb. HaykoBo-gocnigai po6oTu B 001acTi BOJIOro-
napoBux TypOiH [1,3,4] moka3yrTh HEOOXIIHICTH BUPOOJICHHS KOHKPET-
HUX PEKOMEHJAIM 11010 HAaWOLIbIl eEeKTUBHOI (3 TOUKH 30py BTpaT
SHeprii 1 epo31iHOro 3HOCY poOOYHUX JIOMATOK) iX eKCILTyaTallii.

MeTo10 1aHOT0 JOCTITKEeHHS € BUPOOJICHHSI peKOMEHAallii 3 ONTH-
MaJBHOTO BUOOPY MapaMeTpiB CTYNEHIB MapoBUX TypOiH, IO MPAIIOI0Th
Ha BOJIOT'i# mapi.

[Iporarom TpuBajoro yacy IBUTYHOOYAIBHUKM MParHyld MiAHATH
TEIIOBY e()EeKTUBHICTh MU3eNiB i gocsartu Bixu B 50%. Hapermuri 115 Bixa
JocsTHyTa ¥ HaBiTh mepeBepuieHa. bins 50 % TtemnoBoi eHeprii, 1o
BUJUISETBCS TIPY 3TOPSIHHI TMajHMBa, ChOTO/HI MEPETBOPIOETHCS HAa KO-
pucHy pobory, 110 3abe3neuye pyx cyaHa. [lopsaky 50 % BiampaiiroBa-
HOT'O TerJia SBJIAE JONATKOBUI PECypC €Hepril, sIKHii TeOPETUYHO MOKHA
BUKOPUCTOBYBAaTH Ha Cy/HI JJIsl BUPOOHUIITBA MapHu W €JIeKTPOEHEPTii B
YTUIM3aIMOHHBIX TYpPOMHBIX JUIS 00IrpiBy W poOOTH JONOMDKHOTO
yCTaTKyBaHHSI.

3aBASKM MPOCTOTI ¥ HU3BKUM KamliTaJbHUM BUTpaTaM OLUIBILIICTH
CYAHOBHMX YTHJI3al[ifHUX KOTEIbHUX YCTAHOBOK MPAIIOIOTh Ha HACH-
yeHil mapi 3 ThckoMm He Buiie 0,7 mlla, 1110 BUKOPUCTOBYETHCS LIS
HarpiBaHHs MPUMIlIEHb, MIIIrPiBy Ba)KKOTO MajWBa B TaHKaxX 3amacy i
BHUJATKOBUX LUCTEpHAX, Mepel NaTMBHUMH W MacIsIHUMHU cerapaTopamMu
Ta JUIs IHIIMX TEXHIYHUX 3aBJIaHb.

Cxema rimnboKoi yTHIi3alii TEenI0TH BUIMMYCKHUX Ta3iB €HepreTHIHON
YCTaHOBKH Cy4acHOT'O KOHTEHHEPOBO3Y HaBeeHa Ha puc. 1.
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Pobota yrunizaniiinoi TypOiHU MOXKE 3IHCHIOBATUCS Y JCIKOMY Ji-
ama3oHi TeMIepaTtyp 1 TUCKIB.
Jnst po3rsnyToi TypOiHu:
— a0CONIIOTHUIM THUCK CBDKOI mapu Moxke 3miHroBaTucs Bin 0,6 110

1,0 MIla;

— TemriepaTypa cBixoi napu Bix 270 mo 300°C;

— THUCK napu B kouaeHncaropi Big 0,005 no 0,008 MIla;

— wdyacrora obepraHHs TypOiHM mocTiiiHa i cTtaHoBuTh 8000
00/XB.

VYrunizaniiai  TypOiHM Ccy4acHMX KOMOIHOBaHHMX EHEPreTHYHHX
YCTaHOBOK MPAIIOIOTh Ha HU3BKOMOTECHI[IHOMY TeIlTi, IPH TeMIepaTypi
napu, mo He mnepesuinrye 300 C, Toai sIK MOTYXHI THapoBi TypOiHH
npairioTh nmpu temmneparypax mnonan 400 C. IIpu Hu3bkil TemnepaTypi
napv Ha BXOJi Ta HEBHCOKMX mapamerpax tucky napu (0,6...1,5 mlla)
KpHBa il KOHJIeHCcallil IPOXOIUTh JIOCUTh BUCOKO, i 3HaYHA YaCTHHA CTY-
TIeHiB MPaIoe Ha BOJIOTiH mapi.
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VY KoHjAEHCAIITHUX TypOiHaX 3 HU3KUMHU MOYATKOBUMH TapaMeTpa-
MU TIapy OCTaHHI PiBHI MPAIIOIOTH B 00J1aCTi HUXKYE 3a JIIHII0 HACUYCHHS,
TOOTO poOOUYMM CepeZIOBUIIEM B HUX € Bojora mapa. ¥ TypOiHax Hacu-
4eHoi 1 cnabko meperpitoi mapu, YUCIo PiBHIB, IO MPAIIOIOTH BOJIOTOO
naporo icToTHo Oinbuie. € TypOiHH, B SIKUX Y BCIX PIBHAX Map BOJIOTHH.
JlocmipKeHHS, 10 TPOBOJMIIMCS B CKCIIEPUMEHTAIBHUX TYypOiHax
[1,2], moka3anwu, 10 MpU POOOTI BOJIOIOK MApOK EKOHOMIYHICTh PIBHIB
3HUXKYEThCS. Lle MosICHIOEThCSl HACTYITHUMHE MTPUYHHAMH:
— 30UIBIICHHSM BTPAT CHEPTii B PelIiTKax;
— BTpaTaMH €Heprii Ha pO3TiH BOJIOTH B 3a30pi Yy 3B'I3KYy 3 MEH-
LIO0 IIBHJKICTIO BOJIOTH, OCOOJIHMBO BETMKOAMCIEPCHOI, 1 TEPTSIM MiX
Maporo i pigKor (a3oro;
—  yIapHOIO, TAJIbMIBHOIO JII€I0 YaCTOK PIJMHM, IO MOTPATUISIOTH
Ha po0oui JIONATKH;
— JIOJAaTKOBMMH BTpaTaMH B pOOOUYMX PEIIiTKaX, M0 00epTaroTh-
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Puc. 2 3anexHicTb IUIOMII 3HOCY BiJI TPUBAJIOCTI POOOTH JIOIMATKH
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Jonst okpeMUX CKIaJ0BUX BTpaT B 3arajgbHoMy 3HIkeHHI KK mpu
PpOOOTI BOJIOTOKO MAPOI0 Pi3HA 1 3AJIEKHUTH BijJl 0ararbox (Hi3MYHUX i reo-
METpUYHUX YUHHHUKIB. [IpoTe, B OUIBIIOCTI BUMAJAKIB B piBHSAX OaraTo-
CTymiHYacTUX TYypOiH BUpIIaJbHAUMU € BTPaTH Ha TaJbMyBaHHS 1 Ha
PO3TiH BETUKOANCIIEPCHOT BOJIOTH.

PoGora Ha Bosoriii mapi MpU3BOAMUTE 0 3HOCY poOoUMX JonaTok. Ha
pHC. 2 HaBEeACHO 3HOC JIOMATKA OTPUMAaHHWK B peajbHHX yMOBax, 1 3a-
JISKHICTB TUIONII 3HOCY BiJl TPUBAJIOCTI pOOOTH JIOMATKH.

3a ¢opmynoro S, MU 3HaXOAMMO ILIOLLY TPUKYTHHKA (OpMY 3HO-

LIEHOT YaCTHHU JIONATKH. §, — L€ IUIONIA JIONATKK Ky MM 3HaXOAUMO

o ¢opMysi IOl Tparneiii. AS Ja€ HaMm BiJHOIICHHS 3HOIICHOT YaCTH-
HU 70 3arajbHOi YacTUHHM JIOMATKH 1 TOKa3zye Ie Yy MNPOLECHTHOMY
CHIBBiTHOLIEHHIO.

HesBaxaroun Ha HIOWTO HEBEIMKHIA BiICOTOK 3HOCY, 3 PUCYHKY BH/I-
HO, IO y BEPXHii 4acTHHI 00JACTh 3HOCY 3arpO3JIMBO HAOIM3WIIACH /IO
0aHIaXHOTO CTPUIKHS, IO MIPH HAsIBHOCTI KOJMBAaHb MOBUHHO NPU3BECTH
JI0 pyMHYBaHHS JIONATKX 3aJ0BTO A0 11 HOBHOT'O 3HOLIIYBAaHHS.

Amnanizyroun po0oui mporecu puc.3, Mu 0a4MMO, 110 TTPU 30LIbIICH-
Hi MOYaTKOBOI'0 TUCKY 3POCTa€ HasIBHHUH TerJionepenas TypOiHH, a oTKe
it KKJI. B Toii e yac KUIbKICTh CTYIEHIB, IO MPAIOIOTh Ha BOJOTiH
napi, 3pocTa€, 0 MPHU3BOAMTH A0 3MEHIIEHHS CTPOKY EKCILTyaTallii.
TypOina crae MeHII HaaiiHOIW. TakuM YMHOM, BHOIp MOYaTKOBHX IO-
Ka3HHUKIB MapH (THCKY Ta TeMIepaTypu) € KOMIPOMICOM MK MOTYX-
nictro, KK/ ¥ HaziiiHicTIO TYypOiHU.

3 ToukH 30py €PEKTUBHOCTI PO3MIISIHYTOI B pOoOOTi TypOiHM HalKpa-
UM PSKUMOM € poOoumii pexxuM npu po =1 MIla. Oxgnak ciij 3BakaTi
Ha Te, IO MPH BOJOTOCTi OMU3bKOI0 10 12% (sIKa € KPUTUYHOIO) CHITBHO
30UTBIIYETHCS epo3iiiHe 3HOUIYBaHHS, 1110 3HIKYE HaIiHHICTh TypOiHH, i
cKopouye ii cepenHiii HapoOITOK Ha BiAMOBY, TOMY B pa3si morpedu 3a-
Oe3MevnTH MiIBUIIEHHH pecypc a0o OUIbIl BUCOKY HAJIHHICTh TypOiHU
0a)kaHo MEePeXOIUTH Ha HUXKYi MapaMeTpH MapH, 3 MOYATKOBUM THCKOM
o =0,6...0,7 MI1a.
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Puc. 3 PoGouwnii nportec y TypOiHi B Jiarpami i — s MU pi3HUX 3HAYEHHSIX THCKY
rapy Ha BXOJIi B TypOiHy

Binpm neranbHO 1S TEHAEHIIs! po3risHyTa B Tabm. 1, ne HaBeAeHO
JlaHi 100 3aleKHOCTI BomorocTi mapu ta jgonatkoBoro KK/ TypGinn
BiJl THCKY Ha BXOJ1 B TypOiHY po. 3a JOIMOMOIO0 JaHUX 3 Tabmuil 1, sxi
MU OTPHMAJIHM 3 HaBEACHUX BUILE PO3PaxXyHKiB, MOOymyeMo rpadik Kpu-



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 11

BHX 3MiHH BOJIOTOCTi IO CTYIEHSIX THUCKY 3aJI©KHO BiJ THCKY Mapu Ha
BXOJIi B TypOiHy.

Tabnumst 1 3aexHicTh BOJIOTOCTI Mapy BiJ MOYATKOBOTO TUCKY

Do, MITA Bouoricts, %
1 2 3 4 5
1,5 0,2 2,3 6,0 9,9 14,0
1,4 0,0 2,0 5,7 9,5 13,6
1,3 0,0 1,7 5,3 9,1 13,1
1,2 0,0 1,5 4,9 8,6 12,6
1,1 0,0 1,3 4,5 8,2 12,1
1,0 0,0 1,1 4,0 7,6 11,5
0,9 0,0 0,9 3,5 7,1 10,9
0,8 0,0 0,6 3,0 6,5 10,2
0,7 0,0 0,4 2,4 5,8 9,4
0,6 0,0 0,0 1,7 5,0 8,5

Tabnuus 1 moka3ye eeKTHBHICTb Ta HaldiiiHICTH poOOTH TYpOiHH
MpH Pi3HUX MOYAaTKOBHX THCKax mapH. Tak, po oT 1,5 no 1 mIla ynemox-
JUBIIIOE PoOOTY TypOiHM MPU TaKMX THCKax, TOMYy IO OCTaHHI CTYIeEHi
MPaIIoTh Ha Mapi, BOJOTICTh sikoi Oinbma 3a 12%. Pexum py ot 1 1o
0,8 mIla no3BOsIE BUKOPUCTOBYBATH TaKWM MOYATKOBMM THUCK MpPH KO-
My BOJIOTiCTh MeHbIle yeM 12%, ane mpu HUX THCKaxX Mapu Bce OIHO
OCTaHHI CTYIIEHI MPAIIOI0Th HAa BOJIOTOCTI OJIM3BKIiM 0 KPUTHYHOI, IO
JIy’Ke HEraTUBHO BIUIMBAa€ Ha HaJiiHICTh TypOiHu. Pexxum py ot 0,7 10
0,6 mIa mokasye HaiiOiLNBII BATI peKUMH POOOTH TypOiHH.

Ha puc. 4 mokazaHo KpHBi 3MiHH BOJIOIOCTi IO CTYIEHSX THUCKY
3aJIeXHO BijI TUCKY MapH Ha BXOJi B TypOiHy. ['opr3oHTaNbHA JiHIs, SKa
npoBejicHa Ha piBHI 12% Bosorocti, BU3Ha4ae 00J1aCTh HEIOMYCTUMUX
pexumiB pobotu. BepTukanbpHa uepBoHA JIiHIS MOKa3ye HAHOUIbII edek-
TUBHUH pexuM poOOTH, HE 3BAXKAIOYM HA Te, IO OCTaHHS CTYIiHb Mpa-
LIOE TIPU BOJOTOCTi ONM3BKIiH 10 KpUTHYHOI. [IpIMOKYTHHKOM BHiNIeHA
30Ha HEIOMYCTUMHX PEKUMIB pOOOTH TypOiHH.

Moxxna npuiimaTty [1-3], 1m0 K.K.J. madii TypOuHI, 110 MpaIoe B
o0JacTi BoJoroi mapu, BU3HAYAETHCS 10 POpMYyIi
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BJI _ 1
MNoi = Noi _(:rl _Z-ap _E.’ygﬂ
Je T]gi K.K.A. CTYIICHU Ha NEPETPETOM Iape;

€, TIOTEPU DHEPTUH B CTYIIEHU OT NEPEOXJIANKICHHS;

€, MOTepH SHEPrUH HA PasHOH Kallellb;

&y, TOTEPH SHEPrUH Ha yJap Kalelb O JONATKy.

B Tabnmmi 2 1 Ha puc. 5 HaBenmeHo 3ayiexHicTh BigHOCHOro KK
TypOiHU Bill MOYaTKOBOr'O THCKY napu. Buano, mo makcumanpanii KKJ]
BiAmoBigae Tucky 6mu3bko 0,85 Mlla.

OnHak 3 MONepeHbOro aHamizy (IuB. puc. 7.5) BUIUIMBAE, 10 MPH
TAKOMYy THUCKY Ha OCTaHHIX CTYIEHSX BOJOTiCTh mapu mnepeuinye 10%,
[0 OJIU3BKO JI0 TPAHUYHO JIOMYCTHMOro ctyrneHs Bojorocti (12%). Ta-
KAM YWHOM, HalOUIbII MPUHHATHHHA PEKUM POOOTH BiAIMOBIJIAE THUCKY
napu 0,6+0,7 MIla, npu sikomy 3HMKeHHs BizHocHOro KKJI He mepesu-
mye 0,5%. B Toii jxe yac icTOTHO 301TBbIIYETHCS JOBIOBIYHICTD TYPOiHH.
AHaJoriuHO momepeqHiM TaOMuIi i PUCYHKY 3a3HaY€HO HEIOMyCTHMI
rnapamerpu poOOTH, 3€JICHO0 3aJIMBKOI0 — HANOUIBII CHPUSTIMBI.

16,0
14,0
//
12,0 =
* 10,0 " 5
& 10, >~ s 5, CTYNEHD
8 80 | 4
2 8, 4 cTyneHb
¥ "
2 60 > — 3 ctyneHb
8 L
4,0 e ) CTYNEHD
2,0 |t ws ] CTYNEHB
0,0 ——l—f" ]

05 06 07 08 09 1,0 1,1 1,2 1,3 1,4 1,5 16
Py, MNA

Puc. 4 KpuBi 3MiHN BOJIOTOCTI MO CTYIIEHAX THUCKY 3aJIEKHO BiJl THCKY ITapy Ha
BXO/Ii B TypOiHYy
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Tabnum 2 3anexsicts BiqaocHoro KKJI Bij moyaTKkoBOro TUCKY mapu

po, MHA DO[, %
5 68,54
1,4 68,95
I3 69,32
1,2 69,65
1,1 69,93
1,0 70,14
0,9 70,30
0,8 70,28
0,7 70,02
0,6 69,60
rloi' %
70,00 \-\\
N
69,50
N

69,00 \\
68,50

68,00

05 06 07 08 09 1,0 11 12 13 14 15 16
po, MNA

Puc. 5 3anexnicts BHYTpinmHLOro BigHocHOro KK/ TypOiHy Bij MOYaTKOBOTO
TUCKY TIapu
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BuchHoBku

PesynbpTaTti mpoBeseHOro aHallizy BIUIMBY MOYaTKOBOTO THCKY Mapa
B OCTaHHIX MA0JAX BIa)KHOMAPOBHUX CYIHOBUX TYpOiH MO3BOJNSIOTH YHU-
KHYTH HECHPHUATINBUX (3 TOYKH 30py KiHIIEBOI BOJIOT'OCTi) PEKHUMIB PO-
00TH 1 THM caMHM MiABHINUTH iX EKOHOMIYHICTh 1 epo3iliHy Hamiii-
HicTh. HaliOLnbIll €eKOHOMIYHUI PEXUM POOOTH YIS YTUTI3AIINHUX Mapo-
BUX TypOiH, IO BUKOPHCTOBYIOTh HU3BKOIIOTEHIIIHE TEIIO Bigmpalbo-
BaHUX Ta3iB, TOOTO TPAIIOIOTh Ha BOJIOTIH Mapi 3i 3HAYHUM CTyIIEHEM
BOJIOTOCTI € PeXHM 3 THCKOM Mapd Ha BXOIi B TypOiHy OJHM3BKO
0,7 MITa. 36ibIICHHS TUCKY BEJIE JIO ICTOTHOTO ITiIBUIIISHHS BOJIOTOCTI 1
sumxkeHHs: KKJ| depe3 Bomoricte mnapu. 3HWKEHHS THCKY MEHIIE
0,6 MIIa icrorHo no3HauvaeTbcs Ha KK/ TypOiHM, 10 TOro * MIBUIKO
3MEHIIYEThCS HASBHUHA Temjonepenasj, O poOUTh 3acCTOCYBaHHS
yTUITI3alidHOI TYpOiHH HEOUITBHUM.

Tyt HEe po3ridnaBcs BIUIMB IOYAaTKOBOI Temriepatypu 7, Ha BO-
JIOTICTh mapu. Y SKOCTI popaxyHkoBoi Oyna obpana 7,=300 C, sik Mak-
CUMaJIBHO JIOCSDKHA Ha BUXOJI 3 YTHJII3alliHHOTO KOTJIA. 3MCHBIICHHS
TEeMIlepaTypy TNapd Ha BXOIi B TypOiHy NPUBOIAWTH A0 3MEHIICHHS
PO3TaIIOBYBAaHOrO Teruionepenana TypOinu i cHmkenuto ii KKJI, a tak
caMo 110 301TbIIEHHSI BOJIOT'OCTI MapH 3a TYpOiHOIO.
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Harionansauii yaiBepcuTer «OJ1echbka MOPChKa aKaaeMis»

MOJAEJIIOBAHHS I'I APOAUHAMIKHA BUXPOBUX
EJIEMEHTIB KOMBIHOBAHOI'O CKPYBEPA

ANNOTATION

The article presents a simulation of the vortex element of a combined
scrubber for cleaning contaminated gases from SOx emitted into the at-
mosphere by ship engines.

The complexity of the design of the combined scrubber predetermines
the complexity of the simulation of hydrodynamic modes of its opera-
tion. Scrubber modeling is divided into several local models. A separate
model is considered modeling gas flows in a vortex scrubber element.

To simulate aerodynamics, a solid model of a vortex element was
built into a special virtual experimental stand.

To simulate aerodynamics, a solid model of a vortex element was
built into a special virtual experimental stand.

The experimental stand includes: a vortex element &350 mm; plate
section 80 mm; flow simulation cylinder & 80 mm, long 150 mm. To
simulate the rotation of the flow, the stand included a special element
“zone of rotation” which allows changing the speed of rotation of the
flow in the swirl.

The algorithm for modeling the flow of gas in a vortex element in-
cludes the following steps: the creation of a solid model; setting bounda-
ry conditions; definition of restrictions; the task of air flow at the en-
trance and exit; gas flow analysis (velocity and pressure); visualization of
simulation results.

In the course of a numerical experiment, rational installation angles of
axial-blade swirlers, installation height of the baffle disk were deter-
mined.

Simulation of the speed streamlines showed the presence of a swirling
zone of gas flow around the rack of the baffle disk, the minimum gas ve-
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locities are observed above the baffle disk and a special channel to ensure
internal circulation of the fluid.

Analysis of the pressure diagrams in the experimental test bench al-
lowed us to determine the nature of the pressure distribution; a reduced
pressure is observed in the zone of increased turbulence in the flows.

The results of the study of the distribution of velocities and pressures
in the vortex element allow us to proceed to the study of the following
modeling blocks of the combined scrubber.

The simulation results allowed to determine the distribution of veloci-
ties and pressures in the vortex scrubber element. The developed model
can be used as a separate unit in larger models of cleaning systems,
which include several types of scrubbers for various industries.

Keywords: shipboard systems for cleaning emissions of SO,, solid-
state scrubber models, numerical simulation of gas flows.

IHocTanoBka mpo0JemMH i ii 3B'A30K i3 BaKJIMBUMH HAYKOBHMH Ta
npakTuunumu 3aaannsmu. Cydacui Bumorn Jogatky VI 10 KoHBeH-
1ii MARPOL, 3 MeTor0 3aXKCTy HABKOJIUIIIHBOTO CEPEOBHUIIA Bijl BUKH-
niB cipku (SOy), BCTAHOBIIOIOThH 3arajibHe OOMEKEHHS! MaKCHMaJbHOTO
BMICTY cipku B najnusi (1% Bix 3aranbHoi Baru). B sikocTi anbTepHaTHBH
MOXHA 3aCTOCYBAaTH CUCTEMY OYMIIEHHS BUXJIOMHMX Tra3iB JUIs 3HMKEH-
HS 3aTaJIbHOTO BUKUAY OKCHIIB CIpKH JOMOMDKHUM 1 TOJIOBHHM IPOITY-
JBCUBHUMH JIBUTYHAMH CYJIIEH, IO MiJPaXxOBYEThCSA SIK CyMapHa maca
BHKHJTy OKCHJIB Cipku [1].

AHnani3 pocaimkens i myomikamii. [IpoBiqHuME BUpOOHUKAMU CY-
nHoBux nBUryHiB (MAN Diesel, Wartsild ta iH.) B sSIKOCTi CTaHAapTH30-
BaHOI, 0a30BOT CHCTEMH OYUCTKH BUKHJIIB IBUTYHIB Bil SOy peKOMEH Ty~
€THCS CUCTEMa OUYMIICHHS B SIKiii BUKOPUCTAHUH TOJNHNA OXOJO/PKYBaIh-
HUH ckpyOep 3 mpoTuTedieto [2-4].

Jlo mepeBar moioro ckpyoepa Ciiiji BiTHECTH: MPOCTOTY KOHCTPYKIIi,
HeBeJMKa TipaBIiYHUNA OMip, HAJIHHICTh MpH eKciuryaTanii. Heqomika-
MU IMX anapatiB € TPOMi3JIKICTh, Maja MATOMAa MPOAYKTHBHICTH, HEOO-
X1JIHICTh 3a0€3MeUeHHS YUCTOTH BUXITHOI IPOMHUBHOI BOIH [5].

JAnist OMiNIUIeHHs! TEXHOJIOTIT OYHMILEHHS PEKOMEHYEThCSI BUKOPHC-
TaHHs KoMOiHOoBaHuX ckpyOepiB (Hybrid Scrubber System) [6], B sikux B
OJJHOMY arfapati peasli3yroTbcsl TOCIIAOBHO «ITPOMHBHHIA» 1 «HACAIKO-
BHi1» CIIOcOOU ouuIiieHHs ra3y Bij SOx.
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3 J0CBiy eKCIUTyaTtallii HacaJKOBUX CKpyOepiB [7], Bijomo, mIo ix
HEIOIKaMK € 3a0MBaHHS KaHAJIIB MK eJIEeMEHTaMH HacaJlKu, IO Pi3KO
301IBIIYE TiAPaBIIYHUN OMip QIIBTPYIOYOro MAPY i 3HUKYE MPOAYKTHB-
HICTh amapary.

s 3abe3neueHHs] CTaOLIBHOIO TiPAaBIIYHOTO OMOPY HACAIKU 3a-
MPOMOHOBaHA KOHCTPYKIiSl BUXPOBOI Tapiiku [8], SIKy MOXKHa BHKOpPHC-
TOBYBaTH B KOMOIHOBaHHUX «MODPCBKHX» CKpPyOepax Ui OYMIIEHHS BU-
XJIOITHKX Ta3iB CYIHOBUX ABUTYHIB Bi SOy.

OnHak MPOEKTYBaHHS HOBHUX TEXHIYHO CKIQJHUX MPHUCTPOIB cydac-
HUX CyJHOBHUX JBUTYHIB a00 CyJTHOBUX CHCTEM HEMOXKJIUBO 0€3 BUKOPH-
CTaHHSl TIPOTPAMHOTO 3a0e3MedYeHHs SIKe JTO3BOJISIE TPOBECTH MOJENbBHI
PO3paxyHKHU Ta ONTUMI3AIliI0 00JIaJHAHHSI, 110 PO3POOIISIETHCS.

OnHuM 3 HalOLIBII MOIIMPEHHWX MPOrpaM JO3BOJSIOTH MPOBOIUTH
KOMIT'IOTEpHE MOJIEIIOBAHHS 1 aHalli3 Tedil piAMHU B TPUBUMIPHHX MO-
JIeISAX MPUCTPOIB € porpamuuil komruieke SolidWorks 3 nomatkom Flow
Simulation [9].

MeTo10 podoTH € AOCTiKEHHS KOHCTPYKIii BUXPOBOT'O eJleMeHTa
CKpyOepa NUISXOM CTBOpeHHs 3a jgomnomoror SolidWorks Tta Flow
Simulation [9] TpuBHUMIpHOT TBEPIO-TITFHOI MOAENI 1 KOMIT FOTEPHE MO-
JIeTIIOBaHHsI Teviid ra3y B HiM.

BuknagenHsi oCHOBHOTro martepiany gocijimkenHs. s iHTeHCH-
¢ikanii npouecy ounctku BUKUAIB SO, Bii CyTHOBUX ABHTYHIB 3aIpo-
MMOHOBaHA KOHCTPYKIis KOMOiHOBaHOIO CKpyOepa (puc. 1).

[Mpunimn po6oT KOMOIHOBAHOTO CKpyOepa IMOJIArae B HACTYITHOMY
(puc. 1): 3abpyaHeHMiA Ta3, U0 BUAASETHCS BiJl CyTHOBUX JABHTYHIB Ha-
JIXOIUTh B | CTYIIHB OYMCTKH - MOJNHH CKPYOep (Jie pearye 3 piiMHOI0),
Miclsl 40oro ra3 MpoxoauTh uepe3 Il CTymiHb OYMCTKH - HacaaKOBHii
ckpyOep 3 BUXPOBOIO TapiIKOI0. 3aCTOCYBaHHSI BUXPOBOI TapUJIKU J03BO-
Jnsie 3a0e3meyn T cTadlIbHy po0oTy 000X CTYNEHIB anapaTy 3 MOCTIHHUM
TiIpaBIiYHUM OMOPOM, BUKITIOYMTH 3a0UBaHHS HACAJKU, YIIPABJIATH pe-
XUMoM o4ucTkH Ha I[-ro crymeHs (UUISIXOM peryiroBaHHS KiUTbKOCTI
3pOLIYBaHOIO PiIMHM 1 CTYIIEHEM 3aKpY4yBaHHS MOTOKIB, IO TPOXO/SThH
4yepe3 BUXPOBY Tapujiky).

CKJIaJHICTh KOHCTPYKIIII KOMOIHOBAHOTO CKpyOepa 3yMOBIIIOE CKJla-
JTHICTH KOMIT IOTEPHOI0 MOJICTIOBAHHS TAPOJMHAMIUHUX PEKHUMIB HOTr0O
pobotu. KommiekcHe moentoBaHHs Tediid ra3y (B OAHINH Moiesi) Takoro
anapaTy BUMara€ 3HaYHOI TOTY>KHOCTI «KOMITFOTEPHUX PECYpCiB» 1 dacy
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JUTS 3A1MCHEHHS po3paxyHKiB. ToMy Jisi CIIPOIIEHHS MOJIENTi PallioHalb-
HO BHKOPUCTOBYIOUM KiOGpHETHUHHH MiaXig 10 pPO3pPOOKH XiMiKO-
TEXHOJIOT1YHOI anapaTypu 3anpornoHoBanwuii B [10] po3outu Moaens ama-
paTy Ha psJ] JIOKAIBHUX MOJICIIBHUX OJIOKIB.

OYyHmeHHA +

rai

Piouua
Ha 3pomeHHA

Il cTynine
—" BuxpoBa Tapinka

v

laz Ha

OMHILEHHA N I ctynine

Nonui cKkpydep

JabpyaoHeHa
pionHa

Puc. 1. [IpunimmnoBa cxemMa KOMOIHOBAHOTO CKpyOepa 3 BUXPOBOIO Tapi-
JIKOIO.

Komm’toTepHe mMozaentoBaHHS KOHCTPYKTHBHOI'O BHKOHAHHS Ta Til-
POAMHAMIYHOIO PEKUMY POOOTH KOMOIHOBaHOTO CKpyOepa 3 BUXPOBOIO
TapuIKOK BKIIIOYA€E HACTYITHI MOJICIbHI OJIOKH:

1. CTBOpEHHS TBEPAO-TUTLHUX MOJIENEH eJIeMEHTIB amapary.

2. CTBOpEHHS TBEPIO-TUILHOI «30MpaHHsD anapary.

3. MonentoBaHHs TigpOJMHAMIKM 3aBHXPYBadiB BHXPOBOI TapilIKu
II-ro crynens ckpyoepa.

4. MopnentoBaHHS IIUTLHOCTI 3pOIIeHHs [-ro cTymeHs - mojaoro ckpy-
Oepa.

5. MonentoBaHHS T1IpOIMHAMIKKA BXiJHOTO NaTpyOKa 3a0pyJHEHOr0
rasy.
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6. MopnenmoBaHHsl (QinbTpalii TBEpAMX YACTUHOK 4Yepe3 PiAMHHHUN
11ap BUXPOBHH TapiliKu.

7. Bizyanizauis Tediil B «300p1i» anapary.

Poszginenns Mozeni Ha psij epepaxoBaHuX OJIOKIB J03BOJISIE 3pO0H-
T okpemuii aHaii3 podory I Ta Il crymeni ckpyOepa, nmpuuoMy aHaii3
TIpOANHAMIYHMX PEKHMIB MOXKHA MPOBOAUTH B MIpy CTBOPEHHS TBEp-
JO-TUTBHUX MOJIENIEH elIeMEHTIB anapary.

Ha mepmomy erami MopemtoBaHHs Oyla CTBOpEHa TBEpIO-TiTbHA
MoJienb (300pKa) BUXPOBHH Tapiiku 3 3aBUXproBadaMu (puc. 2).

Puc. 2. Tlepepi3 BUXpOBOi Tapiyiku KOMOIHOBaHOTO CKpyOepa.

Tapinka ckpyOepa MicTHTh 163 BUXpOBHX eJeMEHTa, SIKi MpeACTaB-
JSIIOTh COOOI0 aKCiaNbHO-JIOMAaTKOBHI 3aBUXpYBad 3i cIeliajJbHUM Bij-
OIffHUM JMICKOM BCEPE/IMHI SIKOT'0 BUKOHAHI OTBOPH (pHC. 3).

Pobora BUXpOBOTO efeMeHTa MOoJsirae B HACTYMHOMY: 3a0pyAHEHUH
ra3 HaJXOJUTh 3HU3Y anapary, IOTpaIuIse B 3aBUXPYBay, J€ 3aKPyIyETh-
csl 1 Tede B3JIOBXK CTiMKM BinOiliHUKa (puC. 3). 3BepXy Ha TapuIKy HAIXO-
IWThH 3pollyBanbHa pimuHa (puc. 1). 3a paxyHOK B3aeMoJii MOTOKY 3a-
OpYyAHEHOI0 TIOBITPA 1 3pOLTYBAIBHOI PIIUHY HA MMOBEPXHI TapiIKU yTBO-
PIOEThCS MHHUE QUIBTPYIOUMA map, Yepe3 KU MpOXOAUTh Ta3 1 O4uH-
IIA€THCA BiJ] TBEPJMX YACTHHOK 1 OKCUIB CIPKH.
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Puc. 3. [lepepi3 TBEPAO-TIIBHOI MOJIEI BUXPOBOTO €JIEMEHTA.

OnHuM 3 OCHOBHHX (aKTOpiB, 1110 BIUTMBAIOTH Ha LIUTBHICTH 1 TOPHUC-
TICTb MiHU € CTYMiHb 3aKPy4YyBaHHS T'a30BOI0 MOTOKY HIO MPOXOIUTH
Kpi3b 3aBiXpyBaui.

MogaenroBaHHS pyXy ra3y B BAXPOBOMY €JI€MEHTI IPOBOANBCS OKpe-
MO B TIPOIIECi YHCIOBOI'0 EKCIIEPUMEHTY BU3HAYAINCS PalliOHANbHI KYTH
YCTAHOBKH, KUIBKICTh JIONATEH aKCiaJlbHO-JIOMATKOBUX 3aBHXPYBadiB
(puc. 46) Ta BUCOTY yCTAaHOBKH BiIOIHOTO JMCKA.

Jnst peanizailii TaKOTO YMCIOBOTO EKCIIEPUMEHTY OYB CTBOPEHHUH Bi-
PTyallbHUH eKCTIepUMEHTAIBHIMA cTeH A (puc. 4a), SKUii BKIIOUaB: BUXPO-
Buii enement & 50 mm (1); ainsgHKy Tapinku & 80 mm (2); mumiHIP MO-
JISITIOBAHHSI TOTOKY Jyy; 80 MM, toBxkuHOI0 150 Mm (3).

st MofenmtoBaHHSL 00EpTaHHS MMOTOKY CTEHJI BKJIIOYAB CIeliabHUN
ENIEMEHT «30Ha 00EepTaHHs», IO JA03BOJISIE 3MIHIOBATH IIBUAKICTH 00ep-
TaHHS TIOTOKY B 3aBHXpIoBaui (puc. 46).

ANTOpPUTM MOZIENIOBaHHS Tedii ra3y B BUXPOBOMY €IEMEHTI BKIIIOUAE
HACTYIIHI €Tanu: CTBOPEHHS TBEPIO-TUILHOI MOJEINI; 3aBAaHHS TpaHHY-
HUX YMOB; BH3HAaYCHHS! OOMEXEHb; 3aBJaHHs BUTPAT MOBITPs HA BXOJI Ta
BHXO/i; aHali3 mepediry razy (MIBHIKICTH i THCK); Bi3yali3alisl pe3yib-
TaTiB MOJIEITIOBAHHSI.
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a) 0)
Puc. 4. BipTyanbHuil ekCriepuMEHTATbHAN CTSH/ TS JOCIi)KSHHSI BH-
XPOBUX €JIEMECHTIB KOMOIHOBaHOT'O CKpyOepa:
a - 3araJbpHUN BUMIIA; O - Biyastizallist 30HM oOepTaHHSI.
Pesynbratu nociipkeHb (puc. 5) po3MoOiICHHS MIBUIKOCTEH MOKa-
3yIOTb, IO 3aBUXpyBad 3a0e3leuye BHCOKY CTYIiHb 3aKpy4yBaHHS IO-
TOKY Ta3y HaBKOJIO CTikM BigbiiiHOTrO Ancka (puc. 5a). Y 1entpi BinOii-
HOT'O JIUCKa 1 B TIOPOKHMHAX OTBOPIB B CTIHIli CHOCTEPIraloTbcs 30HH
3HMKEHUX IIBUAKOCTEH ra3y (puc. 56), U0 crpusie «BTATYBaAHHIO» Piu-
HU 3 MOBEPXHIi BiIOiHOr0 AucKa i momady ii 3akpydeHHH TOTIK, TOOTO
3a0e3MeuyeThCsl BHYTPIIIHS HUPKYIALIS PIAVHU 3 YTBOPEHHAM CTiHKOro
MIHHOTO TI1apy.
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a) 6)

Puc. 5. MogenroBanHs Teuii ra3y (IIBUIKICTh) Y BUXPOBOMY €JIEMEHTI
KOMOIHOBaHOTO CKpyOepa: a - JIiHii cTpyMy; O - KapTHUHA B mepepisi.

Bizyanizarisi po3noaity TUCKiB (puc. 6) npu mnepediry rasy depes
BHUXPOBHH €IEMEHT IMoKa3aa, U0 PO3MOIiNl TUCKIB Y BUXPOBOMY elleMe-
HTI B OCHOBHOMY INOBTOPIOIOTH TPAEKTOPIi JiHIA CTpyMy OTpUMaHi MpH
JOCTIKEHH] MBUAKOCTI pyXy ra3y. Y 30HI BiOiitHOro qucka (Imicis 3a-
BHUXpYyBaya) CIIOCTEPIraeThbcsd 3HWKEHUH THCK, IO MOSCHIOETHCS OiTbII
BHCOKHUMH IIBHIKOCTSMH 1 TYpOYJIEHTHICTIO TEUil Ha I[ii UISHIIL.
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146118.24
137681.63
129245.02
120808.41
112371.80
103835.19
9545858
87061.97
7862536

TO188.74
Fressure [Pa]

Flow Trajectories 2

Puc. 6. MozenroBaHHs Teuii ra3y (TUCK) B BAXPOBOMY €JIEMEHTI KOMOi-
HOBAHOTO CKpyOepa.

Bucnosku

1. Jlnst mocnimkeHHs Teuid ra3y B KOMOiHOBaHOMY CKpyOepi po3po0-
JIeHa TBEPO-TLIbHA MOJIENIb BUXPOBOTO €IIEMEHTA.

2. Po3po0bneHo KOHCTPYKIIIO BipTYaldbHOTO EKCIIEPUMEHTAILHOTO
CTEHJy JJO3BOJISE JOCHIDKYBAaTH Tedii razy uepe3 BUXPOBHH eeMEHT 3
ypaxyBaHHSIM 00epTaHHS MOTOKY Taszy.

3. UncrnoBe MOAETIOBaHHS JIiHIM CTPYMy MIBUAKOCTI MOKa3aj10 HasB-
HICTb 30HM 3aKpY4yBaHH: MOTOKY ra3y HaBKOJIO CTIMKH BiOIHHOTO TUC-
Ka, MIHIMaJIbHI IIBHJIKOCTI Ta3y CIOCTEPIraroThCs HaJl BiAOIHHUM JucC-
KOM Ta CIIeliaJbHOMY KaHalli Julsl 3a0e3Me4eHHs] BHYTPIIIHBOT IIUPKYJIs-
1T PiUHM.
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4. AHaui3 entop TUCKY B €KCIIEpUMEHTAIBHOMY CTEH]Ii O3BOJIUB BU-
3HAYUTH XapakKTep PO3MOALTY TUCKIB, 3HUKCHUN TUCK CIIOCTEPIraeThes B
30H1 MiBUIIEHOT TypOyJi3allii MoTOKiB.

5. Pe3ynbraTl IpOBEACHOTO JOCHIPKEHHS PO3MOITY MIBHIKOCTEH 1
THUCKIB B BUXPOBOMY €JIEMEHTI JIO3BOJISIIOTH MEPEUTH 1O JOCTIIKESHHS
HACTYITHUX MOJICIIOIOTH OJIOKIB KOMOIHOBaHOTO CKpyoOepa.

3akiHyeHHS

Po3pobiiena TBepao-TiIbHA MOJIENB OyJle BUKOPUCTaHA, SIK €IEMEHT
30ipKH, IPH CTBOPEHHI MOJIeNli KOMOIHOBaHOTO CKpyOepa Ui OUWIIEHHS
BHKH/JIIB CyTHOBHX JIBUTYHIB BiJl cIOiyK SOy.

Po3pobnena Monens BUXPOBOTO €lIeMEHTa 1 BipTyalbHHI €KCIepH-
MEHTAJIBHUN CTEH/J MOXYTh OyTH BUKOPHCTaHI NPU MPOBEJECHHI HAYKO-
BO-ZIOCIIZIHUX, JUCEPTAlifHUX POOIT MariCTpaHTiB, acIipaHTiB, HAyKO-
BUX MpALiBHUKIB ISl MOPIBHSUIBHOI OLIHKK €()EeKTHBHOCTI 3aKpY4YEHUX
MOTOKIB, JOCTIIPKEHHS PO3NOIiTY IIBHIKOCTEH 1 THCKIB.
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Harionansauii yaiBepcuTer «O1echka MOPChKa akaaeMis»

XAPAKTEPUCTHUKHU MPOLHECY MAIIMEHHS HUJITHAPO-
MOPIIHEBOI I'PYIIUA IBUT'YHIB RTA

The abstract

The publication is devoted the decision of an actual problem increase
efficiency operation of ship diesel engines by perfection processes
greasing of cylinders. The analysis a condition of a question on an
investigated problem is made and lacks systems greasing of diesel
engines RTA are defined.

Experimental researches on studying processes greasing of cylinders
of ship engines that has allowed to receive representation about an
overall performance these systems are spent. Modern methods
researches, such as oscillograms and high-speed filming are thus used.

By these researches it is defined, that greasing process is
accompanied by "emission" a part oil in the cylinder cavity, gases
extending in the channel that causes a real loss of cylinder oils and
occurrence an additional source deposits.

Characteristics process greasing, and their interrelation with a design
of greasing devices are defined. Influence geometrical parametres of
channels system greasing on characteristics process the expiration of oil
in the cylinder and finally on efficiency its use in the engine is
experimentally confirmed.

The executed experimental researches system greasing have allowed
to establish its basic lacks which concern:

- Considerable (to 50 %) non-uniformity the expense oil on turns on
constant power setting;

- The jet expiration oil in the cylinder on transitive modes at decrease
in capacity the engine;

- Breaks in oil giving on a cylinder mirror at increase capacity the
engine;

- Unsatisfactory distribution greasing on a circle the cylinder plug,
owing to giving by flutes.

Keywords: ship diesel engine, greasing system, greasing channel,
greasing process, cylinder plug, piston, a piston ring, deposits.
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Beryn. Illupoke BUKOPHCTaHHS aJIbTEPHATUBHUX EHPIETUYHUX pe-
CYpCiB 1 HU3bKOSKICHUX COPTIB MajHB HAQTOBOTO MOXOMKEHHS, MOPS 3
MMABUILIEHHAM €KOHOMIYHOCTI, BUMArac 3Ha4HOro 30UIbIIEHHS HaIIHHO-
cri [IB3, 1m0 ABISETHCS Ba)KIMBUM HANPSMKOM IOJIMIICHHS BUKOPHC-
TaHHs (PIOTY i CyTHOPEMOHTHHX IMiJIPUEMCTB.

OnHOYacHO 3 OCBOEHHSIM JAW3ENIB HOBUX IOKOJiHB, OCOOIUBY 3Ha-
YUMICTh 3700yBa€ MiJBUIICHHS TEXHIKO-CKOHOMIYHHUX MOKa3HUKIB YHC-
JICHHOT'O MapKy CYJHOBUX JBUTYHIB IUISIXOM 301IbIIEHHS €()EKTUBHOCTI
CHCTEM, SIKi 3a0€3MeUyIOTh X pOOOTY.

Bigomo, 1o 11i MOKa3HUKH i BUTPATH Ha OOCIYTOBYBaHHS IU3EIiB Y
Mepury 4epry 3ajexaThb BiJ IMpaie3faTHOCT] HIIIHAPOIOPIIHEBOI TPyIH
(LI1I"), To6TO By37a, SIKMA € HAOUIBII HABAaHTAKEHUM 1 BU3HAYA€ TEXHi-
KO-eKoHOMiuHi mokasuuku podotu B3 [1]. Tomy, cTBOpeHHs HOBHX
MOKOJIIHB 200 MOJIepHi3alis iICHYIOUHX IHU3eTiB, 30UIbIIEHHS iX MOTYX-
HOCTI ¥ MiJBUIIEHHS EKOHOMIYHOCTI CYNPOBOKYETHCS HEOOXITHICTIO
MOCTIHHOTO MOIIYKY MOXJIMBOCTEH 3HWXeHHs 3HociB aeraneit LI, B
MepIIy Yepry MUITXOM BJIOCKOHAJICHHS MPOLIECY MalleHHS.

OnHuM 3 TepCTeKTUBHUX NUIAXIB MiABUIIEHHS e()eKTUBHOCTI opra-
Hizamii nporecy Mamienns neraneit LI € 3acTocyBaHHsS HOBUX CHCTEM
3 eIEeKTPOHHUM PETYITIOBaHHAM MOAa4i MacTHIa i KepyBaHHSM pOOOTOIO
CHCTEMH 32 JIOTIOMOTOI0 MEePCOHANBHUX KOMII ' toTepiB. OHAaK CTBOPEHHS
W MHUpOKEe BUKOPUCTAHHS TAaKUX CHCTEM OOMEKYETHCS MAJIOK0 BUBYEHIC-
TIO TX e)eKTUBHOCTI 1 CyNepewINBICTIO ICHYIOUMX JTaHUX PO iXHIO eKC-
TuTyaTaliiiny HaJiiHICTb.

ExcrutyaTaiiiiHuMy  BUTTPOOYBAHHSAMH ITIITBEPPKEHO, IO BIOCKO-
HaJICHHS TPOIIECIB 1 CUCTEM JI030BaHOI MOjaui MacTUia € eeKTUBHUM
HaANPSMKOM MiJBUILECHHS €KOHOMIYHHMX IOKa3HUKIB POOOTH CYJHOBHX
JB3.

Amnaji3 myoJikaniii mo Temi gociimkenns. 3xailicHeHHs Oe3nepep-
BHOI 3aMiHU MacCTHJIa, 1110 BiAMPAIIOBAJIO, CBIKOIO TOPILIETD, 1 MiATpUMKa
BJIACTUBOCTEH MACIISHOI TUTIBKM Ha J3€pKajil IMIIHApPa MOXIUBO TPH
peryispHii, pIBHOMIPHIN 1 OJIHOYACHIH MMOa4Yi MacTHIIa YepPe3 MaCTHIIb-
Hi otBOpH [2,3].

VY BimoMHuX TyOpHUKATOPHUX CHCTEMax Mojaya BigMIpSHOI IIIyHXKe-
POM TIOPIIiT MAaCTHIa B IITYLIEPH OJHOTO HUJIIHIPA BiIOYBAETHCS B Pi3HI
nepioan 4acy i1 il BeMMYMHA CTAHOBHUTH YCHOTO JIMIIE KiNbKa KyOidHUX
MminimeTpiB. Kpim Toro, mepioa Mi>k JBOMa HarHiTAJILHUMH XOJaMH TLTY-
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HXXepa JTyOpHKaTopa, 3alieKHO BiJ KOHCTPYKUii Horo mpuBoga (THILY
JIBUTYHA), CTAHOBUTH Bijl JIBOX JO BOCBMH 0O0EPTIB KOJIIHYACTOrO Baa.
OpranizyBaTH B JaHUX YMOBaXx MPOLEC PETYSPHOT0, a TUM OiNbIIe PiB-
HOMIPHOTO BHXOJly MacTWia B LWIIHAD JBUTYHA iICHYIOUMMH MAaCTHIIb-
HUMH TPUCTPOSIMHU TOCUTH CKJIAJHO [4].

Posrnsnatoun cucremy B IJIOMY, CITiJT 3a3HAYMTH BiIMIHHOCTI KOHC-
TPYKTHBHOTO BHKOHAHHS HE TUIbKH JyOpUKaTOpiB, aje ¥ iHmmX ii ene-
MeHTiB. Hampuknaza, Ha IBUTYHax, 10 NepeOyBaloTh B EKCIUTyaTallii,
MOXHA 3yCTpiTH 0Oe31i4 BapiaHTIB KOMOiHAIl IITYIepiB 1 KaHANIB Y CTi-
HII BTYJKW LWAIIHAPA, IO BiIPI3HAIOTHCS OCHOBHHMH T'€OMETPUYHUMH
XapaKTepUCTUKAaMH B JAECITKH pasiB [5].

Y pe3ynabTaTi MpOBENEHUX BUIPOOYBaHbL [6,7] OyJ0 BCTaHOBICHO,
0 YAOCKOHAJEHI CHCTEMHM MAalleHHS NOMINUIYIOTh CTaH HJIHIPO-
MOPIIIHEBOT TPYNU ¥ MarOTh MOXKIIUBICTH IiJBUIIICHHS SKOHOMIUHUX I10-
Ka3HHKIB pOOOTH JBHUTYHIB MO BHTpaATi Aoporux mactui. OgHak, sK mMo-
Ka3zaljia eKCIlTyaTallis JBUTYHIB, 3aCTOCYBaHHS MOJIEPHI30BAHUX CHCTEM
HE BHYEPNAaJO0 BCi MOMKJIMBOCTI MONIMIIEHHS PO3MOALTY i epeKTHBHOCTI
BUKOPUCTaHHS MACTHII.

st HaitOunbn GopcoBaHUX Iu3eNiB (OCOOIUBO OCTAHHIX BUITYCKIB),
y SKHX THTOMI BUTPATH LUWIIHIAPOBUX MACTHJI JIeXaTb y mexax 1-1,5
r/KBT'T., PO3KpUTTS IWIIHAPIB MpoBOAUTHC uepe3 10-15 Tuc. romuw,
MPUYOMY YacTO i3 3aMiHOI0 BCHOTO KOMILIEKTY Killellb Yepe3 iX 3HOCH i
MOJIOMKH [8].

[Ipu cyyacHux rabapuTax AW3ENiB €EMHICTh HarHITAIBHOT'O MACTHIIO-
MPOBOJIY B COTHI pa3 MepeBHUIIye 00CIT MACTHIIA TIOJJaBAHOIO 33 OJIUH XiJ|
rutyrkepa. Ane i usg nopuist B 10 - 30 pa3 6inbmie Tiel, siky ( mpu po3mo-
BCIO/DKEHHMX MUTOMHUX BHUTpatax) morpioHo Oyno 6 mojaBaTd HA KOXKHO-
My xofi nopuHs. [IpupoaHo, Mo B TaKMX yMOBax mojava MacTijia Ha
MEepEMHYKY MIXK TIEpPIINM 1 JPYTUM KUTBISIMH, 13 3a3HAUEHOI0 PEryIspHi-
CTIO, 3/IIHCHEHOI OyTH HE MOXE.

OnHak Bce 3pOCTaroui IMWIIHAPOBI MOTYKHOCTI 1 BUKOPUCTAaHHS B
CyYaCHHX JM3ENIIX BHCOKOB'SA3KHX CIPUUCTHX MaUB 3HAYHO MOTiPIIYIOTh
YMOBH MallleHHsI TepTHOBOI MapH KiNbLIe-BTYJKA. Y IBOMY 3B'SI3Ky 0C00-
JUBE 3HAUYEHHs HaOyBarOTh NMHUTaHHA OpraHi3amii SIKICHOTO MallleHHS
LTI, 110 € OJJHUM 3 OCHOBHUX KPHUTEPIiB, SIKi BU3HAYAIOTH HAIMHICTD 1
nosropiunicte MOJI. Hanifinicts i nosropiunicts podoru LI He BU-
3HAYAETHCS TUILKH ONTUMAaJIbHUM BHOOPOM COPTY MAacTHJIA 1 HOro J03Y-
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BaHHS JJI51 KOHKPETHOTO COPTY IMajKBa, CYTTEBO BaYKJIMBO 3HATH e(DEeKTH-
BHICTh BUKOPHCTaHHS MOJAHOTO B LMJIIHADP MACTWJIa, BUBYUTH JHUHAMIKY
SIBUIIL, 1110 BiJI0YBaIOThCS B KaHAJIAX CUCTEMH, SIKi BIUIMBAIOTh HA JIHCHUN
MOMEHT BUTIKaHHS HOT0 y IHIIHIP 1 epeKTHBHICTh PO3MOJLTY 1O MOBe-
PXHI IUJTIHIPOBOT BTYJIKH.

B cydacnux /IB3 Mae Miciie HepiBHOMIpHICTh Mpoliecy moiadi mMac-
THJIa 10 po00Y0i MOBEPXHI LHMITIHAPOBOI BTYJIKH, KA BUHUKAE 3 PUYNH
IMIYJIBCHOI TOJIa4i MacTWja NpU HarHiTaHHI Horo nyOpukartopom. lle
MPHU3BOAUTH 0 3aBHILEHOI KUILKOCTI MacTHjIa Ha TIOYaTKy UKITY MacTH-
JIOTIO/1aui 1 HEJOCTaTHIM HOro KiTbKOCTI B KIHI[ I[LOTO IMKITY, IO MiJ-
BHIIy€ BIPOTiTHICTH 3aBuINeHUX 3HOCIB aeranei L{[1I" i panToBux 3ymnu-
HOK nBuryHa [9,10]. Takum yuHOM, akTyaJdbHMM € 3aBJAaHHS BCTaHOB-
JICHHsI BIUTUBY MapaMeTpiB POOOTH CUCTEMH MAIICHHS Ha JIOBFOBIUHICTH
poboru aeraneii LIII" cymHOBOrO ABUTYHA.

MeTo10 poCTizKeHHsI € BU3HAYCHHS TiIPaBIiUHUX XapaKTEPUCTHK
nponecy maimenHs aeraneit LI cynnosux JIB3 ta BuBuUeHHS xapakre-
PY pyxy pobouoi piinHU B TyOpHKATOpHiil cuCTeMi.

Pe3yabTaTu nociaigkeHb. 3 MOMEHTY BBEACHHS B EKCILTyaTallifo
neuryHiB RTA Ha HUX 3acTocoByBaslacsl CHCTEMa MalleHHS [MIIHAPIB,
OaraTo B YOMy aHaJOri4Ha Tiif, sIKa BUKOPHUCTOBYBAJIACh Ha JBUTYHAX
RND. IlinBenenHs MacTuia A0 MTYIEPIB B TAaKUX CUCTEMax 3JIiHCHIO-
€THCS 32 JIOMTOMOTOI0 JTyOpPHKATOpiB, 1110 MalOTh MEXaHIYHUI MTPUBi.

Li cucTemu MarOTh HEBEJTUKI BIJIMIHHOCTI Bijl IONIEPEHIX, OJIHAK HE
3aBk]u Mo3uTHBHI. Hanpuknan, kianad 13 mepeMinieHo Ha MaKCUMaJTb-
He BiIJaNeHHs BiJl J3epKajia IIIiHApa, IO K MPaBUIO MOTIpUIye MPOo-
nec Mactuiononadi. Kpim toro, sik moka3yroTh TOcHiKeHHs [4] akymy-
JIATOP Y TAKOMY BHKOHAHHI JaJICKUi Bijl JOCKOHAIOCTI. Taki KOHCTPYK-
THBHI OCOOJIMBOCT1 JIaHOT CHCTEMH OE€3CYMHIBHO BIUIMBAIOTH Ha IMPOIEC
MacCTHJIONOAaYl i BUMaraloTh YBaKHOTO BHBUCHHS.

Sk nokasye aHaji3 CHCTEM MallleHHs wIiHApiB apuryHiB RTA, 1o
nepeOyBaroTh B €KCIUTyaTallii, pO3BUTOK iX 3 MOYaTKy BHITYCKY W JOTe-
rnep MIiCTUB B 001 Kinbka eramiB. [lepmmii eranm - cucrtemMa MaiieHHS
(puc.l), HarHiTANbHA YaCTUHA SIKOI CKIIaJaeThes 3 TyOpUKaTopa 3 Mexa-
HIYHUM TPUBOJOM, KOPOTKHX HITYLIEPIB 31 CTPHKHAMH (KJIamnaH Ha BXOi
B IITYIEP), aKyMYJISTOPIB TUCKY W MOXHMJIMX BUXIJIHWUX KaHAJIB y CTIiHII
UWITIHAPOBOI BTYJIKH, MPUUYOMY PO3TalllyBaHHS BUXIJHMX KaHAIIB i Mac-
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TUJIOPO3MOAUIPHUX KaHABOK Ha J3epKaii BTYJIKU OJHOPSIHE (OJHOpSIHA
TyOpHKaTOpHA CHCTEMA 3 aKyMYJIFOBAaHHSM THCKY MAcCTHJIA).

ABTOpaMHU TMPOBEJCHI JOCIIHKCHHS CHCTEMHU MAICHHS IMJIIHIPIB
cTocoBHO 710 auryHiB RTA B ymoBax, 10 BiIIOBiarOTh 1 poOOTI Ha
JBUTYHI 13 4acTOTOI0 o0epTaHHs KosiH4aToro Baja 60 - 200 xB-1. Benu-
YMHA IMIOYJIbCY THUCKY TPH CTHCKaHHI 3aiaBanacs B Mmexax 0,8 — 1,5
Mlla, a Ha posmmpenHi - 2,5-3,0 MIla. Xing muyHxkepa JiyOpukaTopa
3MiHIOBaBcs Big 3 no 10 mM. Briue Temmepatypu mactuiia B JIyOpHKa-
Topi BUBYaBCs Ui Aianazony 20-40°C, a B mtynepi - 60-120°C.

BunpoOyBanHs 1i€i cuCTeMH, sIKi BKJIIOYAIM Bi3yalbHI criocTepe-
YKEHHSI, TOKa3aJH, 0 Ha OCTIHHOMY peXKHUMi pOOOTH IBUTYHA BECh Ma-
CTHJIOMIIBOISAIIMI KaHAJl MPAKTUYHO TOCTIHHO 3aMOBHEHUN MaCTHIIOM.
JHana oOcTaBHHA MOSCHIOETHCS aKyMYJIOBaHHSIM TIOpILIi MacTuia i BU-

> )
.
4

~

Puc.1. CknanoBi ryopukaropHoi cucremu aBuryHiB RTA: 1-kpuika
aKyMyJaTopa; 2-py>KUHA; 3-MOpIICHb; 4-HaKHUHA raiika; S-MeMOpaHa;
6-KOpIyc akymyJsiTopa; 7-raiika mryiepa; 8-3ariylika; 9-nmpokiaaka;

10-nmntinapoBa Brynka; 11-kopmyc mrynepa; 12-cTprkens; 13-KynbKoBHi
Kkjanas; 14-npyxuHa KianaHa.

XO/IOM 11 B IUTYIEp MPOTSITOM YChOTO MEpioay MiK HarHiTaTbHUMH XO-
JaMH{ TUTyHXepa JTyOpHKaTopa, a TaKoK TeOMETPIiEr0 3aKJIalaHHOoi opo-
KHUHH.

Ha nocrifiHoMy pexxumi poOOTH ABUTYHA B Pe3yJbTaTi 3allOBHEHHS
BCHOT0 KaHaJly MacTHJIOM BUXiJ HOro 3a 3pi3 OTBOPY Bij3HauaBcs 0e3
CTPYMHHHOT'O BHUTiKaHHS B MOPOXHHUHY IUJIIHIpPA 3 BIIPUBOM Bi J3€p-
Kaja. Buxig macTuia Ha JI3epKajio HWIiHApa BinOyBaeThCcs PErysipHO,
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MUHAIOYH MacTHUJIOPO3OAiUIBbHI KaHABKH, JIBIUi HA KOKHOMY 00€pTi JBU-
ryHa. OJHak MpoTsIroM mepimux 3-x o0epTiB, MO CHiAYIOTh 3a HarHiTa-
JBHUM XOJIOM TUTYHKepa JTyOpHKaropa, mojada MacTuiia 3AiHCHIOEThCS
BITHOCHO BEJIMKUMU IMOPIISMH, 10 MiAHIMAIOTBCSA HaJ A3EPKAJIOM I[HITi-
HJpa Ha BiICTaHb A0 5 MM (puc.2).

Ha nactymHux obeprax 10 4eproBoro pobouyoro xony IUTYH)Kepa
JIyOpyKaTopa BEIMYMHA MOPIii I BUCOTAa MACISHOIO BajHMKa CYTTEBO
3MeHmyeThescs. OcrunorpadyBanHst Ipoliecy aKyMYJISTOPHOI MacTH-
JIOIO/1a4i CYIPOBOJIKYBAJIOCS PEECTPAIlIEI0 X0y TUTYHXkKepa JIyOprKaTo-
pa (Xm), xoxy kiamana mrynepa (Xk), THCKy rasis (Pr), MOMeHTY BUXO-
Iy MacTuia Ha a3epkaio (M), ouinku yacy (T), BiAMITKH BepXHBOI Me-
ptBOi Touku (BMT), xomy MemOpanu akymynsropa (Xm).

Puc.2. Kinokaapu mactuiiononadi

[puknan ocruiorpamMu 1bOro MpPOIECy Ha MOCTIHHOMY PEeXHUMI po-
6OTH JBUTYHA, P YacTOTi 06epTaHHs KonmiHuaToro Bama 105 xB, xoxi
TUTYH>Kepa 7 MM, Temreparypi Mactuna B mrynepi 80°C HaBeneHuil Ha
puc.3. 3 ocuniorpaMy BHUILTHBAE, IO 3aNIOBHEHHS aKyMYJIIOI0Y0i TTOpO-
KHUHM BiZIOYBa€ThCS OJTHOYACHO 3 HATHITAJIBHUM XOJIOM ILTyHXKepa Jy0-
pukaTopa (XI), a po3BaHTaKEHHS aKyMYJIATOpa 3AiHCHIOETHCS IPOTITOM
YChOr'0 TIEPioly Yacy J0 YepProBOro pododYoro Xoay IryHxepa.

[Nepioau BUxomy MacTHiia Ha A3epkaiio muiinapa (MB) 30iratoThes 3
nepioflaMu BiIKPUTTS 3BOPOTHOIO KJiaraHa rynepa (Xx), 1o MosicHo-
€THCS JJOCKOHAJIOK KOHCTPYKITIEIO 3aKJIaNlaHHOT MOPOKHUHU. BuTikaHHsS
MacTuja 3 akyMyJsITopa B IITYIEp i BUXiJ HOro Ha J3epKajio IHIIiHIpa
BiZIOYBa€THCSI PErYISAPHO, IBiYi HA KOXKHOMY 00€pTi ABHUTYHA.
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CyMillIeHHs] OCIIIIOTpaMH 3 PyXOM MOPLIHS J03BOJISIE BU3HAUYUTH Y
K1 Tepiosin 1 Ha sIKi TOBEPXHi BiIOYBAEThCA TIOAaYa MacTHia. Y MepiIii
¢a3i BUTIKaHHS 3AIHCHIOETHCS, KOIMH HIKHE MOPIIHEBE KibIle mepedy-
Ba€ BUINE MACTHILHHEX OTBOPiB, mpu6mmsHo 3 310° mk.B. 10 40° .k.B., a
B JIpyrii ¢a3i - Konu mopiieHs nepedyBae HMXKYE JiHII PO3TAIIyBaHHS
MacTHILHEX oTBOpiB 3 85° m.k.B. 10 270° m.x.B. JlaHuii IpoIeC TOBTO-
PIOETHCSI HA BCIX 00epTax JIBUTYHa MiX JBOMAa HArHITAJLHUMH XOJIAMHU
TUTYH)Kepa JTyOpUKaTopa, 3a paXxyHOK MOCTIHHOTO pO3BaHTa)KEHHS aKy-
MyJsitopa (Xm).
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Puc.3. Ocnmtorpama nporiecy MacTiiIonoaaqi

Pa3zom 3 TuM pozmonin mopuii MacTuiIa SIK 0 OAHOMMEHHHX (Qasax,
TakK i mo obeprax xapaKTepU3yeThcs 3HAYHOIO HepiBHOMIipHicTIO. BuMi-
POM BHUTpaTH MacTHa HA PI3HUX peKHMax poOOTH ABUTYHa Oyio BcTa-
HOBJICHO, 110 B TEPIIii 3 pO3riasHYTUX (Da3 37IMCHIOETHCS Tojada Bij
30% mo 35% mactuna, a B aipyruit - 70%, ToOTO TpH pycCi MOPIIHS HHXK-
4Ye MACTHJIBHUX OTBOPIB HAJXOIUTh B 2 pa3u OuLIbIle MAacTWJIA, YAM ITiJ]
KU, ClijJy MPUITYCKATH, 110 MPU BUCXIJIHOMY XOJIi TIOPIIHS ISl YaCcTH-
Ha MOPIii MiJXOMIIOETHCS KUTBLSAMHU W PO3MOIUISETHCS IEPEBAXKHO B pa-
HOH1 OTBOPIB 1 BEpXHii YaCTHUHI BTYJIKH.

IMogaua 30-35% macTuna, 10 3aJUILAIUCS 3AIHCHIOETHCS HAIIPUKI-
HIIi CTHCKaHHS ¥ TpUNajgae Ha paiioH TPOHKA, 10 BU3HAYa€E HOTo PoO3Io-
JIJT TI0 IOBEPXHi BTYJIKH sIKa MepedyBae HUKUE Mosica MACTUIILHUX OTBO-
piB i cranoBUTH 70% IJIOIII BCHOTO JI3epKaa.
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[IpencraBnenuii juis 1aHOI CUCTEMHM MACTHJIONOJAYl PO3MOJUT BH-
TpaTH MacTwiIa 1o ¢azax 3aJMIIAEThCS MPAKTUYHO, HE3MIHHUM Ha BCIX
peKUMax poOOTH JBUTYHA, TOMY 1[0 BU3HAYAETHCS MOCTIHHOK TPHBAITi-
CTIO TIepioAy MiX iMITylbcamu TUCKY rasiB P; i P, (puc.3), a Takox moc-
TIHHOK BEJIMYMHOIO IX CIIBBIJHOIICHHS, IO OOYMOBIIOETHCS PIBHEM
pO3TallyBaHHS MOsiICa MACTUJIIBHUX OTBOPIB.

Buxin mactuia 3a 3pi3 KaHaly KOHLUEHTPOBAHUMH TOPLISIMH TPU
BUCXIJTHOMY pycCi MOpIIHA HaBiTh Oe3 siBHINA "BUKHIY'", TPUBOIAMUTH 10
3ycTpiui i 3 OIYHOIO MOBEPXHEI0 T'OJOBKU TOPLIHA, TeMIepaTypa SKoi
nepesuinye 400°C, i yTBOpeHHIO Ha Hill JOpIKOK Harapy, puc.4.

Jlokamizaniss Harapy Ha OiYHIM MOBEpXHi MOPIIHS HAMPOTH KaHAaIiB
MaIIeHHS CYIPOBOUKYETHCS, SIK MPAaBHUIO, HACTYITHUM 3alIOBHEHHSAM 3a-
30py MiXK TOJIOBKOIO M JI3epKasioM, IO NPUBOJHUTH A0 pyHHYBaHHS Mac-
JSTHOT TUTIBKM ¥ MiABUIIEHOMY 3HOUIYBAHHIO BTYJKH Y BEPTHUKaJIbHHUX
HanpsAMKax, 110 TPOXOAATh Yepe3 TOUYKH MalleHHS.

Kpim Toro, mpu Xoni mopmHsS Bropy AOPDKKH Harapy, IO MaroTh
¢dbopmy KITMHA, OPIEHTYIOTh IUTMH MACTHJIA 1O IXHIX O1YHUX CTOPOHAX, IO
30UIBIIYE NUTAX 1 Yac pyxXy MacTHJIa MO rapsyiii noBepxHi mopuHs. [Tpu
3aBHIICHUX JO3yBaHHSX II€ MOXKE€ NMPUBOIUTH O MOBHOTO 3aKOKCOBY-
BaHHS 3a30py HaJ MEPIIUM KOMIIPECIHHUM KiIbIIEM, a TaKOX 3HAYHOI
iHTeHcHu]iKamii 3arajJbHOrO MPOLIECY HarapOyTBOPEHHS I 3HOIIYBaHHS B
LHATIHPI.

[Ticns MPOXO/PKEHHST OCTaHHIM TOPIIHEBUM KiUIbIIEM MAaCTHIIBHHUX
OTBOpPIB TOCTYMAIOUUil BallUK MacTHJIa MOXKE 3allOBHIOBATH 3a30p MiXK
TPOHKOM 1 J3epKaJIoM IHIJIiHApa. BpaxoByloun 3HauHy JOBKUHY TPOHKA
i reoMeTpito iioro nosepxHi ("3e0py'), MOXKHa BBa)kaTd, IIO OJIHA Yac-
THHA 1€l mopuii Oyae BUKOPHCTOBYBATHCS MO MPU3HAYEHHIO, a iHIIA -
CTIKaTH 1O A3epKaiy IWIIHApa B HANPsSMKY BikoH. Lle Oyne TpuBatu 1o
MEPEeKPUTTS. HIDKHIM KiblleM (IpU pyci MOpPIIHS BHHU3) MACTHIBHHX
OTBOPIB.
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6)

Puc.4. CtaH ronoBku nopurHs:
JI0 YCTaHOBKHY Ha JABHTYH () 1 miciist po3kpuTTs (0)

[Tpu oMy 3HaYHa YacTWHA MACTHJIA, IO CTiKae BHU3, Oyxe, 0e3cy-
MHIBHO, CKHJIQTHCS KUIBLISIMH Y BiKHA, IMiJIOPIIHEBY MOPOXXKHUHA W TO-
MajaTH B pecUBEP MPOAYBHOI0 NOBITps. OTxe, BUXiJ MACTHIIA B LMIIIH/D
30cepeKEeHIMH TIOPILIsSIMU Ha Mepmx obepTax ABUTYHA Iicis HarHiTa-
JBHOTO X0y TUTYHKepa TyOpuKaTopa MPUBOAMTE HE TUTBKU 10 HOro He-
palioHaTbHOrO BUKOPUCTAHHS, aje i J0 TMOTIpIIeHHs CTaHy JAeTaliei
LIIIT.

Ha octanHix obepTax HMKIY MacTHUJIONOAAYl KUTBKICTh MOAAHOTO Y
JIBUTYH HHJIIHAPOBOrO MacTwia OyJlie MiHIMAJIbHMM 1, HaWiMOBIpHIilIe,
HEJIOCTaTHIM Jisl 3a0e3MeUeHHs] HOPMAJIbHIX YMOB POOOTH Mapu TepTs
"kijble-BTyNKa". Y OUIbIIii Mipi e Oy/Je MPOSBIATUCS B HIDKHIA 4ac-
THHI BTYJIKH, SIKIIO BPaXxOBYBaTH TaKOX IMEPEpO3MOILT MacThia mo da-
3ax.

Jlokamizalliss HaTUpPaHb HA HIKHIN 4aCTHHI J3epKaja IMIIHIpa HaJ
BiKHaMH W HWKHIA YacTHHI TPOHKA € O3HAKaMH, IO BKa3ylOTh Ha HEIO-
JK MacTHjia Ha IHUX MOBEPXHSAX. IMOBIpHO, TOMY, OCTaHHIM YacoM Ha
neurynax RTA 3acTOCOBYIOTh JOAATKOBO APYTHHA PsiJi MALLIEHHS.

BcranoBiieHy B pe3yibTaTi IOCTIDKEHb HEPIBHOMIPHICTH MOAAYi MO
o0epTax MO)KHA TOSICHUTH TaKHb YMHOM: B ICHYFOUOI KOHCTPYKIIi cuc-
TEMH aKyMyJIOIua MMOPOXHHMHA MiJKII0YEHA JI0 HATHITAIBHOTO TPaKTy
napajenbHO W 3'€lHAHA 31 IITYIEPOM 3a JOMOMOro0 KaHaly, II0 Mae
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BIJTHOCHO BEJIMKWH MpOXigHHUK mepeTwH. To0To, mojaya MacTuia 3 Ha-
THITAIBHOTO TPAKTY B IITYIEP 1 B aKyMYJISTOP BiI0OyBa€ThCS OJHOYACHO.

OCKITbKY HaTHITAIBHUMA Xi TUTyHKepa MOYNHAETHCS B MOMEHT POC-
Ty IMITyJIbCY TIPOTUTHCKY P,, KON 3BOPOTHUI KiamaH 3aKpUTHH, a Mpy-
KHHAa MeMOpaHH aKyMyJsiTopa nepeOyBae, MPakTHYHO, Y BUILHOMY CTa-
Hi, TO MaCTHUJIO, HAJIXOITYM B OOMEKEHUH 00CAT MiXK 3BOPOTHUM KJIara-
HOM 1 MemOpaHoro, Oyae 3alOBHIOBATH aKyMYJIOIOYY TOpPOKHHUHY,

(puc.5).
..... § £ I €1 § 72 7)
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Puc.5. Iepiox HamoBHEHHS akyMyIsiTopa (Xm)

[pu maginHi THCKY 3 60Ky HuiHApa npubau3Ho 1o 0,25 MIla Bigk-
pHUBA€ETHCS 3BOPOTHUH KiamaH (XK) i IOYMHAETHCS BUTIKAHHS MacTHiIa 31
mrynepa. OHaK, BpaXOBYIOUM HE3HAYHHWH 4ac i TpHBaIOve MepeMillleH-
HS TTyH)Kepa (X1), MOKHA MPHUITYCKaTH, IO BiA0yIeThes MOALT MOTOKY
MacTuja Ha JBi ckianoBi. OqHa yacTuHa nopuii Oy/e HaAXOAUTH B aKy-
MYJISITOp, a iHIIA - Ha J[3epKaJIO MUJIiHpa.

TakuMm YMHOM, TPH 3IiMCHEHHI TUTYH)KEPOM HATHITAIBHOIO XOXIY
CTIOYaTKy BigOyBaeThCs aKyMYNIOBaHHS IESKOI KUTBKOCTI MacTuia Mix
MeMOpaHO0, a MOTIM, IPU MaJiHHI TUCKY Ta3iB, OJIHOYACHUN BUXIJI OJTHI-
€] YaCTWHU TOPIii MacThIa B aKyMYJIIOIOUY MTOPOXKHHHY, a 1HIIOT - Y IIH-
JH]P, MUHAIOYH aKyMYJISITOP.

Buxin mactuna 31 mrynepa (MB) mi Ai€l0 HarHITAIBHOTO X0y TUTY-
HXepa JTyOpHukaTropa 0OyMOBIIOE TIOAa4Yy HOro 3a 3pi3 MacTUIBHOTO Ka-
HaJy KOHIICHTPOBAHOIO MOPITIEI0 (IUB. puC.2).

VY pe3ynbTaTi IOCTIPKEHb BCTAHOBJICHO, IO MIBUJKICTH BHTIKAHHS
MacTtuia B nuiiHapu ABUryHiB RTA mpu po3risiHyTiid KOHCTpYKUii Ha-
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THITAJILHOTO TpakTy cuctemu mnepeBuirye 1,0 m/c (puc.6). [Ipu mpomy
TPAEKTOPIS MOJIBOTY MAacTHJIA 32 MEXI KaHaiy, nocsrae 15-20 MM i Oiib-
mre.

[Ipu 3aBepleHH] MIYH)XEPOM HATHITAHHS, PYKUHA MeMOpaHu Oy-
Jle MaKCUMaJbHO CTUCHYTA, IO 3aJIeKHUTh Bill 3HAYEHHS MPOTHTUCKY Ta-
3iB, i 3HAYHA YaCTHHA IUKJIOBOI MOPIlii MAacTUIA 3alIOBHUTH aKyMYJIsi-
TOP.
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Puc.6. l1IBumKOCTI BUTIKAHHS MAaCTWIIA HA PI3HUX PEKUMax poOOTH JBUT'YHA:
1-7=90x8";2-n=110x8";3-n=134x8"; 4 - n=168 x87;

BHacnigok [0OCHTh BEIMKOrO MPOXiJHOTO IMEpeTHHY KaHaly,
3’€HYIOUOr0 aKyMYJIIOI04Y MOPOXKHHUHY 31 IITYI[EPOM, MK MEMOpPaHOIO
i 3BOPOTHHUM KJIaNIaHOM Oyzie MiATpUMYBATHCS JCIKUN THUCK, IO BH3HA-
YaeThCsl 3yCHIUISIM CTHUCKaHHSA MPYXXHHU akymylnsTopa. Ha HacTymHHX
obepTax, MpH NMaAiHHI TUCKY 3 OOKY HMJIIH/pPa A0 BETMYUHN MEHIOI, HIXK
THUCK MacTWIa B IITyLepi (TOOTO 3a paXyHOK Iepenajny TUCKY), Oye Bil-
OyBaTucsl BIAKPUTTS 3BOPOTHOro kiamnana (XK), BUTIKAaHHS MacTuia B
nutiaap (MB) 1 4yaCTKOBE PO3BAHTAXKECHHS aKyMYJIIOKOUOI MOPOKHUHU
(Xm).

Cain 3a3HaYmMTH, 10 HAHOLIbIIE TIEpeMillleHHs] MeMOpaHu aKyMyJIs-
TOpa, a OTKe, 1 OlNTbIIa BUTpaTa MacThiIa Bif0yBa€eThCs Ha MEPUIMX TPHOX
- YOTUPHOX 00epTax IHKITY, M0 MOSCHIOETHCS MAKCUMATbHUM 3YCHILIAM
CTHCKaHHS NPYKUHH B LIei mepioJ yacy i Oe3mepenIkoJHUM BUXOJ0M
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MacThja 3 aKyMyJTIOI0401 TOPOKHUHU y IITYIEP, 3 HACTYIIHUM BUXOIOM
Ha JI3epKaJo.

VY Mipy ocnabieHHsl 3yCHIUIsI CTHCKaHHS MPYXKUHU (Bix 00epTy 10
00epTy) BeIMYMHA TEPEeMIlleHHsT MeMOpaHu 3MEHIIYEThCs. BiamoBigHO
Oy/ie 3MEHIIYBaTUCS ¥ KUTBbKICTh MAaCTHJIA, 110 BUTICHSIETHCSI aKyMYJISATO-
powM (puc.7).
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Puc.7. OcranHi# nepioJ IUKITy MacTHJIONOAAYI

VY pe3ysnbTari Ha OCTaHHIX 00epTax HMKIY MacTUIIONOJadl BUTpaTa
MacTuja AOCATHE MiHIMaJbHHX 3HAa4YeHb, a aKyMYJIOIOYa MOPOKHHHA
BHUSIBUTBCS PO3BaHTaxeHO. [Ipu 3miliCHEHHI IUIYHXEPOM YEepProBOTO
HATHITaJIFHOTO X0y MPOIIEC 3alIOBHEHHS I PO3BaHTAXKEHHS aKyMYJISTO-
pa MOBTOPHUTHCS.

Ha pexxnMax 3HWKEHHS MOTY>KHOCTI BiZJ3HA4ajocsi CTPDYMHHHE BUTI-
KaHHs MacTwia (puc.8) 3a MeXi MacCTHJILHOTO OTBOPY 13 TPAEKTOPIER,
IO JIOCATAE JCKUTbKOX JECATKIB MUTIMETPIB, IO i 00YMOBIIIOE HOTO I10-
najaHHs Ha TONIBKY mopiuHs. Takuil xapakTep BUTIKaHHS € HACTIIKOM
3MEHILIEHHS MPOTUTHUCKY Ta3iB 3 OOKY HMIIHJIpA 1 PI3KUM pO3BaHTAKEH-
HSIM aKyMyJISTOpa.

[TigBUIIEHHS MOTY>KHOCT1 JIBUTYHA ¥ BIAMOBIAHE [IbOMY 301UIBIIICHHSI
THCKY Tra3iB, [0 MPOTHAIFOTh BUTIKAHHIO MAacTUJIa B IUJIIHJP, CYIPOBO-
JDKYBAJIOCS TIOSIBOIO TEPiOJIiB MOMOBHEHHS aKyMYJIOI0UYO0i MOPOKHUHH,
MPOTATOM SIKMX CIIOCTEPIrajucs MepepBy B MOAa4Yl MacTuia.

OTxe, pu MaHEBPYBaHHI CYJHOM (IIBapTyBaHHS, MPOXiJ Y3KOCTEH
i T.1.) ymoBu Mamenns aeranei LI nuryniB RTA mMoxyTh moripury-
BaTHUCHL.
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Puc.8. Kinokaipu nporiecy BUTIKaHHSI MacTHIa

BucHosku

BukoHaHi eKCcriepuMEHTalbHI JIOCIIDKCHHS aKyMYJISTOPHOI CUCTEMU
MAaIlEHHs JO3BOJUIN BCTAHOBMTH ii OCHOBHI HEIOJIKH, 0 SKHUX BiTHO-
CSITBCS:

- 3HauHa (0 50%) HepiBHOMIPHICTh BUTPATH MacTHiia Mo obeprax
MPOTATOM yCHOTO TIEpioly MacTUJIONOAaYil Ha MOCTIHHOMY peXuMi pobo-
TU JIBUTYHA,

- CTpPyMHHHE BUTIKaHHSI MacTHJIa B TIOPOKHUHY IMIIIHIpa Ha Tepexi-
JHHUX peKUMax MpH 3HWKEHH1 MOTYKHOCT1 IBUTYHA;

- IePEePBU B MOJIa4l MACTHIIA Ha J3EPKAJIO IIUITIHJIPA MIPH ITiIBUIIICHHI
MOTYXXHOCT1 JBUTYHA;

- HE3aJIOBUILHUU PO3MOJII MACTHJIA MO OKPYXKHOCTI IMIIIHIPOBOI
BTYJIKH, BHACITIJIOK [10JIa4i MIOB3 MACIOPO3MOIIIbHIX KAHABOK.
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VK 629.1.07+51-74
Bap6aneus P.A., Kyuepenko F0.M., XKonrikos €.1., Maynesiu B.O.,
KpixxanoBcbka LIT.
Opnecbkuii HarjioHansH MOPCHKUN YHIBEPCHTET

3ACTOCYBAHHSI METOJY BE3I'PAIIEHTHOM
ONTUMIBALII ITPU CUHXPOHIBALIIL JIAHUX
MOHITOPUHT'Y POBOUYOI'O ITPOLIECY CYJHOBHUX
JIU3EJIIB

Meron Ge3rpallieHTHOH n-mapaMerpuyHoi ontumizanii Powell'64 3a-
CTOCOBaHMIA B 3aJa4yax CHHXPOHI3allii JaHMX MOHITOPUHTY POOOYOro
MpoIecy CyITHOBHX au3eniB. HaBeneHi mMpuKIagu MOLIyKY TII00aIbHOTO
MiHiMyMy TecToBOi pyHKii Po3eHOpoka.

In. 5, Ta6mn. 0, coucok mitT. 14.

The gradientless n-parametric optimization Powell'64 method is
applied in tasks of data synchronization of marine diesel engines working
process monitoring. An example of a global minimum search for the
Rosenbrock test function is given.

Fig. 5. Table. 0. List of lit. 14.

BBenenns i mocranoBka npo6/jeMu. MOHITOPHHT poOOYOro Mpo-
IIECY CYAHOBUX JHU3ENB B KIHIIEBOMY MiJICYMKY 3BOJIUTHCS 0 3ajaui
OUKITIYHOTO aHalli3y HIUKAaTOpPHUX JAiarpam B poOouux muiiHapax [1].
[Tpu upomy moBuHHA OyTH BHpillieHa 3aa4a CHHXPOHI3allil JaHUX - Te-
peknaj aiarpaM THCKY 3 QYHKOiH dacy B QYHKIIi Bif KyTa TOBOPOTY
komiauyactoro Baia (IIKB) [2,3]. [ns ysBJIeHHS iHAUKATOPHUX JliarpaM y
urisiai P (V), P () abo T (S) 3anexxHocTeld HEOOXiAHO MaTH SKOMOTa
OUTBIII TOYHY BIJIMOBIJAHICTE MK THCKaMU B ImiHApi 1 kyramu [1KB.
JAn1st IbOTO BUKOPHUCTOBYIOTHCS TATYMKK HA MAaXOBHKY JABHTYHa (pick-up
sensors [4]), siki BuUMipiotoTh ¢azy [1KB cHHXpOHHO 3 AaTYMKaMu THUCKY
B mumiHApi. [Jlami, 3Harouu reoMeTpiro IHMIIHIPA i KPUBOIIUITHO INATYH-
Horo Mexanismy (KIIM), BinOyBaeThcst mepepaxyHok [IKB B obcsru
HaJIIOPUTHEBOTO MpocTopy [3].

[Ipobnema nonsarae B ToMy, o anapatHe Bu3HadeHHS Qa3 [IKB 3a
noromoroto pick-up sensors, HaJaIMTOBAHUX B CTATHI[l, MATUME TTOXUOKH
MiJ Yac poOOTH JBWTYHA IiJi HaBaHTaxeHHSM. OCHOBHI CKJIaJIOBI Ili€l
MOXUOKHU HACTYIIHI;
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- pubipka mikpomodror KIIIM npu 3HaKO3MIHHOMY HaBaHTAXKEHHI,

- KpYTHIIbHI KOJIMBaHHS 1 CKpy4yBaHHS KOJIHYACTOr'O Baja;

- XBUJIbOBi €PeKTH 1 3aTPUMKaA CUTHAIY THCKY IPH MPHUTOAL 1M IIIs-
XY Bil yMOBHOT'O IIEHTPY KaMepH 3TOpsiHHSI Jo0 MeMOpaHHu AaT4yrKa B pasi
BHUMIPIOBaHHS TUCKY Yepe3 KaHaj IHANKaTOPHOTO KpaHa.

OcranHsl ckiiajoBa Moxke Oytu nyxke icrorHoro (o 8° KB Ha ce-
penabooboporHrx COJ i go 12° [IKB Ha BHCOKOOOOPOTHHX IM3ENSIX)
[5]. A B 3B'A3KY 3 THM, 110 BCi IEPEHOCHI CUCTEMH MOHITOPUHTY BHKOpPH-
CTOBYIOTh CaMe Iieli croci® BUMIpIOBaHHS THCKY 1 1€ € 3BHYAIHOIO MpaK-
THUKOIO 1HIIIPOBaHIA CYIHOBHX AM3ENIB, MO)KHAa CMIJIMBO NPUIYCTHTH,
110 BUKOPUCTAHHS pick-up sensors Jist IepeHOCHUX CHUCTEM B3aralli He-
no1iibHO. [TpobiaeMy MPONOHYEThCS BUPIIIMTH JIOMTOMOT'OI0 aHATITHYHO-
ro METOJy CHHXPOHI3allii, 1110 BKIto4ae po3paxyHok BMT i 6a3yerncs Ha
3acTOCYBaHHi Oe3rpalieHTHOHN n-napamerpudnoi ontumizanii Powell'64.

Cran npodjemn. AHaJi3 OCTaHHIX JOCTiIKEHb 1 MyOiKamii moka-
3y€ B MEpUIy 4YEpTy, 110 3aBJaHH BU3HA4YCHHS noyioxkeHHs BMT € Baxk-
JIUBOKO CKJIAJIOBOK) MOHITOPUHTY pOOOUYOro MpoIecy, OCKUIBKH Bij TOY-
HOCTI 11 pillIeHHS iICTOTHO 3aJIEKHUTh PO3PAXYHKOBE 3HAUEHHS CEPEHBOr0
IHIMKATOPHOTO THCKY 1 IHIMKATOPHOI MOTY>KHOCTI LMIiHApa. Y 3araib-
HOMY BUTJIS/II 3QJICKHICTh MOXMOKM PO3PaxyHKY 1HIMKATOPHOI TMOTYX-
HocTi Big moxubku BMT mokazana B pobori M. Tazerout - Ha KOXeH
rpajyc MoXuOKU JOBOIUTHCH 10 9% pO3paxyHKOBOTO 3HAYCHHS TOTYX-
HocTi [6].

TepMoarHaMIUHI METOIM PO3PaxXyHKY 1 KOPUTYBaHHS TOJOKEHHS
BMT npennoxuom B pobotax [5, 6]. Bonu 3acHoBaHi, 30kpema, Ha pPo3-
paxyHKy EHTpONii MpH BiIOMUX 3HAYEHHSIX THUCKY B wumiHApi. Komen-
TYIOUM iX, MOXKHA BIJI3HAYWTH, 10 HASBHICTH IIU(PPOBUX 1 aHAIOTOBHX
IIyMiB MIPH BUMIPIOBaHHI THCKY B IMJIIHAPI MOXKE 3HAYHO 3HH3UTH TOY-
HICTh CKJIaJJHUX pO3paxyHKiB. UucenbHe BU3HAUYEHHS Mepioi, a TuM Oi-
JIBIIE JAPYTOl MOX1IHOT He Ma€e ceHCy 0e3 cremnianbHoi 00pOOKH BUXITHHUX
nanux (Harmpuknaa, LowPass FFT Filter [7]).

LikaBa BIacTUBICTb IHAUKATOPHOI AiarpaMu, TOUHIlIE i1 mepiuoi mo-
XiHO1, MoKa3aHo B poOoTi [8]. 3 ypaxyBaHHSAM MpPUIYLIEHb, IPUAHATHX
Ha MPaKTHIll, MMOKa3aHO, M0 B TOYIll MaKCHMMAJIbHOI IIBUIKOCTI POCTY
TUCKY Ha JIUISHII CTUCHEHHS 00CST IWIIHIPA JOPIBHIOE
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TakuM 4nMHOM, OOCST IMIIIHApPA HaJ MOPIIHEM Y 3a3HAYeHId TOYIli
MoOXe OyTH pO3paxOBaHHi 3a JIOMOMOI'OI0 BiJOMHUX I'€OMETPUYHHX PO3-
MipiB nuiiHApa i 3Ha4eHs P (¢) 1 P '(¢), oTpuMaHux 3 iHIUKATOpHOI 1ia-
rpamu. [ani Moxxe OyTH BU3HAYEHHH OOCIT KaMeph CTHCHEHHS i TOJo-
sxkeHHst BMT, sk 3amporionoBano B [9, 10]. 'apauii TeopeTnunmii BUCHO-
BOK JJAHOTO TIOJIOKEHHS, Ha KaJlb, TAKOX CKJIaJTHO BUKOPHUCTOBYBAaTH Ha
npaktuni, T. K. TouHICTh po3paxyHKy 00cCATy KamMepH CTHCHEHHS 1 IO-
noxeHHss BMT cuibHO 3a7eXXHTh BijJ IIyMiB 3aIIMCAHOI JiarpaMu THUCKY.
3acrocyBanHus LowPass ¢inbrpa [7] HE0OXiHO OOTPYHTOBYBATH IS
KO)KHOT'O KOHKPETHOTO BHUMAAKY, 3 OISy Ha IapameTpu aHaJoro-
IU(POBOro MEPETBOPEHHS, TUCKPETHICTh 1 aHAJIOTOBI IIYMH NPU BUMi-
PIOBaHHI TUCKY B pOOOUYMX IMIIIHJIpPAx 3a JOIMOMOTOI JAaTYMKIB Pi3HUX
¢ipm.

Metorw nganoi myOsikanii € aHai3 pillIeHHS 3aJladi BU3HAUCHHS
BMT 3a pomomoroio MoentoBaHHSI KpUBOI IIBUAKOCTI CTUCHEHHS. [Ipu
aHaJIi31 BUKOPUCTOBYETHCS YACTHHA JAHUX IHJAMKATOPHOI JliarpaMu Ji0
MOYaTKy 3rOPSIHHS, 32 SIKUMH BH3HA4YaroThbesl KoedinieHTn Mozeni P (o).
[Ipu upomy MiHIMIZYIOTbCS (PYHKIIOHANIM, CKIaJeHi BiAMOBIAHO 10 BU-
Mor' MeToy HaiiMeHmmnx kBaapatiB (MHK):

inci[P’((pi)—P’i]z — min;

i=l1

12
F=Yo, [P’((pl.) /P, —1]2 — min,
i=[1
ne 11, 12 - xopJoHM MOJIENIOBAHHS, SIKI BU3HAYAIOTHCS BiJl TOYATKY CTHUC-
HEHHS J0 MOYaTKy 3ropsiHHS; P' 1 - 3HaYeHHs MepIIuX MOXiTHUX, OTPH-
MaHi 3a JIOMOMOT0I0 METOIB YMCEIBHOr0 TU(EPEHIIIIOBaHHS 1HIUKATO-
pHOI niarpamu; oi - Baroei QyHKIii.
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Minimizalito 3a3Ha4eHOro (PyHKIIOHATY TPOMOHYETHCS MPOBECTH 32
JIOTIOMOIOK0 METOly Oe3rpajieHTHOM MiHiMizamii Powell'64 [11, 12]. 1lei
METO/ J03BOJISE€ BHU3HAYMTH MIHIMYyM HENiHIIHOT (yHKLii n-3MIHHHX
HUISIXOM YCHINIHUX TMOUIYKIB Y3JIOBXK CHCTEMH CIIOJNIyYEHHX HAaIPSIMKIB
[11]. Merox Powell'64 He BUKOpHUCTOBYE MOXIHUX JUIS 3IHCHEHHS T10-
LYKy, [I0 BEIbMH 3pYYHO B MPaKTHYHHUX po3paxyHKax. KpiMm Toro, BiH €
eECKTUBHUM HE TUIbKH JJIs KBAJIPAaTUYHUX (PYHKIIIN, ajie 1 I HeiHii-
HUX N-TIapaMeTpUIHHUX (PYHKIIN 3arajbHOrO BUTIILY.

Hpuxnaxg Buxopucrannsa meroxy Powell'64 na TecToBiii pyHkmii

[NokaxkemMo crodaTKy poOOTy HENIHIHHOTO METOy N-MapaMeTPUIHOL
OesrpajieHTHON MiHiMi3amii Mo 3B's3aHuX Hamnpsmkamu Powell'64 Ha
npukiaai rectoBoi ¢pyHkuii Posenopoka [11]:

Z(xl,xz)leO(x1 —x22)2 +(1—x1)2

Binoma HemiHiliHa fqBonapamerpuyHoro ¢yHkiis PozeHOpoka yacto
BHUKOPUCTOBYETBCS JJIsl TECTYBAHHS METOMAIB MiHiMi3alil B 3B'SIBKYy 3 il
cretudiunoio popmoro. Ii nerko yssutu BisyansHo (puc. 1) - BoHa sBise
0000 BUTHYTHIA SIp 3 KPYTUMU CXUJIAMH 1 JOBTUM CJIa00 MIHJIMBUX KpHU-
BoJTiHiHUM gHOM. i MiHiMyM (Z = 0) 3HaX0aUTHCA B Touwi [x1 = 1, X2 =

1].

LU T

jons_ Help
ROSENBROCK FUNCTION - Tab - Vars

Tha Rosanbrock function in 2D optimisation

o oo

Puc. 1. [omyk minimymy ¢yHkuii Pozen6poka [11] 3a nomomororo metoxy Powell'64
(xomist expaHy iHTepdeiicy TecroBoro [10)
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Crenndika nomyky MiHiMmymy ¢yHKuii PozeHOpoka momnsirae B ToMy,
10 SIKIIO 33JIaTH MOYAaTKOBY TOUKY momyky [x1 = -2, x2 = 2] (Z = 3609),
sKa BIJTHOCHO TOYKH MIiHIMYMY 3HAXOAWTbCA 3 iHIIOrO OOKY KPHBOJIH-
HEWHOTO sIpy, TO METOJ MiHiMi3alii MOBUHEH OOIHTH BCi KpUBOIiHiHE
nHO QYHKIIT i BUWTH Ha TOUKY I100ajJbHOro MiHiMyMy. Bin Toro, Hacki-
JBKY MBHUIKO Oyze 3HaiaeHnit MiHiMmyMm QyHkii PozenOpoka 3 He3pyu-
HOIO MOYAaTKOBOI TOYKM MOMIyKy [x1 = -2, x2 = 2], 3aneKuTh eeKTHB-
HICTb TOT'0 YM IHIIOTO METOAY MiHiMi3allii. BpaxoByeThbcs 3aranbHa Kijib-
KIiCTh iTepaliif MeToay 1 KUIbKICTh po3paxyHKiB camoi ¢yHkuii Po3eHo-
poKa.

Bukopucranus nos'szanux [11, 12] HanpsMkiB nomyky € eexkTus-
HUM aJTOPUTMOM JUIs KBaJpaTHUYHHUX N-MApaMeTpUYHUX (QYHKIIH i, Bif-
nmoBinHO, JuIs BupimenHs 3aBaanb MHK. VYV cnenianbHiit sitepatypi 3
aHaJTi3y MeToAIB MiHiMizaiii [11] 3a3HaueHO, 110 PsJ] TPAIEHTHUX METO-
B, 30KpeMa MeTOJl HaHIIBUAIIOTO CITyCKY, BUSBIAETHCS Hee() eKTHBHIM
IUIsl IeSKUX KBaapaTWyHuX (yHKUiA. Hampuknan, B JaHoMy BUMNAIKY,
MPH TIOYATKOBIH TOYIII TIOLIYKY

[X1 = -2, x2 = 2], rpafi€eHTHI METOX MOXYTb BUPOOISTH BENUKY
KUIBKICTh oOunciieHb (yHKii Po3eHOpoka, BU3HAYAIOUM JIOKAJIbHI MiHi-
MYMH MK OIYHUMH CXHJIAMHU SIPY 1 IPH IBOMY MOBUIEHO PyXalO4HcCh B
CTOPOHY TI00aJIbHOTO MiHIMYyMy. 3acTocoByBaHuid B MeTodi Powell'64
QITOPUTM TIOIIYKY 1O 3B'sI3aHUX HAIMIPSIMKaMH TI030aBJICHUH 1ILOTO HE0-
JiKy. 3 KOXXHOTO JIOKJIBHOTO MIHIMYMY Ha HaCTYIHIH iTepauii, npu He-
00XiAHOCTI, BiZOyBa€eTHCS IOBOPOT OCEil B CIOMy4YEeHHX HampsiMkax [12],
1 pyx B OiK r1100aIbHOrO MiHIMyMY BiZIOyBa€ThCsI BETMKHMMU KPOKaMH IO
nay spy ¢yHkuii (puc. 2). IlokpokoBuii anroputm merony Powell'64
onucanmii B [11].

Y paniii nyOmikalii BUKOPHCTOBYEThCS MoAM(IKalis MeToxy
Powell'64, sxa nependauae BUKOPUCTAHHS METOJY «30J0TOTO MEPETUHY»
(GM) [11] npu nomyky JIoOKaJbHUX MiHIMYMiB

B HampsIMKy ocell. B opuriHaibHOMY METOA1 BUKOPHCTOBYETHCS IO~
IIYK MiHIMyMYy B OChOBHX HalpsIMKax 3a JOTOMOTOI0 KBaJIpaTHYHOI Py-
HKUIT [12]. BusiBuiocs, mo epeKTHBHICTb METOLY «30JI0TOTO MEPETHHY»
BHUIIE, HK y METOAY TOCHiJOBHOTO PO3IMOJILTY HABIIL, 1 ICTOTHO TIepeBe-
pirye edeKTHBHICTh MOMYKY HemochizoBHUMH MeTomamu [11]. TTomyk
GM 3acHoBaHHMi Ha Po30UTTI Biapi3ka mpsiMoi Ha aBi yactuHu, O1 i 02,
MPH [IbOMY BiJIHOIIIEHHS JIOBXXWHU BCHOTO BiJpi3Ka JIO OUIBIIOI 4YacTUHU
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JIOPiBHIOE BiHOILIEHHIO OUTBIIOT YACTHHM 0 MeHIoi. Bigpizku mpomnop-
miiini unciaaM didonayuyi:

A5l
¢ 2

~0,62; ~0,38 ¢ +¢>=1.

»_3-45
® 2

[ 1
X1

Puc. 2. Etanu nomyky ¢yHknii Posenopoka [11] B paiioHi Touka MiHi-
MyMYy (Komist ekpaHy iHTepdeiicy TectoBoro [10)

Ha nmymky aBTOpiB, BUKOPHCTAHHSI METOIY «30JOTOTO TEPETHHY»
OUThII €(DEKTUBHO JJIsi HENIHIHHUX (PYHKIINA 3araJilLHOrO BUTJISY, JUIS
SKHX PO3PaxyHOK 3a JIONOMOTOI0 OPHUTIHANIBHOIO anroputMy [12] gacro
MPHU3BOAUTE 10 TIEPEMOBHEHHS PETICTPiB mam'siTi KOMI'I0Tepa, 0 BUMa-
ra€e HeOOXiTHOTO CIEIiaIbHOrO KOHTPOITIO.

B nanomy BuNaAKy KUIBKICTh 3arajbHUX iTepaliil MpH MOIIYKY Mi-
HiMyMy QyHKIiT Po3eHOpoKa 3 MOBOPOTOM Ocell B CIIONyYeHHX HampsM-
kax ckiano 31 (muB. Puc. 2). Ha puc. 2 Buano, mo meron Powell'64 Bxe
Ha JAPYrHi iTepamii MIBHJIKO BH3HA4Yae MOJOKEHHS IHA spy QyHKOIl i
MOTIM 3[IHCHIOE BENUKi eEeKTHBHI KPOKH B OiK I100ajJbHOT0 MiHIMYMY
no aHy spy (puc. 3). IlopiBHANBHHN aHaNi3 METOJIB N-apaMeTpUIHOL
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HeJiHIMHOT MiHIMI3allil, HaBeneHuit B [11], mokasye, mo meron Powell'64
€ HalOTbml  epeKTMBHMM METOJOM TMOIIyKYy MIiHIMyMIiB n-
napaMeTpuYHUX HeTiHIHHUX (QYHKIIN 3arajJbHOT0 BUTIISAY O0€3 BUKOPHUC-
TaHHS DOX1IHUX.

VY 3arajgpbHOMY BUNAJKy TPaJi€HTHI METOAM NAlOTh BEIMKY IIBH/I-
KIiCTh IOIIYKY, ajie HeOOXiIHICTh 3aBJlaHHA MPUBATHUX MOXITHHUX 3a Ma-
paMerpamu TIOIIYKY YCKIIAJHIOE ONTHMI3AI[IMHUX 33124 1 MOXKE CITY>KUTH
MPUYMHOIO TPYIHOBHUSBIISIEMUX TOMHUIIOK.

Haiiyacrinie MUHUMH3UPYyeMOro (pyHKIiOHaI SBJSE COOOK0 CKIaJHY
HENMHIMHY (YHKIIIO 3arajibHOTO BUTIISAAY a00 € pe3yabTaToM poOoTH
QITOPUTMY 31 CKJIaTHOI0 YMOBHO 3MIHIOETBCS CTPYKTYpOIO. B 11boMy BH-
NaAKy AJs MOIIYKY MiHIMyMY Takoro ()yHKIIOHaJly 3aJJaf0ThCsl TPaHUYHI
YMOBH TI0 HE3aJIGKHUM 3MIHHUM, B paMKax SKHX MOBUHEH OyTH 3Haiine-
HUH MiHIMyM. BUKOpHCTaHHS Mepmnx, a TUM OUIbIIe APYTHX MOXiAHUX
M0 HE3aJIEKHUM 3MIHHUM YacTO BHUSABISIETHCS HE3PYUHHUM JJIsl TOCITiIHU-
KiB, T.K. B OUIbIIOCTI BUMAIKIB JOCIHITHUKHA MOIU(IKYIOTh CBiil airo-
pUTM, 1 YUCENbHY HAOJIMKCHHS IMOXIJHMX YCKIIAJHIOE IPOLEC JOCIi-
JDKeHb, OYydH JKEpeNoM TPYAHOBUSBIISIEMUX MOMUIIOK. BiUKopHucTaHHS
x anroputmy Powell'64 He noB's3aHe 3 OXIAHUMU 1 Ma€e e(hEKTUBHICTD,
sIKa He MOCTYMAEThCs TpalieHTHIM Metonam [11, 12].

Busnayennsas BMT 3a nomomororw piBHSHHA P'(¢)=0. Bukopuc-

TOBYETHCSI TOM (DakT, MO NPU BiZICYTHOCTI 3TOPSIHHA B IMJIHJPI LIBH/I-
KicTh 3MiHH THCKY B BMT gnopiBHioe Hymo [5], 32 BUpaxyBaHHSIM Tep-
MOJIMHAMIYHOT 3MIIlIEHHS, TIOB'SI3aHOTO 3 MEPEIaucto TeIia B CTIHKH 11~

minapa (puc. 3) [3, 10]:
dP
_— 0’ ,7\ = ! = 0 .
dQgyr Po-ser = Po

3 ypaxyBaHHSIM TepMOJUHaMIYHOI (pazoBoro 3cyBy B BMT (¢ = 0)
O=-05¢,.

Tomni BUpa3 Jyis MBHIKOCTI 3MIHM TUCKY Ha JUISHI{I CTUCHEHHS MO-
JKHA 3aIMCaTH K

1 dr,
«a T alel N ’ (1)
d® yee 4o

comp __ > nl
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ne P, — TUCK Ha NIOYaTKy CTUCHEHHS; Vg = Vw,ﬁq},_ — o0'eM 1TiHApA:

V,=Ve+ 0,50 1+L — cosQp — LJI—(?uL,Jsin(p)2 ; V.=V.(e-1) —
)\'LLI )\'LLI

06C${1", OHI/IcyBaHI/Iﬁ MOBHUM XOJOM ITOPIIHS; I/c — o0csr KaMepu CTUCHCH-

v, My = Ryp / Ly, =S/2L,, — BinHowenns pajiyca KpUBOLIAIA [0 JOB-

XKWHU MIaTyHa; Va - 00'eM IUJIiHpa HA OYATKy CTHCHEHHS; nl - MOKa3HUK
MOJITPONH CTUCHEHHS.

5.2

Crank angle [*]

Puc. 3. Monemosanust dP /d@ wa ninsuui crucHenus: P, — THCK moya-

TKY 3TOpsIHHS; P, — TUCK B KiHIli CTHCHEHHS; P, — MAKCUMAJTbHUIA THCK 3TOPSHHS
nanusa; P, — THCK B Touni 36° 3a BMT

[Ticns HeckIagHUX MEpeTBOPEHb MpaBa yacTHHA piBHsHHS (1) mepe-
TBOPIOETHCS B HENMiHIIHE TpaHCIIEHAEHTHE PiBHAHHS moa0 KyTa [TKB:



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 48

Wemy __pymg Lo 57| singp+ usinecose | o
de Vo 1-22 sin’ @

JificHui1 KOpiHb piBHSAHHS (2) BU3HAYAECTHCS 3a JIOTIOMOTOI0 YUCENb-
Horo merony (Hampukian, BISECT [11]) B mianma3oni Mix abciuccaMu
MakcumyMmiB P '(¢) Ha pginsHKax ctuckKyBaHHsS 1 3ropsHHsS ([P'maxl,
P"max2], puc. 4) . Leit kopiHb siBIIsie cO00I0 PO3PAXYHKOBE 3HAUYCHHS
BMT.

VY nporieci po3paxyHky anroputMm Powell'64 BUKOpUCTOBY€ETHCS JBi-
4i: CrodYaTKy AjIsl onepeanboi oiHky nonokeHHss BMT 3a nonomororo
CHHYCOIIaTbHOI MOJIENi, MOTIM OCTATOYHHH PO3PaxyHOK IIISIXOM MOJe-
JIOBaHHS MIBUIKOCTI 3MiHU THCKY. Meroa Powell'64 BUKOpHCTOBY€ETBCS
JUTS MiHiMi3alii (yHKI[IOHATY, 3aITMCAaHOr0 BiANmoBiaHO 10 Bumor MHK:

2

m dP
F=Y P’j—ﬂ — min,
j=1 d(Pj

JIe M - KUIBKICTh TOYOK Ha JUISHIY JI0 Pc' .

Ha puc. 5 npeacraBnenuii rpadik mWBUAKOCTI 3MiHM THUCKY, OTpHMa-
HUI 3a JOMOMOTOI0 METOIB YHCETBHOTO IU(EPEHIIIOBaHHS KPUBOI
P(¢). Ha rpadixy apyroi moxigHoi (puc. 5) mokasaHi KOHTPOJIbHI TOY-
KM, 0 BU3Ha4atoTh nojokeHHss BMT (Touka m), a Takox rpaHU4Hi TO-
YK JiIs TOOYIOBH JIIHIMHOI 1 CMHYCHOT Mojieneil. B okpeMux Bumaakax
nomyk koedinieHTiB Moaeni (1) 3pydHilie MPOBOANTH NUISXOM TOIIYKY
MiHIMyMy apyroi moxigaoi P"(o).

Jns BUMaAKy aHaji3y JOBUIBHOTO Py 3HA4€Hb THUCKY, JIe TIPElICTaB-
JICH1 KUJIbKa TOCILIb 3alMCAaHUX B MaM'dTh POOOYMX IMKIIB, TOMEPEITHIO
OliHKy 3HaueHb BMT (Touka m) KOKHOTO IHKIY 3py4Hille MPOBOAUTH

2

MOUTYKOM JIOKJIEHUX MiHIMyMiB — min (puc. 4).

2

Kpim Toro, mpu po3paxyHKy mornepeHb0Oi CHHXPOHi3allii, B CHHYCOi-
JalbHOI 1 JTIHIHHOI MOJENSX BUKOPHCTOBYIOTHCS KOOPJIMHATH TOYOK B i

— ' _ D
C’Z[e B_})max’a C_Pmax‘
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i koopAMHATH PO3PAaXOBYIOTHCS SIK MMO3UTHBHI KOPiHHS HENHIMHOTO
2
PIBHSHHS y =0, e obnacTh BU3HAUYCHHS KOPEHIB

7=

@e[2n—Ag,2n+Ag], ne Ap <20° IIKB.

dP/dFi
P’ Mpa P'max fom1.dat dZP/dFiZ

5.0 /*\ )
[l

|
|
T L 4
LT
Ple) : ﬂ | 0.0
3.0 ;
" J . P
T P@ ) m e ™ B .
N
2.0 P"min I
/ |
ve \ | -0.0
: \ |
1.0 \ :
[
- = : . — 0.1
0.0 I I I I ¢ i I I
200 240 280 320 360 400 440 480 O
TIKB

Puc. 4. I'padixu p(@), p'(¢), p"(¢) crucuenus-posmuperss COJJ
YH25/34

JAnst BU3HAUEHHsI JIiBOT MeXi B MOMepeIHbOI CHHXPOHI3allil 10 CHHY-
COilaJbHOT MOJENI BHKOPHUCTOBYETHCA JIiBa KOOPAMHATA MAaKCUMYMY
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Jpyroi MoximHOoi. Y 1IbOMY BHIAJKy MPOBOAWUTHCS IMOIIYK JOKAIBHOTO
2
MaKCUMYyMY

> — min Ha 001aCTi BU3HAYECHHSA 3HAYEHDb KYTIB @:

9 e[2n-Ag, 2n], rae Ap < 30° ITKB.

B kiHIIEBOMY TiICyMKY YTOUHIOBAIKCS YHCENbHI 3HAYEHHS Koedilli-
€HTIB dP /d(p, pO3paxoBaHi MO 3allMCaHUM TOYKaM JUITHKA KPUBOL

comp
HIBHJIKOCTI 3MIHHM THCKY JI0 TTOYATKY 3TOpSHHS, i YyTOYHIOBAJIOCS CIIpaB-
*He 3HaueHHa BMT sk KyT, Ipu SIKOMY IIBUAKICTH 3MiHH THCKY JIOpiB-
HIOE HYIIIO

[pukaan pimenns 3agayi Bu3Havednss BMT 3a nomomororo me-
Toxy Powell'64. Buznauenns nonoxxenns BMT 3a nomomororo Mozento-
BaHHS KPUBOi MIBHJIKOCTI CTUCHEHHS P '(¢) 1 mojanblIoro BHUpIlIEHHS
piBasaEg P' () = 0 €, HAa ayMKy aBTOpiB, HAHOUIBII e)EKTUBHUM Ha
MPAKTULl METOAOM.

Jlnst BUpilIeHHs 3aBAaHHS BUKOPUCTOBYETHCS TOM (axT, IO MPH BiJl-
CYTHOCTI 3TOpsIHHS B LIMJIIHJPI MIBHAKICTH 3MiHM THCKY B BMT nopis-
Hioe Hym0. [{ndpoBi 1 aHamorosi mymn B BUXIAHUX JAaHUX YCKJIaIHIO-
I0Th MOJICIIOBAHHS JIUISIHKM CTUCHEHHS HA 1HJWKATOPHOI Jiarpami, aje
IIE 3aBJIaHHS BHPIIIYETHCA 3a JOMOMOIOI, Hampukian, Butterworth
LowPass FFT Filter [7].

Ha puc. 5. npeacraBieHo BupilieHHs 3aBiaHHs Bu3HaueHHS BMT
BUIIEBKA3aHUM aJITOPUTMOM JUIsl CYyTHOBOTO CEPEAHbOOOOPOTHUX JTU3e-
a1 Yanmar 6EY18ALW. IlouaTok 3ropsiHHS NajuBa B JaHOMY BHUITAJIKY -
1o BMT, i ueii BUniaiok CKIaHIMIMA U1 pO3paxyHKy, HIXK BHIIAJIOK 3 PO-
3paxyHKOM MaJIOOOOPOTHUX IU3EMIB 3 Mi3HIM YIMPUCKYBaHHSM MaJiBa.
[HTepBan MozxentoBaHHS KPHBOI CTUCHEHHS: Bijl MOYAaTKy CTHCHEHHS (3a-
kputTs knamadHiB MI'P) go mouatky BmOpCKyBaHHSI MajuMBa B IMIIIHJIP.
dazy mouatky 3ropsHHs Pc' Oyino 6 3pyyHO po3MIsigaTH B SKOCTi MPaBoi
MexXi, T.K. J[ms mporo nocTaTHpO HasgBHOCTI jumie camoi miarpamu P(o)
[13]. OnHak SKIO pO3IJISIaTy MpaBy MEXY sK (ha3y MOYaTKy 3ropsiHHS, TO
B JIUIIHKY MOJICITIOBaHHS TIOTpAIisie YaCTHHA AaHHUX MICisl YIPHUCKYBaHHS
NajauBa, siKi B)Ke HE YSIBIIIOTH COOOI0 MOJITPONM CTUCHEHHS BHACIIIOK
BUIIAPOBYBAHHS MAJIMBA, BiAOOPY Ha 1€ YaCTHHHU E€HEpPrii 1 4acTKOBOTO
3HW)KEHHS TUCKY B IUTIHADI [14].
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Puc. 5. Inpukatopna giarpama P (¢) i monmeni P ', P" cepemapo000poTHO-
ro quzenst Yanmar 6EY 18ALW (kormist ekpany tectoBoro 110)

[Ipu BUKOpHCTaHHI METOMIB BiOPOMIarHOCTUKHM MAJMBHOI anapaTypu
BHUCOKOI'O TUCKY MO)KHA BU3HAYHUTH (ha3y TOYATKY BIIOPCKYBaHHS MaJIUBA
B TiHAp [5]. Y BCixX iHMMX BHUIAAKaX HEOOXiJHO BPaXOBYBATH 3aTPUMKY
caMo3aliMaHHs MaJMBa i 3pyNIyBaTH HA HEl MPaBy MEXY MOAETIOBAHHS
KPUBOI CTUCHEHHS 11I0JI0 TOYKH Moyartky 3ropsiHus (Pc', puc. 5).

BucHoBok. AnropuTM MporpaMHoOi CHHXpOHi3allii JaHuX poOodoro
nporiecy OyB po3poOJieHUH 1 BIepIe 3aCTOCOBAHUN B TIEPEHOCHUX CHC-
temax DEPAS 2.34 [5]. Ocrannsi Momudikalist alroputMy 3acTOCOBY-
erbesi B cuctemMax DEPAS D4.0HT i orpumana na3By PLS-anroputm
(PhaseLess Synchronization algorithm).

VY Bcix BUMagkax, A€ MPOBOAMBCS MOUIYK JIOKAIBHUX MIiHIMYMIB i
MaKCUMYMIB HEeTIHIHHUX QYHKIIIH Bl ABOX 1 Oinblie 3MiHHUX, BUKOPHUC-
TOBYBaBCsI METOJ] MiHIMi3allii 110 3B'A3aHUX HANIPAMKAMH, 110 HE BUKOPH-
CTOBYE moXifaHi - Mmeroa Powell'64. Meron BUSIBUBCS CTIMKUM HaBIiTh JIJIS
BUMAAKY 7% «3alIyMIEHOCT» JaHUX OUIMM IIyMOM (OLIHKAa PiBHS Y-
MIB JUI JaHUX, OTpuMaHuX cuctemoro D4.0H «kopucHuit curaan / mrym»
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ouiHtoeThcs B 3%) [5, 13]. He3paxkatoum Ha Te€, 1[0, MO CYyTi, METOJ
Powell'64 - ne Merox mouryky 3 yMOBHHM 3aKiHUEHHSIM iTepaiii, Bajio-
cs chopMyITFOBaTH TaKi IOYATKOBI YMOBH, NIPH SKUX 3arajbHHiI 4ac BH-
KOHAHHS 3aBJaHHS CHHXPOHI3allii BUSIBHIOCS MPUHHATHO MajiuM (OIH-
HUIII MUTICEKYH]T) JUTsl OLTBIIIOCTI Cy4aCHUX KOHTPOJIEPIB.

Hakonuuenuit nocBig poOOTH B 007aCTi MOHITOPHUHTY POOOYOro
MPOIIECY CYITHOBHX JM3ENIB JI03BOJISIE CTBEP/PKYBATH HACTYITHE: BUKOPH-
cranHs PLS-anroputmy npu npaktuuHomy iHxginiposanis CABC 6inbi
MEepeBakHO 3 TAKUX MIPKyBaHb:

1) aBTomMaTuuHul 001K MOxuOOK Bu3HayeHHs BMT (ycraHoBka da-
30BOT0 JaTYMKa 1 MapKyBaHHS MaXxOBHKa BHKOHYETHCS Ha 3YIMHHEHOMY
neuryHi. [lig wac poboru nuzens BMT 3mintyeTbcs yepe3 CKpydyBaHHS
KOJIIHYaCTOro BaJia, MPOIOPIIHHO HaBaHTaKEHHIO 30UIBIIYETHCS HA Ja-
JIEKHX BiJl MAXOBHKa IMIIIHAPAX; Yepe3 KPYTHIBHIX KOJUBAaHb; 3a30PiB B
KIIIM Ta iHmmx ¢GaxTopis, SIKi HEMOXKIUBO BPaxyBaTH B «CTaTHLI»):

- PLS-anropuT™ aBTOMaTH4HO BPAaXOBYE BIUIMB CKPYYyBaHHS KOJIiH-
4acToro BaJia Ha HaBaHTa)KEHOMY JIBUTYHI;

- PLS-anroputM aBTOMaTHYHO BpaxoBYE€ BIUJIMB HEBIMOBIAHOCTI
MiX crpaBxHiM ctanoM BMT i MapkyBaHHS HAa MaxOBHKY, 10 BUHUKAE
BHACITIZIOK MOXJINBOT HETOYHOIO MapKyBaHHs MaXxOBHKa, BILTUBY 3a30piB
B naeraysix KILIM i iHmmx ekcrutyaTaliiHuX (GakTopis;

- PLS-anropuT™ aBTOMaTHYHO BPaxOBY€ BIUIMB KIHLIEBOI IIBHIKOCTI
MPOXO/KEHHS XBWJII THCKY B KaHali iHIMKATOPHOrO KpaHa (BiJ Kamepu
3TOPSIHHS 10 MEMOpaH! IaTYMKa THUCKY);

2) MOXJIMBICTH BHPOOJISTH iHIINIpoBaHie 0e3 monepenHboi miroro-
BKH JIBUTyHa (I1ij1 4ac poOOTH 3 CUCTEMaMHU MOHITOPUHTY POOOYOro mpo-
1ecy, 10 BUKOPUCTOBYIOTh anapaTHy CHHXPOHI3alilo, HalOUIbII TPyAo-
MICTKa 1 TpUBaJla YacTHHA HaJallTyBaHHS CUCTEMH - YCTaHOBKa (ha30BO-
r'0 IaTYMKa 1 MApPKyBaHHS MaXOBHKa):

- B pasi 3actocyBaHHs PLS-anroputmy BincyTHi yacoBi Ta ¢iHaHCOBI
BUTpPATH Ha YCTaHOBKY (pa30BUX JAaTUHKIB;

- 3acrocyBanHs PLS-anroputmy 03BOJIsS€ BUPOOIISITH iHAIIPOBaHIE
nu3elis 0e3rmocepeIHbO B MpOoIleci Horo ekcruryaTailii 0e3 IpuMycOBOTO
3MIHU peXHMYy Horo poOOTH 1 0e3 clieliaibHOI MiArOTOBKH, sKa HEo0-
XiJHA TIPU anapaTHOI CHHXPOHI3aIlii JaHHX;
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- PLS-ajiroput™ 103BOJIsSIE CTBOPUTH YHIBEpCAIbHY MEPEHOCHY Ma-

JIora0apuUTHY CHCTEMY IIarHOCTUYHOIO KOHTPOJK POOOYOro Mpoiecy
TpaHCcnopTHUX au3enis [1, 5, 13].
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METOANKA BUMIPIOBAHHSA MUTTE€BUX 3HAYEHD
KYTOBOI'O IIPUCKOPEHHS ITPU KPYTUJIBHUX
KOJIMBAHHSAX CYJHOBOI'O BAJIOITPOBOAY

SYNOPSIS

Theoretical and experimental study of vibration-oscillation processes
flowings in the oscillating system of the ship propulsive setting is actual in
connection with the increase of level of forcing of modern diesel engines. A
basic problem at experimental researches is a choice of place of measuring,
measureable description and reliable method of fixing of its values.

Characteristics of measuring device are given was carried out with
application three-axial accelerometers and datalogger.

Results of theoretical calculation and the experimental information are

in the satisfactory agreement.

IloctanoBka npoOaemu. TeopeTuuHe Ta EKCIIEPUMEHTANbHE J0-
CIJPKCHHS BiOpaliifHO-KOMIMBANBHUX IPOLECIB SKi NMPOTIKAIOTh B KOJH-
BaJbHIN CHCTEMi CYAHOBOI MPOMYJIbCUBHOI YCTAHOBKU € aKTyalbHUM Y
3B'SI3KY 13 MiJBUILEHHSIM PiBHA (DOPCYBaHHS Cy4yaCHUX AW3CIBHUX JBUTYHIB.
SIKIIO CKIIaHOIII TEOPETHUHUX PO3PAXYHKIB € B OCHOBHOMY MaTeMaTUYHU-
MU, TO IPHUEKCIIEPUMEHTAIBHUX JOCIIKEHHSIX BUHUKAIOTh MPOOIEMU 3 BU-
60poM Miclisl BUMIPIOBAaHHSI, BUMIPIOBAHOI XapaKTEPUCTUKU Ta CIOco0y (hik-
HEJIOJIKH, 110 HaCAaMKiHellb BiJOMBAETHCS HA SIKOCTI 1 JJOCTOBIPHOCTI OTpU-
MaHHX JJaHUX.

AmHaJi3 gociizkenb. IcHye 6arato croco6iB Ta MPUCTPOIB BUMIPIOBaH-
Hsl KyTiB ITOBOPOTY, KyTOBOI IIBUJIKOCTI Ta KYTOBOI'O IPUCKOPEHHS 13 Iepe-
TBOPEHHSIM BUMIpPIOBAHOI BEIMUMHU B EJIEKTPUUHHUH aHANIOroBUH 4u 1udpo-
Bui iHQopMauidHuil curHan, Hanpukiaan [1-3]. HaBemeni mnpuxnagu
00’€eIHy€ Te, 110 B HUX JATYUKU 200 BUNPOMIHIOBAUl 3HAXOSITHCS Ha Baly,
mo obepraeThed. Hemonmikamu 1ux crnocobiB € yCKIaJHEHE OTPUMAHHS Ta
00pOOIIIOBaHHS EPBUHHOTO curHany [1,2], o npuBOAUTE O CIIOTBOPEHHS
abo 3aryOyieHHs TeBHOI Joii nmepBuHHOI iH(opMmanii. Hegomikom mpunany
[4,5] € 3HAUHUI piBEHB IIYMY B paliOKaHaMi.
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MeTo0 NaHOT0 AOCJIUKEHHSl € 33/a4a CTBOPECHHS METOAUKU aBTO-
HOMHOTO EKCIIPEC-BUMIPIOBAHHS 1 3alUCYy MHUTTEBUX 3HA4YECHb NPHCKOPEHb
IpU KPYTUIBHUX KOJMBAHHSAX BAJIONPOBOAY.

[MigkoHTpONEHUMH PericTpy XapakTepUCTUKAMHU € JOTUYHE HAIpPYyXEH-
Hs1 200 TPYXKHilf MOMEHT

Mi,i+1 ki,Hl (¢i+1 B ¢1) _ Jm "€ (1)

T = =
w w w

Jie T- NOTUYHE HaNpYKEeHHs CKpYUyBaHHS IUISHKY i,i+/; W- monspHuit
MOMEHT OIOpY MONEPEUHOro MePeTUHy AUITHKU; M;;; - MOMEHT, 1110 CKPY-
uye; k;;+; - ’KOPCTKICTb IUISHKHU, @1, ¢—KyTH 3aKPYUIyBaHHS 30CEPEIKECHUX
Mac, 10 OOMEeXYITh AUISHKY; J;+;- MOMEHT iHepIii 30cepeKeHol Macu;
&;+7- KyTOBE IIPUCKOPEHHS BIANOBITHOT 30CEPEIXKEHOI MaCH.

IcHytOoui MEeTOIM BUMIPIOBAHHS AOTUYHUX HANpy>KeHb MOJUISIOTHCS Ha
TpU TPYNH B 3aJIEKHOCTI Bifi TOTO sIKe i3 cHiBBiIHOIIEHH (1) BUKOpHUCTO-
BY€EThCHL.

Merton Ge3nocepeHHOr0 BUMIpY HAMpPYrH CKPYyYyBaHHS Ha3UBA€TbCS
TeH30MeTpupyBaHHsIM (1iBa yacTuHa (1)). IIpu BUKOpHCTaHHI LILOTO METOLY
TEH30JaTUHKN KPIIUIATECA HA Bany mix Kyrom 45° 1o oci obepranns 3a 10-
MIOMOI'0I0 CIIELiaNnbHOro Kieto. OCHOBHUME HEAOMIKaMU € - BUOIp JUISTHKH
Baly, Nif0ip KJIE0 1 peTeNIbHICTh OPI€EHTYBaHHS TEH30AAaTUUKIB BITHOCHO OCi
0o0epTaHHATA OAUH BiJ] OJJHOTO (BUKOPUCTOBYETHCS MOCTOBA CXEMa MiIKI0-
YEHHS).

Merton BUMipYy KyTa CKpPyYyBaHHS Ha3MBA€TbCS TOpciorpadipyBaHHIM
(BUKOpUCTOBY€EThCSL pyre BimHomieHHs (1)). B nmanuit uwac HaifGinbiioro
MOUIMPEHHS HAOyIu OE3KOHTAKTHI ONTUYHI METOAUKU. [l X BUKOpUCTaH-
Hsl HEOOX1HO po3paxyBaTH abo0 3aMipsaTH KOPCTKICTh AUISHKU. Bumipn kyta
3aKpy4dyBaHHs 31HCHIOIOThCA a00 3a JOMOMOTOI0 CIelialbHOI CBITIOB1A0H-
BAlOYOl CTPIYKM 3 HAHECEHHUMM Ha Hel pUCKaMu (KPOK PUCOK CIELialbHO
HiaOMpaeThCs MiJ Jiama30H BUMIPIOBAHUX YacTOT), abO 3a JOMOMOIOI0 BU-
npoMiHioBayiB (BigOuBauiB ab0 GOTOAATUMKIB) SIKI YKPIILTIOIOTHCS Ha Bally,
o obepraeThed. 3a3Buyail mpobieMoro € BUOip Micus BUMipy Ta HajlallTy-
BaHHSI 00JIaJHAHHSL.

Y nOpomoHOBaHIH  METOAUIII BUKOPUCTOBYETHCS OCTAaHHE CIIBBIIHO-
menHs (1), 3acHOBaHe Ha Oe3mocepelHbOMY BHUMIpi B peaJlbHOMY 4Yaci J10-
TUYHOTO IMPUCKOPEHHS, a, OTXKE, 1 KyTOBOI'0 IPUCKOPEHHS OfiHieT 3 Mac. Ilpu
I[bOMY MOMEHT iHepuii Macu BU3HAUAETHCS PO3PAXYHKOBUM IIUIIXOM IO
TEXHIYHUM XapaKTepPUCTUKAM ABUI'YHa ab0 BUMIPOM.
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Ha puc. 1 a) moka3ana 61ok-cxema, a Ha puc. 1 0) 30BHIMIHINA BUTIISAT
BHUMIpPIOBATBHOTO mpuiany. [Ipu mboMy, JKepeno KUBICHHS, TPhOXOChOBI
JIATYMKH - aKCeIEePOMETPH, CyMaTop, natanorep (pericrparop), SD- Hocii
JUTSE 3aMMCy JaHUX B peallbHOMY 4aci, HoToaaTunk 3aKpimieHi Ha OaHaxi Ta
PO3MILIYIOTHCS Ha Bally, IO 00EPTAETHCSL.

a)

Puc. 1. brok-cxema Ta 30BHIIlIHII BUITIS BUMIPIOBAJIBHOTO MPUCTPOIO: 1,2 —
TPbOXOChOBI AKCENEPOMETPU; 3- TPbOXKAHAIBHUN cymaTop; 4- naranorep; 5
- porogatumk; 6 — SD-Hoci#; 7 — mKepeno cBiTa.

Po3pobnennii peecTpyrounii IpUCTpiii Mae HACTYIHI XapaKTepUCTH-
KH:

1. Posmupenuil auHamiuHuii nianaszon 1-250g (g — mpucKopeHHs Bi-
JIGHOT'O MaIiHHS).

2. 3anuc MOCTIHHOI CKJIAZOBOI CUTHATy Ta MOBIIBHO 3MiHIOIOUOIOCS
curHany. Llenagae moxuBicTh (ikcanii pagiaqbHUX TPUCKOPEHb O€3 BTpa-
TH TOCTIIHOT CKJIa10BOI.

3. Jligiiaa AUX B gianaszoni 0 - 1600 I'g

4.HeuyTnuBicTh A0 MOMIX BiJ{ IHIIMX MPAIfOIOUMX MEXaHi3MiB 1 Mpu-
CTpOIB.

5. MoxJIuBICTbh 6€3MOCEPEIHBOTO 3aIHCy PEe3y/IbTaTiB BUMIpIB Ha 3Hi-
MHOMY HOCIi€BI Bifipa3y Mo M'ATi KaHaJIaM JUIs MOAANbBLIO 00pOOKH HAa KOM-
n'IoTepi.

6. Koncrpykuis natunka BMT 1 anroput™ ¢yHKI[IOHYBaHHS AaTajore-
pa 3a0e3MneduyroTh JIETKY CHHXPOHI3allilo 3 OyAb-SKOK KUIBKICTIO JOAATKO-
BUX jaTanorepiB. lle 103BoJsie PO3BHHYTH CHUCTEMY JIO BHMIPIOBAJIBHOTO
KOMILJIEKCY.

7. BincyTHicTh HEOOXIJHOCTI PEryJIIOBaHb 1 KaniOpyBaHHS.

IIpote Ha erami po3poOKH BUKOPUCTAHHS JaTajorepa Mae HEJOJNIK —
BIJICYTHICTh MOXJIMBOCTI OIEPAaTUBHOrO, B PEaJbHOMY 4aci, KOHTPOJIO 3a-
nucy JaHux. Ane, npu HeoOXimHOCTI, 1 (YHKIiS MOxke OyTH peajizoBaHa
JIOATKOBUM YCTATKyBaHHSM.
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TeopeTHyHHMH PO3PaxyHOK 1 eKCIIEPUMEHTANBHI JOCIIPKEHHST KPYTHIIb-
HUX KOJMBaHb MPOBOAMIIMCS Ha JaOOpaTOpHid ycTaHOBII Ha 0asi muzens
A3 204: 4-x- TUATHAPOBOTO, JBOXAKTHOrO, MOTYXHicTio 127 k.c. mpu 2000
00/xB.

KonuBanbHa cucrema cknajanacs i3 7-MH AUCKPETHHUX Mac 3 MpUBEae-
HUMH MOMEHTAaMH iHeplii MOoeAHaHUMHU TUITHKAMU 3 TIPUBEICHUMH JOBXKH-
HaMH Ta >KOPCTKOCTSIMH. XapaKTepUCTUKH 3a BIJCYTHICTIO JE€TaJbHOI TeX-
HIYHOI JIOKYMEHTAllil pO3paxOBYBaJNCh 3 BHUKOPUCTaHHSAM KOpEJALIHHO-
EeMIIIpUYHMX 3aJIe)KHOCTeH [6] 1 HaBeaeHi B Tab. 1.

BitacHi yacToTH Ta BEKTOPH KOJMBAJIBHUX CTaHIB CHCTEMH BH3HAYAJIHCh
SIK pillleHHs 3a/1a4i Ha BIacHi (yHKIIT Ta BJIACHI 3HAYEHHS AMHAMIYHOI MaT-
puii.

Tabmuus 1. /lunamiuHi XapaKTepUCTUKU KOJIMBAJIBHOI CUCTEMH

N Mowmenr iHepuii | JKOopcTKiCTh OUISTHKH

Ne HalimenyBanHs I, KF*sz BaIJ)Iy k, MHw/pat

1 Humingp Nel 0,67 1,33

2 Huniagp Ne2 0.53 1,33

3 Humiagp Ne3 0.53 1,33

4 Humingp Ned 0,67 1,16

5 MaxoBHUK 2,51 1,16

6 Penykrop 1:2,485 0,12 1,03

7 I'gporansma 3,15 -

Jyia BU3HAYEHHS CTYIEHs JIOCTOBIPHOCTI BUMIpIOBaHb Oylla po3paxoBa-
Ha TEOpEeTHYHA akceneporpaMa (puc. 2 a)) MIISIXOM TapMOHIYHOTO CHHTE3Y
TapMOHIK OHO - 1 IBOXBY3710BOi (hopm konuBaHb. Ha puc. 2. 0) nmokasana
eKCIIepUMEHTaIbHA aKCeIporpamMa, IpUBeeHa, K 1 TeOpeTUYHa, 10 OJAHOr0
00epTy KOIiHYaToOro Baly mpu 4actoTi odoepranHs 1000 o6/xB. MoxHa Oa-
YUTH J0OpY TONEpeNHIO Y3rO/DKEHICTh TEOPETHYHHX PO3paxyHKIB Ta pe-
3yJbTaTy BUMIPIOBaHb.

PosxomxeHHsT MOXKYTh OyTH TIOSICHEH1 SIK TEXHIYHUM CTaHOM Jabopa-
TOPHOI YCTAaHOBKH, TaK 1 JESKOI HENOCKOHAJICTIO MOJEIN JUCKPETHOI KO-
JINBAJIBHOI CHCTEMH.
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BucnoBku

IIporoHoBaHa METOMKA BOJIOJIE PSJIOM JIOCTOIHCTB:

- MOXJMBICTh O€3MEpepBHO B pEalbHOMY dYaci 3alUCyBaTH CUTHAN y
BChOMY Jiala3oHi BUMIPIOBAHUX YaCTOT OOCPTaHHS KOIMIHYACTOrO Bally;

- Oe3nocepeHe BU3HAYECHHS KPYTHOIO MOMEHTY 1 JOTHUHOI HAIPYTH Ha
BaJly;

- JI03BOJISIE BECTH OJHOYACHO 3alHC MUTTEBUX 3HAUEHb JIOTHYHOTO,
paliaIbHOTO Ta aKCialbHOTO MPHCKOPEHb AaBTOHOMHO;

- cucTeMa Moxe OyTH PO3BHHYTA J0 BUMIPIOBAJIBHOTO KOMILIEKCY;

Jlo HenonniKy METOAMKN MOXHA BIIHECTH BiICYTHICTh, Ha TAHOMY €Tari,
MOXJTUBOCTI ONIEPATUBHOI0, B PEAIbHOMY 4aci, KOHTPOJIIO 3alUCy AaHUX.
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Ilamsu 1.C., Kospmuaux M. A., OnpmamoBcekuii B.C.
Harionansauii yaiBepcuTer «O1echka MOPChKa aKaeMisy

AHAJII3 EOEKTUBHOCTI 3BACTOCYBAHHSA CYYACHHUX
XOJOANJIBHUX ATEHTIB B TPAHCIIOPTHUX
XOJOANJIBHUX YCTAHOBKAX

Anotation

The article deals with the analysis of the efficiency of modern refrig-
eration agents in transport refrigeration units. refrigeration unit is an in-
tegral part of maritime transport. One of the most relevant in the field of
transport refrigeration units is the issue of the use of refrigerants that
meet the current environmental requirements.

Investigating the concentration of ozone in the earth's atmosphere,
scientists drew attention to a significant decline in the early 80-ies. The
general content of stratospheric ozone

Today, the most commonly used refrigeration agent, which is subject
to further replacement is the refrigerant R134a. In this regard, it becomes
acute the need to investigate new refrigerants, their properties and their
effects on performance indicators of refrigeration units.

For the most complete analysis in the assortment of modern refriger-
ation agents for comparison, selected refrigerants of different groups and
compositions are selected. Thus, the selected R22, R134A are single-
component, and R407C, R410A-mixtures. R22 contains chlorine,
R134A, R410A, R407C, R404A, R507-chloride does not contain.

Each of the studied refrigerants is considered as an alternative to the
R-22, but one can not definitely say that one of the refrigerants is better
than the other, since the refrigerants are different in their specific cold-
productivity, heat transfer coefficient, condensation pressure.

The main factors determining the choice of a refrigerant are, of
course, its thermodynamic and thermophysical characteristics. They af-
fect the efficiency, performance and design characteristics of the RP.
Widespread use in refrigeration technology have found fluorochloro-
carbon refrigerants, possessing the necessary thermodynamic and ther-
mophysical qualities. Properties of the refrigerants depend on the struc-
ture of the molecule of matter, the ratio of fluorine, chlorine and hydro-
gen molecules in its composition
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Only recommendations are given in the work. Therefore, the analysis
should also take into account the vibrations in the evaporators and in the
condensers, the cost of refrigerants themselves and the cost of refrigera-
tion equipment.

However, for the preliminary assessment of the feasibility of both
retrofit and the development of recommendations for the design of new
plants, this approach is acceptable and may be recommended.

Key words: Ozone layer, refrigeration agent, ship refrigeration unit,
operating indexes, efficiency of application

OnHuM 3 HalOUTBII aKTyaJbHHUX y Taly3i TPAHCIIOPTHUX XOJOIUIIb-
HUX YCTaHOBOK € TIMTaHHS 3aCTOCYBaHHS XOJIOAOAreHTiB, 10 BiAMOBiIa-
I0Th Cy4YaCHHM €KOJIOTTYHUM BUMOTaM.

CyTTeBHI KPOK JI0 3aXHUCTY 030HOBOI'O mapy 3emiii 0yB 3po0iieHuit
B sk0BTHI 1987 p. B Monpeauti, ne 36 kpain mignucamu [Iporokon no pe-
YOBUMHAX, 1110 PYHHYIOTh O30HOBUH IIap. YKpaiHa npueaHanacs 1o Mos-
peanibecbkoro npotokony B 1988 pori. Llst mibkHapoaHa yroga nepeada-
YaJia 3aMOPOKYBaHHS BUPOOHUIITBA M'SITH HAMOUIBII BUKOPUCTOBYBAHUX
XONOJ0ATeHTIB Ha 0a3i ranorenn3oBanux Byriaesoais (XDVY). Ix Bupob-
HUIITBO MaJio ckopoTuTucs Ha 20 %, a no 1998 p. - Ha 30 %. Jlo uyepBHA
1995 MoHpeanbChkuii mpoTOKON mianucanu Onu3pko 150 kpaiH, a Ha
I0BUIEHHIN MOHpeaJbeKii 3ycTpiui y BepecHi 1997 p. Takux kpain Oyno
Bxke 163

VY nucronani 1992 poky B Konenrareni Oyiu npuitHATI HOBi Tonpa-
BKH, BiIMOBIJHO /10 SKHX 3'SIBHJIACS BUMOTa MPO MMOCTANIHE BUBECHHS 3
BUPOOHUIITBA METUIIOpOMITY i rigpoxsopdTop-Byriesonis ( [ XDB ).

CborojiHi HaWOUTBII PO3IMOBCIOPKEHHUM XOJOJWILHUM areHTOM,
SIKUH MyIsrae MOAANbIIKA 3aMiHi € xonmomoareHT R134A. VYV 3B's3ky 3
UM aKTyaJbHOIO CTa€ HEOOXiIHICTh JOCHIPKEHHs HOBHX XOJOMO-
areHTiB, iX BIACTHBOCTEH Ta iX BIUIMBY Ha eKCIUTyaTamiliHi MMOKa3HUKH
XOJIOJMIIBHUX YCTaHOBOK (XVY).

ANbTepHaTHBHI XOJIOJI0areHTH rpynH riapopTopeyrieoais (I'OB)
MalOTh PI3HOMAHITHUM XIMIYHUH cKiaj, Qi3MyHi BIACTUBOCTI Ta TEPMO-
THaMiuHi ocoOyimBocTi. ToMy it TOCHIIPKEHHS MOXKIIUBOCTI 3aMiHU
XO0JIOI0AareHTy abo WOro BUKOPUCTAHHS Y HOBOMY OOJIaHaHHI HEO0OXif-
HO 3'CYBaTH sIK BIUIMBA€ Ha EKCIUTyaTalliiiHi MOKa3HUKU XY 3acTocy-
BaHHS KOHKPETHOT'O XOJIO/I0areHTY.
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Buoip xnagoareHTiB /151 CyTHOBOI X0J10JHJIbHOI yCTAHOBKH.

st BUOOPY XONOJ0aTeHTIB, SIKi OyAyTh MOPIBHIOBATHCS PO3TISIHEMO
Kiacudikamio aqpTepHATHBHUX XonopoareHTiB.(Mai.1). [{ns HaiGuIbII
MOBHOTO aHaji3y B aCOPTHMMEHTI Cy4aCHUX XOJIOJWIbHUX areHTIB IS
MOPIBHSIHHSA 00MPAEMO XOJOJ0ATeHTH PI3HUX TIPyIl Ta ckiafiB. Tak o0-
pani R22, R134A - ognokommnonenTHi, a R407C, R410A - cymimi. R22
MicTuth xyop, R134A, R410A, R407C, R404 A-x110py HE MICTSTh.

OCHOBHUMMH YMHHHKAMH, 1[0 BU3HAYAIOTh BUOIP XOJI0/I0areHTy, 0€3-
YMOBHO, € HOTO TepPMOAWHAMIUHI Ta Tero}i3uyHi XapakTepucTuku. Bo-
HU BIUTMBAlOTh Ha €EKTUBHICTh, EKCILTyaTallii{Hl TOKa3HUKH 1 KOHCTPY-
KTUBHI xapaktepuctuku XY. [llupoke 3acTocyBaHHs B XOJOAWIBHIN Te-
XHILI 3HAWIUT (TOPXJIOPBYIIIEEB] XOJIOM0areHTH, IO BOJIOIIOTh He-
OOX1THUMHU TEPMOJUHAMIYHMMH 1 TEIIO(I3MUYHUMU SKOCTSIMH. Briactu-
BOCTI XOJIOAOAreHTIB 3ajekKaTh BiJl CTPYKTYPH MOJEKYIH PEUOBUHH,
CHIBBiTHOLIEHHS MOJIEKYJ PTOPY, XJIOPY 1 BOJHIO B HOTO CKIIA .

Omxe yci BUOpaHi XONOJOAreHTH MOXYTh BHKOPHCTOBYBATHCS SIK
aNbTepPHATUBHI 11t R22 .

PosristnemMo yci oOpaHi X01010areHT! 3a iX OCHOBHUMH XapaKTepH-
CTHKaMH, B3a€EMOJIIEIO 3 MACTHIIAMH , MaTepianamu , pi3MYHUMU BIACTH-
BOCTSIMH.

Xononoarent R134A - CF;-CFH, — terpadtoperan, riapodrop-
Byraenese 3'eqnands (HFC). R134A mae HynboBHIA 030HOPYHHYIOUHIA
norenitian (ODP = 0). R134A € ineaqbHUM X0J0JJ0areHTOM JJisi pOOOTH
B YMOBaX BHCOKHX TeMmIlepaTyp KuIiHHs i koHaeHcanii. R134A - ne Gec-
MPUMICHHH XOJIOJOATEHT, IKUH Ma€ HYJIbOBE TEMIIEPATYPHE «KOB3AHHS».
[Tpu podoti R134A 3aBkI1 BUKOPUCTOBYIOThCS MoJiedipHi MacTuia .

XononoareHT R134A HETOKCHUYHMIA 1 HE 3alIMAa€ThCSA Y BCbOMY Jlia-
Ma30Hi Temreparyp ekcruryaraii. [IpoTe npu momajganHi MOBITPsI B CUC-
TeMy i CTUCHEHHI MOXXYTh YTBOPIOBAaTHCS Topiodi cymimr. He ciin 3mi-
myBatd R134A 3 iHbIIMMH XOJOJ0aTr€HTAMH, TaK SIK YTBOPIOETHCS a3€0-
tponnHa cyminr. [lap R134A posknamaeTbes miag BIUIMBOM TOMyM's 3
YTBOPEHHSM OTPYHHHUX CIOTYK.
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ANBTEpHATHEHI XOMOT0ATEHTH

IMpodisHi(MepexiTH) XOIOTOATEHTH XonaogoareRTH AN CEPeTHED- T3 JOE-
TOCTPOROEMX MEPCIEKTHE

HCFC -gacTEDED Mic- HFC-ne mic- Besramoigmi
TATE KI0p TATE XIOPY
Opmoro- Cyntimmi Eerrre Cypeinri | Ommo- Cyeini
MIIOHEH- EOM-
EOMITO-
R22 Ha R134A RAD4A NH; RG00A
Ri123 Basi R125 R3507 R290 R190
R124 R22 R32 I'pyma R1270 R723
R142h R143A R407 Es00A
R410A

Puc.1. Ormsi anmbTepHATUBHUX XOJIOIOATCHTIB

Uepes 3HauHMii MoTeHLian riaodansHoro noremtinas GWP pexome-
HIyeThCsl 3acTocoByBaTH R134A B repMeTHYHHX XOJIOMMIBHUX CHCTE-
Max. BruiuB R134A nHa napaukoBuii epext B 1300 paziB cuipHiLIE, HIX Y
CO..

st pobotu 3 xonomoareHToM R134A pekoMeHAYIOThCS TiTBKH TO-
mieipHi XOMOIMIIbHI MacThIa, SIKI XapaKTEePU3YIOTHCS MiABHILECHOO Tir-
pockormivynicTio. R134A mUpOKO BUKOPHCTOBYIOTH B SIKOCTI OCHOBHOT
3amiam R22 jyist X0MOMuIIbHOTO 00J1a/IHAHHS, 110 MPAIIOE B CEPEIHbOTE-
MIiepatypHoMy jiamna3oHi. R134A cyMmiCHMIA 3 HU3KOI YIIUIBHIOKOUUX
MaTepiaiiB, 30KpeMa 3 MPOKJIAIKaMHu, 3pO0JICHUMH 3 TaKMX MaTepiaiB,
sk «byna-Hy, «xaitnanon 48y», «Heonpen», «Hopaen», a Takox 3 1UIaH-
ramu, pyTypOBaHHUMH HEHIIOHOM.

AnbTepHaTHBHI 0araTOKOMIIOHEHTHI XonojoareHTd rpynu [DY
R407C ta R410A

Xononoarent R407C mae HynbOBUN O30HOPYWHYHOUMIA MOTEH-IIiaJ
(ODP = 0), norenmian riodansroro norerninas (GWP) nopisaioe 1600.

R407C - ue 3eorponna cymim rpynu ['®B (23% R32 + 25% R125 +
52% R134a), TemnepaTypHe KOB3aHHSA CTaHOBUTH Onu3bko 6K. R407C
MOTPiIOHO 3alpaBJIATH B CHCTEMY B piaMHHIN (a3i. BukopucToByloThCS
nomieipHi MacTuIia.
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R407C poriibHO 3aCTOCOBYBATH NP 3aMiHi JUIsl XJIQJ0HY 22, perT-
podirti Ta B HOBOMY 00JIaTHAHHI.

[MonioHo xomogoarenty R22, R407C Bonojie Manaow TOKCHYHICTIO,
XIMIYHO CTAOUTLHUH 1 HETOPIOYHUH.

XononoareHT R410A - 1e a3eorponHa CyMilll, IO CKIAAAETHCA 3
R32 i R125, mo MawTh 0OJHAKOBY IMHUTOMY Bary MacOBHX YacTOK - I10
50%.

[epesaroro ppeony R410A € Te, 1110 K07jHA 3 PEUOBHH, 1110 BXOJIAThH
JI0 MOro CkJiajly, He pyHHYE 030HOBUM 1Iap.

3acTocyBaHHS aHOTO XOJOAOATreHTY BiAPI3HAETHCS BUCOKOIO MUTO-
MOIO XOJIOJIONPOAYKTUBHICTIO, BHACIIIOK YOTO CTa€ pealbHUM 3MEH-
LICHHS pO3MIpiB TPYOONPOBO/IB, TEMI0-0OMIHHUKIB 1 T.JI.

Temmepatypa xmagoHy R410A He 3MIHIOETBCS TTPH TTepexoax 3 ol
Hiel dasu B iHIIy. HaBiTh AKIO CTaBCcA BUTIK CyMIllli 3 CHCTEMH, CKIas ii
3aJIMIIAETHCS HE3MIHHUM. 3aMiHa XJIaJIOHYy € E€KOHOMIYHO BUTIJIHOO,
OCKUTBKH KOHTYp CHCTEMH HEOOXiHO 3alTOBHUTH JIMIIE YaCTKOBO.

Tak camo, six i xsagoH R407C, R410A He po3uuHSEThCS Y MiHEpa-
JBHOMY MacTHJII i1 moTpedye 3acTocyBaHHS MOMiedipHOT0 CHHTETUYHOTO
MacTuJia.

AHaui3 ekcIUTlyaTanilHMX NOKAa3HUKIB XO0JIOAWIBHOI yCTa-
HOBKH IIPH 3aCTOCYBAaHHI a/IbTePHAaTUBHMUX X0JI0A0areHTiB.

Jns aHamiza ekcIulyaTalifHUX MMOKa3HUKIB Oyld MPUHHATH PEKUMHU
paboTu CyAHOBOI XOJIOMMIBHOI YCTAHOBKH INIPH TEMIIepaTypax BUIApIO-
BanHs Bix -30°C 10 + 5°C, 110 0XOIUII0€ HaOUTBIIT MOKIIMBI €KCILTyaTa-
uiiiHi pexxumu. [1oka3HUKK XONOMMIIBHOI YCTaHOBKH OyNU pa3paxoBaHi
st xomomoarenTiB R22, R134A, R410A, R407C. [ns mocmimKeHHS
3MiHU eKCIUTyaTallifHUX MOKa3HUKIB XY, o0MpaeMo HACcTYIHI HaOLIbII
XapaKTepHI TEPMOJMHAMIYHI BJIACTUBOCTI Ta EKCILIyaTalliiiHI IMOKa3HH-
KU:

~-TUCKH KOH/ICHCAIlii Ta BUNIAPIOBAHHS Py, Poun ;

-JificHa MacoBa 1ojada komrpecopa Gy ;

-aniabaTHa(TEOpETHYHA) ,IHAUKATOpHA, ePEeKTUBHA TOTY)KHOCTI Ta
MOTYKHICTh Ha Baly enekTpoaBuryna N, N;, N, N, ;

-IHMKAaTOPHUIA,MeXaHIYHU,epeKTUBHUI Ta enexTpuu-Huit KK #;

sN, e, Neno.s
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-TEOPETUYHUH, epEeKTUBHUN Ta eNEeKTPHUYHUI XOIOMMIBbHI Koedilie-
HTH &y, Ec, Een-

PosrnsHyBIINM pe3yabTaTH PO3PaxyHKIB MapaMeTpiB XOJI0J0areHTIB
y BY3JIOBHX TOYKaX MOXHa MOOYAyBaTH TiCTOrpamy THUCKIB KOHAEHCamii
Ta BUNapioBaHHs ( Mall. 2)

XononoareHT R-410A Mae 3HAYHO BHIIMK Yy TOPIBHAHHI 3 1HIIMMH
XOJIOJI0AaTeHTAMU THCK KOHJIeHcallll, sikuii gopisHioe 1.87 MIla i Bumuit
3a TUCK KoHJeHcalil R22 y 1.57 pa3u. 3 ricrorpaMu BHIHO,IIO X0JI00a-
reHT R134A nouinbHO 3aCTOCOBYBAaTH NpW OUTBII HU3BKHUX THCKax, a
R410A - npu 6inbIl BUCOKHX, TOMY KOHCTPYKTHBHO XOJOAWJIbHE 00J1a]-
HaHHst Ha R410A Oyze cyTTeBO Bipi3HATHCA.

R407C-mae mHaiiOuIpinl HaOMMKEHE 3HAYEHHS I[IOKA3HUKIB 10
R22,Tomy 11e¥i X0mo0areHT - rapHuid BUOIp IS peTpodiTy.

MopiBHAHHA TUCKIB KOHAEeHcaLwil
Ta BUNapoByBaHHA

g
o 0 N

&oe
N

Tk Konpencanii Pk MMa
©o o000
N Do noRN

(o}

[ 22 \ R134a [ R410A | R407c
[m P 1,19 | 0,77 [ 1,873 1,28
| m PBUR 0,2 | 0,106 | 0,327 0,185

Maun 2 Tucku KoHAEHcalil Ta BUNAPIOBAHHS

[IpoanamnizyBaBIIM pe3yabTaTd PO3PaxyHKiB,MOOyI0BaHO TicTOrpa-
MHU, SKi HarJIAJHO UTIOCTPYIOTh 3MiHY TaKMX MOKa3HHKIB,SIK MacoBa IO-
nada komrpecopa (Main.3),aniabaTHa, iHAMKaTOpHA e(DEKTUBHA Ta EJIEKT-
puuHa notyxHocTi (man.4 ), KK(man 5).

Po3spaxoBaHi 3Ha4eHHsI CBiT4aTh MPO HACTYITHI 3MiHM EKCILTyaTalin-
HUX TIOKa3HUKIB ( MOpiBHAHO 3 6a30BHM XonogoareHToM R22) : macoa
noyava komripecopa Ha R134A 30inbmunacs na 8,5%, R407C na 2,1%,a
Ha R410A-3menmmnacs Ha 4,2%; ajniabatHa notykHICTh Ha R134A 3me-
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Himacs Ha 5,1% 1 30unbimmnacs Ha 3,7% ta 5,9% npu po6oti Ha R410A
ta R407C BigmoBiiHO;MOTYXHICTh Ha Baly eleKTpoABUryHa it R134A
smenmmnacs Ha 4,3% ,ans R410A 36inemmiacs Ha 3,1%,a1s1 R407¢ 36i-
nemmmtacst Ha 5.9%.Takoxxk maemo HesnauHe 3menmneHHs KK s
R134A Ta 30inbmenns KK/ gins R410A ta R407C.

[lilcHa macoBa nogaya Komnpecopa
Pi3HMX XON0A0areHTiB

0,055

0,050 WR22
BR134a
0,045 +—— —
0,046 RA10A
0,040 -

B R407c

XonopgoareHt

AiicHa macosa nogaua
Komnpecopa G, Krfcek

Man.3 JlificHa MacoBa Iojjada KoMIpecopa

[pu anamizi 6epemMo A0 yBaru i iHmi GakTopy: HACKLTBKH JAaJIEKO Bij
KPUTUYHOI TOYKH PEaTi30BaHMI XOIOAMILHUN UK (11 BILIMBAE HA BijI-
HOUICHHS MPUXOBAHOI TEIUIOTH MapOyTBOPEHHS JI0 MUTOMOT TEMJIOEMHO-
CT1 PiIMHM TIPU MOCTIHHOMY THCKY), HAXWJI KPUBUX HACHYEHHS DiJIMHU 1
mnapa, 3a SIKHM BH3HAQYalOTh PE3yJbTAaTHUBHICTH MEpPErpiBy, Mepeoxolio-
JOKEHHsI 1 ApocenmtoBaHHs. Ha Haxum KpUBHX ICTOTHO BIIMBAa€ MOJBHA
TEIIOEMHICTb.
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NMopiBHAHHA NOTY>XHOCTEn

5,000
4,500
4,000
3,500
3,000

= Na
2,500

= Ni

TorywHictb KBT

2,000 = Ne

= Nen.a.
1,500 A
1,000

0,500

0,000

R134a

R410A

R407c
XonopoareHTt

Mau.4 TTopiBHSHHS ITOTYXKHOCTEH

Ha mamtonky 6 nokasani giarpamu T - s juist R22 1 #ioro 3amicHUKIB,
3aBASKM SKMM MOXXHO IIPOBECTH SKICHY OIIHKY BIUIUBY TEPMOJIHU-
HaMIYHUX BJIACTHBOCTEH Ha XOIOMMIbHUHN KoedimieHT. KpuBi HacnueHHs
MoKa3aHi K 0e3p03MipHI BETUYMHU, 1110 MAIOTh OJHAKOBY IIMPUHY JBO-
¢azHoro kymona (To0To, IS Hacu4YeHol pinuuu s= 0, 1y HaCUYEeHOT Na-
pu s= 1). 3 rpadiky BUaHO, 110 KpUTHYHA TemrepaTypa s R134A Bu-
ute, ik st R22,a miis R410A ta R407C 3na4nH0 HIKYA.

[lpu ogHakOBHX TeMmIlepaTypax KHUIIHHS 1 KOHJCHCAIlIl UK, IO
BuKoprucToBye R134A, 3HAXOAUThCA Aalli BiJ] KPUTHYHOI TOYUKH, HINK
vk Ha R22, 1 mabaraTto Hrwkue, Hix 1ukiad Ha R410A 1 R407C.
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MopiBHaHHA KK/
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0,700
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0,500
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Maun.5 TopiBustaHs KK/]

Ha He3BOpOTHIiCTh MpOLIECiB APOCENIOBAHHS 1 IEPErpiBy MapH BILIH-
Ba€ HaXWJI KPUBUX HacH4eHHs. BTpaTw Bix HE3BOPOTHOCTI 3HAYHO BHILE
noOIM3y KPUTHYHOI TOUYKHM, J€ JIiHil HAacHYEHHsS IOCTYINOBO CTaloTh
OLIBII MOTOTUMH, (OPMYIOUH 1BO(A3HHUN KYITO.

Kputnuna temmnepatypa R410A ta R407C nmxue, Hix y R22. 3 miei
MPUYMHY, HE3BOPOTHICTh Yepe3 MeperpiB mapu i He3BOPOTHICTh, BUKITHU-
KaHa JIpocceroBaHHsAM, HaiiBuia Juisi R410A, morim ans R407C i Haid-
menma a1 R134A .

JocnimuBmm  XonoquiibHI  KOe(Ili€EHTH,MOKHA 3pPOOMTH BUCHO-
BOK,III0 caMe TaK SIK XOJOAWJIbHA MalllhHA, Kpall TOKa3HUKH Oy/ie MaTH
ycraHOBKa Ha XomojoareHTi R-134A. XomoaunpHuii koeQillieHT Ha

R134A 6inpmmii Hixk Ha R22 3a po3paxyHkaMu MpH OAHAKOBHX YMOBaXx
Ha 4,5%.(Main.7).
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KomniiekcHa oninka 3acTOCyBaHHSI X0JI010areHTiB B CyTHOBHX
XOJ0AUJIbHUX YCTAHOBKAX

KokeH 3 IOCIipKyBaHUX XOJIOJ0AreHTIB PO3TIISAA€ThCS K abTep-
HaTHBHUH 10 R22 , ane He MOKHA OJHO3HAYHO BU3HAYWTH, IO OAMH 3
XOJIOI0AreHTIB Kpallluii 3a iHI, OCKUIBKH XOJIOJ0AareHTH Pi3Hi 32 CBOEIO
MATOMOIO XOJIOIONPOAYKTUBHICTIO, KOe(IllIEHTOM TEIIOBIA1a4i, THCKOM
KOH/JIeHCAaIlii.

AmHasiz OTpUMaHHUX JTAaHHUX J03BOJISIE C(hOPMYIIIOBATH HACTYIIHI 3a-
rajbHI MOJOKEHHS:

- B opiBHsAHHI 3 R22 xonomoarent R407C poOuTh 3HaYHO MEHIIHH
IIKIJJIMBUN BIUIMB Ha HABKOJUIIHE CEPEAOBUIIE (3HAUCHHSI MOTCHINATY
rnobansHoro notemainag GWP y R407C maiixe Take x, sk iy R22, mo-
TeHmian pyiiHyBaHHs 030Hy ODP nopiBHIOE HymI0);

- TIpu OUTBII HU3BKIK TeMIepaTypi HarHiTaHHS 1 TPOXH OLIBII BUCO-
KOMY THCKY HarHiTaHHs1 eHepreTuuHa edektuBHicTh R407C Gnmusbka 10
eHeprernyHoi epekTuBHOCTI R22;

- TIpY HU3BKOTEMIIEPAaTyPHOMY OXOJIOJKEHHI CITi/I O4IKYBaTH 3HaYHE
najgiHasg  xonogonpoayktuBHocTi R407C BHACHIIOK BHUCOKOTO BMICTY
R134A.

- xonopoareHT R 407C € HaHOLIBII TPOCTHM 1 ICIICBUM 3aMIHHUKOM
R 22 3i cxokuM# TepMOAWHAMIYHUMH XapaKTepHC-THKaMH, 110 BiAIOBi-
Jar0Th 32 XOJIOJOMPOAYKTHBHICTH KOMIIpE-copa, OTKe, 1 BChOro arpera-
Ty.

R134A (1300 GWP -norentian riodansHoro noremiinas, ODP = 0:

- BOJIOJIi€ MEHIIIOK MMUTOMOIO XOJIOIOMPOAYKTHBHICTIO B TIOPiBHSHHI
3 R22, omxe morpiOHa Oinblia KiTBKICTh XONOAOAreHTy, KoMmpecop Oi-
JBIIOTO PO3Mipy a0o0 3 OLTBIIOK YaCTOTOI 00EpTaHHS POTOPa;

- XapaKTepHU3yeThCsl BITHOCHO HU3BKMMH 3HAYEHHSMH aOCOIFOTHUX
POOOYMX TUCKIB;

- Mae HabaraTo OUIBII HU3BKUI Audepeniian podounX THUCKIB, HIK Y
R 407C iR 410A.

.R134A € ineanbHUM X0JI0710aT€HTOM JUIi pOOOTH B YMOBaX BUCOKHX
TeMIIepaTyp KHUITIHHS 1 KOHAeHCcaIlii.

VY cpemHbOTEMIEpPaTypHUX XOJIOJMIBHUX YCTAaHOBKaxX 1 cHUCTeMax
KOHJIMIIIOHYBaHHS TOBITPst XonomwibHUi koediumieHT R134A piBHUIA
koedimienty g R22 a6o pummii. Omxe R134A —e Branum anbTepHATH-
BHHMM 3aMiHHUKOM Juist R22.
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R134A € uyKCTOM OJHOPIHOK pPEUOBMHOK (TerpadToperan -
CF2HCF3). Onnak R134A Bumarae cremiajibHUX KOHCTPYKTUBHUX JIO-
OIpalfloBaHb KOMIIPECOpa, IO B PE3yJIbTaTi MPU3BOIUTE IO 30UIbIIICHHS
BapToCTi MaMHu. 3 iHbImoro 6oxy, R134A xapakrepusyeTbcs yxKe BU-
COKOIO XOJIOJMIIbHOIO €EeKTHBHICTIO, HU3bKHUMHU 3HAYEHHAMH POO0UYOro
THUCKY, HaHWXYUM 3 YCIX TepepaxoBaHHMX BHILE TiAPOPTOPBYIIIEIIB
MOTEHI[IA]IOM TJI00aJIbHOTO MOTEIUTIHHS Ta IHIIIMMU TIepeBaraMu.

R404A - 11e cymii, X0J0/J0areHT BBEJCHHI B EKCILTyaTaIlll0 Ha T10-
gatky 1992 p i BimoMu#l mig mMpoMHUCIOBHM HaiiMeHyBaHHsM "Suva'
HP62 (DuPont). Lls cymim abconrotHo He MicTuTh XJopy (ODP = 0) i
TOMY MOXE PO3IIISAATUCH B SIKOCTI anprepHaTHBH R22. TpuBane Horo
3aCTOCYBaHHSI MIOKA3aJI0 XOPOILi pe3yabTaTH.

[Hmi cymimi peanizoByBanucs mig HaiiMeHyBaHHsIMHU "Forane" FX70
(Atofina) 1 "Genetron" AZ50 (AlliedSignal) abo "Solkane" 507 (Solvay).
VY Homenxnatypi ASHRAE xomomoarent HP62 knacudikoBan sk
R404A.

OCHOBHI KOMIIOHEHTH BiJHOCSTBCS JI0 TPYIHU TiApO(TOPBYTIIIEMiB,
npudoMy R143A BimHOCHTBCS 10 KaTeropii JierkozaiiMucTHX. 3aiiMuc-
TICTh, TAK CaMo 5K 1 Mpo0JIeMH, TOB'I3aHI 3 MOXKIIMBUMH BUTOKaMHU, ede-
KTUBHO HEHTPaIi3yeThCs 3aBASKH MOEIHAHHIO 3 BIJTHOCHO BUCOKUM BMi-
ctom R125.

OcoOJIMBICTIO BCIX TPhOX IHTPEIIEHTIB € HAJA3BUYAWHO HU3BKHIA 110-
Ka3HUK aj1adaTHYHOr0 CTHUCHEHHS, 110 BUPAXKAEThCS B aHAJIOTuHii abo
HaBITh OUIBII HU3BKIH TemrepaTypi HarHiTaHHsS B TOpiBHsAHHI 3 R22.
ToMy edheKTUBHICTh 3aCTOCYBaHHS OAHOCTYIIHYATHX KOMIIPECOPIB MPH
HU3BKUX TeMIlepaTypax BHNAPOBYBAaHHS rapaHTOBaHa.

3aBasgKku OAHAKOBUM ToukaM KurriHHSI R143A 1 R125 1 BigHOCHO Ma-
nomy BMicTy R134A temneparypHe KOB3aHHs TPHKOMIIOHEHTHOI CyMili
R404A B momupeHux 00JacTAX 3aCTOCYBAHHS MEHIIE OJHOTO Tpajayca
Kennrina. ToMmy moBemiHka I1ii€l CyMilni B TEIUIOOOMIHHUKAX MaJIO BijIpi-
3HSAETHCA BiJl TOBEAIHKH a3€0TPOIMHUX PEUOBHH.

OTtpumaHi pe3yapTaTd PO3paxyHKiB TEPMOJMHAMIYHUX MTOKa3HHUKIB €
3aJIOBUTLHUMU.

3aJIeKHO BiJl YMOB €KCILTyaTallii 3a0e3MmeuyoThCsl MMiIBUIICHHS XO-
JIOAONPOTYKTUBHOCTI Ha 4 ... 5% 1 3HMKEHHS TEMIIEpaTypy HarHiTaHHS B
Komrpecopi 10 8% B TOPIBHSHHI 3 aHAJIOTIYHUMHU XapaKTEPUCTHKAMU
R22.
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3HaYHUM HEJONIKOM € BHUCOKE 3HAYCHHS MOTEHIiany Ii100anbHOro
norermainasgs GWP, axuii cknagae st R404A 3300 Ta BHCOKI 3HAUSHHS
JUMCHOT MacoOBOI 10/1aui Ta MOTYKHOCT1 Ha BaJly €JIEKTPOJABUTYHA.

Hns ekcrutyaranii R 410A xapakTtepHi gyxe BUCOKUE TuUCK(HA 57%
BUlIe, HK y R22), HU3bKka KpUTHYHA TeMIlepaTypa 1 BUCOKa 00'eMHa XO-
JIOJIONIPOYKTHBHICTh(Ha 49,6% Ounbiie, HixX y R22), ioro MoxHa BHKO-
PHUCTOBYBAaTH TUIBKH B CIENiajbHO po3pOOJIEHMX HOBHX arperarax. Bu-
COKa TMMTOMa XOJOIONPOAYKTUBHICTE JI03BOJISIE BUKOPHC-TOBYBATH KOM-
MPECOp MEHIIIOr0 TUIIOPO3MIpy a00 3 MEHIIOK IMBUIKICTIO 0OCpTaHHS
poTopa.

Posrasimatoun R410A sk 3aminy anst R22, cnig npuiimatu 1o yBaru
CYTTEBI BIIMIHHOCTI B TEPMOJAMHAMIYHUX BJIACUTHUBOCTSX (HAMPHUKIAI, Y
MacoBiii Ta 00’€MHIl BUTpaTi, B MUILHOCTI napiB). Tak MacoBa mojpaya
R410A menma 3a macoBy nogauy R22 na 4,2% a 06’emHa momavya MeH-
mra Ha 33,8%.

OOrpyHTYBaHHS TOUTBHOCTI BUKOPUCTAHHS KOHKPETHOT'O XOJIO/AU-
JBHOTO areHTy 0a3yeThCsl Ha TIOPIBHSJIBHOMY aHali3l eHepreTHYHuX Xa-
PaKTEepHUCTHK, (PI3MYHUX BIACTHBOCTEH Ta EKOHOMIUHIHN CKIIaJ0BIiM.

OjHak B HUHINIHIA Yac HE BH3HAYEHO KOMIUIEKCHOI'O IMOKA3HHUKA,
SIKUE OM JI03BOJIMB OIIHUTH JOILIBHICTE BUKOPUCTAHHS KOHKPETHHUX XO-
JOAMTILHHUX areHTIB 3 YpaxyBaHHSIM SIK iX TepMOAWHAMIYHHUX BIACTHBOC-
Tei, Tak 1 eKONoriyHUX (HaKTOpiB.

B sKOCTi OCHOBHOTO TMOKa3HWKA, SIKHH XapakTepH3ye EHepreTHYHY
e(peKTUBHICTh BUKOPUCTAHHS XOJOAWIBHOTO areHTy JIOLUIIBHO BU3HAYH-
TH XoNoMuibHui KoedimieHT € OCHOBHUMHU MMOKa3HUKaMHU, 1[0 BU3HAYA-
I0Th E€KOJIOTIYHICTh XOJOAWIBHOTO areHTy Ha HHUHINIHIA Yac BHU3HAHHI:
noreHnian pyliHyBanHs 030Hy (ODP) Ta nmoteHmian riiobanbHOro moren-
ninag (GWP), ski BUKOPHCTOBYIOTBCS AJISI aHATI3Y €KOJNOTiUHOI AOIiTb-
HOCT1 BUKOPUCTaHHS XOJOAUIBHOTO areHTy.

J1ns nosIereHHs polecy MepBUHHOTO BUOOPY XOIOJMILHOTO are-
HTY MOMJIMBO 3allPOIMIOHYBaTH BBEIEHHS KOMIUIEKCHOTO ITOKa3HUKA,
KWl Oy/ie BpaxoBYBaTH BHIIE BKa3aHi MapameTpu. Buxoasuu 3 Toro, 1mo
115l e)eKTUBHOTO BUKOPHCTAHHS XOJIOIMIILHOTO 00J1aIHaHHS HEOOXiIHO,
o6 XonoaumIbHUKM KoedilieHT OyB sikomora BUIIMH, a mapamerpu ODP
ta GWP MiHIMalbHi, MOXKITUBO BUKOPUCTAHHS (DOPMYIIH :
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Ko &
GWP* ODP

JIst po3paxyHKy KOMIUIEKCHOTO MOKa3HUKA JIOIIILHO BBECTH Ha-
-3
ctynui ymosu : ODP,= ODP + 1, GWP ;,= GWP * 10

Bucnorok
Jis OIiHKK TerIoBOl e(EeKTUBHOCTI MOXJIMBO BHUKOPHUCTOBYBATH
JUMCHUM XOJOAWIbHUM KOSIIIEHT Ta MIMCHUN eEeKTPUYHUN XOI0AMIIb-
HUW koediieHTH. J[sl OLIHKM SHEPreTUYHMUX 3aTpaT Ha eKCILTyaTalliro
BHUKOPHUCTOBYETHCS TIOKA3HUK €PEKTUBHOI IOTYKHOCTI KOMITpecopa.
Mo 3a3HavYeHNM TIOKA3HUKAM aHalli3 pe3yibTaTiB PO3paxyHKiB MOKa-
3y€ HACTYIIHE:

Ipu Temmeparypi Bunapropanus fy = -25 °C HaiiGinbiue 3HaueHHs
XonouIIbHOTO KoedimienTy xapakrepHe mist R410A Ta R404A, a Haiibi-
neira notyra KM xapaktepHa miast R410A, natimenmia s R404A.

TakuM 4MHOM JUIS TEMIIEpaTyp KMIiHHs Gnu3bkux 1o -25 °C, mis
HOBHX XOJIOJMJILHUX YCTAHOBOK 0€3yMOBHO MOYXHa PEKOMEHIYBAaTH LIS
BuKopuctanHs R404A, ane y Bunajky npoBeJieHHs 3aMiHN XOJIOHIBHO-
TO areHTa B YCTaHOBIII, sIKa BXX€ HaXOAWJIACh Y eKCIUTyaTallil, Ma€ CeHC
BHKOPHCTaHHS XOJOAMILHOrO areHTa R134A, y 3B’s3Ky 31 CHpPOIIECHOIO
MPOLIETYPOIO 3aMiHH XOJIOAMIILHOTO areHTa.

Ipu TemnepaTypax BUIAPIOBAHHS, sKi mepeBHuIyioth -15°C , Mox-
JIUBO PEKOMEHIYBaTH 1O BHUKOpHUCTaHHS XomomuwnbHMi areHT R407C,
0cob6nuBo B inTepBani Temmepatyp -15 + -10°C , ommak npu bOMy He-
00XiZIHO BpaxOBYyBaTH HAasBHICTh TaKOTO SBUINA, SK TeMIIEpaTypHHH
I, SKM BUIE HIX Y XOJIOAMIbHOro areHTa R410A.

B poOoti HaBeneHi nonepenHi pekoMenaaiii. Tomy B 1ijioMy, pu
aHaJTi31i HeoOXiIHO TAKOXK BPaxOBYBaTH TUCKH Y BUTIAPHUKAX Ta KOHJCH-
caTopax, BapTiCTh CaMiX XOJOAMJIBLHUX arcHTIB Ta BAPTICTh XOJIOIMILHO-
ro o0JaIHaHHSL.

OpHaK 115 TOMEPEAHBOT OIIIHKK MOXIIMBOCTEH MPOBEICHHS K PET-
podiTy, Tak i po3poOKH pEeKOMEHAallill Mo MPOEKTYBAaHHIO HOBUX YCTa-
HOBOK HaBEJCHUM IMiJXiJ] MPUHHATHUN Ta MOXKE PEKOMEHTYBATHUCH .
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3HUKEHHS TEILIOBOI HAIIPY)KEHOCTI CYJTHOBUX
JAN3EJIIB 3A PAXYHOK BUKOPUCTAHHS IPUCAJIOK 1O
ITAJIMBA

The results of application of additives to marine motor fuels are con-
sidered. The studies were performed on the Yanmar 6N21L marine me-
dium-speed diesel engine operating in a four-stroke cycle. The fuel used
was RME25 marine fuel with a viscosity of 25 sSt at 100°C and a sulfur
content of 2.8 % by weight. As a fuel additive, it is an additive that in-
cludes active oxygen containing groups and modified with salts of light
metals. In studies, the following ratios of additive and base fuel were se-
lected: 1:2000, 1:4000, 1:6000, and 1:8000. The studies were carried out
on three diesel engines, the operation of which was carried out on the
same loads (300...600 kW with a deviation of £10 kW) and for an equal
time. The diesel engine fuel system was upgraded with a flow meter and
additive metering unit, which ensured the required dispersion and uni-
form level of additive dissolution in the fuel. The temperature of the gas-
es before the gas turbine supercharger was taken as the criterion of the
thermal intensity of the gas exhaust system of the ship diesel. It was
shown that the use of these additives to the fuel leads to a decrease in the
temperature of the exhaust gases (hence the thermal stress of the diesel),
while the energy parameters of the diesel operation (effective power and
average indicator pressure) do not change. The range of lowering the
temperature of exhaust gases is in the range of 4.1...8.2 % and depends
on the concentration of the additive in the fuel. In addition, by 46.2...58.3
% decreases the mismatch of the temperature of the exhaust gases in in-
dividual cylinders from its average value for all cylinders of a diesel en-
gine. This ensures the equalization of the heat load across all cylinders of
a diesel engine and also reduces the thermal stress arising in it. It was
also found that when using fuel additives it is possible to achieve a re-
duction in the specific effective fuel consumption from 2.54 to 6.46 %
(depending on the mode of operation of the diesel). The maximum in-
crease in fuel efficiency occurs in the range of 50...60 % of the diesel
load — regimes characterized by the greatest operational period of work,
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as well as increased thermal stress. As a result of the research, it was
shown that the additive concentration in the fuel has an optimal value, is
determined experimentally and depends on the characteristics of the die-
sel and the fuel used.

KuroueBsble ciioBa: cyq0BOI U3€nb, TEMIOBask HAPSHKEHHOCTD JH-
3¢CJ14, TEMIICpAaTypa BBIITYCKHBIX I'da30B, TOIIJIMBHBIC MMPHUCAJKH, yI[eJ]beIﬁ
3¢ hexkTUBHBII pacxo] TOIIHBA

Karouosi ciioBa: cyHOBUH JH3€ib, TEMIOBA HAMIPYKEHICTh AU3€II,
TeMIiepaTtypa BUIIYCKHHX Ta3iB, MaJHBHI MPHCAAKH, MUTOMa e(eKTHBHA
BUTpATa MaJnBa

Keywords: marine diesel, thermal diesel tension, exhaust gas tem-
perature, fuel additives, specific fuel oil consumption

IMocTtanoBka mpo6/jeMu B 3arajbHOMYy BurJsigi. [lepeTBopeHHS
MOTEHIIHHOI eHeprii majMBa B KOPUCHY POOOTY, 110 BiIOYBAETHCS B IBU-
IYHI BHYTpPIIIHBOTO 3ropsiHHs (JIB3), CYNPOBOKYETHCS TEIIOBUMHU
BTpaTamMu. B cydacHHX CYAHOBHX IHM3ENSX KOPUCHO BHUKOPHUCTOBYETHCS
sutre 45...50% Bix TemoBoi eHeprii, 10 MiABOAMTHCS B IMIIIHAP 3 Ia-
nuBoM. [HIIa YacTHHA TEmI0BOI eHeprii, olep)KyBaHOi IPU 3TOPSIHHI Ma-
NMBa, He 3a0e3neuye OTpUMaHHs e(EeKTHUBHOI MOTY)XHOCTI, MPH LOMY
OCHOBHUH 11 MOTIiK BTpayaeThCs 3 BUIMYCKHUMU razamu. Lle mpu3BoauTh
70 BUHUKHEHHSI TEIUIOBOI HANpYKEHOCTI B elleMeHTaxX IHJIiHAPONOopII-
HEBOI IPYIHU 1 ra30BUITYCKHOI cucTeMu au3ens. [linBuieHHs TeMieparTy-
pH BUIIYCKHHMX Ta3iB BHIIE JOMyCTUMHX 3HadeHb, a00 HEMPHUITyCTUME
HEY3T'O/PKEHICTh ii BEJTMYMHHM 10 OKPEMHUX LWITIHApPAX JU3EIs MOXKE MPH-
3BECTH [0 MiABHIICHUX TEIMJIOBUX HABAHTAXKEHb, ISl 3HIDKEHHS PIiBHS
SKUX HEoOXiTHO 3MEHIIYBaTH LIUKJIOBY MOJavy MaluBa, 3HIKYIOUH, THM
camMuM, e()eKTHUBHY MOTY>KHICTb AM3EIs.

[lixBuIeHHIO TeMIepaTypyd BUIIYCKHHX Ta3iB (i TOB’S3aHOI 3 HEO
TEIJIOBOIO HANIPY>KEHICTIO) MOXKE TAKOXK CIIPUATH HEMpaBHIIbHE peryJio-
BaHHS a00 MOTIPIIEHHs TEXHIYHOTO CTaHy MajHBHOI amapaTypu BUCOKO-
ro THCKY, a TaKOX EKCILIyaTalliiiHi BJIACTMBOCTI MaJKBa, 10 BILIMBAIOTh
Ha TeMIIepaTypy caMo3aiiMaHHsI Ta mepioj] 3aTpUMKH 3aiiMaHHs. J[1s mo-
JIUTIICHHS SKOCTI 3rOPSIHHS MaJMBa BOHO IIUISATAE MOMEPEIHIN MiIroTo-
BIIi, MPY [IbOMY 3 MMAJIMBA HE TUIbKU BUAAISIOTHCS MEXaHIUHI JIOMIIIKH 1
BOJIa, a W 3MIHIOIOTHCS WOTO PEONOTiYHI XapaKTepUCTUKU (B’S3KICTH i
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TYCTHHA), a TaKOX (32 paXyHOK XiMi4YHOi OOpOOKH) aKTHBYIOTHCS MiXK-
MOJIEKYJISIPHI 3B’ 3KH.

Po3BuTOK cydacHOi Teopii 1 MpaKTUKK TEXHIYHOI eKCIuTyaTtalii Mop-
CBKOTO 1 PIYKOBOT0 (DJIOTY HEMOMKJIMBO 0€3 BUKOPUCTAHHS CyYacHHUX Ha-
HOTEXHOJIOTiH, JO3BOJISIOTH BHPIIIYBATH 3aBIaHHS ONTHMI3allil Terioe-
HEPreTHYHUX MPOIECiB, MO BiAOYBaIOTHCS B CYJHOBHUX €HEPreTHUYHUX
ycranoBkax (CEVY) [1].

AHani3 ocTaHHix aocaimxkensb i myoaikauniid. [Tanuso, sxe HagXO-
JUTh Ha CyJTHO B SIKOCTI JpKepelia eHeprii, mijyisrae o0pooOili Ta mifroro-
BIIi MPOTATOM YChOTO <OKHUTTEBOTO» IUKITY — BiJ] 3HAXOMKEHHS B BaHTa-
JKHUX TaHKax (JIe BOHO B 3aJIGKHOCTI BiJl aBTOHOMHOCTI IIJIaBaHHS CyJHA
30epira€ThCs BiJl JACKUIBKOX IHIB JIO MICSI), O MAJIMBHOI anmapaTtypu
BHCOKOTO THUCKY (sika 3a0e3mneuye Horo BNOPCKYBAaHHS B LMJIIHAD IU3e-
ns1). [IutanHs, MOB’sA3aHi 3 TEXHOJIOTIEI0 0OpPOOKK TMaluBa HAOUIBII TO-
HIUPEHUMH METOJIaMH — cenapariero, QurbTpali€eto, MigirpiBoM, a TakKox
3 BU3HAYEHHSIM EHEPreTHYHHX BUTPAT Ha iX MPOBEACHHS, PO3TIIAIAINCS
B poborti [2]. Pobora [3] nmpucBsueHAa BUBYECHHIO aJbTEPHATHBHOIO Me-
TOAy — yABTPa3BYKOBOI KaBiTaliiiHoi 00poOku nanusa. Cepen anpTepHa-
THBHUX METOJIIB 00pOOKM TMaJIMBa ICHYIOTh TAKOX TaKi, SIKi IPYHTYIOThCS
Ha BUKOPUCTaHHI MarHiTHHUX 1 €ICKTPUYHHX IOJIIB, & TAKOXK TiPOJUHA-
MiYHMX BIUIMBIB [4]. XimiuHa 00poOKa mHajiuBa ILISIXOM BUKOPUCTAHHS
MaJMBHUX MPUCAJIOK BUBYAJACS B JAOCHIKEHHI [5]. PesynbraTh, siki Oy-
U TpU OMY OTPUMaHi, BH3HAYalM BIUIMB MPUCAJOK IO NaJMBa Ha
EKOHOMIYHI Ta €KOJIOTi4HI MOKa3HUKH PoOOTH AM3elsl i Oyl BHKOHaHI
U OKPEMHUX BHUIB XIMIYHHUX MPOAYKTiB. ToMy Mojanbiie BHUBUCHHS
XIMi9HOT 00pOOKM NayMBa, MOMMPEHHS MUX AOCTiKEHb Ha OUIbII HIU-
POKHH CIEKTp XIMIYHMX TMpenapariB, BHU3HAYEHHS BIUIMBY XiMidHOT
00poOKM ManuBa Ha MPOLEC HOro 3TOPSIHHS 1 TEIUIOBY HAIPYKEHICTh
CIIEMEHTIB JIM3eNs, a TaKOXK HaJaHHS PEKOMEHAIN, MiJTBePIKECHUX
eKCIIEPUMEHTAIbHUMHU JOCII/KEHHSIMH, € aKTyaJlbHUM 3aBAAaHHSIM JUIS
TaKOT0 HAYKOBOT'O HAIIPSIMKY, SIK PIYKOBHH Ta MOPCHKHI TPaHCIIOPT.

IocranoBka 3aBnannsi. Ha manuii MOMEHT KOHCTPYKTHBHE 1 TeX-
HOJIOT1YHE BUKOHaHHS CyAHOBHX [/IB3 mocsrio cBoei JOCKOHANOCTI, 110
3a0e3nevyye MiHIMaJIbHI MUTOMI BUTPATH MajlBa JaHWUX THITB TEMJIOBUX
JBUTYHIB B TOPIBHSHHI 3 iHIIMMH (IapOBHMH KOTJIaMH Ta Ta30BUMH
Typbinamu). ToMy BHKOpHUCTaHHSI PUCAJIOK A0 MajiBa BBAXKAETHCS OJI-
HUM 13 NUIAXIB MMiJIBUIICHHS MAJIMBHOI EKOHOMIYHOCTI TU3eNiB. Y 3B’SI3KYy
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3 IIMIM METOIO JTOCTIDKEeHHs 0yJI0 BU3HAYEHHS BIUIMBY MAJTMBHUX MpHCa-
JOK Ha TEIUIOBY HANPYXEHICTb CYIAHOBOT'O W3NS, a TaKoX Ha eKo-
HOMIYHICTh HOTO pOOOTH.

Buksiag ocHOBHOro Martepiajgy AocailkeHHs. BukopucraHHs Xi-
MiuHOI 0OpOOKH MajvBa MPU3BOANTH 10 MOJIMIIEHHS EKCIUTyaTalliifHuX
BJIACTUBOCTEH MaiMBa 3a PaxyHOK 3HIIKCHHS BUIIAPOBYBAHOCTI, 3MEH-
LICHHS! YTBOPEHHSI OMaiB, 30UIbIIEHHS TIOBHOTH 3TOPSIHHSA. 3aCTOCYBaH-
HS TIAJIMBHUX MPUCAJOK OCOOJIHMBO aKTYalbHO VIS JOMOMDKHHX JIBUTY-
HiB, AKi € IPUBOJAMH ENIEKTPUYHUX TeHepaTopiB. [laHi TUIIM BUTYHIB
XapakTepu3ye MiBHIIEeHA (B TIOPIBHAHHI 3 TOJIOBHUMH JBUTYHAMH) Yac-
ToTa oOepTaHHS KOJIHYACTOro Baja, a TakoX Oe3mepepBHa poboTa B
CKJIaJli CYJTHOBOI €IEKTPOCTaHIIIi (K Ha XOJOBHX, TaK 1 HA CTOSHKOBUX
pexMMax ekcrutyartaiii cyaHa). Ileprie (migBHIEHA 4acTOTa) CKOPOUYE
Yac BIOPCKYBaHHs MalluBa, Apyre (poOoTa MmijJ yac CTOSHOK B aKBaTOPii
MOPCHKMX TIOPTIB) HAKJIaJa€e JOJaTKOBI BUMOTH WIOJO 3a0e3reueHHS
SKOJIOTTYHHMX TTOKa3HUKIB POOOTH JIBUTYHIB [6].

JocniKeHHsT TPOBOIMINCS Ha CyJHOBOMY YOTHPHUTAKTHOMY JW3ENi
6N21L Yanmar, 3 HACTYITHUMHM OCHOBHUMH XapaKTePUCTUKAMU:

* niametp nmiriHapa — 210 mMMm;

* Xig mopmmHs — 290 Mwm;

« yacTOTa 0OEpTaHHs KomTiH4acToro Bama — 720 xB ™' (06/xB);

* KUTbKICTh IUJIHJPIB — 6;

* HOMiHQJIbHA TTOTYXHICTh — 680 KBT.

Jo cxnany CEY Bxoausno Tpu Ha3BaHMX IU3ENs, 110 BUKOPUCTOBY-
BaJiMCs K Iu3eNb-reHeparopiB. Lle mo3Bomuio nBa au3ens BUKOPUCTO-
BYBaTH ISl TIPOBEJICHHS CKCIICPUMEHTIB, a OJIMH 3aJMINATH B SIKOCTI
«KOHTpONBHOroY». CxeMa MaJMBHOI CUCTEMH TU3€ITiB HaBe/leHa Ha puc. 1.
[NanuBHa cucrema «koHTposbHOrO» musens (KJI) He 3a3nana MoxepHiza-
uii. [TanmuBHa cucrema «ekcrniepuMeHTanbHuX» nusenis (EJ]) Oyna 1006-
JlaJlHAHA BUTpAaTOMIpoM 6 1 jqo3atopom mpucanku 7. Taka opranizaris
rmoJiayi MPUCaJKU B NAJMBHY CUCTEMY 3a0e3leduyBajia HeoOXiqHy aucIe-
pcito i piBHOMIpHHH piBeHb 11 PO3YMHEHHSI B TAJTUBI.

Pexumu poOOTH CyITHOBOI €IEKTPOCTAHIlIT XapaKTepU3YIOThCS Pi3-
HOMAaHITHICTIO 3MiHM HaBaHTa)keHHs |7], 3HaueHHs sikoi a1 gaHoi CEY
koymBasncs B aiamaszoni Bix 180...200 kBT (konu B ekcrutyaTarllii 3Haxo-
nuBcst ouH 3 qu3eniB) g0 1500...1600 kBT (koiu ekcIutyaTyBaiucs Tpu
JTU3eNIs, 1110 MPAIIOI0Th B ApaIeIbHOMY PEKUMI).
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Puc. 1. CynoBa manuBHa cucrema ((hparMeHr):
1 — nu3enp; 2 — ra3oTypOoOKOMIIpecop; 3 — HACcOC, IO MiAKauye MaJuBo; 4 — ma-
JUBHUH (iTBTp TpyOOi OYMCTKY; 5 — BUTpTaHA LIMCTEPHA;
6 — BUTpaTOMip; 7 — A03aTOP MPHUCATKH

VY pasi, Ko AM3ENi MpalioBalid B MapajelbHOMY PEXKUMi 3 OyIib-
stxoi 31 cxem migkmodenss: KA-E, KI-EJI-EJl, EJI-E]Jl, HaBaHTakeHHS
Ha KokeH 3 Hux craHoBuiaa Ne=300...600 kBt i migrpuMyBanacs Ha 0J1-
HAKOBOMY DpiBHi 3 BiaxuieHHsM £10 kBT.

[Iporarom BchOro yacy MpOBENEHHS EKCIIEPUMEHTY 3IiHCHIOBABCS
KOHTPOJIb 4acy poOOTH 1 eKCIUTyaTaliiHOro HaBaHTAXXCHHS Ha JAM3EN.
Jnst [ocsTHEeHHS PIBHOMIPHOTO PO3MOALTY Yacy poOOTH AM3ENIB, ABUTY-
HU TIOCTIJIOBHO TepeBoauiucsa B pexum stand-by. Ilisxom mnepe-
MIJKTFOUEHHS CIIOKUBAYIB €HEPTii HEY3rO/KEHICTh TOTYKHOCTI IN3€ihb-
TeHepaTopiB, Ha SKUX BiAOYBalHCs JOCTILKEHHS, HEe TepeBuiIyBaio 10
KBT, 110 A7 TakuX €HeproeMHUX 00 €KTiB MO)KHA BBA)KaTH HE3HAYHUM
BIJIXMJICHHSIM, @ YMOBH iX pOoOOTH i1eHTHYHUMH. ExcrimyaTaliist JBUTYHIB
MpOBOAMIIACS Ha OJHOMY i TOMY  copTi maynmBa. [Ipu mpomy 3acobu
ABTOMATHYHOTO KOHTPONIO MiATPUMYBAJIU B’A3KiCTh MaJIMBa HE3MIHHOIO
MPOTATOM YChOTO EKCIIEPUMEHTY. [JeHTUYHUMH MiITpUMYBaBCS COPT
HUPKYJISIIIHOrO Macia, 1o 3a0e3rneuye peKUMH 3MallyBaHHS 1 HOro
eKCIUTyaTaliliHi XapaKTepUCTUKH, a TAKOXK TeMIepaTypH B KOHTYPi 0X0-



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 81

JIOJDKCHHSI TIPicHOIO Bojioro [8]. laHi 3axou JO3BOJIMIM BBaXKaTH, IO
BHUKOHAHHS €KCIIEPUMEHTY IPOBOAMIIOCS B OTHAKOBUX YMOBAaX.

Sk KpuTepii TeIIOBOI HAmMpYyXEHOCTI Ta30BHIYCKHOI CHCTEMH
npuiiManacsi TeMIepaTypy BUITYCKHHX Ta3iB Iepei ra3oTypOoHarHera-
gem. Kpim TOro B mporieci eKcriepuMeHTy BU3HAYaBCs MUTOMA e()eKTHB-
Ha BUTpaTa manusa [9].

PiBeHb 103yBaHHS MPUCANOK BapifOETHCS B HIMPOKUX MeXax 1 3ale-
KUTb BiJ IPU3HAYEHHS NMPUCAAKH 1 XapaKTEPUCTUK MAIMBHOI CUCTEMH, B
SKii BOHa BHKOPUCTOBYEThCA. [Ipucalku, siki BBOIATHCS B MaJIWBHI 1HU-
cTepHH ab0 OKpeMi JUNSHKH MajJMBHUX MaricTpayied s 6ioJaoriyHoro
BILIMBY Ha MajnBO abo JUisi 3HWKEHHS TiZpaBIiYHUX BTPAT, IO3YIOTHCS B
cuiBBigaomenni  1:8000...1:12500. Ilpucanku, 1o 3a0e3nedyoTh
MOJIMIIEHHS MTPOIIECy 3TOPSIHHS MajiiBa, BBOAATHCS B MOTO MalUBHY CH-
cremy B nponopuii 1:1000...1:8000. I B Tomy, i B iHIIOMY BUIaJAKY J10-
3yBaHHS MO)KE€ 3MIHIOBATHCS B 3aJISKHOCTI BiJi KOHCTPYKIIi ABHUTYHA,
eKCIUTyaTaliiHOro CTaHy MAJIMBHOI CUCTEMH, PiBHS 3a0pyIHEHHS MMajiBa
B IIUCTEpHAX, €JIEMEHTAPHOT0 CKJajy MaivBa (B 3aJI©KHOCTI Bifl BMICTY
JOMIIIOK BaHa/il0, HATPIIO 1 cipkn). ONTUMaIBHUH Aiana30H J03YBaHHS
MPHUCAAKA BU3HAYAETHCS EKCIIEPUMEHTANIBHO, B 3B 53Ky 3 LIUM IIPH J0-
CIIIJDKCHHSIX BUOMPAIMCS TaKi CIHIBBITHOIICHHS IMPHUCAJKH 1 0a30BOro
namuBa — 1:2000, 1:4000, 1:6000 i 1:8000. «KoHTposbHUI» TU3ETb
eKCIUTyaTyBaBCsl Ha TMajuBi 0e3 MpUCaIKU, a «EKCIepUMEHTaIbHD) — Ha
najuBi 3 KoHUeHTpaiieo npucagaku 1:2000 i 1:6000 (mepmuii UK BU-
npoOyBaHb), Micis 4Oro Ha MaluBi 3 KOHIeHTpauiero npucanky 1:4000 i
1:8000.

TemnepaTypa ra3iB Ha BUXOJl 3 IHJIIHApPA JBUTYHA € OJHIEI0 3 Xa-
PaKTEpHUCTHK, IO BU3HAYAIOTH SIK SIKICTh MPOTIKaHHS pOOOYOro LUKIY,
TakK i CTYNiHb TEMJIOBOI HANPYXEHOCTI AeTanei nu3ens. HaitOinbir yacto
ii BUMipIOIOTH B BUIIYCKHHI MaricTpaii nepen ra3orypOoHnaruerayem. Ha
pHcC. 2 MoKa3aHi 3aJI©KHOCTI ycepeqHEeHOol M0 BCIM HUIIIHIpaM TeMIepa-
Typu Ta3iB Ha BUXOAlI 3 JU3eNs {r BiJi HMOro BiJIHOCHOI MOTYXHOCTI
Ne/Nenom aj1st pi3sHHX YMOB iX eKcIuTyaTamii (TUTbKM Ha MaNWBi i Ha ma-
JIUBI 3 PI3HOIO KOHIICHTPAIIIEIO IPUCAJIKH).
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Puc. 2. 3anexxHocTi cepeHpOi TeMIlepaTypH BiJIXiTHUX Ta3iB /. 1O IHJIi-
HapaM au3ens ON21L 1i1st «<KOHTPOIBHOT0» JU3ENS 1 «EKCIIEPUMEHTAIEHUX)»
JI3EIIiB, 110 MPAIIOIOTh Ha MaJkBi 3 KOHIEHTpalieto npucaaku: 1 — 1:2000, 2 —
1:4000, 3 — 1:6000, 4 — 1:8000

Sk BuUAHO 3 pHC. 2, BUKOPUCTAHHS IPUCAIOK JO TMaUBa CIPHUSIE
3HIDKEHHIO TeMIIepaTypu Ta3iB Ha BUXOJI 3 JHU3EIs, 1[0 CBIIYUTH PO
OUIBII MOBHE 3TOPSHHS MaluBa i MAKCUMalbHE BUKOPUCTAHHS TEIJIOBOT
eHeprii ra3iB B nmminApi. [Ipu n1poMy MiHIMalbHY TEMIIEPaTypy BUITYCK-

min
Hux rasis v =383°C 3abesnedyBano BUKOPHCTAHHS TAIMBA 3 KOHIICH-

Tpariero npucaaku 1:6000. Tlpu koHIEeHTpamii HpuUcagku B MaUBI
1:2000 cmocrtepiranacsi MakcUMallbHa (U1l «EKCHEPUMEHTATBHIX) JIH-

max
3€J1iB) TEMIIEPAaTypu BHITYCKHHX ra3iB " =397°C, ommak ii BenMuMHA

Oyna Menimie Temnepatypu tr=407°C Ha «koHTpOJILHOMY» nuseni. Ce-
pelHe 3HAaueHHs MpU BUKOPUCTAHHI MajiBa 3 PI3HOI0 KOHIICHTPAIIEO
MPUCAIKH CTAaHOBUIIO " =391°C, Hageneni pesynbratu Oynu oTpuMaHi
npu eeKTHBHOT NOTYX)HOCTI nu3ens 530 kBT, mo y BiAHOCHUX BeTHYH-
Hax ckiagano Ne/Nenom=78 %.

Jnst cymHOBHX ITU3eNiB MPHW OLIHII PIBHSA TEMJIOBOI HAMPYKEHOCTI
BYIMBUM TaKOX € CTYIIHb HEY3TOJKEHOCTI TeMIIepaTypy BHITYCKHUX
ra3iB o OKpeMHX IHIiHApax. BimxuieHHs TeMmepaTypH BHITYCKHUX
ra3iB OJHOr'0 3 LWJIIHJPIB BiJl CEPEIHHOr0 3HAUCHHS IO BCIX IMIIIHIPAX
IU3ersl MOXKE CBIIYMTH MPO HENPAaBUIBHOMY PETyJIIOBaHHI a0o MOrip-
HICHH] TEXHIYHOr'0 CTaHy MaJMBHOI amapaTtypy BUCOKOTO THCKy. Llle on-
HIEI0 MPUYMHOK MIABUINEHOI0 HEY3r0/DKEHOCTI TEeMITepaTypy BIAXITHUX
ra3iB Mo HWIIHIPAaX IU3eNs MOXe OYTH MOTIPIIEHHS MPOIECY CYMIIIo-
YTBOPEHHS 1 3ropsiHHS nanuBa. [Ipw MpoBeneHHI eKCIepHUMEHTIB Oyno
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BH3HAYEHO MEHIIE BIAXWJIEHHS TeMIepaTypd BHITyCKHHUX Ta3iB II0
HWITIHAPaX TU3eNs Bill HOro ycepeAHEeHOro 3HaUeHHs MPH BUKOPHCTAHHI
NpHCaAKH 10 TanuBa. s «KOHTPOJIBHOTO» aAu3ens (MpH 3HAYeHHI

T

BiTHOCHOT TOTYXHOCTI au3ens Ne/Nenom=78 %) mpu Beln4HHI Leep
=407°C el mapamerp CKiIaB At =12°C, At =13°C.

JUis «eKCIepUMMEHTAIbHOr0» JIM3elisl NMPU BUKOPUCTAHHI MajluBa 3
KoHIleHTpalliero npucaaku 1:2000 mpu cepenHbOMy 3HAYCHHI TeMIiepa-

.t . At
Typu BUIYCKHHX ra3iB “?=397° C pigxwmieHHs ckmamu P =10°C,

At . )
cp =12°C. Jlms Au3ens mpu BUKOPUCTAHHI TMajlyBa 3 KOHIICHTPAIIEIO

npucaaku 1:6000 mpu cepenHbOMY 3HAYEHHI TEMIIEpaTypH BHITYCKHUX

v _
rasip T =383°C BIJIXHMJICHHSI CKJIAJIH Aleoy =5°C, Algy =7°C (puc. 3).

[Momanpir TOCHiKEHHST BUKOHYBAJIMCS HA TAJMBI 3 KOHIICHTPAIIIE0
npucaaku 1:2000 1 1:6000. ki, sk Oys10 Moka3aHO BHIIlE, 3a0€3MeUyBaIud
MaKCHUMaJlbHy 1 MiHIMaJbHY TEIUIOBY HAIPY)KEHICTh B €JIeMEHTax ra3o-
BUITYCKHOi cuUCTeMH. [Ipy IbOMY pEeXHMH TPOBEACHHS IOCTiIKEHb
BapiroBasics B Mexax 52...88 % Big HOMiHaNbHOI MOTYKHOCTi. OTpH-
MaHi Ipu IbOMY pe3yJbTaTH MOKa3aHi Ha puc. 4 1 CBiMYaTh MPO NPUHIIU-
MOBY 3HW)KEHHI TEIUIOBOI HaNpyXEHOCTi (TeMIepaTypyd BHITyCKHUX
ra3iB) Mpu BUKOPHCTAHHI MajiBa 3 MPpHCAAKOI0. Jliana3oH 3HUKEHHS ce-
penHBOI TeMIepaTypy BUIYCKHHX ra3iB cTaHoBHTH 4,1...8,2% B 3anex-
HOCTI BiJl pe)KUMy poOOTH AU3EINS.

[NapanenpHO 3 BU3HAYCHHSM BILUIMBY NAJMBHHUX MPUCAIOK HA TEILIO-
BY HaIPY>KEHICTh Ta30BUITYCKHOI CHUCTEMH BUKOHAJHCS JOCTIIKEHHS iX
BIUIMBY Ha E€KOHOMIYHICTH poOoTh amzens. [Ipu mpoMy B SKOCTI KpH-
Tepito mpuiiManacsi muToMa epeKTHBHA BUTpaTa MajuBa be, 3HAUYCHHS
saKkoro B T/(kBT-rom) BU3Havanocs BiAMOBITHO 10 peKOMEHIalil Tu3ene-
OyniBHomy ¢ipmu [9]. Byno BctaHOBiIEHO, 10 BUKOPUCTAHHS MATKUBa 3
MPHUCAAKOIO CIPUSE 3HWKEHHIO JaHOIO MOKa3HUKAa y BChOMY Jiama3oHi
SKCIUTyaTaIlIHHUX HaBaHTaXeHb (puUC. 5).
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Puc. 3. Hey3romxeHicTb TeMnepaTypH BUIIYCKHHX I'a3iB ¢, 1O WIJTIHIPaM
quzenst 6N2 1L mpu pi3HUX yMOBax IPOBENICHHS €KCIIEPHUMEHTY:
a) poboTa u3ens 6e3 BUKOPUCTaHHS NaJIMBHOI MPUCAIIKHY;
6), 6) pobOTa qU3ENs 3 BUKOPUCTAHHSIM TAJTMBHOI MIPUCAIKH 3 KOHIICHTPAIIIEI0
1:2000 1 1:6000 BixnoBixHO

70 80 90 N

Puc. 4. 3HmKeHHs TeMIiepaTypy BUITYCKHUX T'a3iB ¢, O HWIIHAPaX Cya-
HoBoro au3ens 6N21L npu pi3HUX 3HaUEHHSX HOTo BiHOCHOI MOTY>KHOCTI

Ne/Nenom:



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 85

1 — KKOHTPONBHUID JHU3eNb (0€3 BUKOPUCTAHHS MAIUBHOI TIPUCAJIKH);
2, 3 — «eKCIepUMEHTAIbHI» An3eni (MPH BUKOPUCTAHHI MTATUBHOI IPHCAIKH 3
koHUeHTpauiero 1:2000 i 1:6000 BigmoixHO)

b,
"
®BT-roa
205 1
3
0

] =
200 —

195 —

190 —|

185

5 60 70 80 90 \ﬁ, %
Puc. 5. 3mina nmuTomoi eheKTUBHOI BUTpPATH MajuBa b, CyJHOBOTO JIH3e-
15 6N21L mpy pi3HMX 3HAYEHHAX HOTO BiAHOCHOI MOTYKHOCTI No/ Nenom:
1 — «KOHTpONBEHUIY An3enb (0e3 BUKOPUCTaHHS ITaJIMBHOI IIPHCA/IKN);
2, 3 — «eKCIepUMEeHTaIbHI» U3eli (IIpY BUKOPHCTaHHI MaJMBHOI IPUCAIKH 3
koHUeHTpauiero 1:2000 i 1:6000 BigmoixHO)
ExcniepuMeHTanbHO OTpUMaHi pe3yNbTaTH, IO MiATBEPKYIOTH
3HMKEHHS MUTOMOI e()eKTUBHOI BUTPATH MajBa NPHU BUKOPUCTAHHI Ma-
JIUBHUX TPUCAJIOK, CBITYATh PO IHTEHCU(IKAIIIIO MPOIIECY CYMIIIOYTBO-
peHHs 1 3ropsHHs nanusa. lle npu3BoauTh 10 OUIBII TOBHOTO BUKOPH-
CTaHHSl MOTO TEIJIOTBOPHOI 3IaTHOCTI Ta 3HMKEHHS KUTBKOCTI IajiuBa,
IO JIOropsie Ha XOJi PO3LIMPEHHS 1 B BUIIYCKHOMY Koyiektopi. [Ipu
IOMY BiI3HAYMMO, IO JUIS Pi3HOT KOHIIEHTpAlil mpucaaku B 0a30BOMY
MaWBI CIIOCTEPIraeThCA Pi3HUN BEIMUMHA 3HWYKEHHS TUTOMOT e()eKTHB-
HOi BUTpATH naymBa. Ha Ham morisij me mosiCHIOETBCS TUM, IO YacTHHA
BUIBHUX paJWKaTiB MPUCAAKH 3aJHMINAEThCS HE3aJITHUMH B PO3PHBI
BHYTPIIIHBO MOJIEKYJISIPHUX 3B'SI3KIB MaIMBA 1 aKTHBAIlil 1Oro roprounx
CKJIaJIOBHX.
BucHoBKH i mepcneKTHBH MOAAIBLINUX JOCAIIMKEeHb. 3HUKESHHS
PiBHS TEMJIOBOT HAIMPYKEHOCT1 eneMeHTiB cyaHoBoro [IB3 moxe OyTtH
JOCSTHYTO 32 PaxyHOK OINTHMI3alii 1 BAOCKOHAIEHHS TIPOLIECY 3TOPSHHS
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najuBa, 110 MOXKHA 3a0€3MEYUTH NUITXOM BHKOPUCTAHHS MPUCATOK JIO
MananBa.

OTtpuMaHi pe3yabTaTH JIOCTIKEHb JIO3BOJIIOTH 3pOOUTH HACTYITHI
BHCHOBKHU.

1. Tlpu BUKOpHCTaHHI MAJMBHUX TMPHCAJOK, KOHI[CHTPAIlis SKHX B
nanuBi Moxke BapitoBaTHcs B Mexax 1:8000...1:2000, 3abe3neuyeTbes
3HIDKGHHS TEMIIEpaTypu ra3iB Tepel ra3oTypOOHarHeraueM Ha
4,1...8,2 %, 1110 IPU3BOJUTH JIO 3HMKCHHS TEILIOBOI HAIIPYKEHOCTI JieTa-
neid LTI 1 ra30BUITYCKHOT CHCTEMU AM3EIA.

2. Ilpu BUKOpHCTaHHI MpUCAAOK 10 nanuBa Ha 46,2...58,3 % 3HH-
KYETHCS HEY3I'O/DKCHICTh 3HAYCHHS TEMIIEpaTypPH BUITYCKHUX Ta3iB IO
OKpeMUX IWITIHJpax Bix 1 cepeaHboro 3HadyeHHs. Lle 3a0e3mneuye BupiB-
HIOBaHHSI TEIIOBOT'0 HABAHTAXKEHHS 10 BCIX HUJIIHApaX JAM3ENsS 1 TAKOXK
3MEHIIIY€E TEIJIOBY HANPYKEHICTh, IKa BUHUKAE B HHOMY.

3. BukopucTtaHHs MpUCAIOK JIO TTAJMBa MPU3BOIUTH IO ITiIBUIIICHHS
MaJMBHOI €KOHOMIYHOCTI CYJTHOBOI'O Ju3ens. BcraHOBIIGHO, 1110 TIPH BH-
KOPUCTaHHI MAJIMBHUX MPHUCAIOK MOXKIIUBO JIOCATTH 3HUKCHHS MTUTOMOT
edexTuBHOI BUTpaTH manmBa Bix 2,54 1o 6,46 % (B 3a1eXKHOCTI Big pe-
KUMY poOoTH au3ens). [Ipy 1boMy MakCUMaJIbHE MiABUINECHHS MaJIUBHOT
E€KOHOMIYHOCTI BifOyBaeThcst B nmianaszoni 50...60% HaBaHTa)KEHHS JTU3e-
715, TOOTO PEXHMMIB, 110 XapaKTEPU3YIOTHCS HAHOLTBIIMM eKCIITyaTamii-
HUM I1epiooM poOOTH, a TAKOXK MiABHUILIEHOI TEIIOBOT HAMIPY>KEHICTIO.

4. KoHIleHTpallis MPUCAJKK B TMajMBl Ma€ ONTUMAJbHE 3HAUCHHS,
BH3HAYAETHCS CKCIIEPUMEHTAIBHO 1 3aJICKUTH BiJI XapaKTEPUCTUK JTU3EIISI
1 BUKOPUCTOBYBAHOrO TanuBa. Jljii BU3HAYCHHS ONTHUMAJBHOI KOHIICH-
Tparlii npucajkyd HEOOXIiJHI JOMATKOBI JTOCTIKEHHS, sKi (32 HasABHOCTI
PO3pOOIEHOT TEXHOJOTIUYHOI KapTH) MOXYTh OyTH BHUKOHaHI CHJIaMH
CYAHOBOTO €Kilaxy.

PosrastayTHii crioci6 xiMiuHOT 00pOOKHM ManuBa 3a paXyHOK BUKOpH-
CTaHHS TPUCAJOK, IO BKJIIOYAIOTh B CBIill CKJIaj MOBEPXHEBO-aKTHBHI
PCUOBUHH, € TPUKIAJOM BUKOPUCTAaHHS HAHOTEXHOJIOTIH B CYyJIHOBIH
CHEPreTHIL.
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Kainyrin B. M
Harionansauii yaiBepcuTer «O1echbka MOPChKa akaaeMis»

AHAJII3 IOCBIAY EKCILTYATALIT TA MOJINIIEHHS
E®EKTUBHOCTI JIi TA30TYPEOKOMIIPECOPIB
CYJIHOBHUX JIU3EJIB

AHoTanis

HaBeneHo y3arajibHEHHS JOCBiAYy €KCIUTyaTailii CYJAHOBUX JU3EITIB
BHyTpitHbOro 3ropsiaHs (CAB3) 1 ix razorypbokomipecopis (I'TK), 1o
JI03BOJISIE:

- BUBHAYNTH OCHOBHI IMOKa3HUKH HaifiHocTi CJIB3 1 BCTAHOBUTH 1110
ocHoBHOO npuunHo0 BiMoB CJIB3 € momkomkenns ['TK;

- BCcTaHOBUTH Noka3Huku HagiHocTi ['TK, sik emmHOro arperaty B
LiIOMY, TaK

1 OKpeMHUX HOro KOMIIOHEHTIB, JijIs ToJIOBHMX jaBoTakTHUX C/IB3;

- HaityacTime BigMoBIstoTh Taki By3iau ['TK sik potop, coruiosi i po-
0oui JiomaTky Ta30Boi TypOiHM, OMOPHI Ta OMOPHO-YMOPHI MiAIINITHUKH
KOB3aHHS, BHACTIJOK PE&KHUMY «IIOMIIAXY» KOMIPECOPY 1 MOpYIIECHHS
OajlaHCYBaHHS POTOPY, 110 OOYMOBJICHO BiJIKJIQJCHHSIMHU Y JIOMATKOBUX
amaparax TypOiH i KOMIIPECOPIB Ta MOIIKOKEHHIM OCTaHHIX;

- BU3HAYHUTH BIUIUB 3MiH TexHi4HOTrO cTany TypOinu [ TK Ha cminbHy
rimpoanHamiuHy xapakrepuctuky podoru I'TK 1 C[AB3 i Ha BUHHKHEH-
Hs HecTikux pexxumis poootu ['TK;

B nimsix 3abe3medeHHs1 BUCOKOTo piBHA TexHiuHoro crany ['TK B
nporeci  ekcrutyaranii CJIBC  HeoOXigHO MOCTIMHO KOHTPOJIIOBATH
piBenp BiOpamii ['TK i perymsipHo ycyBaTH BHHHKAIOYi BiAKIAJCHHS B
TypOiHi IDISIXOM OYHILIEHHS MPOTOYHOI YaCTHHH TypOiHM, IO JA03BOJISIE
3abe3neuyBaTH BUCOKY edekTuBHicTh pobotu ['TK 1 C[AB3 y minomy.

Anani3z nokasuukiB HagiiHocTi CIAB3 i 'TK
B yMmoBax 3pocTaHHS MHTOMHUX TMOTYXKHOCTEH TOJOBHUX 1 JO-
NMoMbKHUX cyaHoBHX auzeniB (C/IB3), B ocHOBHOMY 3a paxyHOK iX ¢op-
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CYBaHHS, 1, TIOB'SI3aHUM 3 ITUM 30UTBIIICHHSIM MEXaHIYHOIO Ta TEIIOBOTO
HaBaHTaXXEHHs Ha jaetaii wixiHapornopmHeroi rpymu (IIII7), ocobnupe
3Ha4YeHHS! HaOyBae 3a0e3MedYeHHs] BUCOKOTO PIiBHSA TEXHIYHOI'O CTaHy B
mpolieci ekcrtyaTanii By3JiB razorypookomipecopiB (I'TK) i enementn
MOBITPSIHO — ra30BOI0 TPAKTY.

Baratopiunuii mpocein excruryaranii C/IB3 3 TypOoHamIyBOM CBij-
YHUTH MPO TE, 110 B Mpolleci iX poOOTH BiIOYBAETHCA HEMUHYYE MOCTYIIO-
B€ TIOTIpIIEHHS TeXHIYHOro crany Ta xapaktepucTtuk ['TK. OcHoBHOO
npuurHO 3MiHu xapakrepuctuk ['TK € 3aHoc (3a0pynHeHHs) MPOTOY-
HUX YacTHH TypOiH 1 KOMIPECOpiB, 10 MPU3BOAUTH IO 3HMKEHHIO iX
e()EKTUBHOCT!I.

Takum 4MHOM, B Tpoleci eKCITyaTallii CTYMiHb y3TOJDKEHOCTI Xa-
pakrepuctuk ausens i ['TK, yacTkoBo ab0 MOBHICTIO MOPYIIYETHCS. Y
CBOIO 4Yepry BiIKIaJeHHS y NPOTOYHIM YacTWHi TypOiHM, MOpPYIIye
YPIBHOBaXEHICTb pOTOpY, M0 Moke BukiIuKkaTH BiamMosu I'TK. Kpim To-
ro ['TK BXomuTh 10 CKIay TEPMIYHO i MEXaHIYHO HABAHTAXKEHUX BY3JIiB
1 Aerasnei 1u3eniB, 110 BIUIMBAE HA iX ekciutyaranidny Hanaiiuicte C/IB3
y LLJIOMY.

JocnijpkeHHsT Ta aHalli3 TOKa3HWKIB HAaJIHHOCTI CYAHOBHX TeX-
Hiyaux 3aco0iB (CT3) i I'TK, Oynu BukoHaHI KiacuikaliiiHUM TOBa-
pucteom «Lloyd's Register» (LR) [3] i [lIBeacbkuM cTpaxoBuM
toBapuctBoM «Swedish Club» (SC) [4, 5] i nossonse crano-
BUTH 3HAUYEHHS OCHOBHMX ITOKA3HUKIB TXHBHOI HAAIHHOCTI Ta BU3HAYUTH
OCHOBHI IIPUYHHHU iX BiIMOB.

VY tabnuii 1 HaBeACHO, HAHOUIBII TOMIMPEHH] TONIKOKEHHS KOH-
crpykruBHux By3miB CJIB3, ski, 3a manumu LR, mpussenu 10 BigMoB
Majo obeproBux auzenis (MO/).

Tabmuus 1 - OcuoBHi npuunau BinmoB MO/], 3a nanumu LR

. . BimHOoCHA KiNBKICTH
Bysznu 1 nerani CIAB3 BiaMOB.%
I"azorypOokommpecopu 18,0
[Mopmi 10,0
Brynku nunisapis 9,0
Kominuacri Banu 8,0
[TaTtyHnu 7,0
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1IToKM mopIIHIB 4,0
BiMOBH IHIINX KOHCTPYKTHBHHX BY3JIiB 44,0
Ycworo 100

Y Tabnuii 2 HaBEJICHO HANOLIBII MOIIMPEHHI MOIIKO/PKEHHS KOH-
CTPYKTHBHHMX BY3JIB AM3eNiB, sKi, 3a gauumMu SC, TIPU3BEIH J0 BiMOB

CB3 ycix Tumis.

Tabnuus 2 - OcuoBHi npuunaK BiaMoB C/IB3 ycix tumis, 3a ganumu SC

BimmoBu By3IiB 1 netanei KiNtbicTs BiaMOB BinHocHA KUIBKICTD
CJIB3 BiIMOB,%
I"a3orypbokomnpecopu 145 39,1
B3aemo3anexHi KOMIIOHEHTH* 65 17,6
Brynku munisapis 35 10,3
TTiAIATHAKY, TITUAKYA BaJTiB 17 4,6
Koninuactu Banu 16 43
[Mopmi 11 3,0
OctoB 1 6J191<Ix1 WITIHAPIB, 3 29
AHKEPHI KPITUICHHS ’
Kpetinxondu, monzyau 7 1,9
BiamoBu 1HIIHIX . 63 17.0
KOHCTPYKTUBHUX BY3JIiB

Ycboro 366 100

* «B3aeMo3alie)kHl KOMIIOHEHTH» - BIJHOCHUTBHCI IO JeETajiel Ta
BY3JIiB, SIKi BUKJIMKAIOTh 3aJICXKHI BiIMOBH, TOOTO, BiJIMOBa OJHOr0O abo
JIEKLIBKOX KOMIIOHEHTIB IPU3BOUTH JIO BI]MOB 1HIIHUX, IO 3HAXOISATHCS
3 HUMH B TEXHOJIOTIYHOTO B3a€MO3B's3Ky. Hampuknan, npen'sBieHHS
MMO30BHUX BHMOT MOB'SI3aHUX 3 YIIKOKEHHSIMH KOMIIOHEHTIB MaJIMBHOI
CHCTEMH, BTYJIOK IumiHApiB, nopmHiB i ['TK mpuunHOO SIKUX CTajo
OyHKEpHE MaJIMBO 1110 HE BiJINIOBIJa€ TEXHIYHUM BUMOTaM.

VY tabmungx 3 1 4 HaBeIeHO, HAHOUIBII TOMIMPEHH] BUAM TIOIIKO/-
XKeHb KOHCTPYKTHBHUX BY3miB C/IB3, siki, 3a manumu SC, mpu3Benu 110
BigMoB rojioBaux MO/ i cepenuno obeproBux nusenis (COJl) CAB3.

Tabnuus 3 — Haii6insm nommpeHi npuanHu BigMoB MO/

Byznu i gerani C/IB3

KiekicTs BiAMOB

BigHocHa Kijgb-
KiCTb BiMOB, %

I'a3otypbokoMmpecopu

114

42,9

B3aeMo3anexHi KOMIIOHEHTH

40

15,0




2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 91
Brynku munisapis 28 10,5
TTiAIATHAKY, TITUAKYA BaTiB 14 53
PosnoninbHi Baau 12 4.5

Tabnuns 4 — Haii6inem nommpeni npuuuaun Biamos COJJ

. . .. . BinHocHA KUIBKICTD
Bysznu 1 nerani CIAB3 KinpkicTh BimMOB BiAMOB, %
I"azorypOokoMmpeccopu 31 29,8
B3aemo3anexHi KOMIOHEHTH 25 24,0
Komninuacri Bany, matyHu 12 11,5
Brynku muninapis 7 6,7
[TopuiHi, IITOKH MTOPIIHIB 5 4,8

Sk 3a3Haueno B Tabauisix 1 12, ocHoBHoto npuuuHowo CJIB3 € I'TK,
Ha om0 sikux npunanae Bix 18% mo 39% Bim 3arayiibHOi KUTBKOCTI
BiIMOB ycCiX BY37iB Ta kommoHeHTiB C/IB3. TakuM 4MHOM, KiTBbKICHO,
nomkomkenHas [ TK e nepesaknoro npuunnoro Bigmos CIIB3.

Kpim Ttoro, BinmoBu I'TK i 3a cykymHMMH BUTpaTamu € Haijo-
POXKUYOIO KATEropi€ro 3 Mpe/ ABJICHUX MO30BHUX BUMOT [4,5].

3a gamumu LR [3] BcTaHoBIeHa 3aJeKHICTh 3MIHM HaIiHHOCTI
C/IB3, mo Bukiukana Bigmoamu ['TK, B 3aJIe)KHOCTI Biji TUITY JIBUTYHA.
Kinekicte HecnpaBHOcTed ['TK, mo mpussenu no Bigmos CJIB3, cro-
COBHO 3arajbHOI KimbkocTi BimMoB 1o CJIB3, cknano: 3% s BUCOKO
obepropux asuryHis (BO/), 9% mnns COM 1 18% ans MO/I.

3a manumu aHanoriuaux Aociimpkenb SC (Taomui 3 14): 29,8% st
CO/, 42,9% nna MO, Le cBiguuth mpo te, mo ['TK, siki BcTraHOBNIEHI
Ha CO/l i BO/I, Ginbin HamiliHi B ekcrutyaTtarlii, B mopiBHsHHI 3 ['TK
BcTaHoBJeHnMH HA MO/I.

Cepenns TpuBaiicts 6e3BinMoBHOT podotu ['TK ronoBHuX IBUTYHIB
pi3Ha 1 3aJISKUTH BiJl KOCTI BUTOTOBJIEHHS i yMOB ekcrutyartanii. Ciiz
3a3HAYUTH, 10 poOOTH 3 ycyHeHHs BiqMoB [ TK HOCSATH, B OCHOBHOMY,
3aBOJICBKUI XapakTep, IO 3HAYHO YCKIIJHIOE iXHE BUKOHAHHSI.

Haituacrime BiamoBu I'TK tunie NA i VTR Oynu BuKiInMKaHi mom-
KOJDKEHHSIMH poTOopiB, BiamoBiaHO - 18,3% 1 23,3%. Insa ['TK tuny NA
ix BiZMOBM OynM BUKJIMKAaHI PYHHYBaHHSMH IiJIIUIHHUKIB KOB3aHHS 3
Ooky TypOinu -12,1% i kommpecopy - 11,6%. OcHOBHUMH MpUYHHAMH
MOUIKO/PKEHHST POTOpiB 1 pyHHYBaHb MiJUIMIIHHUKIB € MOpYLIeHHS Oa-
JIAHCYBaHHS pOTOpa IO CHPUYMHEH] SKCIUTyaTalliiHUMU BiIKJIQACHHAMU
Ha poOouYMX JIONATKaxX, MTUCKY TypOiHH, i koieci komrmpecopy. llle ox-



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 92

HI€I0 BAXKIIMBOIO MPUYMHOK BUHUKHEHHS 3HAYHUX BIOpaliifHUX HaBaH-
Ta)keHb 1 HacTynHuX ymkomkenb [ TK € iX pobora B 30HI HECTIHKHX pe-
KUMIB — PEKUMI «IIOMIIAXKY» KOMIIPECOPY.

Tabnuust 5 - BigHOCHA KiIBKICTh HECTIPABHOCTEH KOMITOHEHTIB

ra3zorypookomiipecopiB Tuiry NA, romoBHux jaBorakroBux CJIB3 MAN-
B&W

BinHocHA KUIBKICTH

Komnonentu razoryp0ookoMImpecopis .
P pecop HecnpaBHoOCTeH, %

T'azomypbokomnpecop 6 360pi, pomop i Kop-
NYCHI KOMNOHEeHmU

I"azorypbokomnpecop, K €TUHUI arperar 5,0
Potop razorypbokommpecopy B 300pi 18,3
JlaGipuHTOBI yIIIIbHEHHS 8,7
Kommnpecop
[TpuitomHi npucTpoi Ha BCMOKTYBaHHI HIOBITPS 2,5
PoGoue xoseco BKIIOYHO 3 JIOMATKOBUMH aria- 9.3
paramu ’
Typbina
Coru1oBi JIonaTku TypOiHN 10,0
PoGoui nonatku TypOiHu 9,3
Iliowunnuxosi eyznu 1 npucmpoi cucmemu
MaujeHms
OnopHO-yHOpHHUH MiANIMITHUK KOB3aHHA 3 00- 11.6
Ky KOMIIpECOpY ’
OnopHHi i JIIUITHUK KOB3aHHS 3 00Ky TypOi- 1.1
HU ’
CucreMa MalleHHs ITiIIIAITHAKIB 13,2

Yevoeo: 100,0
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Tabnuust 6 - BimHOCHa KiJIBKICTh HECTIPABHOCTEH KOMITOHEHTIB
razorypookomipecopiB tumry VTR romosaux neorakropux CJIB3 MAN-

B&W
BinnocHa
KomrmoneHnTH razorypOookoMIipecopiB KUIBKICTD
HECITPaBHOCTEH,
%
Tazomypboxomnpecop 6 360pi, pomop 1i KOpnyCcHi KOMNoHe-
HmMu
I"azorypOokomnpecop, K €TUHUI arperar 6,4
Potop razorypbokommpecopy B 300pi 23,3
JlaGipyuHTOBI yIIITbHEHHS 11,1
Kommnpecop
[TpuitomHi npucTpoi Ha BCMOKTYBaHHI HOBITPS 3,2
PoOoue xos1eco BKIIIOUHO 3 JIONATKOBUMHU allapaTaMu 11,9
Typbina
Coru10Bi JIONTaTKH TYpOiHN 12,7
PoGoui nomatku TypOiHu 11,9
TTiowunnuxosi 8y3nu i npUCmMpPoOl cucmemu MaweHHsl
OnopHO-YNOPHUH MiANMIHNK KOYeHHsI 3 00Ky KOMITpEcopy 1,8
Cucrema MaleHHs OIIOPHO-YIIOPHOT'O ITiJIIHITHUKA BKITIO- 82
Yaro4yy HaBIIIEHUH HACOC MaleHHS ’
OnopHUA NI IIIUITHAK KOYeHHs 3 00Ky TypOiHM 2,5
Cucrema MallleHHS OIIOPHOT'O MiIUITHIKA BKIIOUAI0un 70
HaBIIIEHNI HACOC MaleHHS ’
Yevoeo: 100,0

®opmyBanHs HecTiHKUX pesxknMiB podoTu I'TK i ix ycyHennst

CyMillleHHs. TiAPOJMHAMIYHUX XapaKTEPUCTHUK TOBITPO-Ta30BOI0
tpakty (III'T) mu3ens, kommpecopa i TypOiHM BILIMBAE Ha 3a0e3MeUeHHS
poboru kommpecopy I'TK B 30HaX CTiliKOi poOOTH 3 HAJIEKHHUM «3ara-
coM cTilikocTi». IxHE po3ysromkeHHs BUKINKAE HecTilKi pexumMu po6o-
TH KOMIIPECopa — «IOMITaK». BUHUKHEHHS «IIOMIIaXxy» MPU3BOAUTH 0
MOPYIIEHHS MOBITPONOCTaYaHHsI 1 3TOPSHHS MajinBa B HWIIHAPAX AU3EN,
TOOTO /10 Horo BigMoBH. ToMy aHaii3 MPUYUH «IIOMITaXY» 1 CBOEYACHE
Horo monepemKeHHs JO3BOIUTh 3a0e3neunT HadiiHy poOoTy auzend i
Oe3leKky MoperyIaBaHHs Cy/HA B IJIOMY.
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ToMy akTyaJlbHUM € TIPOBEAEHHS OCHTI[UKEHb MPUYMH 3HUKEHHS
piBas npane3aatHocTi ['TK i enementiB III'T, Ta BU3HaueHHS SKICHHX 1
KUIBKICHUX B3a€MO3B'S3KIB HECIIPaBHOCTEH 3 MapameTpaMu poOOTH -
3eMiB, po3poOKa peKOMEH Al 3 3amo0iraHHs 3HIKEHHsI PIBHSI Mpales-
natHocti ['TK i enementis I1II'T y mpomeci ekcrutyarartii.

Pexxum pobGoTH KOMMpecopy B 3aralbHOMY BUIMAAKY BHU3HAYAETHCS
YMOBaMH Ha BXOi (THCK i TeMIlepaTypa MOBITps), 4aCTOTOI0 0O0epTaHHS i
MPOAYKTUBHICTIO. 3aJIKHO BiJl MOEHAHHS IIUX MapaMeTPiB KOMIIPECOP
Oy/e pO3BUBATH Ty UM iHIIY CTYIiHb MiIBUIIEHHS THUCKY, 1 CIIOXHBATH
Pi3HY HOTYXXHICTb.

O1iHKa OCHOBHHMX JaHHX POOOTH KOMIIpecopa Ha Oylb-SKOMY pe-
JKUMI BUKOHYETBCS 110 HOT0 XapaKTepUCTHUIll (PUCYHOK 1).

[lpu BuUTpati MOBITPS Yepe3 KOMIPECOp HWKYE MEBHOI BETUYMHU
CTIMKICTh pOOOTH KOMIIPECOPY MOPYIITYETHCSL.

VY 3aranbHOMY BHNAJKY, «IIOMIIa)K» KOMIIPECOpYy, IO Mpalioe y
cxiani C/AB3 cnpuuuHSETBCS PO3Y3TOUKEHHSIM TiIpOAMHAMIYHMX Xa-
paktepuctuk I'TK i I[II'T mu3ens. BHacmigok yTBOpEHHS MPOTHUTOKY B
pobounX KaHallax Kojieca KOMITpecopa, pyX MOBITPs 3MIHIOETHCS Ha MPo-
TUJKHUHN — 3 00Ky HarHITaHHS HA CTOPOHY BCMOKTYBaHHSI.

[MprurHamMu bOrO MOXKE OYTH:

- «TepeKuJaHHS TUPKYISIII»;

- 30utbenHs onopy III'T muzens;

- TIEPEeBHIICHHSI BUTPATH TOBITPS, IIO MOJAETHCS KOMIIPECOPOM B
MOPIBHSIHHI 3 TUM, 1[0 MOXYTh CIIOXKHUTH LIUTIHPH JU3CIS;

- BHHUKHEeHHs aBTokonuBaHb B [I['T y 3B'SI3Ky 3 momepeMiHHUM
BIZIKPUTTSIM 1 3aKPHUTTSM BITyCKHUX OpPTaHIB JIU3EIs.

Haniiiaicte po0oTH KOMIIpecopy B CKIIAIi JU3Els, pO3TalllyBaHHS
PO3paxyHKOBOI TOUKHM HOTO0 POOOTH IIOJ0 MEXKI MOMIIAXHOI 30HU OIli-
HIOIOTh KoedimieHToM 3amacy crtiiikocti Kycr. Ilin uuM koedinieaToM
PO3YMIIOTH BiIHOLICHHS CTYIEHS MiABUILEHHS THCKY TK A0 BUTPATH MO-
BiTps GB, BU3HAUEHHMH TIPH OJHAKOBIH YacTOTi 0OepTaHHS Ha MEXi
MOMIMAXY 1 B TOYIII, 1110 BIATIOBIIA€ PEXUMY CILTbHOI pOOOTH 3 JH3eieM,

GBpo6 koM
Kyct = Gomom | o 1)-100%,
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e : k"™ i GB"M" — cTyniHb MifBUINEHHS THCKY i BUTpaTa HOBITPs
B TOUIII MTEPETUHY JiHIT NOCTIITHOT YacTOTH 00epTaHHS KOMIIpecopa (Tou-
Ka A’ Ha pUCYHKY 1) 3 MEXEIO TIOMITaxKYy;

kP°® i GBP°S — CTYMiHb TiJBUIIEHHS THUCKY i BHTpaTa IMOBITPS B
TOUIII CIUTLHOT pOOOTH KOMIIpecopa 3 au3eieM (Touka A Ha pUCYHKY 1).
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Puc.1. Busnauenns 3anacy criiikocti I'TK Ty NA i CIB3 MAN — B&W

MiHimMaJibHe 3HA4YCHHS KOe(]illieHTa 3amacy CTIMKOCTI IpH CaMuX
HECIIPUATIMBUX YMOBaX eKcIulyartallii moBuHeH ckianata 8%. st aso-
XTaKTHUX JU3eliB Sulzer Ha HOMIHAJIILHOMY PEXUMiI POOOTH, PEKOMEH-
nyeTbest 3HadeHHS Kyer = 15% [2].

XapakTepHi 03HAKH HECTIMKOI «ITOMMaXHOI» pOOOTH KOMIpecopa —
pi3ki 3ByKOBi ynmapu i BiOpamis kopnycy. Excrnyatanis ['TK B «mowm-
MaXKHIM» 30HI MOXKE MPU3BECTH JI0 3adillaHHsA poTopa 00 CTaTop, MOJIOM-
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KA poOOYHX JIOMATOK TYpOiHM 1 KOMIpEcopy, BUXOMY 3 JIaAy MifIIui-
HuKiB. ToMy eKkcrutyaTallist IBUTYHa Ha TAKOMY PEKHMi, KOJIW BUHUKAE
«IOMIaXK» KOMITpecopy, HenpunycTuMa. Ha ocHOB1 aHani3zy nmoka3HUKIB
pobotu neuryna i ['TK (Temmeparypa BUIIYCKHHX Ta3iB, THCK HaJJyBY,
gacrota oOepTaHHS) HEOOXiTHO BCTAHOBHTH NPHYMHY «IOMIAXy» 1
YCYHYTH il.

VY TEx BUmajkax, KoM (HE3BaKalOUW HA «IIOMIAaXX» KOMIIPECOpY)
HEMOXXJIMBO 3YNUHHUTH JBUTYH a0O HaBiTh 3MEHIIUTH YacTOTy HOro
obepTaHHA (IPOXOKEHHS CyJJHA B BY3bKOCTSIX, IITOPMOB1 YMOBH 1 T.I1.),
HEOOXi/IHO MeperycKaTH YacTHHY TOBITPs MOB3 JABUTYHA, PO3BAHTAXKYIO-
g tuM camum ormip [II'T. s 1iel MmeT HeoOXiTHO BUIATUTH 3ariIylil-
KM, SIKi 3a3BMYali BCTAHOBJICHI Ha MOBITPO30IpHUX MPUCTPOSIX KOMIIpE-
COpIB, i BIAKPUTH KpaHH HA OXOJO/PKYBadi MOBITPS 1 pecuBepi MPOIyB-
Horo noBitps. [Ipu nboMy ciig crocTepiraTu 3a TEMIEPaTypolO BHITYCK-
HUX ra3iB nepeja TypOiHOo, 11100 BOHA HE MepeBuinuia Jomycrumy. [le-
peIycK YacTHHU TOBITPs 3a3BUYall JTO3BOJISIE YCYHYTH «IOMIIaXK» KOM-
npecopy i 3a0e3neunTr HaliiiHy poOOTY AN3ENs.

BucHoBku

Hocsin excrutyatartii C/IB3 cigunth, mo nomkomkenns ['TK e me-
peBakHOIO NpU4rHOK BiaMoB CJIB3 ycix THMIB, HAa JONIO SKUX MPHIIA-
nae Bix 18% mo 39% Bin 3aranbHOI KibkocTi BimMoB CZIB3.

Bcranopiiena 3anexHICTh 3MiH Moka3HUKIB HajiiHOocTi CJIB3, ski
cnpuyrHeHi nomkopkeHHsaMu ['TK, B 3aekHOCTI Bij THIY JBUTYHA.
Kinbkicte HecipaBHOcTel ['TK, sixi mpussenu no Bigmos CJIB3, crocos-
HO 3arajbHOI KimbkocTi BinmoB mo CJ/IB3, cknano: 3% mis BOJ, 9% nis
CO/1 1 no 43% nns MOJI. HaBenewni naHi cBimuuth mpo te, mo ['TK, ski
Bcranopyieni Ha COJ] 1 BOJI, Oinbmn HajiiiHi B eKCIUlyaTaiii, B
nopiasiHHI 3 ' TK BcranoBnenumu Ha MO/I.

Haiivacrime BimmoBu I'TK tumie NA i VTR Oynu BuKIMKaHO
VIIKO/PKEHHSAMU POTOpPiB, BignoBigHo - 18,3% 1 23,3%. OcHOBHUMU
MPUYMHAMH YIIKO/DKEHb POTOPIB 1 pylHHYBaHb MiNNIMITHHUKIB € BUHHK-
HEHHS 3HAYHUX BiOpalliifHuX HaBaHTakeHb 1 HacTymHuX BigMoB [ TK € ix
pobOTa B PEeXHMI «IIOMIIaXKy» KOMIIPECOPY, & TaKOX MOpYyIIeHHsS Oa-
JIAHCYBaHHSI POTOPIB 1[0 CHPUYMHEHI SKCIUTyaTallliHUMU BiIKIIAJCHHS-
MU Ha poOOYHX JIONAaTKaX, AUCKY TypOiHH, 1 KOJIEeCi KOMIpPecopy.
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BcTraHoBiI€eHO MPUYMHA BUHUKHEHHS «ITOMIAXKy» KOMIIPECOpIB, SKi
CIPUYMHEHI PO3Y3ro/KEHHSIM TinponuHaMidaux xapakrtepucthk ['TK i
MI'T auzens. HaBeneHo 3aXxonu 10 yCYHEHHIO HECTIMKUX PEXHUMIB poOo-
tn kommpecopiB I'TK B mporieci ekcrutyaTartii 1u3enis.
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NIJIBUIIIEHHA E@EKTUBHOCTI EKCILITY ATAIIIT
CYJIHOBUX NPUCTPOIB MOPCHKHUX CYJEH

[Mianpuemcrpa, 1o BUpoOIsFOTh cynHOBI nipuctpoi (CII), mns mia-
BUIIEHHS eEKTHBHOCTI IX eKCITyaTalii MpalioloTh y ABOX HANPsIMKaXx.
[epuuit HAMPAMOK — MOB'A3aHUN 3 iH)KEHepi€lo MOBEpXHi, APYruil Ha-
IPSIMOK — 11¢ 3MIHA PEONOriYHUX XAapaKTEPUCTHK MAaCTHIBHOIO MaTepia-
ay. IX pimenHs migmopsakoBaHi Ha aganTario poOOTH OHOP KOUEHHS Yy
cxiagi CII myis 3HH)KEHHST BUTPAT Ha TepTs (CKOPOUYEHHS BUTpPAT €HEpTii)
1 3HOCY OIop BaJliB (CKOpOUEHHS BUTpPAT Ha OOCIYrOBYBaHHS 1 PEMOHT)
[1].

EdextuBHUM criocoOOM MigBUIIEHHS 3HOCOCTIHKOCTI OMOp KOUEHHS
€ HaHeCeHHsI Ha po0O0Yi IOBEPXHI IIIBOK HA OCHOBI (DTOPBMICHUX TIOBEP-
XHEBO-aKTUBHHUX PEUOBMH B pe3yibTaTi xemocopOuii. BimuBom xemoco-
pOoBaHOI IUTIBKK HAa TPUOOTEXHIUHI IPOLIECH B Mapax TepTs €:

— CTBOpPEHHS MO3MTHUBHOIO IPaJiEHTY MEXaHIYHUX BIACTUBOCTEH MOBe-
PXHEBOTr'O IIapy MacTHJIa;

— TiBUIIEHA CUJIa OMOPY MPH 3pYIIEHHI B TOBEPXHEBOMY IIapi;

— 3MiHa MOBEPXHEBOI EHeprii MaTepiany napu TepTsl.

Hanecenns ¢ropBMiCHHX MOBEpXHEBO-aKTHBHHUX PEUOBHH Ha IMOBe-
PXHI apu TepTs 3AIHCHIOETHCS PI3BHUMH criocobamu. B pesynbraTi 1po-
TO MOJIEKYJH YTBOPIOIOTh HAa IHMX MOBEPXHAX CTPYKTypu JleHrmropa, 3
OCSIMH HOPMAJIBHO CIPSIMOBAaHHWMH IO TIOBEPXOHb TEPTS, IO CIIPHSE
YTPUMYBaHHIO MACTHIILHOTO MaTepialy, Ta CIlyKHTh P03’ €IHYIOUNM IlIa-
POM MiXK KOHTaKTYIOUUMH TTOBEPXHAMHU [2].

Mornekyu XeMOoCOpOYIOThCS T1IPO(LILHO MONSPHOK CTOPOHOI, a
rimpogoOHa HemonsipHa CTOPOHA 3AIMIIAETHCA Ha MOBEPXHI MOKPUTTH,
ke (POPMYETHCS.

MacTtuio Ha MeTaneBiil MOBEPXHi yTBOPIOE PiIKOKPUCTAIUHI IapH,
B SIKHX MOXKE YTBOPIOBATHCSI TOMEOTpOINHa abo TIaHapHa Opi€HTAallid Ha
CTpYKTYpH MOJIeKys. Kepyroun opi€HTaIli€r0 MOJICKY B PiIKOKPHUCTATI-
YHHUW CTPYKTYpi MOKHA OTpUMATH OakaHi TpUOOTEXHIYHI Xa-
PaKTEPHCTHKH.
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B sikocTi Takoro opientanta BukopucrtoByBascs 0,5% posuuH ¢rop-
npenapary TUIY 6CDK-180-05. [Ins xepyBaHHS MpoliecaMu TEpTs B
oropax kouerHs CI1 Oyia po3pobiieHa HAHOTEXHOJIOTis HAHECCHHS Ha X
po0boUi MoBEpXHi Opi€HTaHTa, MO JO3BOJIMIA OTPUMATH B MPUCTIHHOMY
MaclITHOMY MIapi 3allaHy CTPYKTYpYy PO3TalllyBaHHS MOJEKYJ MacThia
(romeoTporHy).

Le 103BONHMIIO 3HU3UTH MOBEPXHEBY €HEPTil0 MaTepianxy ONOpH KO-
YeHHS BJBIYl.

Tabnumpt 1. BriumuB opieHTanTa Ha moBepxHeBy eHeprito craii [1IX15

Bucora Hiametp KpatioBuit | IloBepxHeBa
[ToBepxHs crami Karii, MM | Karmii, MM KYT, Tpaj. SHepris,
1I1X15 Jiox/m

IMoBepxus 6e3 opien- | 0,06 3,48 3,704 129,246
TaHTa
IToBepxust  mokpura | 1,14 2,29 89,873 64,684
OpIEHTAHTOM — TOB-
muHOM 15 HM

[TigBUIIMTH TUTOME HAaBaHTAXXCHHS Ha Mapy TepPTs, 3HU3UTH iHTEH-
cUBHicTb 3HOmYBaHHs 10 ;=10 IIpu uboMy 3HM3MIACH 00’€MHA TeM-
repaTypa OImopHu KOUEHHS Ha 15-20 °C B 3anmesxHOCTi Bij HaBaHTa-
JKEHHS 1 CIIOCTEPIra€ThCsl TEHJCHIIS J10 30UIBIICHHS 1Ii€l Pi3HULIL 3 pOC-
TOM HaBaHTAXXEHHS, a TAKOXK, 3a(iKCOBAHO 3HIIKEHHS IIIyMHOCTI POOOTH
Tpubocucremu Ha 2-5 1b [3].

MokHa CTBEpIDKYBAaTH, IO 3aCTOCYBaHHsS HAHOTEXHOJOIIl Kepy-
BaHHS MPOIECOM TEPTS 38 PaxyHOK 3aCTOCYBaHHs Opi€HTaHTa MacCTHIIb-
HOTI'O MaTepially y TIOBEPXHEBUX MIapax TpubOCHCTEM TPU3BOIUTH
JI0 TIJBMINEHHS HECYdYol 3JaTHOCTI MAaCTHJIBLHOIO IIapy 3a pPaxyHOK
YTBOPEHHSI 3aJIaHOi CTPYKTYpH, CTBOPEHHS Oap’€pHOr0 TOKPUTTS 1
yTPUMaHHS MacTHJIBHOTO MaTepiaiy B 30HiI TepTs. [Ipu mpomy momin-
LIYIOTBCS. YMOBHM POOOTH OIOp KOYEHHs 0COONMBO Ha IMYCKOBHUX 1 Tiepe-
ximaux pexumax pobdoru CII, a Takox, 3a0e3meuyeTbCs 3aXUCT TOBEP-
XOHb TepTs Bil Boior# (rizpodoOHICTB).
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BLADE PROFILING FOR THE FINAL STAGES OF POWERFUL
SHIP’S STEAM TURBINES

Problem statement. The search for technical solutions aimed at im-
proving the reliability and efficiency of ship steam turbines during their
design is an actual problem. One of the objectives of this problem is the
improvement of the flow parts of ship turbines, which should be based on
the optimization of all parameters in terms of aerodynamic and strength
characteristics.

Analysis of research and publications. Research and development
work of leading specialists in the field of aerodynamics of flow parts
(and, in particular, the last stages of turbines), aimed at improving the
reliability and efficiency of operation of steam turbines, are carried out
using both calculated and experimental research methods.

The results of computational studies of two-dimensional flow in the
channels of the nozzle and working gratings of steam turbines showed a
significant effect of the shape of the blade profiles on the energy loss
during flow past them [2, 5]. This is confirmed by the results of experi-
mental studies [3], conducted in a wind tunnel and a steam-dynamic pipe.

Analysis of experience in designing and operating ship steam tur-
bines [1,2,5,6] shows shortcomings in solving individual design prob-
lems, in particular, the lack of introducing special structural forms of the
blades, which allow to reduce energy losses during flow.

Currently, a significant part of large-capacity gas carriers are
equipped with steam-turbine units with a capacity of more than 30,000
kW, which include a low-pressure turbine (LPT), which largely deter-
mines the efficiency of the entire turbine [7]. A special place in the de-
sign of turbines occupy the last steps, which are the most loaded element
of the turbine.

The purpose of this study is to develop recommendations for the
design of the profiles of the working blades of the last steps of ship low-
pressure steam turbines, taking into account the most optimal aerody-
namic and strength characteristics.
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Presentation of the main research material.

The absolute length of the working blades (from the root to the pe-
ripheral sections) of the last steps in modern steam turbine plant (30-50
MW) reaches 0.50-0.65 m. Such steps are called steps with relatively
long blades or steps with high fanning 6= D,,./l <10 , where

D, - the average diameter of the blade, in [m];

L - is the length of the blade in [m].

When 0<10, it is already necessary to know and take into account the
variability of the flow parameters along the radius and then the centers of
gravity (cy) of all cross sections along the blade height for the purpose of
vibration reliability, it is necessary to locate on one straight axis of the
blade coinciding with the radius of the turbine shaft.

The specific profile for each section of the scapula is designed sepa-
rately: first, the root and peripheral sections, and then the middle section
and intermediate sections. The required values of the areas of all cross-
sections of the height of the blade are pre-determined on the basis of the
allowable tensile stresses from centrifugal forces and bending stresses
from vapor forces. Thus, for an already specified area (for example, the
middle section of the blade), it is necessary to design a profile that corre-
sponds to the lowest level of energy losses during flow around it with the
input angles B; determined from the thermal calculation and the output 3,
of the flow when the Mach numbers are calculated for this section

M

= —2" (where W, - relative flow rate at the exit of the turbine
a

stage, and a - the speed of sound). These conditions impose strict re-
quirements on the magnitude of the moment of resistance of the section
W and the section area F of the blade profile. To meet the aerodynamic
and at the same time strength requirements can be quite difficult. Thus,
Fig.1 shows an example of designing a relatively long working blade of a
steam turbine.

21
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Fig. 1. An example of a preliminary design of a turbine blade

Profiles of the root (I), medium (II, A) and peripheral (III) sections
are designed in accordance with the aerodynamic and strength (W and F)
characteristics [3,4]. Having located the centers of gravity of sections on
the axis of the blades O-O, we see that the lines passing along the inlet
and outlet edges of the blades have a fracture in the middle part (line 1).
Such a spasmodically changing shape of the blade negatively affects its
vibration reliability [4], and also does not fit into the size of the radial
gap between the rotating disk with the blades and the guide vane. There-
fore, it is proposed to apply a biconvex profile (Fig. 1, B), developed in
the Moscow Power Engineering Institute by one of the authors (Fig. 2,
profiles 1,2) [3], whose width is within the limits of lines 2-2 (Fig. 1). ),
corresponding to a smooth change in the width of all cross sections of the
blade along its height.

This form of the profile allows, with the necessary W and F, to re-
duce the width of the profile and to ensure compliance with the condi-
tions of vibration reliability: line 2, var. In are straight and the width of
the scapula gradually decreases from the root to the periphery.

An important advantage of the biconvex profile is the movement of
the maximum bending stress from the thin input edge (zone C, Fig. 1),
where one has to expect the stress concentration, to the top of the protru-
sion on the pressure side (vol. A, fig. 2) [3,4].
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Dependencies of relative calculated coefficients of core losses Cnp

(for the initial profile - curve 3 and for the proposed one - curve 1), de-
pending on the number M,,, are shown in Fig.3. .The results of an exper-
imental study of the lattice of conventional profiles (3) and biconvex
(profiles 1, 2, Fig. 2) are presented in Fig. 4, where the dependences of

the coefficient of profile losses Cnp on the number M,; at the exit of the

grids are shown [3]. A comparison of these data shows that lattice 3 (ini-
tial profile) is characterized by increased energy losses (6—8%). For the
remaining grids in the M,, = 0.5-1.35 range, the ratio of core losses is

C,, = 3-4%.

[

2te- %ﬁk*jz

06 07 0809 1 L1 1213 L4 My

Fig. 3. The relative calculated
' coefficient of core energy losses for

Fig. 2. Variants of the shapes different variants of profiles

of the profiles of the middle sec-

tion of the blade
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Fig.4. The results of experimental studies of turbine profiles

Findings

When developing the design of the working blades of the last stages
of powerful ship turbines, the use of biconvex profiles allows you to:

- perform the optimal design of the blades of the last stages in terms
of vibration reliability;

- to ensure the reduction of bending stresses from steam forces;

- To achieve a reduction in the level of profile energy losses in com-
parison with the standard profile by 2—3 times.

Conclusion

The introduction into the production of lenticular profiles for the
working blades of the last stages of the TND of stationary steam turbines
was partially carried out at the Kharkov Turbo Generator Plant.

The increase in the power of steam turbine installations of modern
large-tonnage vessels has led to the need to increase the length of the
working blades of the last stages of the low-pressure cylinder having a
variable cross-sectional profile in height. In such turbines, it is advisable
to use blades with a biconvex profile, which allows to optimize its geo-
metric, aecrodynamic and strength characteristics and to increase the effi-
ciency.
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IMOPIBHAHHS EOEKTUBHOCTI AEMII®EPIB
KPYTUJIBHUX KOJIUBAHb KOJITHYACTOI'O BAJTY
CYJIHOBOI'O IN3EJIS TP BUKOPUCTAHHI PIINH

3 PI3BHUMU PEOJOI'TYHNUMMU BJACTHUBOCTSAIAMHU

Torsional vibrations of a shaft arise under the influence of
forces and moments that cause its rotary motion. Majority of mod-
ern marine diesel engines are equipped with the damping mecha-
nisms which contribute to the reduction of the negative effects of
high amplitude torsional vibrations. A common feature of all exist-
ing types of dampers is the frictional element located between the
shaft and the outer casing that absorbs part of a vibrational energy.
A large number of dampers utilize viscous fluid as a damping me-
dium. The most common fluid used in the viscous torsional vibra-
tion dampers is silicone oil that belongs to the pseudoplastic fluids.

It is assumed in the majority of calculations that fluid flow
satisfies Newton’s law of viscous friction; frictional force between
fluid layers is proportional to the first-order velocity gradient.

This paper presents a calculation of a viscous torsional vi-
bration damper that utilizes non-Newtonian fluid. In the framework
of Ostwald power law, it is stated that power of velocity gradient
determined as flow index takes a value of less than one for pseudo-
plastic fluids and more than one for dilatant fluids. The parameter
of damper effectiveness defined by the fluid flow index, damper
gap values, torsional vibration amplitude, and frequency is imple-
mented.

A comparative analysis of viscous torsional vibration
damper efficiency on the basis of the dependence of the effective-
ness parameter on flow index was carried out. It is shown that the
most effective media which may be used to damp torsional vibra-
tions in the modern marine diesel engines are dilatant fluids, and
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the higher the amplitude of vibrations and value of flow index the
more effectively they are damped.

Keywords: marine diesel engine, crackshaft, torsional vi-
brations, fluid damper, non-Newtonian fluid, pseudoplastic fluid,
dilatant fluids, fluid flow index, rheology.

Bcmyn

Onniero 3 HAHOUIBII HANPYXKEHUX JeTalied CyJHOBOI €HepreTHYHOL
YCTaHOBKH € BAJIONPOBiJI, HA SIKOMY KOHI[EHTPYETHCSI OCHOBHA EHEPTis B
nporeci pyxy. Y 0araTonmiiHIAPOBOMY JIBUTYHI BaJONPOBIJ cIpUiiMae
KPYTHHI MOMEHT Bijl BCiX KPHBOIIMITHO-IATYHHUX MexaHi3miB (KLLIM)
UWITIHAPIB, MUTTEBE 3HAYEHHS SIKOTO BU3HAYAETHCS 3a (hopmynoro [1]

M, =Tr, (1)

ne r - pagiyc kpuBommmna, T — cymapHa JOTHYHa CHIIa Bill BCIX
KIIIM nuzens.
Jlis1 GaraTounsTiHAPOBOrO ABUIYHA KPYTHHH MomeHT M, = Ha Bay

JBUTYHA SBJISIE COO0I0 (DYHKIIIIO 3 TIEPioJIoM, KUK BHU3HAYAETHCS BiHO-
HICHHSM Tiepiofy poOoYoro HMKIY A0 YWcia HWTHAPIB au3ens. OTxe,
KPYTHHH MOMEHT MEPiOIUYHO 3MIHIOETHCS, IO 3yMOBIIIOE 3MiHY KYTOBOI
HIBHJIKOCTI oOepTaHHA Baiy. BuHHKar04i KpyTHIIbHI KOIMBAaHHS MOXYTh
MPUBOIUTU 10 BEMKHUX JAWHAMIYHUX HaNpyXeHb Ta 70 pyWHYBaHHs Ba-
JIonpoBoTy. 3abe3neueHHs Oe3aBapiliHOi poOOTH BaJly Ta BaJIOIIPOBONY €
aKTYyaJbHOIO 3a/1ayuelo, sIKiii pUCBsUYeHa BeJIMKa KUTbKICTh PO0iT, HANpH-
kman, [2 -5].

3a3Buyaid, JyIsl 3MEHIIEHHS MIKIUTMBOI [ii KpyTUJIBHUX KOJUBaHb, 3a-
CTOCOBYIOTh aHTUBiOpaTop 1 gemndepu [2 - 4]. AHTHBIOpaTOpH IMpaIio-
10Th O€3 MOTJIMHAHHS E€HEprii Ha iHepUiHOMY MPHUHIMII, CTBOPIOIOYH
PEaKTUBHHI MPOTUJICKHO CIPSIMOBAHUH iHEpPUIHHUN MOMEHT, IO 3MEH-
1Iye aMIUTITYId KONWMBaHb y Bcill cuctemi. Jemndepu, Ha BiaMiHy Big
aHTIBIOpPATOpIiB, YaCTKOBO MOTJITMHAIOTH CHEPTIF0 KOJIMBaHb 3aBJISIKUA HAsB-
HOCTI MK MaXxOBOI MacOI0 1 MATOUMHOIO JieMIipepa eJISMEHTIB 3 TEPTIM.
IcHye Benmuka KUTBKICTh KOHCTPYKIIN AeMIIQepiB, M0 BiIPi3HAIOTHCS CHO-
cOo0OM aMILTITYI BUHUKaIOUMX KOJUBaHsb [1, 4, 5].

upoke nommpeHHs: OTpUMaB B’si3KicTHUN nemiidep (puc.l) 3aBas-
KW MPOCTil KOHCTPYKLIi: Yy METaJiuHIi KOPIyC BBOIUTHCS MaxoBa Maca
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y BUIJISII KUIbLA, SIKa BUILHO OOEPTAE€ThCS BIAHOCHO HBOTO, a BUIBHUMA
MPOCTIP 3aIIOBHIOIOTH B’S3KOK PIMHOK. Y OUIBIIOCTI BUIMAJAKIB BUKO-
PHUCTOBYIOTh BUCOKOB’ 13K PiZIMHU — CHJIIKOHH |3, 4].

Ilocmanoexa 3aoaui

Kopmye  Maxosa maca Y HalinpocTiloMy BUNIAJIKY
Aemmbepa MpH po3paxyHKax e(eKTHBHOC-
Ti Jgemndepa BBaXaloTh, IO
piiMHA € HBIOTOHIBChKA. Y
IOMY BHIAQAKy BHHHKAOUYa
CHJIa TEPTs, IO JII€ HA CIIEMEH-
TapHy IUIOMIAAKY dS Mporop-
ifHA TPaJiE€HTY IIBHJIKOCTI

Baska dv
pinnma dFTp = T]d—zds .
(2) . . .
Puc. 1 — B’s3kicTHuil nemndep Koediuient nponopuiiinoc-

1i m ([n], keom'¢) y widt do-
pMyJi - AMHAMIYHA B'S3KICTh. Y OUIBIIOCTI TEOPETUYHHUX JOCIIIKEHB
JUHAMIYHA B SI3KICTh BBAKAETHCS CTAJIOK BEIHUHHOIO [3 — 4.

Meroro JOCHIPKeHb y JaHid poOOTi € mOopiBHSHHS €(pEKTUBHOCTI
nemMidepa KpyTHIBHUX KOMUBaHb NP BUKOPHUCTaHHI PIIMH 3 Pi3HUMH
PEOJIOTIYHUMH BJIACTUBOCTSIMH.

Peonozia é’a3kux pioun.

B’s3ki piavHu, Ans AKX 3aKOH (2) TMOPYIIYEThCS, 3BYThCS HEHBIO-
TOHIBCBKUMH. IX peosioris 3a710BoNbHAETECS 3akoHOM OcTBanbaa [6] Ta
OIUCYETHCS HETMIHIHHUM PiBHSHHAM

n
dF,  =-K, ? ds, 3)
<
ne K, - xoediuieHT KoHCHCTeHLIT (Y IEBHOMY Jiala3oHi rpajieHTa

IIBUAKOCTEH BIH MOXKE BBKHUTHCS CTAJIUM 1 HAa3MBATUCSA €(PEKTUBHOIO
B’SI3KICTIO), @ B Ma€ Ha3BY iHAEKCY Teuii, SKMH XapaKTepU3ye CTYIiHb
BIIXHMJICHHSI BijJl HBIOTOHIBCHKOI MOBENiHKH). B’s3K1 piguHu, IS SKUX
3HaY€HHA n <1 Ha3MBarOTh NICEBIOIUIACTUKAMU, a JJId AKUX n>1 — au-
JIATAHTHUMU.
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B’s13kicTh CHIIIKOHOBOI PIAMHU MIPH 3MiHI TPaJlieHTy IIBUIKOCTI 3Mi-
HIOETHCA [5] 32 3aKOHOM

1

N ke dvidz)

Jie - Mo - B’s3kicTs npu dv/dz =0, k~1,2-107n, — koedimienr,

4)

KWW BU3HAYEHHN eKcriepuMeHTanbHO. OCKUIBKY MPH 3pOCTaHHI rpaie-
HTAa IIBUAKOCTI 3MEHIITYEThCS KOSPIIIEHT B’SI3KOCTi, TO BUHUKAIOUa CHJIa
oropy (3) 3MEHIIYEThCSI, TOOTO CHIIIKOHU € TICEBI0IIACTUKAMHU.

Pospaxynku cuiikoHOBoro Jemidepa 3 BpaxyBaHHSM 3MiHH
B’S3KOCTI 3a 3aKOHOM (4) nmpoBezieHO aBTopamu [7]. Y miii poOoTi moka-
3aHO, IO MPU 30UTBIIEHHI TPajiEHTa IIBUIKOCTI MOMEHT CHJIA TEPTSI
3MEHIIYEThCS Y MOPIBHSAHHI 3 HBIOTOHIBCHKOIO piinHOI0. OTXe, edexTH-
BHICTh JieMIi(epa, 3alI0BHEHOT'O CHIIIKOHOM, 3MEHIIYETHCS PH 3HAYHUX
aMILTITY1aX KPYTHIBHUX KOJIHBaHb.

[cHyIOTH AWNaTaHTHI PIAMHU, A SKUX TpH 30UIBIIEHHI TpajiieHTa
IBUAKOCTI iX B’SA3KICTH 30UIbIyeThCs. JunaTantHuit eekT cnocrepira-
€ThCS B THX MaTepiayiax [6], B SKMX IIUIBHO PO3MIIICHI YaCTUHKHU Tiepe-
MilllaHi 3 PIAMHOIO, sIKa 3aIOBHIOE MPOCTip MK HUMHU. [Ipu Manux rpami-
€HTaX MBHUAKOCTI MK IIapaMH MaTepiany Taka piluHa 34aTHa JIErKo Te-
perikaTH, ToMy Ma€e Manuii koedimieHT B’ sa3kocTi. [Ipu Benukux rpajieH-
Tax MIBUJIKOCTI piliHA HE BCTUTAE 3allOBHIOBATH BUIBHHMU MPOCTIp, 110
YTBOPIOETBCS. MK PYXOMHMHU YaCTHHKAMH, i TOMY TePTsI MK YaCTHHKa-
MH CHJIBHO 3pOCTa€, IO MPU3BOIUTH J0 CYTTEBOTO 301JIBIICHHS B'S3KOC-
Ti.

Po3spaxynok oemngpepa KpymuibHUX Koaueamsv, 3anoeHe-
HO020 HEHbIOMOHOCHLKOIO PIOUH OO
Kopnyc nemndepa obepraerbesi Ta 3AiMCHIOE KPYTHIIbHI KOIMBaHHS pa-
30M 3BajiOM JIBUTyHA. 3aBIIKM B’SI3KOMY TEpTIO iHEpIliiHAa Maca 3axo-
TUTFOETBCSL Ta 3MIMCHIOE KPYTHJIbHI KonuBaHHS. [IokM MOMEHT cui
iHep1ii, 110 Ji€ Ha iHepIiiiHy Macy MeHIIIe MOMEHTY CHJI B’SI3KOT0 TepTH,
iHepIiiiHa Maca Ta KOpITyC 3AIMCHIOE KPYTHIJIBHI KOJNHMBAaHHS SIK OJHE
nie. SIK TUTbKM MOMEHT CWJ iHEpIil cTa€ OUIBIIUM HIK MOMEHT CHII
B’SI3KOTO TEPTs, iIHEpIiiiHa Maca MOBEPTAETHCS BITHOCHO KOPITYCY JEMII-
¢epa. Taki pyxu iHepLiifHOT MacH BiTHOCHO KOpIycy nemrdepa moBTo-
PIOIOTBCS 3 YACTOTOIO KPYTUJIBHUX KOJIMBaHb. BUHHKAIOUMA MOMEHT CHIT
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B’SI3KOTO TEPTS y 3a30pax MiXK iHEpPHiHHOIO MAacol Ta KOPITYCOM JIEMII-

(epa CTBOPIOE OIIip, KK TACUTh BUHUKAIOY1 KPYTHIIbHI KOJTUBAHHS.
[IpoBenemo po3paxyHKd Ui TigpoadHamivyHOro aemidepa 3a cxe-
MOI0, fKa 300pa’keHa Ha pHC. 2: B cepe-
I JMHY Kopityca | BCTaBlieHa BUIbHAa MaXo-
| Ba Maca y BUIVISA1 Kbl 2 BHYTPIIIHIM
7 pamiycoMm r Ta 30BHIHIM R (Bim oci
}/ obepTanH), Ta mmpuHOO L. Mix Maxo-
- BOI0 Macol Ta KopimycoMm Jemidepa
ICHYI0 HEBEJIMKHH 3a30p BEIWYMHOI h
MK 30BHIIIHBOIO, BHYTPIIIHBOIO Ta TOP-
LEBOK0 MNoBepxHsAMU. Po3paxyemo Mmo-
MEHT, II0 BUHHUKAaE y nemmndepi, SKui
3aIOBHEHUH HEHBIOTOHIBCHKOIO
PiIMHOIO, IPU KPYTHIILHUX KOJTHBAHHSIX.
3rifHO O3HauYEHHS MOMEHTY CHIIH

- Ta 3 BpaxyBaHHsM (3), MaeMo

h

—r—r
=

i

Puc. 2. Cxema nemndepa M = Idemp = IPKn . ﬂ das ,
1 — kopryc; 2— MaxoBa maca, s dz
3 — Bich 00epTaHHs Baja, (5)
h — BiiCTaHb MK TIOBEPXHIMHU

L — mupues Maxosol maca Jie 1HTErpyBaHHA MPOBOIUTHCA IO

€IIEeMEHTapHUM IUIOmaaKkaM dS, 10 3Ha-
XOJSITBhCS HA BiJICTaHI P BijJ OCi 00epTaHHsI.

OCKITbKY TpH KPYTHIIBHUX KOJMBAHHSAX KYT MOBOPOTY MK KOpITY-
COM Ta MaXOBOIO MACOI0 3MIHIOETHCS 32 TAPMOHIYHUM 3aKOHOM

o=@, sinwt,
Je ¢, Ta ® — aMIUITya Ta KyTOBa MIBUJKICTh KPYTHJIbHUX KOJIH-

BaHb.
BennunHa MIBUAKOCTI MK KOPITYyCOM Ta MaxOBOKO MAacO0 BH3HAYa-
€ThCA K v =@ - p . Tofi yis rpalieHTa MBUAKOCTI OTPUMYEMO BHpa3

dv _pdo _ po,®
dz dz

JI¢ BPaxOBaHO, 110 BiJICTaHb /i MIXK MOBEPXHIMHM MaXxOBOi MacH Ta KOpITy-
Cy MaJia y MOpiBHsIHHI 3 po3MipaMu jiemiidepa, TOMy 3aMiHeHO dz Ha h.

cos ot , (6)
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[MigcraBnsaroun y dopmyny (5) 3Ha4YEHHS Ui CHIM B’S3KOCTi Ta 3
BpaxyBaHHSM BUpa3y (6) OTpUMyeMO

MU)ZKJP‘(%J -cos" t-dS . (7)
s

VY 3BUUaiiHOMY KOHCTPYKTHBHOMY O OpMIICHHI AemIdepa € JBi 1u-
JIHAPHYHI NOBEpXHi BepxHa dS, Ta HIKHS dS); 1 060K0Bi (TOpLEBi) dS|
MOBEPXHI MK MaxOBOIO Macol0 Ta KOPIYCOM, €JIeMEHTapHi TUIOMAAKH
SIKAX BU3HAYAIOThH 5K

dS, =2nR-dL, dS,=2mr-dL, dS,=4np-dp.
Toxi hopmyna (6) i KOKHOT 3 BKa3aHUX MOBEPXOHB /1€

R,

L n
MB(t)=KnIR-[ J cos" ot-2m-R-dL =
0

=2n-K R"’ (%J cos" ot L

rQ,0
h

L n
MH(t)=K,,J‘r-( J cos" t-2m-r-dL=
0

=2n-K r" (%} cos" ot L

po,®

Y J cos"wt-2n-p-dp=

Ms(t)an]gp'(

n+3 n+3

:21’[.Kn (po(l) cosnmt.R—_r
h n+3

Otxe
M(t)=2n-Kn[¥J cos"ot-f ., (8)
ne GyHKUis f, , O BPaxoBye MapaMeTpH JeMipepa Mac BUTIIS

1
f(n)=Rn+2'L+I‘n+2'L+n+3(Rn+3—rn+3). (9)
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YcepenHenHs Ui rapMoHiYHOT QyHKIIT, sika BXOOUTH 10 (popmymnu (7)
Jae

<‘cos"-(ot‘ >=i2‘f‘cos” (p‘-d(p , (10)

0 J103BOJIsE 32 (hopMYyJIor0 (8) po3paxyBaTH CEpeHE 3HAYCHHS MO-
MEHTY CHJI ONOpY, WO Ai€ y nemidepi, 3a10BHEHOMY HEHbIOTOHOBCHKOIO
PIAMHOIO.

Toni ans BigHOIIEHHS ycepeIHEHUX 3HAYeHb MOMEHTIB CHJI TEPTS Y
nemrgepi, M0 CTBOPIOE HEHBIOTOHOBCHKA pinHa (1 # 1) 10 MOMEHTY,
SIKUI CTBOPIOE HBIOTOHIBCHKA pifinHa (1 = 1), OTpUMy€EMO

<M,> o[ e " fom <‘cos" (ot‘ >
<M, > h

(1D

I <|cosoat|> ’

ne C =K, 6 /m Bu3Hayae CTaldy JaHOI HEHBIOTOHOBCBKOI PIIMHU Yy

MOPIBHSIHHI 3 B’SI3KICTIO HBIOTOHIBCHKOT PiAMHHU.

Beenemo BenuuuHy w, sika BU3Hava€e e(hEKTUBHICTH Jemrdepa, 3a-
MMOBHEHOT0 HEHBIOTOHOBCHKOKO PIIMHOIO BIJIHOCHO aHAJIOTIYHOTO, 3aIo-
BHEHOI'0 HBIOTOHIBCHKOIO PIJMHOIO 5K

. 1 <M, (1)> (¢,0 " f(,,)<‘cos”(ot‘>
C <M,(1)> h fi, <|cosot|>

EdexkTuBHICTD 3aNMeXHUTh BiJ iHIEKCY Tedil k, BETHMYUHH 3a30py A
MK KOPITYCOM Ta MaxOBOIO Macol0 1 mapaMeTpiB KpyTHJIbHUX KOJIUBAHb
— aMILTITYJU @, Ta YACTOTH © .

(12)

[IpoBeaemo po3paxyHku napamerpa w i nemmdepa R = 383 mm, r
=202 MM, L = 125 mm, & = 0,5 mm [8], B3sBIIM XapaKTEepHI 3HAUYCHHS
napaMeTpiB KpyTHIbHUX KonuBaHb [3,8] @,= 8107 pax, @ = 0,5 pay/c
MpH pi3HUX 3HAYCHHSX iHJEKCY Teuii #. Pe3synbraT po3paxyHKiB 3a ¢o-
pmynoro (12) HaBeneni y Tabmn. 1 Ta 300pakeHi Ha puc. 3.

Tabnumst 1 — po3paxyHOK eeKTHBHOCTI Aemidepa w aist pi3HUX HIEK-
ciB Tedii n

n |05 0,75 | 1 [ 1,25 | 1,5 1,75 12,0 1225|125 [275]3,0

w 0,78 1086 |1 120 |1,44 | 1,76 | 2,16 | 2,67 | 3,32 | 4,15 5,20
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6.0

5.0

; %
| L~

1.0

0.0
0 0.5 1 1.5 2 2.5 3 n

Puc. 3 — 3anexHicTh epeKTUBHOCTI AeMIihepa w
B1J 1HACKCY TEYll n
Bucnoeku.
3 METO0 OI[IHKM eKCIUTyaTalliifHOT HaJIIHHOCTI B'I3KICTHUX JeMII(e-
PiB KpyTHUX KOIMBAaHb BBEJECHO MapaMerp e(eKTUBHOCTI, IO 3aJISKUTh
BiJl iHEKCY Teuii, BENMYMHM 3a30py M KOPITyCOM Ta MaxOBOIO Macor0
nemrdepa, aMIUITy 1 1 4aCTOTH KPYTHIIBHUX KOJIMBaHb. B pamkax mopi-
BHSUIBHOTO aHami3y e(eKkTUBHOCTI Aemmdepa, 3alOBHEHOTO B'S3KHMH
piiMHamM# 3 Pi3HUMH PEOJOTIYHMMH BIIACTUBOCTSIMH, BCTAHOBJICHO, IO
HaOLTbI eeKTUBHOMY TaciHHIO KPYTHHX KOJHMBaHb BiANOBia€ BUKO-
pUCTaHHs AWIATAaHTHUX PiIWH; TPU UBOMY MPH 30UIbIIEHHI aMILTITYIH
KOJINBaHb Ta BEIMYMHU THACKCY Teuil eeKTHBHICT JeMIidepa 3pocTae.
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MHNOHOBJIEHHS PEOJIOT'TYHUX XAPAKTEPUCTHK
MACTUJIBHUX MATEPIAJIIB CYJITHOBUX JIU3EJIIB

The possibility of renewal of the rheological characteristics of marine
engine oils in the boundary lubricating layers is proven directly during
the operation of the engine and its lubrication system. The tests were per-
formed in the circulating lubrication system of the S6A2 mid-rotary die-
sel engine of the Mitsubishi company.

With the help of a rotary viscometer it is determined that the bounda-
ry lubricating layers that adhere to the metal surface of the triad of fric-
tion of the crankshaft - the lubricant - the attachments of the bearing, are
more viscous because they have an orientational ordering of the mole-
cules. As a result of the research, it was found that the viscosity of motor
oil located in the narrow gap of the friction shaft of the bearing of the
bearing and provides the maximum friction mode depends on the rate of
displacement, that is, shows the "non-Newtonian" nature of the flow.

It is established that the rheological characteristics of the lubricant in
a large volume and in the limit lubricant layer are different from each
other. At rest, the viscosity of the boundary lubricating layer is 5...11 %
higher than the viscosity in a large volume. The overlay on tribo-
combination of shear stresses reduces the orientation ordering of mole-
cules in the marginal lubricant layer and correspondingly reduces its vis-
cosity, which can reach 5...7 %.

The method of renewal of rheological characteristics that realizes the
orientation ordering of the molecules of the boundary layer of the lubri-
cant, provides their normal position relative to the surface of the bearing
of the bearing of the crank mechanism, is based on a scientifically
grounded position that the rheological characteristics of marine motor
oils in the boundary lubricating layer are " Its liquid crystal properties,
therefore, can be renewed due to the impact on the latter.

It has been experimentally proved that by optimizing the intensity of
replenishment of the circulation lubricant system, as well as by using
surfactants, it is possible to control the rheological characteristics of the
lubricant, which leads to increased reliability of the marine diesel engine.
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Implementation of the results of research on marine vessels suggests
an increase of 4.5...6 % economic and 6...7.5 % of the energy indicators
of ship diesel engines, as well as improves the technical condition of the
bearings of the vessel's medium-rotating diesel engine.

KitodoBi cnoBa: cyqHOBUI cepeHbO-00EPTOBHIA IU3€Nb, ITiIIIUII-
HUKWA KPUBOLIMITHO-IIATYHHOTO MEXaHi3My, MAacTWJIBHUN MaTepiad,
B’SI3KICTh MOTOPHOT'O MAacCTHJIa, PEOJIOTIYHI XapaKTePUCTHKH, TPAaHUYHHUI
MaCTUJIBbHUH MIap, PiIKOKPUCTAIIUH] BIACTHBOCTI MOTOPHOTO MacTHIIa

KittoueBbie clioBa: CymI0BOW CPeHEOOOPOTHBIN JAM3ENb, MOJIIUITHH-
KN KPUBOLIUMITHO-IIATYHHOI'O MEXaHU3MaA, CMa30YHBIN marepuall, Bi3-
KOCTh MOTOPHOT'O Maciia, PeoJOrHYeCKHe XapaKTePUCTUKU, TPaHUYHbIH
CMa30YHBI CIIOH, KHUKOKPUCTAILTMYSCKHE CBOMCTBA MOTOPHOT'O Maciia

Keywords: ship medium-speed engine, crank bearings, lubricating
material, engine oil viscosity, rheological characteristics, boundary lubri-
cating layer, engine oil liquid-crystal properties

IMocTtanoBka mpodJjemu y 3araabHoMmy Burasiai. Hepin’emHoro
CKJIQJIOBOIO OY/b-SIKOT CY/JIHOBOI €HEPreTHMYHOI YCTAHOBKH € CEPEIHBO-
obeptoBi auzem (COJI). Ha Bcix 0e3 BUHATKY MOPCBKMX CyAHAaX JaHi
TUOU TEIUIOBHX JIBUTYHIB BHUKOPHCTOBYIOTHCSI SIK JIKEpENO ElIeKTpoe-
Heprii cynHoBoi enekTpocraHiii, Ha psai cynen COJl, kpiM TOro, BUKO-
HYIOTh (DYHKIII TOJTOBHOTO OBUTYHA, MEPEAAIOYM CBOIO MOTYXHICTh Ha
IBUHT. Bce 11e 3yMOBIIOE MUJIBHY yBary, sIKy NPUIUISIOTh ONTHMi3alii
pobotu cyanoBux CO/] Ta ix cuctem. OnHi€r0 3 cucteM, 1o 3a0e3nedy-
I0Th HAJIIHY eKCIUTyaTalilo CyIHOBHX JIU3eliB (SIK TOJOBHUX, TaK i JO-
MOMDKHUX) € cHcTeMa 3MaileHHs. J[aHa cucTeMa MiATpuMye HasBHICTb
MaCTHJIBHOI TUTIBKM B TaKMX BiJIMOBINAJBHKUX MMapaxX TEPTS K KyJIauyKoBa
marba po3MOAUIBHOrO Bajia — POJUK IITOBXaya, MOPIIHEBI KUIbIS —
HWTIHIPOBA BTYJIKA, BKJIAJICHb MIAIUITHUKA (PaMOBOTr0 a0 MOTHUIILOBO-
ro) — konindactuii Bas. Ilin yac ekcryaranii COJl Hecy4a 3IaTHICTB
MaCTUJIBHOI TUTIBKU MOTIPUIYETHCS, 110 HETATHUBHO CIIPHSIE HA KOHTAKTHY
B3a€EMOJIII0 HAa3BaHUX TMap TEPTs, T4, B CBOIO YEPry, MOXKE MPHUBECTH 10
BUHHMKHEHHIO aBapiiiHoi cUTyallii. ToMy miATpUMKa Tpare31aTHOTO
CTaHy Ta (PYHKIIOHATHHUX BIACTHBOCTEH MACTHJIBHOTO MaTepiany,
KU PO3MOJIUIsAE€ KOHTAKTYIOUl MOBEPXHi, € aKTyaJbHUM 3aBJIaH-
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HSIM , BHpILIEHHS SKOTO 3a0e3mneuye HaAlifHy poOOTy CYIHOBHUX
JIA3EIIB.

AHani3 ocTaHHiX JocaigxeHb Ta myoOJikanii. OCHOBHUMHU pPEXHU-
MaMH TepTs 1 TOB’SI3aHOTO 3 HUM 3MaIlleHHS € TiAPOAMHAMIYHUI 1 rpa-
Hu4HUH. PoboTa Tprubo-crony4deHb po3NOATFHOrO Bajia BigOyBaeThCs B
PEXUMI TpaHUYHOTO TepTs. JaHui peKuM TaKoXK XapaKTepHUH IS [U-
sinapo-nopiiHeBoi rpynu cyaHoBux CO/l. He nuBnsunch Ha nmparHeHHs
3a0€3MEeYUTH TiAPOANHAMIYHMNA PEXHUM 3MaIleHHsl P PoOOTi migmun-
HUKIB KOB3aHHsI CyJHOBUX JM3€INiB, MPOIEC 3MAIICHHS IIUX BY3JiB Bil-
OyBa€eThCs B YMOBax rpaHUYHOrO TepTsl. Lle 00yMOBIIOETHCS PSAAOM MIPH-
YHMH, OCHOBHA 3 SIKMX — MIHIMI3allis 3a30py B mapi TepTs BaJl — BKJIa/ICHb
1uist 3abe3nedeHHs 1i criiikoi podoTtu. KpiM Toro, B mpotieci ekciutyaTarii
Ha MOBEPXHSAX HA3BAHOI MapH BiOYyBAarOTHCS YTBOPEHHS OKHCIIB 1 BiK-
JaJIeHHS Harapy, 110 TaKoX CIpHA€E 3MEHIICHHIO 3a30py 1 Mepexony 3
TIPOANHAMIYHOTO B PEKUM 3MILIAHOTO 1 TPaHUYHOTO TepTs. [InTaHHIM
3a0e3nedeHHs] HeOOXiTHOr0 PeKUMY 3MAIIEHHs B TIapax TepTs CyTHOBUX
IH3eiB po3MIsIaIMCh B poOoTi [1], me Oyno Bu3HA4YEHO eeKT CTpaTH-
¢ikanii B’I3K0CTi MPHU TPaHUYHOMY TepTi. 3aBASKU NOCHIIPKEHHSIM, pe-
3yJIBTATH SIKUX BUKIAJAEHI B poOOTi [2], OyJ0 BCTaHOBJICHO Jiana3oH
3MiH B’SI3KOCTI MOTOPHOT'O MacTHJIa TIPY 30UTBIIEHH] MTOTY>KHOCT] CYAHO-
Boro auzens. [Ipu npoMy TEXHOIOTIS MATPUMKH B’ I3KOCT1 B HEOOX1THUX
MeXKax MoTpeOye J0AaTKOBOTO BUBUCHHS Ta JIOCITIIKEHHSI.

I[ocTranoBka 3aBaanHs. Pobora MOTOpHOro MacTuiia, 1o 3abesre-
qye PeKUMH TEpPTs Ta OXOJOMKEHHS eJIeMEHTIB CYAHOBHX JH3ENiB, CYy-
MPOBOKYETHCS 3MIHOIO Horo Gpi3MuHMX 1 XIMIYHUX BiIacTuBocTed. Kpim
TOr'0, MPH I[LOMY 3MIHIOIOTECS 1 OO PEoJIoTiuHi XapaKTepUCTUKH, 1 B
MepIIy 4epry B’s3KiCTh. MeTor po0oTu Oya0 BU3HAYCHHS MOMKJIMBOCTI
YIPaBJIiHHS PEOJOTTYHIUMHU XapaKTEPUCTUKAMH MOTOPHHX MAacTHI, MIO
BHUKOPUCTOBYIOTBCSI B IHUPKYJSIIHHAX CHUCTEMax 3MalleHHS CYIHOBUX
JIM3eITiB, a TAKOK BUBUYCHHS PEOJIOTIYHMX OCOOJIMBOCTEH MOTOPHOTO Ma-
CTHJIA, SIKe 3HAXOAUTHCA Y BY3bKOMY 3a30pi MapH TepTs Bal — BKJIaJIeHb
MIIANTHUKA.

Buknan ocHoBHOro Martepiany gociimkenHs. butbiiicTs aucnepc-
HUX CHUCTEM (J10 SIKMX BiJTHOCSTHCS 1 MOTOPHI MacTHiIa) Ma€ aHOMaJIbHUI
XapakTep B’SI3KOCTi, TOOTO BOHH HE MiAKOPSIOTHCS 3aKoHY HbroToHa st
TaK 3BaHUX ICTHHHO-B’SI3KMX (HBIOTOHIBCHKHX) PiguH. B’s3KicTh Takux
CUCTEM € (PYHKIII€I0 Hanpyru, abo 3cyBy. OCHOBHOI NPUYUHOIO aHOMa-
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JBHOT B’A3KOCT1 € MPOCTOPOBA CTPYKTYpa, IO BUHHUKAE MPH B3aEMOAIT
YaCTUHOK JucriepcHoi (a3u Mixk co0oto. 3a CBOIM PEONOTiYHUMH Xapakx-
TEPUCTUKAMHU CTPYKTYPOBaHI CHCTEMH 3aiMarOTh MPOMDKHE TOJIOKEHHS
MDK piZJMHaMU 1 TBEPAMMH TiJIAMHU 1 MaIOTh BIIACTUBOCTI PIIKUX KPUCTa-
miB. Jlo moniOHUX cUCTeM MOXKHa BiIHECTH CTPYKTYpPOBaHi TOHKI HIapH
MacCTHJIBHOTO MaTepially, 110 3HaXOAUTHCS Y BY3bKOMY 3a30pi METaIEBUX
map TepTs BTYJIKa — IOPIICHb 1 0COOIMBO Baj — BKJIaJicHb. HasBHICTH
MPOCTOPOBOI CTPYKTYPHU HAJIA€ IIMM CHCTEMaM CBOEPIJIHI MEXaHIUHi BJia-
CTHUBOCTI: IPYXHICTh, MI[HICTh, MJIACTUYHY B’SI3KICTb.

HeoanopazoBo 3a3Havasnocs, M0 XapaKTepPUCTUKH TOHKUX MacCTUIIb-
HUX IIapiB, M0 YTBOPIOIOTHCS B YMOBaX TPAHUYHOTO TEPTSI, 3aJISKaTh HE
TINBKH BiJ] CTPYKTYPHOTO CTaHy MacTHJIa, ajie i Bix Ail TBep0i HOBEpXHi,
o003y KO BOHH 3HAXOJISThCSI.

YTBOpeHHs mo0au3y TBepAoi MoBepxHi (0COOINBO MeTajeBoi) cTpy-
KTypOBaHUX PIAKOKPUCTANIYHUX MIAPIB 3 aHI30METPHYHOIO (HOPMOIO MO-
JIEKYJ TPU3BOJAUTH JIO MOMITHOI BIJIMIHHOCTI (Di3MYHMX BJIACTUBOCTEH
TOHKHX TIPOLIAPKIB PIIUHM BiJl iX BIACTHBOCTEH B «00’eMHOI» da3i. s
TaKWX MIapiB B’SI3KICTh B TPAHUYHOMY IHApi BIAPI3HAETHCS Bil B S3KOCTi
«00’eMHOI» piguHU. [loMiTHA CTpyKTypHa HEOAHOPIAHICTH TPaHUYHUX
MacCTUJIbHUX IIAapiB, BU3HAYAIOUM HEHBIOTOHIBCHKIH XapakTep B’ SI3KO1
Tedii, 3HAYHUM YMHOM BIUIMBA€ Ha JTUCHUIIATHBHI BJIACTUBOCTI MaCTHIIb-
HOTO0 Marepially, 0COOJMBO B TPUOO-BY3JaxX, IO IMPAIOIOTh B PEKUMI
IPaHUYHOTrO 1 3MilaHoro Tepts [3].

HocnimxenHs npoBoAuacs s MoTopHoro mactiina MLC30 dipmu
Castrol, 1o Ma€e Taki OCHOBHI XapaKTEPUCTHKH:

rycruna — 897 kr/m’;

KiHematnyHa B’s3kictb ipu 40°C — 107 cCr;

Kinematnyna B’s3kictb ipu 100°C — 11,5 cCr;

3arajibHe Jy’xkHe uncio — 12 MrKOH/T;

knac SAE — 30

1 BUKOPHCTOBYETHCS B HHUPKYISLIHHOI CUCTEMi CYTHOBOT'O ITU3EIs
S6A2 ¢dipmu Mitsubishi (puc. 1). [Tomauy mactuia 10 By3JIiB TEPTS JH-
3ens 1 3a0e3meuyloTh 1Ba MacTHIILHUX Hacoca 5 1 6, OJJMH 3 SKUX € Ha-
BileHMM. MacTHJI0 10 HACOCIB HAJXOIUTh 3 CTIYHO-IIUPKYJISAIIHHOT 11~
CTepHH 2
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Puc. 1. Cucrema 3mamieHHs cyaHoBoro au3eis S6A2 dipmu Mitsubishi:
1 — nu3enp; 2 — CTIYHO-IUPKYJIAIIHA [IUCTEPHA; 3 — OXOJIOKYBaY;

4 — MarHiTHUH QINBTP; 5 — HaBilIEHWH MacTWIBHUNA HAacoC; 6 — MacTHILHUH
HAcoC 3 eJIEKTPUYHKUM TPUBOJIOM; 7 — IEpEeNyCKHHUI KJIallaH OXO0JI0/PKyBaya;
8 — mepenyckHMi Ki1anaH Hacoca; 9 — QiabTp, KU CaMOOUYHIIAETHCS ;
10 — dinpTp; 11 — Hacoc cemapaTopa; 12 — miairpisay; 13 — cenaparop

4yepe3 MarHiTHUHA QUIbTp 4. B 3a1eXHOCTI Biji TOJOXKEHHS Teperyc-
KHOTO KJIamaH § MacTHIIO MoXe abo MoBepTaTUCS B CHCTEMY, ab0 Hampa-
BISITHCS 10 TU3ENto (Yepe3 QimbTp, KUK caMOOUYHIIAEThCs 9 1 oXolo-
mkyBad 3). Temmepatypa MacThia, 110 HaIXOIUTh A0 TU3EIIO, PEryiIro-
€THCS TIUIAXOM 3MIHU MOJIOKEHHS TepenyCcKHOro Kiamana 7. Jluzens 3a-
Oe3revyeHnii aBTOHOMHOIO CUCTEMOIO cenapallii MacTuia, o CKIaJaeThb-
cs 3 cenaparopa 13, migirpiaua 12 i Hacoca 11. MacTwio B cucremy
cemapariii mocrymnae uepe3 putstp 10.

B pesynbraTi mpoBeneHNUX IOCHIKEHb OYyJIO BCTaHOBIICHO 3aJI€XK-
HICTB B’SI3KOCTI BiJl MIBUIKOCTI 3cyBY (pHC. 2), sika MiATBEpAHUIA «HEHB-
IOTOHIBCBKiil» XapakTep MOBEAIHKA MAaCTHIBHOTO MaTepialy y BY3bKOMY
3a30pi mapu TepTs Ball — BKIaJIeHb MiAMKUIMHUKA. KpiM Toro, pe3yibraTi,
o Oynau OTpUMaHi MiATBEPAUIIN TBEPHKEHHS, BUCIOBIEHE B [4], mpo Te,
110 TPaHUYHI MAaCTUJIBbHI IIAPH, SKi MPUIATAIOTH JI0 METAaJIeBOi OBEPXHI
Tpiajgu TepTs, OB B’ A3Ki 1 BOJOAIIOTH OPIEHTAIIITHOIO BIOPSIKOBaHIC-
TIO MOJIEKYIL.
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Puc. 2. 3anexnicts B’s13k0cti MoTopHoro mactusia MLC30 ¢ipmu Castrol Big
LIBHKOCTI 3CyBY NPH TOBIIMHI MacTHIBHOIO mapy 20 MKM

ExcnnyaTaiiiss MOTOpHOTO MacThiIa B IM3€li BiIOYBa€eThCsl TPUBAIUH
nepioJ 4acy, MpOTAroM SIKOro HOTr'o PEOoNOTiuHI XapaKTepUCTUKU MOCTiH-
HO 3MIHIOIOTHCS. 3aBJIaHHsI X BiTHOBJIEHHS, 1 0COOIMBO yNpaBIiHHS HU-
MU, € aKTYaJIBHUM 1 CIIPHUSIE MiJIBUILICHHIO HAIIHHOCTI pOOOTH KOMILJIEKCY
IH3elb — MOTOpHE MacTUIIO — MacTHIIbHA cucTeMa. J1Jisi BU3HAYCHHS JTU-
HaMIKH 3MIHU B’SI3KOCTi B MPOLEC] eKcIuTyartallii MOTOPHOTO0 MacTuia ii
BHUMIp BUKOHYBaBCS 3 Pi3HMM 4acoBHUM iHTepBajioM. lIpu 1npoMy BUMI-
proBanacs Sk «00’€MHay, TaK 1 «IIPUCTIHHA» B’A3KICTh BiliOpaHUX MpoO.
B 000x Bumaakax 30UIbIICHHS B’SI3KOCTI HOCHJIO €KCIIOHCHTHUHN Xapak-
Tep 1 mpeacTaBiieHo Ha puc.3. SIk BUTUIMBAE 3 pUC. 2, 30UIBIICHHS IBUJI-
KOCTI 3CyBY (TOOTO 4acTOTH OOCpPTaHHSI KOJIHYACTOI'O BaJia JAU3eNs) TpHU-
3BOJIUTH JI0 3HIDKEHHS B’S3KOCTI MOTOPHOTO MacTwiia. B 1ibomMy mposiB-
JISIETHCSl HETaTHBHA BJIACTHBICTh «HEHBIOTOHIBCHKOTO» XapakTepy IoBe-
JIHKH MacTHJIBHOTO MaTepianxy B 30HI TepTs (B’SI3KiCTh TPAHUYHOTO Mac-
TUJIBHOTO IIapy 3aJISKUTH BiJ MIBUAKOCTI 3¢yBY). [linTpumanHs 3amaHo-
ro piBHS B’SI3KOCTI MOXKJIIUBO 3IIMCHUTH Pi3HUMU criocoOamu. s cyn-
HOBHX YMOB HalOUIbI ONTHMAaJbHUMHU € BUKOPUCTAHHS ONTHMAaJIbHOTO
JOJINBaHHSI MACTHJIa B CHCTEMY 1 3aCTOCYBaHHS IMOBEPXHEBO-aKTHBHUX

PEYOBHH.
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Puc. 3. 3mina B’s3x0cTi MoTopHOTro Mactiiia MLC30 ¢ipmu Castrol B iporieci
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eKCILTyaTallii:
1 — «06’eMHa» B'S3KICTB; 2 — «IPUCTIHHA» B A3KiCTh NPH IIBUIKOCTI 3cyBY 125 ¢!

Jns miaTBepIKEHHST BUCIOBIICHWX MpUITyHIeHb OyB NpOBENeHH
HACTYIHUH eKCTIepHUMEHT. BumpoOyBaHHSM Oynu mijiaHi TpU AU3eNs
S6A2 ¢ipmu Mitsubishi, 1m0 BXOISTh 0 CKJIay JOMOMIXHOI CyJIHOBOL
SHepreTuYHol ycTaHOBKU. KoXeH Iu3enb MaB CBOIO aBTOHOMHY CHCTEMY
3MAaIlEHHSI, 110 JI03BOJISIIO BUKOHYBATH JIOCIIPKEHHS HOro podoTu 3 pi3-
HUM MaCTWJIBHUM MatepiajgoM. TexHIYHMN CTaH BCIX AM3ENiB OYyB iJicH-
TUYHHAM, OKpIM TOTO, YMOBH eKCILIyaTalii JO3BOJISUIM 3POOHUTH OTHO-
YacHy 3aMiHy BChOTO MacTWJja, IO 3HAXOIWTHCS B iX MAaCTHJILHOI CH-
cTemi.

[epmmii nu3ens OyB «KOHTPOIBLHUMY 1 ITICIIS 3aMiHM MAcTHIIa B Horo
CUCTEMI IHIINX TEXHIYHUX 3aXOJIB 3 HUM HE IIPOBOJIUIIOCS 1 BIAMOBITHO
70 BHUMOT 3aBOJly-BUTOTOBIJIIOBaYa MOTO EKCIUTyaTallist 3JiiiCHIOBajacs
nporaroM 150 roaua pobotn 6e3 MPOMIXXHOTO MOMOBHEHHS! MacThia B
cucremi. 3a 1e Mepio]] eKcrlyaTallii piBeHb MacTHIIa B KapTepi AU3eist He
3HMKYBABCS HU)KUE TPAHHYHO JIOMYCTHMOTO.

MacTtuipHa cucTeMa Jpyroro AW3ens MOMOBHIOBajiacid CBLKAM Ma-
CTHJIOM uepe3 KokHi 10 ToguH po0OTH JI0 BEPXHBOT'O PIBHS, IO PEKO-
MEHIYyeThbcs B KapTepi qusens. Lleit mepiox momoBHeHHs Oy0 BU3SHAYECHO
B SIKOCT1 ONTHMAaJBbHOTO MPH MPOBEICHHI MOMEPEAHIX eKCIEPHUMEHTIB 3
BHBYEHHS PEOJIOTTYHUX XapaKTEPUCTHK JaHOTO MaCTHIILHOTO MaTepiany.

MacTtuibHa cucTeMa TPEThOro JTU3ENs CIIOYaTKy 3alOBHIOBAIACS Ma-
CTUJIOM 3 TIOBEPXHEBO-aKTHBHOIO TPHUCAIKOI0, IO MICTHUTH B CBOEMY
ckiazi comni miai. Kpim Toro, uepes koxHi 10 roqua poOOTH MTOMOBHEHHS
MaCTHJIbHOI CHCTEMH JTAHOTO JM3ENsl 31MCHIOBAJIOCH MACTHIIOM 3 TaKOO
K KOHIIEHTPAIII€I0 TTOBEPXHEBO-aKTUBHOIO MPHUCAJKH, SIK 1 B 3araJIbHOMY
00csi31 cucteMu.

Jyis MakCHMMaJiIbHOI KOPEKTHOCTI TIPOBEACHOTO CSKCIEPUMEHTY BCi
TpH Au3ens nepeOyBalii B eKCITyaTallii MPaKTHYHO OJHAKOBY KUTBKICTh
Yacy, MpH I[bOMY BiIXWJICHHS B BEIWYHMHI HaBaHTA)XCHHS Ha JW3ENi He
nepeBuiyBajgo 7%. 3 Orisay Ha EHEpProeMHICTh JU3EIiB, a TaKoX 3
ypaxyBaHHSIM 00CSTY MacTHJIBHOI CHCTEMH 1 TPUBAJIOCTI EKCIIEPUMEHTY,
pe3yabTaTH, 1o OyJIM OTPUMAaHI aJIeKBATHO BioOpaXkaiu MpoLecH 3MiHU
PEOJIOTIYHUX XapaKTEPUCTHK MOTOPHOT'O0 MacTHIIA.

3 00csATy MAaCTHIILHOI CHCTEMH JTU3eliB MPOBOAUBCS BiAOip mpob de-
pe3 pi3HI MPOMDKKH dacy. ['OJIOBHMM TapaMeTpoM, SKUW IIiJyIsraB
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BUMIpy, Oyna B’s3KiCTh MOTOpHOro Mactuia. [Ipu mpomy, ii BUMIp B
CYIHOBMX YyMOBaX NIPOBOAMBCS 32 JOMOMOIOK INTAaTHOI CYAHOBHUU
excnpec-naboparopii  Viscomar ¢ipmu  UNITOR. Takum umHOM
BUMIpIoBaniacs «00’€MHa» B’SI3KICTb. BHMIpIOBaHHS «IPUCTIHHOI
B’SI3KOCTI BUKOHYBAJIOCS Ha €KCHEPUMEHTANIbHII YCTaHOBII B HAYKOBiH
saboparopii.

PesynbraTtu ekcriepuMeHTaIbHUX JIOCTIKeHb HaBeleHl B TaOm. 1 i
Ha puc. 4.

Tabnumst 1. 3MiHa B’SI3KOCTI MOTOPHOI'O MAacTHIIA B TIPOIIEC] eKCIUTyaTalii

UYac ekcruryaTarii, TOJUHU

X ..
APAaKTCPUCTUKA MACTUIBHO1I CUCTEMU 0 | 50 | 100 | 150

B’s13kicTh MacTMIa B BETMKOMY 00CsI31

PoGora B mtaTHOMY pexumi 107 122 125 128

[TonoBuenns uepes 10 roxun poboru 107 113 116 118

[omoBHeHHs uepe3 10 roauH pobdotH i J0- 107 | 110.5 112 13
0aBKa MOBEPXHEBO-aKTUBHOIO MIPUCAIKA

B’s13kicTh MacTHiIa B TPAaHUYHOMY IIapi

PoGota B mtaTHOMY pexumi 117 125 128 131

[TonoBuenns yepes 10 roxun pobotu 117 121 122 123

[omoBHeHHs uepe3 10 roauH pobotH i J0- 126 126 127 128
0aBKa MOBEPXHEBO-aKTUBHOIO MIPUCAIKA
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Puc. 4. 3mina B’I3K0CTi MacTHiIa B TPOIIEC eKCILTyaTalii
a) «00’eMHa» B’SI3KiCTh; 0) «IIPUCTIHHA» B’ SI3KICTB!
1 — po6oTa MAaCTHUILHOI CHCTEMH B HITATHOMY PEXXHMi; 2 — MOMIOBHEHHSI MACTH-
npHOT cuctemu uepe3 10 roguH podoTy; 3 — MOMOBHEHHSI MaCTHIBHOI CHCTEMHU
yepe3 10 roguH poOoTH i 100aBKa MOBEPXHEBO-aKTUBHOIO ITPHUCAIKU
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Binpm HaoYHO Tpolec 3MiHHM B’S3KOCTI MPOLTIOCTPOBAHUN Ha
puc. 5, e moKa3aHi CTaTUYHI XapaKTEPUCTHKH B’S3KOCTI B TOYAT-
KOBHUH 1 KIHIIEBUH MOMEHT poOOTH Ui PO3TJISHYTHX BHIIE YMOB
poOOTH IU3ens 1 HOro MaCTHIIBHOT CHCTEMH.

v, cCr
130 §
120 | N
110 -
0 15 0 150 G 150 0 150 0 150 0 150 ¢y
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Puc.5. 3MiHa B’SI3KOCTI MacTHJIA B TIPOIIECI SKCIUTyaTaIii

(umcTi — «00’€MHa» B’SI3KICTh, INTPUXOBaHI — «IIPUCTIHHA» B’SI3KICTD):

[ — pobota MacTHIBHOI CHCTEMH B IITaTHOMY pexuMi; 11 — monoBHeHHs MacTH-
npHOT cuctemu uepe3 10 roaud podory; I11 — monoBHEHHsSI MAaCTHIIBHOT CHCTEMHU
yepe3 10 roguH poOOTH i 100aBKa MOBEPXHEBO-aKTUBHOIO ITPHUCAIKU

Peororiuni xapakTepuCTHKN MacTHJIa y BETUKOMY 00Cs3i i B TpaHH-
YHOMY 3MallyBaJbHOMY IIapi BiAPI3HSIOTbCS OIUH Bifg omHoro. Tak,
B’SI3KICTh MacTWJIa B IPAaHUYHOMY LIapi vy, (TOOTO B 3a30pi Basl — BKJa-
JIeHb) Ma€ Olibllle 3HaYeHHS, HDK B 00Cs31 V.. BHKOpHCTaHHS MOBEpX-
HEBO-aKTHBHHX PEUOBHH MPU3BOAUTH JI0 30UIBIICHHS B S3KOCTi B TPaHU-
YHOMY 3MalllyBajibHOMY miapi. Ciij MaTH Ha yBasi, 0 B JAHOMY BUIMA/I-
Ky BiZIOYBA€ThCSI «IIPUPOLICHHS» B A3KOCTI B TPAaHUYHOMY IIapi Avy, sIKe
SIKICHO BIJIPI3HSETHCS BiJ 30UIbIICHHS 00 €MHOI B’sI3KOCTi. B nmanomy
BUIA/IKy BiIOyBa€ThCs 30UIBIICHHS CTYIEHS BIOPAIKOBAHOCTI MOJNEKYI
B rpaHnuHoMy miapi. Lle mpu3BoauTh 10 MigBUILEHHS TiIpOAWHAMIYHOI
MIITHOCTI MOTOPHOTO MacTHJIa, 10 3a0e31euye TPaHUuIHUIN PEKUM TEpPTSL.

BucHOBKH Ta mepcneKkTHBI MOAAJBIINX HOCTIKeHb., AHATIZYIOUH
HaBeJIeH1 pe3yJIbTaTH MOXHA 3pOOUTH HACTYITHI BUCHOBKH.

1. B’s3KicTh MOTOPHOI'O MACTHJIA, 110 3HAXOJUTHLCS Y BY3bKOMY 3a-
30pi Mapu TepTs BaJl — BKIJEHb MiJIINITHUKA 1 3a0e3Meuye rpaHuIHIHA
PEXHUM TEpTsl, 3aJI€KHUTh BiJl IIBUAKOCTI 3CYBY, TOOTO MPOSBIISIE «HEHBIO-
TOHIBCBKii» XapakTep Tedii.
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2. st MOTOPHOT'0 MacTHjIa HEOOXiTHO PO3PI3HATH B’ A3KICTh B BEIH-
KoMy o0csi3i («00’eMHY» B’SI3KiCTh) i B’SI3KICTh B NPUCTIHHOMY MIapi
(«mpuCTiHHY» B’SI3KICTB), sIKa Ma€ OinblIe 3HAYSHHS, 0 MOSCHIOETHCS
BHHUKHEHHSIM OPIEHTAIIMHOI BIOPSIJIKOBAHOCTI MOJICKYJI B TPAHHYHOMY
3MalllyBaJIbHOMY IIapi.

3. B mponeci ekcruryatanii MacTuia B UUPKYJSIIHHOI cUCTEMi Bif-
OyBa€eThCsl 3pOCTaHHS 3HAYCHb SK «00’EMHOI», TaK 1 «IPUCTIHHOD
B’SI3KOCTI, IO MOSCHIOETHCS OKUCIICHHSIM MAacTHJIA 1 OoMaJaHHSIM B HbO-
T'0 HE3TOPUINX BYTJIEBOIHIB.

4. 30iIbIICHHS MEPIOJMYHOCT] MONOBHEHHS MAC/ISIHOI CUCTEMH CBi-
UM MaclIOM, a TAKO>K BBEJICHHSI B MacJlo MOBEPXHEBO-aKTHBHUX KOMIIO-
HEHTIB YMOBUILHIOE MPOIIEC MiJBUILIEHHS HOTO B’ A3KOCTI.

5. HlnsgxoM onTuMmizalii iHTEHCUBHOCTI ITOMIOBHEHHS IIUPKYJIAIIHHOT
MaCTHUJIbHOI CHCTEMH, a TaKOXK 332 PaxXyHOK BHKOPHUCTAHHS MOBEPXHEBO-
AKTUBHHX PEYOBWH, MOXIJIMBO YIPABIISATH PEOJOTTYHUMHU XapaKTEPUCTH-
KaMH MacTHJIa, [0 PU3BOUTH JIO ITiIBUILCHHS HaIHHOCTI POOOTH CY/I-
HOBOT'O JTH3€JISI.

CBoeyacHe MOHOBJICHHS PEONOTIYHHUX XapPaKTEPUCTHUK MACTHIBLHHUX
MaTepialdiB CYyJAHOBUX JH3ENiB CHPHsIE MIJBHIICHHIO iX HAJIINHOCTI.
BusHayeHHsT HaWOITbII ONTUMABHUX TEPMIHIB TMOMOBHEHHS CHCTEM
3MalleHHs] MAacCTHJIOM 3JISKUTh BiJl XapaKTEPUCTUK Ta PEKHUMIB poOOTH
CYAHOBOTO AM3ENs, HOr0 TEXHIYHOTO CTaHy, a TAaKOX EKCIUTyaTalliifHuX
BJIACTUBOCTEH K MACTHJIA, TaK 1 MajMBa, sIKi IPU [IbOMY BHKOPHCTOBY-
IOTBCSI, Ta MoOxe OyTu 3poOieHo 3a pe3yibTaTaMH JAWHAMIKH 3MiHH
B’S3KOCTI MOTOPHOI'O MacTuja, 10 3a0e3neuye rpaHudHuid, abo Tixpo-
JTMHAMIYHUHN PEXUM 3MalleHHS.
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Opechka HallioOHaJIbHA aKaIeMisl XapuoOBUX TEXHOJOTIH

AHAJII3 BIVIMBY TEMIIEPATYPU KUIITHHSA
XOJOANUJIBHOT'O ATEHTA HA EHEPT'OCITIO’)KUBAHHA
XOJOANJIBHOT'O OBJIAJIHAHHS

ANNOTATION

The tendency of recent years to increase in the price of energy (fuel)
has a steady tendency in this regard, reducing fuel consumption on ships
today is an urgent task. One of the ways to reduce fuel consumption on a
ship is to reduce the energy load of diesel generators by reducing the en-
ergy consumption of ship refrigeration equipment.

To reduce the energy consumption of ship refrigeration equipment
(refrigeration equipment of the comfort or technological air conditioning
system, as well as refrigeration equipment of provision chambers) it is
necessary to use its internal reserves.

The article presents the parameters of the optimal operation mode of
refrigeration units obtained as a result of many years of experience in
operating refrigeration equipment:

* temperature differences between the air of the refrigerated space
and the boiling refrigerant in the cooling device;

* temperature differences in water and air cooled condensers;

* parameters necessary for normal operation of mechanical and elec-
tronic control valves;

* parameters of the oil system of various types of compressors;

» required pressure drop for normal operation of thermostatic valves

Reducing the heat load on cooling devices (air coolers and cooling
batteries) can be reduced due to the intensity of moisture deposition.

An experiment to increase the boiling point of a refrigerant from
minus 7 ° C to 0 ° C showed the possibility of reducing the reduction of
moisture loss to 33%.

The results of the thermal calculation of a refrigeration unit with a
cooling capacity of 50 kW, operating on freon R 507A at various boiling
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points (from -15 to 0 ° C) and fixed condensation temperatures of tc =
35, 40, 45 and 50°C, are presented.

Processing the results of the calculations showed that increasing the
boiling point of the refrigerant for medium temperature refrigeration
units from -15 ° C to 0 ° C reduces the consumption of refrigerant to 5.5
+ 6.6 %, increases the specific cooling capacity of the refrigerant to 6.73
+ 9.8 %, which in turn leads to a decrease in the effective power con-
sumed by the compressor motor by up to 30%, depending on the degree
of increase in the boiling point of the refrigerant.

Additional cooling of the refrigerant by 5 © C in front of the control
valve reduces the power consumption of the refrigeration unit by 6 ~9 %
depending on the condensing temperature of the refrigerant.

To reduce energy consumption by refrigeration equipment, it is nec-
essary to more efficiently operate cooling devices by:

* an increase in the heat transfer coefficient on the air side;

* increase the degree of filling of the cooling device with a liquid re-
frigerant;

* uniform distribution of the air flow over the “living section” of the
cooling device;

* timely removal of precipitated frost,

also keep the condensing temperature of the refrigerant at an ac-
ceptable low level.

Key words: refrigeration unit, refrigerating agent, compressor, boil-
ing temperature, condensation.

TenpeHIis OCTaHHIX POKIB JIO MiJBUIICHHS I[iH Ha €HEproHocii (ma-
JIMBO) Ma€ CTiKUI xapakTep, TOMY 3HHWKEHHSI BUTPATH MajiBa Ha Cy/I-
Hax € aKkTyaJbHUM 3aBaaHHsM. OJHUM i3 CIOCOOIB 3HMIKEHHS CIIOXKH-
BaHHS MaJWBa Ha CYAHI € 3HWKCHHS E€HEprOHABAHTA)KEHOCTi JU3ENb-
TeHEpaTOpiB 32 PaxyHOK 3HIIKEHHS SHEPrOCHOXHBAHHS CYJAHOBHM XO-
JIOOUIIBHUM 00JIaIHAHHSIM.

OCHOBHHMM 3aBJaHHSM EKCIUTyaTallil XOJOJWILHOrO OONaJHAHHS €
3a0e3nedyeHHs Oe3neyHol Ta HaaiifHOI poOOTH O0MaAHAHHS IS MiATPUM-
KA TEXHOJOTIYHUX PEKUMIB—TEMIIEpaTypH, BITHOCHOI BOJOrOCTi, a MpH
HEOOXiIHOCTI XIMIYHOTO CKJIaay MOBITPS MpH MiHIMAaIbHUX EHepreTud-
HUX BUTpaTax. OCHOBHOIO YACTHHOIO BUTPAT Y CO0iBAPTOCTI BUPOOIICHHS
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XOJIONY CYIHOBUH YCTaHOBKOIO € BUTPAaTH Ha CIOXHBaHY EJIEKTpoe-
HEPTilo 1 eKCITyaTaniiHi MaTepiay.

OntumanbHa poboTa B CTaJOMYy PEKHMI XOJOAMIBHOI YCTAaHOBKH
3a0e3MevyeThesl MiATPUMKOI0 HAYKOBO OOIPYHTOBAaHOI Pi3HUII TemIepa-
Typ MK CepeloBHIIaMH B TEIUNIOOOMIHHHMX anapaTax— KOHIEHCATopi i
OXOJIO/KYIOUHX MPHIIAJax, MeperpiBoM mapa B 0XOJ0KyBallbHUX MPH-
nafax XoJOAWIBHOI YCTAaHOBKM Ta IEPEOXONIOJDKEHHS PIJKOro XOJo-
JUITBHOTO areHTa Mepej PeryiIroiYuM BeHTHIIEM, MAJIIMMU TiIpaBJIiqHHU-
MU OIOpaMu TPyOONPOBOIIB Ta apMaTypH, CTaOUTEHOIO POOOTOI0 Macils-
HOI CHCTEMH Ta iH.

3HHM3UTH CIIOKUBAHHS ENEKTPOCHEPril XOJIOJHIBHOI YCTaHOBKOIO
MOXIIMBO BHKOPHCTOBYIOUM BHYTPILIHI PE3EpBU C€amoi XOJIOIMIbHOL
ycTaHoBKH. [lepin 3a Bce Uit eKOHOMIYHOI 1 Oe3medHoi poOOTH XOJo-
JUIBHOTO O0JIaJIHAHHS Ha CYJHI Ile 0oOJaJHaHHS MOBUHHO OyTH Tmpa-
BUJIBHO MiAIOpaHO Ta YKOMILJIETOBAHO CyYaCHUMH CHCTEMaMH YIpaBIliH-
HS Ta 3aXUCTy. MOHTaxX, MMyCKO-HANAIITYBaJIbHI POOOTH, BUNPOOYBAHHS
CHUCTEM Ha MIIHICTh 1 HIUIBHICTh, 3allpaBKa MAacliOM 1 XOJIOAWIbLHUM
areHTOM, HACTPOMKa MpPUJIaIiB 3aXUCTY 1 YIPaBIiHHS, BUBIA XOIOAWIb-
HOi YCTaHOBKM Ha pOOOYMH PEXHM TOBHHHI BHKOHYBATHCS BHCOKO-
kBamiikoBaHUMHU (axiBIsAM, MO 3a0e3ne4nuTh PoOOTY OOJIATHAHHS B
ONTUMAJILHOMY PEKUMI.

OnTuManbHUA peXUM POOOTH CYJHOBOI XOJIONMIBHOI YCTAHOBKU—TIE
PEXHUM IIPH SIKOMY BUTPATH €JIEKTPOEHEPTil XOIOJUIBHOI YCTAHOBKOO
MiHIMaJIbHI, TIpu 3a0e3Me4YeHH] HaJiMHOCTI, JOBIOBIYHOCTI 1 OC3MeKH.
ExoHoMiyHHI pekuM poOOTH XONOIMIBHOI YCTaHOBKH Oyze 3abe3mnedy-
BaTHUCS 38 YMOBH MiATPUMKH TEMIIEPaTypH KUITIHHS XOJIOAUILHOTO areH-
Ta HA MakCHMaJbHO BHCOKOMY PiBHI, a TeMIepaTypu KOHJIEHcalil - Ha
MOXIJIMBO HU3bKOMY piBHi. Hude HaBeneHi peKOMEHIOBaHI mepenaan
TEeMIIepaTyp MDK CepellOBHIAMH B TEMIOOOMIHHHMX amapaTax, a TaKoX
JesIKl 1HII MapaMeTpu OTpUMaHi Ha MijcTaBi 0araTOpiuHOrO JOCBITy
eKCILUTyaTallii XoIOMIbHUX MAIMH 1 YCTaHOBOK.
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Tabnumgt 1. PekomMenioBaHi pi3HUII TeMIIEpaTyp MiX MOBITPSIM OXOJIOIKYEMOTO
TIPUMIIIEHHS 1 KAIUISTYUM XOJIOJMIBHUM areHTOM B OXOJIOJPKYIOUOMY TIpHIIaIi:

Tur 0XoJa0KyIH0u0ro

PexomeH10BaHI 3HAYCHHS TIOBHOT'O TEMIICPATYPHOTO
naropy AO°C st miATpUMKH HEOOXiIHOT Bi THOCHOT

npunany Bosorocti noBiTpst HR% B oxomomkyBansanx 00'e-
KTax
Big 90 no | Bixm 85 mo Bizg 80 Big 75 1o
95 % 90 % 1085 % 80 %

3 NpUMYCOBUM 3+5 5+7 7+ 9+11
001yBOM 9
3 IpUpOHOIO
KOHBEKIIIEIO 8§+10 10+12 1215 15+20
HuspkoremnepatypHuit 30epiranHs yma- 30epiranus yma-
pexuM 30epiraHHs KOBAaHHUX TPOAYKTIB KOBAaHHUX TIPOAYKTIB
3 NpUMYCOBUM
001yBOM 5+6 7+8

PexoMenoBani pi3HHII TEMIIEpaTyp B KOHJIEHCATOPAX:

* MK TEMIIEpaTyporo KOHJIEHCALlil 1 TEeMITepaTypolo HaBKOJIUIIHBOT'O
cepeloBHIIa B MOBITPAHUX KOHJIeHcaTopax - 10 + 15° C;

* MK TEMIIEPaTypPOI KOHJICHCAIIIl i TeMIIepaTypOrO BOJIH, 10 BUXO-
JIUTH 3 KOHJeHcaropa - 4 + 6° C;

* MiX TeMIIEpaTypOrO BOAHM, IO BUXOJUTh 3 KOHJIEHCATOPA 1 BXOJUTH
10 HbOrO - 2 + 4°C, mpu obopoTHOMY BojonocTadanHi i - 4 + 8°C (o
15°C B pa3i BUKOPUCTaHHS TPOTOYHOI BOJIH).

Ox0m0/KeHHs MPOMDKHOTO TEIUIOHOCIS Y BUMIAPHUKY Ma€ JOTPHUMY-
Batuch 2 +4°C.

[TipirpiB NOBITPs B MOBITPSHOMY KOHJIEHCATOP1 CTAaHOBUTH 5 + 8°C.

[NeperpiB X0MOAUIBHOTO areHTa B BUMAPHUKY XOJOIUIBHOI MAIIMHU
MOBHHEH CKJIa/IaTH:

e me menmre 5 °C s aMiadyHol MaIlIiHH;

* 1 +2°C - s xJ1a0HOBOI XONoAuALHOI Mammuu 3 PTO;

e 1+ 2°C - s XJ1aJOHOBOI XOJOAMIBHOI MAIIMHU 3 €JIEKTPOHHUM
TPB;

2
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* He Mermie 7°C st XJIaJ0HOBOI XOMOMiIbHOI Maruau 6e3 PTO 3
MexaHiyauMm TPB.

[NeperpiB X01OAUIBHOTO areHTa BiJl €1EKTPOABUTYHA B TEPMETUIHUX
1 0e3-caJbHUKOBMX KOMIIpEcopax He MOBHHEH mepeBuuryBatu - 10 +
15°C.

Tuck Maciia IOBUHEH OyTH:

* B [TOPITHEBHX KOMITPECOpax BHIIEC TUCKY BCMOKTYBaHHS HE MEHIIIE
Hik Ha | = 4 Kkre/em’;

* B TBUHTOBHX KOMIIpecopax BHILE THCKY KoHAeHcamii Ha 1 + 3
Kre/cm’.

[Ipu Bukopucranni mexaniuHnx TPB mepenan THcKy Ha peryiroro-
YOMY BEHTHWJII IOBUHEH CKJIAJIaTH:

* HE MeHIIe 5 Kre/cM?, [1s XJIa0Ha R134A;

« me menmie 8 + 10 kre/cm® st xnagonis R404A, R507ATaiM. mogi-
OHMX.

[MoctiiiHuM TapameTpoM HpH POOOTI XOJOMMIBHOI YCTAaHOBKH €
TeMIlepaTypa OXOJO[KYBaHOro o0'ekTa, sika MOBHHHA MiATPUMYBATHCS
Ha 3aJaHOMY PiBHI B 3aJIGKHOCTI BiJl MPU3HAYEHHS XOJOAWIBHOI yCTa-
HOBKH Ta BIIMOBIJHO JO TeXHOJOrIYHOI KapTu. Taki pobodi mapamerpu
SIK TEIUIOBE HABAHTAXXCHHS HAa OXOJIOJDKYIOUI MPHJIAIH Ta BiJIMOBIIHO Ha
KOMIIpeCcOpHEe 00J1a/IHaHHs, KOHJCHCATOP Ta IHII JOMOMIXHI eIEMEHTH
XOJIOJMIJILHOT YCTAHOBKU 3MIHIOIOTHCSI MpOTAroM jo6u. Lle oOymoBiieHo
MeplI 3a Bce 3MIHOI0 TeMIlepaTypy HaBKOJIHIIHBOTO CEPEIOBHINA, KYJIb-
TYpOFO eKCIUTyaTallii 00JIa{HaHHs Ta IHIIMMHU TPUIHMHAMMU.

3HMKEHHSI €HEPTrOCIIOKUBAHHS XOJIOIMILHUM OOJNaJHAHHSAM MOXKE
WTH nekinpkoma nuisxamu. llepm 3a Bce 3a paXyHOK MaKCHMajbHOTO
3HMKEHHS TEIUIONIPHUILUINBIB B OXOJIOKYBaHUH 00'€KT IILIIXOM YCYHEHHS
TEIJIOBHX MICTKIB B TEMJIOOOMIHHOMY OOJIaJHAHHI i OrOpPOIKYBaIbHHUX
KOHCTPYKIIisIX, MiJCOCY TEMJIOro MOBITPs 3 HABKOJIUIIHBOTO CEPElOBHIIA,
YCYHEHHSI BIUTUBY IPOMEHHCTUX TETUIONPHUILINBIB.

TemnepaTypa KOHJIEHCAIIIT 1 BIAMOBITHUH il TUCK 3aJIe)KAaTh BiJl TEM-
nepaTypy HaBKOJIHIIHBOTO CEPEIOBHINA, BIUIMBATH HA SIKY MU MPaKTHY-
HO HE MOXEMO.

TeruioBe HaBaHTAXXEHHsSI HAa OXOJIOIKYHOUI mpwiaiu (IOBITPOOXO-
JIOJDKYBadl ab0 OXOJIO/DKYIOUi OaTapei) mepenacTbcss KOHBEKTHBHO 1 3a
paxyHOK KOHJeHcalii BOASHOI mapu 3 NoBiTps. KinbKicTh TEmIoTH, 110
MepeNacTbcsl OAHUM KLTOTpaMOM Mapu NpH ii KOHJEeHcalil JOpiBHIOE
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2300 xJIx (mpu 0°C) 1 2835 x/Ix npu 3amMopokyBaHHi. [l 3MeHIIIEHHS
TEeIJIOBOTO HaBaHTAXXEHHS Ha OXOJIOJDKYIOWI NMPHIIAJH 32 PaxyHOK KOH-
JeHcalil BOJASMHOI Maph TEXHOJIOTaMH PEKOMEHIOBAHO IiITPUMYBATH
MiHIMaJbHHN TEMIEPaTypHUIl HAMIp B OXOJIOKYBaJIbHHUX MPHIIaAaX.

BrummB Temnepatypu KUTiHHS XOJOJWIBHOTO areHTa i eeKTUBHICTD
BUKOPUCTAHHSI TIOBEPXHI IMOBITPOOXOJOMKYBaya pPO3TISIHEMO Ha MpU-
KJIaJ[l POBEJICHOT'O EKCIIEPUMEHTY Ha PealibHiil XOMOMUIbHIN YCTaHOBII],
o mpaimoe Ha xiagoHi R- 507A mpu pisHHX Temmeparypax KHITIHHS
XOJIONMIIBHOTO areHTa.

Hwxue HaBenmeHi mapaMerpy OTpHUMaHi NMpH BUIPOOYBaHHI XOJO-
JUIBHOI YCTaHOBKHM, a Ha jmiarpami d—h (puc. 1) mokasani mporiiecu
00pOOKH TIOBITPS B TIOBITPOOXOJIOAKYBaYi.

1 BapiaHT.

Temmepatypa HaBKOIHUIIIHBOTO cepenoBuIia tokp.cp= 22,60C;
BijHOCHA BOJIOTICTh HABKOJIUIIIHBOTO CEPEIOBHINA QOKP.cp= 45%;
CepenHs TeMIepaTypa KUIiHHS XOJIOAMILHOTO arenrta to =—20C;
Cepenns TeMmnepaTypa KOHJeHcalil XonoauiabHoro arenta tk = 40,80C;
TemmnepaTypa Ha kepyrodoMy KoHTposepi tkam = 0°C;

TemrepaTypa NMoBiTpsl Ha BXOJ1 B MOBITPoOXonomkyBad t = 8,90C;
BijgHOCHA BOJIOTICTH Ha BXOJII B TIOBITPOOXOJIOMKYBAY @ BXil = 63%;
TemrmepaTypa MoBiTps Ha BUXO/I 3 MOBiTpooxonomkyBada teux = 0,70C;
BimHOCHA BOJIOTICTh Ha BUXO/II 3 TIOBITPOOXOJIOKYBaua GBUX = 95%.
Cepenns Temnepatypa noitpsa t = +1,20C

2.Bapiant

Temmepatypa HaBKOJIHUIIHBOTO CepeqoBuUIla tokp.cp= 22,60C

BijHOCHA BOJIOTICTh HABKOJIUIIIHBOTO CEPEIOBUINA QOKP.cp= 45%;
CepenHs TeMIepaTypa KUIMiHHS XOJIOJMIBHOrO arenra to = —70C;
BiHOCHA BOJIOTICTh HABKOJIUIIIHBOTO CEPEIOBHILA (POKP.cp= 45,8%
Temmepatypa kumidHs to = -6,6 + -7°C;

Temmnepatypa koHaeHcallii tk = 36,20C;

Temmnepatypa Ha koHTpOJIEpi t = 0°C;

TemrmepaTypa noBiTps Ha BXOJi Y BUMApHUK tBXin = 90C;

BijmHOCHA BOJIOTICTH Ha BXOJIi B TIOBITPOOXOJIOKYBay PBXia = 60%
TemrmepaTypa NMoBiTpsl Ha BUXO/I 3 MOBITPOOXOJIOMKYBaya tBux = -1,0C;
BijHOoCHA BOJIOTICTh HAa BUXO/II 3 TIOBITPOOXOJIOKYBaua OBUX = 85%
CepenHs TemIiepaTypa MOBITPs B OXOJIO[KYBAHOMY MTPHUMIIIEHH] tBO3.=—
0,920C
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Amnasiz oTpUMaHUX Pe3yJbTaTiB MOKa3ye, MO NP MiIBUIICHHI TeM-
nepaTypy KUIiHHS XOJIOAMIBHOrO arenrta Bifg minyc 7°C mo minyc 2°C
KUTBKICTh OCLJIO1 Ha TIOBITPOOXOJIO/KYBay BOJIOTH 3MEHIYEThCs Ha 33%.

[lpu migBUILEHHI TeMIepaTypy KHUITIHHS XOJIOAMJIBHOTO areHTa aB-
TOMAaTHYHO:

- 30UTBLIYETHCS MUTOMAa XOJOAOMPOAYKTHUBHICTH XOJIOIMIBHOTO
areHTa, 110 J03BOJISIE 3SMEHIIUTH HOT'O MacoBY BUTpATy;

- 3MEHIIYEThCS MUTOMUH OOCSAT Mapu Ha BCMOKTYBAaHHI B KOMIIpe-
cop, L0 JJO3BOJISIE 3MEHIIUTH 00CST, ONMHUCYBAHUH TOPIIHSIMUA KOMIIPECO-
pa;

- 3HWDKYETHCS CTYIIHb CTHCHEHHS XOJIOIMIBHOTO areHTa—Bi-
JIOBITHO 13aTpaTH €Heprii Ha CTUCHEHHS XOJIOAWIBLHOTO areHTa,
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Puc. 1 I1pouecu 06poOKM MOBITPS B MMOBITPOOXOIOKYBaU1
ne: 1 + 2—Tipu Temnepatypi KUIiHHS XOJIOAMWIBHOro areHra to = -2°C,
3 =+ 4—nipu TemriepaTypi KUITIHHS XOJIIOIMIBHOr0 areHra to = -7°C
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Hamu mpoBeneHi TeopeTHyHi po3paxyHKH eQeKTHBHOI MOTYKHOCTI
ENEKTPOJIBUTYHA KOMIIpECOpa XOJOAMIBHOI YCTaHOBKH XOJIOJOMPOAYK-
tuBHicTIO 50 KBT, 1m0 mpaiioe Ha xmanoHi R- 507A npu pisHuX Temre-
patypax xuninas (Big—15 no 0°C) i pikcoBaHUX TemIepaTypax KOHAEH-
carii tk, ski 3apikcoBani Ha piBHi 35, 40, 45 1 50°C.

OO0OpoOka pe3ynbTaTiB PO3paxyHKIB MOKa3aja, M0 MiJBUIICHHS TEM-
nepaTypy KHITIHHS XOJIOIMJILHOTO areHTa JJIsl CepelHE TeMIepaTypHUX
XOJOJWILHUX YCTaHOBOK Bij MiHyc 15°C mo 0°C 3HMXKY€E BUTpATy XOJIO-
JUUIBHOTO areHrta o (5,5 + 6,6)%, npu MiJBUINEHHI THUTOMOI XOJIOIO-
MPOAYKTUBHOCT1 XOJMOIMWIBHOTO areHTa 110(6,73 + 9,8)% (puc. 2), mo B
CBOIO 4Yepry BeJe J0 3HIKEHHS ©(EKTHBHOI MOTY)KHOCTI CIIOXKHBAHOL
SNeKTPOBUTYHOM Komrpecopa 110 30% (puc. 3), B 3aJ€KHOCTI Bij CTY-
TIHS TT1IBUIIICHHS TEMIIEPaTyPH KUITIHHS XOJIOMJILHOTO areHTa.

30UIbIICHHS] TIEPEOXONOMKEHHST XOIOAWIBHOTO areHTa mepea pery-
JIOIOYMM BEHTWJIEM TaKOX J03BOJISIE 3HU3UTH BUTpPATH Ha CIIOKUBAHY
eleKkTpoeHeprito. TeopeTHdHi po3paxyHKH IMOKa3ylTh, IO JOJATKOBE
MEPEOXONOKEHHST XOJIOAMIBHOrO areHTa Ha 50C 3HIKYE CIOXHUBaHY
MOTY>KHICTh XOJIOAMIBHOI YCTAHOBKU Ha 6 + 9% B 3aJIGKHOCTI BijJ TEeM-
nepaTypy KOHJEHcallii XOIOANIBHOTO areHTa.

e omuH UUISIX 3HWKEHHS CEHEPrOCHOXHBAHHS XOJIOIMILHUM
obnasHaHHAM—1Ie 30UIbIIEHHS aKTHBHOI pOO0YO0i MOBEPXHI OXOIOMKYIO-
YUX MPUJIAJIIB YCTAHOBKHU.
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Puc.2 3mina nuTomoi XonoponpoaykTuBHOCTI (ppeony R 507A B inrepmaii
temreparyp kuminds (0 + -15)°C npu pisaux (ikCOBaHHUX TeMIieparypax KOH-
JeHcallii.
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Puc.3. 3miHa COXMBAaHOI MOTYKHOCTI (CYHIJIBHI JIiHIT) 1 TEIUIOTH KOHICHCAIIIT
(TIyHKTHpPHI JTiHIT) XOJIOMUIFHOIO0 arperaty XoJOJONPOAYKTUBHICTEI050 KBT.
Ipy 3MiHI TeMIepaTypy KUMiHHS XojoiwibHoro areHra R-507A Bix 0°C mo
Mminyc 15°C.

30uIbIIyBaTH aKTHBHY poOOYY MOBEPXHIO OXONOKYIOUHUX TIPUIaIiB
MO)KHA 332 paXyHOK YCTaHOBKH JIOJJATKOBHX peOep 3 OOKy IMOBITps, 3a
YMOBH POOOTH OXOJOKYIOUOr0 MPUIIATy 3 MiHIMAJIbHOIO PI3HUIEIO Te-
MIIEpaTyp MK TEMIIepaTypolO MOBITPS 1 TEMIIEPaTypO0 KUIIIHHS XOJIO-
IuibHOro arenta. [Ipu maiol pi3HMII TeMIepaTyp 3HUKYEThCS iIHTEHCH-
BHICTh BUIQJIaHHS BOJIOTHM Ha OXOJIOJKYIOUI MpUIaju W 30UTBIIYETHCS
nepiosl MK BUJAJICHHSAM iHEI0 3 TOBEPXHIi MOBITPOOXOJIOIKYBaUiB, abo
Oarapeii.

30UIbIICHHS] aKTHBHOT po00Y0i MOBEPXHI OXOJIIOLKYIOUHX TPUIIaJIiB
MOXIJIMBO BHKOHATH 32 PaxyHOK OLIbII MOBHOTO 3allOBHEHHS TOBITPOO-
XOJIOIKyBaua, abo OXONOMKYIUoi Oarapei KUIUITYMM XOJOJHIBHUM
areHtoM. Jlns peanizanii Takoro crnocoOy MiABHIEHHS aKTHBHOI poO040i
MOBEPXHI OXOJO/PKYIOUUX NPUIIaJiB, MPAIIOI0YUX ¢ MexaHidHuM TPB,
JOCTaTHBO YCTAHOBUTH KOKHOMY OXOJIOJDKYIOUOMY MpHIIAAy iHIUBiAY-
aNBbHUI peKymnepaTuBHUI TEMIOOOMIHHUK, B IKOMY Oy/J€ BHKOHYBaTHCh
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neperpiB napu, HeoOXigHuid ans podorn TPB, npu npomy Tepmobaion
TPB nHeobOxiano 3akpinuty micist PTO mo xomy pyXy napu XoJIOIUIbHO-
T'O areHra.

BukopucTaHHSl €IEKTPOHHHX CHCTEM YIPABIIHHS XOJOAWUIBHOIO
YCTAHOBKOIO 3 ellekTpoHHUMHU TPB no3Bonsie mpaiioBaTH OXOJIOIKYIO-
YUM TpHUiazaM 3 neperpisom napu B Hux a0 2°C, 3amicts 7 + 100C npu
POOOTi 3 MEXaHIYHUMH PETYIIOIOUUMH BEHTUIISIMU, YUM 3a0€31euyeThCs
OUIBII TIOBHE 3alOBHEHHS OXOJO/DKYIOUMX MPHIAIB KUIUITYHM XOJO-
JTUIIEHUM areHTOM.

O6uaBa cmocoOu 30UTBIIEHHS aKTHBHOI MOBEPXHI OXONOHKYIOUHX
MpHJIaiB BUMAararoTh HasBHOCTI B YCTAaHOBII BHCOKOE()EKTUBHUX CYy-
YacHUX MPHJIaIiB KOHTPOIIIO 1 yIpaBIiHHS, MPaBUIBLHOTO HAJAIITYBAHHS
1 BUCOKOKBaITi(hikOBAHOTO 0OCITyTrOBYBaHHS.

BusnavyanpauM QaktopoMm iHTeHcH]iKalii MpoleciB TEmIo i Maco-
00MiHy B TIOBITPOOXONO/XKYBauax € Koe]illieHT TerioBiagadi o 3 60Ky
MOBITPS, 10 MOTPeOy€e MPUIUIATH YyBary po3MoiuTy MOBITPS, 110 MPOXO0-
IUTh 4epe3 MoBiTpooxoyiomkyBad. Ha waBeneHiii ¢ororpadii (puc.4)
BUJHO SK PO3MOIUIAIOTHCS TOTOKH TOBITPS MPH MPOXOMKEHHI uepes
TEIIO00OMIHHY MTOBEPXHIO.

Puc.4. Posmoziis iHEI0 B MOBITPOOXOIO/KYBaU1
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Micust iHTEeHCHBHO TMOKPUTI iHEEM XapaKTepU3yIOTh MiJBHUILEHY iH-
TEHCHUBHICTb pOOOTH MOBEPXHI MOBITPOOXOIOMKYBaya Micisl po3Mep3aH-
Hsl (BUIAJICHHs iHEI) 1 3MEHIIeHHS I1i€i MOBEpXHi 3 aKkTHBHOI poOOTH
TICIIs 3aKyITOPKHU MPOX1THOTO TIEPETHHY OCLIAM 1HEEM..

InrencudikyBaTn Koeili€HT TEMIOBiga4l OXOJOKYBAIBHIX CHC-
TEM MOKHA IIUIIXOM:

—MBUIICHHS BUAKOCTI MOBITPS, 1[0 OMHUBAE TEIIOOOMIHHY TIOBEp-
XHIO;

—IUISIXOM TIepeTBOPEHHs (OPMH MOBEPXHI pedep 1 TemmooOMIHHUX
Tpy0;

—301NIBIIEHHSIM TEMIIEPATYPHOTO HATIOPY;

—3a JIONOMOT'00 3MEHIIIEHHSI TOBIHH 1HEI0 Ha TEMI00OMiHHOI TTOBe-
PXHi,

—ILISXOM ONTHUMI3aIlii IUKJIIB BilTaBaHHS JILOJY, 1[0 OCIB Ha TEIUIO-
OOMIHHUKY;

— pIBHOMIpPHOTO PO3MOALTY MOBITPSHOIO MOTOKY 10 "KHBOMY Iepe-
TUHY" TEMI000OMIHHOT MOBEPXHi.

BUCHOBKU
JU7ist 3HUKEHHST eHEePrOCIIOKMBAHHS XOJIOIMILHUM 00JIaIHAaHHIM He-
00XiHO eeKTHUBHIIIE eKCIUTyaTyBaTH TEMJIO0OMIHHI arnapaTd Ta mpuia-
IY 33 PaxXyHOK:
* 30uTblIeHHS KoedillieHTa TEMJoBiJladi B BHIAPHUKaX 3 OOKY
MOBITPS;
*  30UIBLICHHS CTYIEHS 3alIOBHEHHS OXOJIOMKYIOUOTr0 MPHIIAY Pi-
JIKMM XOJIOIMJIBHUM areHTOM;
*  pIBHOMIPHOI'O PO3MOJITY MOBITPSHOIO MOTOKY MO "KHUBOMY Iie-
peTuHy" 0XOIOMKYIOUOT0 TPUIALIY;
*  CBOEYACHOI'O BHUJAJCHHS CIBIIOIO Ha OXOJOUKYIOUMH MpHIIaja
iHelo,
*  TaKOX MiATPUMYBATH TEMIIEPaTypy KOHJIEHCAIlil XOJIOANIBHOTO
areHTa Ha JONYCTHMOMY HH3bKOMY PiBHi;
*  MiJBHILIEHHS TEMIEPaTypH KUIIHHS XOJOJMIBHOIO areHTy B BU-
MapHUKax;
*  YCTAaHOBKU Cy4YacCHHX CHUCTEM YIPaBIiHHS Ta iX KBaJi(iKOBaHOT'O
HaJIaro/KEeHHSI.
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SHWKEHHSI EHEPTETUYHUX BTPAT B NPENU3IMHUAX
MHAPAX MAJIMBHOI AITAPATYPHU CYJHOBUX JIU3EJIIB

The possibility of reducing energy losses in precision vapors of the
fuel equipment of marine diesel engines through the use of special orga-
nofluorine coatings is considered. The aim of the study was to determine
the method of processing the contact surfaces of high pressure fuel
equipment of marine diesel engines, which ensures minimal energy loss-
es in the tribological system of the plunger - fuel - hub of the high pres-
sure fuel pump while maintaining the specified power of the internal
combustion engine.

It is indicated that for precision pairs of high-pressure fuel equipment
as a method to reduce wear on their contacting surfaces, epilation (appli-
cation of organic coatings) can be used. Studies to determine the effect of
organic coatings on the energy efficiency of a precision pair of plunger -
hub of a high-pressure fuel pump were performed in the following se-
quence: development of technology for applying epilams on the surface
of plungers of a high-pressure fuel pump; determining the thickness of
epilam nanolayer adsorbed on a metal surface; study of the effect of
nanolayer epilame on the formation of a boundary layer of fuel; determi-
nation of tribotechnical characteristics of the tribological system plunger
- fuel - bushing of a high pressure fuel pump.

During the experiments, the following epilams Polisam-05, Polisam-
20MSK and Akwaline were used, having a maximum operating tempera-
ture of 450°C and allowing short-term operation to a temperature of
700°C.

The application of epilams on precision surfaces was carried out by
volumetric immersion. The determination of the thickness of the ad-
sorbed epilam layer and the boundary layer of fuel formed on the metal
surface was carried out on an ellipsometric unit.

As a result of research, it was established that the thickness of the
epilam layer on the surface of the plungers of the high-pressure fuel
pump is 12.5...18.7 nm, and the time required for its adsorption does not
exceed 10 minutes. An epilamic layer deposited on a metal surface re-
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sults in a ~1.5-fold increase in the thickness of the boundary layer of the
fuel, which contributes to an increase in the elastic properties and prop-
pant pressure of the fuel that separates the precision pair of hub-plunger
of the high-pressure fuel pump. The application of organic coatings on
the surfaces of precision pairs of a high-pressure fuel pump contributes to
an increase in the energy efficiency of this tribological system, which
(depending on the operating time of the internal combustion engine) re-
sults in a 24.0...44.6% reduction in the wear of the plungers.

KuioueBrblie c¢j10Ba: CynoBOil IW3€Nb, TOILUTUBHBIA HACOC BBICOKOTO
JIABJICHM S, TPAHUYHBIN CJION TOIUIMBA, 3MWJIaM, S3HEPreTUYECKUE TTOTEPH,
M3HOC TUTyHXepa TOIIMBHOTO HAacoca

Kuio4oBi ciioBa: cynHOBUI AU3ENb, MATMBHUN HACOC BUCOKOTO THC-
Ky, TPaHUYHUH 1Iap NajlnBa, enijlaM, eHepreTHuHi BTPaTH, 3HOC TUTYH)Ke-
pa maJMBHOTO HAcoca

Keywords: marine diesel, high pressure fuel pump, boundary layer
of fuel, epilam, energy losses, wear of fuel pump plunger

IMocTranoBka mpobGiemMu B 3arajapHoMy BurJsai. PoGora Oynb-
SIKUX MEXaHI3MiB, IO 3/[iCHIOIOTh TIOCTYIaIbHUI a00 00epTaIbHUN PYX,
BiIOyBa€THCS 3 HEMUHYYHMHU BTpaTaMH MOTY>KHOCT1 1 KOPUCHOT €Heprii.
3 MeTor0 MiHIMi3amii X BTPAT KOHTAKTYIOTh JieTali MOUISIOTHCS IIa-
POM piaMHU, 110 3a0e3nedye MacTHIbHUIA eekT. [Ipu npoMy B 3aexHO-
CTi BiZ 3a30py MiX KOHTaKTYIOUMMH JACTAISIMH Ta YMOBaMH iX poOoTH
3a0e3MevyeThes TIAPOJUHAMIYHNAN a00 TpaHUYHUI PeXUM 3MalleHHs. B
YMOBax TPaHMYHOTO 3MalleHHs (a00 TPaHMYHOTO TEPTsA) KOHTAKTYIOUi
MOBEPXHI PO3JLIEHI TOHKMM IIAPOM 3Ma3ye PiIuHH, SKa 3aBASKH CBOL
MPYKHO-AEMII(PYIOYHM BIACTUBOCTSM 3a0e3Iedye Mpane3aaTHiCTh By3ia
Tepts. OnHUM 3 TpUOO-BY31iB, IO MPALIOIOTh B PEXKHUMiI TPAaHHUYHOTO
TEepT, € Mpenu3iiiHa napa rIyHKep-BTyJIKa NaIMBHOIO HACOCa BUCOKOTO
tucky (ITHBT) neuryna BHyTpimHboro sropsuus (AB3) [1].

TpuBana ekcrutyartallisi CyAHOBHX JHM3ETiB 03 CYyTTEBUX 3MiH TOKa3-
HUKIB po0O0YOro mpotiecy B OUIBIIII Mipi 3aJISKUTh BiJ CTaHY MajJHMBHUX
HacociB 1 (OPCYHOK, HaAIHHICTh POOOTH SIKMX BHU3HAYAETHCS TPHOO-
TEXHIYHUMU TIOKa3HUKAMH — SIKICTIO BUTOTOBJICHHS 1 CTAHOM MpPEIn31ii-
Hux nap. [loripiieHHs ctaHy npenr3iiHOl mapyu MITyHXep-BTyJKa MpH3-
BOJIUTH /IO TOTIpPIIEHHSI MpPOLIECY CTUCHEHHs 1 BIIOPCKYBaHHS MalluBa.
Kpim TOro, mpu mpoMy HOPYIIYETHCS CHHXPOHI3alis pyxXy IIyHXepa
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[MHBT i xoay mopwHS IU3ems, Mo MPU3BOAUTE A0 BiIXWUJIEHb B 3aKOHI
nonavi nanuea. llle omHUM HACHiAKOM TOTIpIIEHHS TEXHIYHOTO CTaHY
npenusiitaux nap [IHBT € BUHUKHEHHS NpOTiKaHHS NajlvBa i 3MEHILICH-
Hs MOro [UKJIOBOI 10aui.

AHaJi3 ocTaHHIX J0c/iIKeHb i myOJikanii. B cygacaux cyn-
HoBux JIB3 Tuck, mo creoproetscs ITHBT, mocsarae 180...200 MIla, 1o
MOXIIMBO 320€3MeUnTH MPU BHUCOKIH SKOCTI Mpenu3iiHol mapu BTYJIKa-
iymkep. B Takux ymoBax TpuOoJoriuHa cucrteMma IUTyH)Kep-TajHBO-
BTYJIKa MPALIOE B PSKUMI TPAHHUYHOTO TEPTS, a MaTUBO, IO BXOAUTH JI0
CKJIaJly i€l cCHCTeMH, BUKOHYE (QYHKIIT MacTHIBLHOrO Matepiany. Y 1no-
CIIIJDKCHHSIX, BUKOHAHUX B [2], 3a3Ha4ayiocs, 10 CYJHOBI MaJiuBa, sKi
XapaKTepU3YIOThCS OLTbII BHCOKOK MAaCTHIILHOIO 3JIaTHICTIO, 3abe3me-
4yIOTh MEHIII BTPaTH €Heprii Ha MOJOJAaHHS CHJ TepTs, L0 AJs Ma-
JUBHOI amapatypd BHCOKOTO THCKY BiAINOBiA€ MiATPUMII HEOOXiTHOTO
3HAUEHHS IMKJIOBOI MOAaui majuBa. B sAKOCTI MeTomy MiJBHILIECHHS
MPYKHO-AEMII(PYIOUHX BIACTUBOCTEH MajMBa MPOIMOHYBAIOCS BUKOPH-
CTaHHS PEryJSIPHOrO Mikpopenbedy Ha moBepxHi miayHxepis [ITHBT [3],
MpOTEe JJIsi [BOTO MOTPIOHO HE TUIBKM MPOBEICHHS JIOJAATKOBUX PO-
3paxyHKiB, a i crenianbHa anaparypa, a TaKOXK CTalliOHapHI YMOBU BU-
KOHAHHS TEXHOJIOTTYHUX OIEeparlii 31 3MiHH MPOQ IO TUTYHKEPIB.

ITocranoBKka 3aBAaHHA. 3 ONIIIy Ha BHUKIAACHE, METOIO JO-
CIIJDKEHHsI OyJI0 BU3HAUYEHHS CIOCO0Y OOPOOKM KOHTAKTYIOUMX MOBEp-
XOHb MAJIMBHOI anapaTypy BHCOKOTO THCKY CYAHOBHX JHU3€MiB, IPU KO-
My 3a0e3MeuyloThcsl MiHIMaJbHI BTpaTH €Heprii B TpUOONOTivuHOI CH-
cremi miayHxep-nanuBo-BTynka [THBT nmpu omHowacHii miaTpumii 3a-
JaHUX NOTYXHUX Xapakrepuctuk JBC.

Buknaxg ocHoBHoro marepiany pociaimkenns. [Ipu rpannaHomy
TepTi (200 TpaHUYHOMY 3MAIllEHHI) OJIHIEI0 3 TOJIOBHUX XapPaKTEPUCTHK
MaCTHUJIBHOTO MIapy (AKui (OPMYETHCS 3aBISKH OPI€HTALIHHOI BIOPSI-
KOBAHOCTI MOJIEKYJ) € HOro ToBIIMHA. [liBUIIEHHS] TOBLIIMHU Opi€HTA-
IIHHO BIIOPSIKOBAHOIO TPAHUYHOIO IIapy 3a0e3mnedye OUIbITY MIIHICTb
MaCTHJIBHOI TUTIBKH, 3HWKYIOUH, TAKUM YHHOM, KOE(IIiEHT TePTA B TPHU-
00-cnioyueHHi. J{g 301IbIIEHHS TOBIIMHY TPAHUYHUX IIApiB, IO yTBO-
PIOIOTBCSL BYTJIEBOJHUMH PiJMHaMH (ITAJIMBOM 1 MacTHUJIOM), BUKOPUCTO-
BYIOTH CIelliajibHi MoBepxXHeBO-akTHBHI pedoBuHM ([TAP) abo npucankwu,
K1 3 PI3HOIO KOHIIEHTpAIIi€lo A0AaloTh B 0a30Bi nanuBa abo MacTtuia [4].
V pasi, KoY TPaHUYHUH MIap YTBOPIOETHCS MAIWBOM Ha MOBEPXHI IUTY-
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wxepa [THBT, nanuii BapiaHT HENPUIHATHUIA, OCKUIBKU TPU OyIb-AKii
KOHIIEHTpAIlil MPUCAJ0K 30UIBIIYETHCS IUKIIOBA IMOjava i, BIAMOBIIHO,
Yyac BIOpcKyBaHHS. KpiM Toro, sik mpaBWIio, MPHCAAKH, IO BBOASTHCS,
MalOTh BapTICTh, SKa TEPEBUIIYE BapTICTh K MacTHia, TaK 1 MaJiBa.
[Mpu Bukopucranui [1AP B mupkymaumifiHMX cHUCTeMax 3MallyBaHHS iX
(yHKIIOHAJBbHI BIIaCTHBOCTI BUKOPHCTOBYIOTHCS TPUBAIHHN TIEpioa Hacy i
MOXYTh BIIHOBJIIOBaTHCS B Tporieci ekcruiyatanii. [TAP, ski monani B
MaJIuBO, 3roparTh B IWIiHApL. ToMy UIs NaluB BUKOPHCTOBYIOTHCS
[TAP, 1m0 akTUBYIOTH Mpoliec 3ropsiHHS, a 3actocyBaHHs [1AP, mo cripu-
SIOTh 301UIBIICHHIO TOBUIMHM TPAHWYHOTO IIApy MajiMBa, SKi 3HaXo-
JUTHCSL B TPUOO-CHONYYEHHI MIYH)Kep-BTyJKa € HENOUUIbHHM IIe U 3
(hiHaHCOBOT TOYKH 30DY.

Jnst mpenu3iiHuX map MajuBHOI arapaTypy BUCOKOTO THCKY SIK Me-
TOJ, IO CIPHSAE 3HWKEHHIO 3HOCY iX KOHTAKTYIOUHX MOBEPXOHb, MOXKE
OyTH peKOMEHJJ0BaHO BUKOPHCTaHHS eminamiB. Sk poOode cepemoBuiie
JUIsl TIpOLlECY BHUKOPUCTAHHS €MiJIaMiB IIUPOKOTO MOIIMPEHHS HaOyiu
po3unnu nepdropnomiedipkicioru 3araabHoro Burisay Rf-COOH (Rf —
pajMKal, 1o MiCTUTh TOp) B XJajoHaX. [Ipyu BUKOPUCTaHHI emijiaMiB Ha
MOBEPXHI TBEPJIOTO Tilla YTBOPIOETHCS IUTIBKA TOBIIMHOIO 10 30 HM, fKa
He BIUIMBAE Ha JMCIOKAIIHY CTPYKTYpY 1 TBEPAICTh METally, a ii mosep-
XHEBA €HEPTis 3aJISKUTH BiJ BUAY eMijlaMa 1 He 3aJIeKUTh BiJ emijiamye-
Moro Matepiany. OcHOBHa (yYHKIliS elMilaMyeMOro Iiapy IoJsrae B
yTPUMaHHI MAacTHJIBHOTO Matrepiady B 30HI TepTs eHepreTHYHHM
0ap’epoM Ha KOPJIOHI «MeTal-emiiamy. Lle gocsraerhes 3a paxyHOK 30i-
JBbIICHHST KpallOBUX KyTIB 3MOYYBAHHS PiMHU, IO 3HAXOIAMTHCS OLIS
MOBEPXHI MeTally, MOKPUTOTO0 IapoM erninama (puc. 1), a Takox 3a paxy-
HOK IepecpsIMOBAHOCTI BEKTOpa JIii CUJIM MTOBEPXHEBOT'O HATATY PiAWHU.
[Ipu poMy 301MbIIYETHCS TOBIIMHA TPAHWUYHOTO MACTHIIBHOTO IHApy i
Horo Hecyya 3/aTHICTb.

a)
Puc. 1. KpaiioBuii KyT 3MO4yBaHHS 1 HAITPSIMOK BEKTOpa CHJIN TIOBEpPXHe-
BOTO HATATY PIMHU: a) aJINBO Ha IMOBEPXHI MeTally; 0) MajiuBO Ha MOBEPXHi
ernijaMa; B) MaJMBO Ha KOP/IOHI MeTai-emnijgaM; 0 — KpalHoBH KyT 3MOYYBaHHS;
F,, F. — cuJii IOBEPXHEBOr0 HATATY HA METaJI 1 erijiaMi, BiJIIIOBITHO
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3acTocyBaHHSI METOly BUKOPHCTaHHS eMilaMiB JUIsl MPenu3iiHOoI ma-
pu mwirynxep-sryika [IHBT, He oTrpuMano mUpoOKOro MOMIMPEHHS B €lle-
MEHTaX CYJHOBUX TEXHIUHUX 3aco0iB. lle, B TOMy 4ucCIi, MOB’s3aHO 3
KOHCEPBATUBHICTIO CYIHOBOI €HEPTreTHKH 5K HAyKW 1 MparHeHHsM CyI-
HOBOT'O €KiMa)Xy YHHKHYTH JOAATKOBHX PH3HKIB, II0 BUHUKAIOTH IPH
BIIPOBAJXKCHHI IHHOBAIIHHUX i1efi. OCOOIMBO 1€ CTOCYETHCS TAKUX BiJl-
MOBIIaJIbHUX BY3JiB, K MajJMBHA amapaTypa BHUCOKOTO THCKY. OjHak,
MPH SKICHUX TMOMEPEIHIX JOCTIKEHHIX, a TAKOXK TPU JOTPUMAaHHI TeX-
HOJIOT1i HAHECEeHHsI emiiaMiB Ha MMOBEPXHi €IIEMEHTIB MaJUBHOI anapaTy-
pPH BHCOKOTO THCKY, MOXIJIMBO CTBOPUTH YMOBH, IO CIPHUSIOTH MiJBU-
HICHHIO iX eKCIUTyaTallifHUX XapaKTEepUCTUK 1 €KOHOMIYHOCTI poboTu
qu3enis [S].

JocmnijpkeHHs, M0 BU3HAUCHHIO BIUIMBY OpPTaHIYHHUX TOKPHUTTIB Ha
eHepreTnyHy e(eKTHUBHICTh Mpenun3iiHol mapu miyHxep-BTynka [THBT,
BHUKOHYBAJINCS B HACTYIHIN MOCIiIOBHOCTI:

* po3po0Ka TEXHOIIOTIi HAHECEHHS eNiIaMiB Ha OBEPXHI IUTYHXKEPiB
[THBT;

* BU3HAYCHHS TOBIIMHW HAHOIIAPIB €IijaMy, aJIcOpOOBaHOTO HA Me-
TaJeBiil MOBEpXHi;

* BUBYCHHS BIUIMBY HAaHOLIAPIB €MiJlaMy Ha YTBOPEHHS TPaAaHUYHOTO
miapy rnajmBa;

* BU3HAUCHHS TPHOO-TEXHIYHUX XapaKTEPUCTHK TPUOOIOriuHOI crc-
TEMU ILIyH)Kep-nanuBo-Bryika [THBT.

[Ipu npoBeneHHI eKCIEpUMEHTIB Oy/iM BUKOPHCTaHI HACTYIHI eri-
namu Polisam-05, Polisam-20MCK i Akwaline, 110 MatoTh MakCUMaJIbHY
Temrepatypy ekciuryatamii 450°C i 1omycKaroTh KOPOTKOYAaCHY €KCILTY-
aTartiro 10 Temnepatypu 700°C. TexHoJOris HAHECEHHS eIijIaMiB Ha T0-
BepxHio myHxepa [THBT nonsirana B HactynHomy. CriouaTky MoBepXHi
OYMIIAIIUCS Bii CTOPOHHIX JoMimoK. [lani mpoBoauiiocs iX 3HEKUPEHHS
B 030HOOe3neuHOoMy xmanoHe-116 (C,F¢) muisixom 06’eMHOTO 3aHYpEHHS
3 IOAAJBIIUM BUCYIIyBaHHIM. [licist bOro mpu TemiiepaTypi HaBKOIH-
IIHBOT'O CEPEIOBUIIA MPOBOIMIIOCS 0e3MOocepe/IHbO HAHECCHHS CIiJIaMiB
LUISIXOM 3aHYPEHHS TUTyHXKEPiB.

JAnst BU3Ha4YeHHS TOBUIMHU LIapy emiiaMy, 1o aacopOyeThCs Ha To-
BepxHi rurymxkepa [THBT, 1 TOBIIMHM T'paHMYHOTO MACTHIILHOTO HIAPY
MajnBa, M0 YTBOPIOETHCA HA TOBEPXHI METally, KW MOKPUTUH ermija-
MOM, TPOBOAMJIKCS TOMEpeIHi JJabopaTopHi JociiKeHHs. Sk aHajor
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MOBEPXHI IUTyH)XKepa BHKOPUCTOBYBajacs BiIMOJipOBaHa MeTalieBa IO-
BepxHs (ctanp LIX15), sika nuisixoM 00’ €MHOTO 3aHYPEHHS TTOKPHBaJIacs
mapom emnijgamy. Yac nepeOyBaHHs CTajieBUI IOBEPXHI B 00CA31 eniamy
BapiroBasiocsi B fiana3oHi 2...10 XB, micis 4oro NOBEpXHI BUCYITYBAITUCS
npu Temneparypi 20°C. ToBIIMHM TaKMM YHHOM aJcOpOOBaHOroO Ha Me-
TajeBill MOBEPXHI 1Iapy erijaMa BU3HAYajacs Ha eiICcOMEeTPIuHoi ycTa-
HOBIII, IPHHIIMTIOBA CXeMa SKOi TIOKa3aHa Ha puc. 2.

Enincomerpist € ogHUM 3 HAHOLTBII MOMMPEHUX METOMAIB BU3HAYEH-
HSl TOBUIMHHU IUTIBOK (TPO30pWX IS ONTHYHOTO BUIIPOMIHIOBAHHS) 3a
JIOTIOMOT'OK0 aHaji3y KyTIB BiIOWTTS CBiTJia BiJi YMCTOI MOBEPXHI 1 Bij
MOBEPXHI 3 HAHECEHUM TOKPHUTTSAM. Pe3ynbpTaT, OTpUMaHi MpH BUMIpIO-
BaHHI, HaBemeHl B Ta0. 1.

Jlinifino Enintrano
nosApusoBaHe [NOJISIPH30BAHE
CBIT/IO, IO 301IYE  CBITIO, 11O

AHATI3YCTBCA

axepeno
CcBiTTA

Amganizarop

Piguma, sxa
TOCTiTKYETh

Meranesa
MOBCPXHA

Puc. 2. [IpuHnmnoBa cxema eJincoMeTpiyHoOl YCTaHOBKH

Tab6mnus 1. Pe3ynbTaTi o BU3HAUEHHIO a7cOPOOBAaHOI TOBIIMHU
mapy enuiamy

Yac 3HaXOKEHHS MeTalle- ToBimHa aacopOOBAHOrO APy emijama, s, MM
BO1 MOBCPXHI B POSTHHI Polisam-20MCK Akwaline Polisam-05
ernijgamy, f, XB

2 6,3 9,1 10,7

4 10,4 13,3 14,3

6 12,3 16,2 14,5

8 12,4 17,6 14,6

10 12,5 18,7 14,6

Homorpama, 1110 xapakrepu3ye TOBIIUHY aJICOPOOBAHOT ITIBKH PI3HUX
eMiJIaMOB B 3aJIGKHOCTI BiJl Yacy iX HaHECEHHs IMOoKa3aHa Ha puc. 3.
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b, oM

15

2 4 6 8 10 fxs
Puc. 3. 3aiexHicTh TOBIIMHY OPTaHIYHOI IUTIBKH BiJl 4acy 3HAXO/PKCHHS MeTa-
JICBO1 MNOBPEXHI B PI3HUX CIIlJIaMax:
1 — Polisam-05; 2 —Polisam-20MCK; 3 — Akwaline

Ak BuaHO 3 HaBeAeHUX Aanux (Tabn. 1. 1 puc. 3), micns 6...10 xB
3HAXOJ/KCHHSI METAJICBOI ITOBEPXHI B PO3UMHI €iJIaMy TOBILMHA aJIcOpPO-
LiffHOT OpraHiyHOl IUTIBKKM Ha MeTalleBiil MOBepXHi cTaOUIi3yeThCs 1 s
Pi3HUX 3pa3KiB KOJIMBAETLCS B Aiana3oHi A=12,5...18,7 uM. Bukopucran-
HS eMiJIaMiB CHIpHsE€ YTBOPEHHIO TPAaHWYHUX MACTHIBHHMX HIAPIB ITiIBH-
mieHoi (y MOpiBHSHHI 3 TOBEPXHEI0, HA Ky HE HAHOCHIIUCH €MUIaMi) TO-
BuMHU. CXema yTBOpPEHHs TPaHUYHUX IIapiB MPHU HAHECEHHI Ha MeTalle-
BY MOBEPXHIO (PTOpOpPTraHiuHMX CIOTYK [TOKa3aHa Ha pHc. 4, a BU3HAYEH-
Hs iX TOBIIMHU MOXe OyTH BHKOHAHO CIOCOOOM elrircoMerpii (IuB.
puc. 2).

= < 00000000 00000

il NSV = v 00000000000000000000000000000
| )
a) 8)

Puc. 4. yTBOpeHHH TpaHUYHOI0 MaCTUWJIBHOT'O 1Iapy Ha pi3HI/IX MOBEPXHAX!
a) 0e3 BUKOPHUCTAHHS emijiaMy; B) IPH BUKOPHUCTAHHSI eMijlaMmy
PesynbraTti naHuX eKCIEpUMEHTIB HABEACHI HA pUC. 5, Je Mij 1m03-
HaueHHs M BII maeThcs Ha yBasi OesmocepeqHsl TOBIIMHA TPAHUYHOTO
Iapy «4MCTOr0» Ba)KKOTO MAJKBa, 110 YTBOPIOETHCS HA METaJIEBii moBe-
pxHi, a mig uudpamu 1, 2, 3 — TOBIIMHA IPAaHUYHOTO MIAPYy Ba)KKOTO Ta-
JIMBa, IO YTBOPIOETHCS Ha Till ke MOBEPXHI NpH 1i MOKPUTTI MIApOM eri-
namy. Sk BHIIMBa€ 3 HaBEIECHHX PE3YJIbTAaTiB, BUKOPUCTAHHS EMiJlaMiB

<
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3abesneuye 1,47...1,52 kpaTHe 30UIbIIEHHS TOBUIMHA TPAHUYHOTO HIAPY

najavBa.
d

53
MEM|

10f

6

THI TOKPHATTA
Puc. 5. 3miHa TOBIIMHYU rpaHUYHOrO MIAPY NMaJMBa IIPY HAHECEHHI eITiiaMiB Ha
MeraseBy noBepxHio: BII — BijncyTHicTh MOKpUTTS (Oe3mocepeHst TOBIIMHA
TPaHUYHOTO Iapy Baxkkoro najiusa); 1 — Polisam-05; 2 — Polisam-20MCK; 3 —
Akwaline

Eneprernuna epeKTHBHICTh OyIb-KO1 TPHOONIOT1YHOI CHCTEMH OLli-
HIOETBCS BEIIMYMHOIO BTPAT, A0 SIKMX BIAHOCATHCS: BTPATH €HEprii Ha
TepTs (BU3HauUCHI KOeilieHTOM TepTs) 1 BTpaTH MarTepiany B pe3ylbTari
pYHHYBaHHS TIOBEPXOHb TepTs (BU3HAUEHI IHTEHCHBHICTIO 3HOLTYBAHHS).
Tomy, oganbIi TOCTiIKEHHST PO3TISIHYTOTO CIIOCOOy 3HMIKEHHS eHep-
TeTHYHUX BTpAT MPH TEPTi 32 PaXyHOK KEPYBaHHS CTPYKTYPOIO MacTH-
JBHOTO IIapy NaJIMBa MOJSAraiyd y BU3HAYEHHI 3HOCY MOBEPXOHb ITYH-
JKepiB sIKi OyJIM MOKPUTH MIAPOM eIijiaMy, a TAKOXK THX, [0 3HAXOIATHCS
B 3BHYaifHOMY cTaHi. JlOC/iPKeHHS BUKOHYBAJINCS Ha CYJHOBOMY JTH3eIi
6L18 MAN-Diesel. Ha mnymxkepa ITHBT, mo 3abe3nedyrors mopayy
nanuBa B utiHapu NeNe 1 1 4, He HaHOCHITUCS apu ermiiaMmy. Sk Mmok-
PHUTTSL IOBEPXOHB TUTYHXEPiB BUKOPHCTOBYBasIacsi PTOpOpPraHivuHi piau-
HU Polisam-20MCK (sixka HaHocunachk Ha mymxkepa [THBT NoNe 211 5) i
Akwaline (sixa HaHocmiach Ha Turymxkepa [THBT NeNe 3 i 6). 3rigHo 3
MOMEPEIHIMU  JTOCTIJKSHHSIMH, BUKOPUCTAHHS IIMX CMUIAMIB CIPUSE
YTBOPEHHIO OPi€HTAIIHHO BMOPSIKOBAHMX TPAHMYHUX MIApiB HAWOUIb-
1101 TOBIIIMHM (JIUB. pHC. 4).

Uepes npomikkH vacy, mo Bianorigamu 380, 820, 1210, 1640 1 2180
TOJMHAM POOOTH JM3elis (TPUBATICTh SKUX OOYMOBIIOBAIACS YMOBAMHU
EKCIUTyaTallii, 110 JO3BOJISIOTh BUKOHATH 3YIHHKY JM3eNs 1 peBi3ito HOro
[THBT) BukoHyBanocsi BH3HA4YEHHS IUIONII 3HOCY MOBEPXHI TUTYH)KEPiB
(sIK 31 mIApOM erijiaMy, TaK 1 TaKHX, 110 MPAIIO0Th 0e3 HAaHECEHHS 1[bOr0
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nokpuTTs). [licas 4oro orpuMaHi 3HaYSHHS U KOXHOT IPYIH TUTYHKe-
PIB ycepeqHIOBalUCs, a IU3elli 3HOBY BBOAMJIMCA B EKCILTyaTaliiHUMA
pexuM poOoTH. PesynbTaT HOCHiIKeHb HaBeAeHi B TaOn. 2 i y3araib-
HEH1 y BUTJISAI HOMOTpaMu Ha puc. 6.

Tabnugt 2. Pesynprati BuMiproBaHHs 3Hocy muryHxkepis ITHBT

T11011a 3HOCY MOBEPXHi MITYHKEPa, MM
121;;)(;62? prIIIJ{Ip}II- 0e3 HaHeCEeHHS 3 HAaHECEHHsIM MIapiB enijlamy
pa, T eruamy Polisam-20MCK Akwaline
380 129 98 94
820 153 103 99
1210 181 113 116
1640 209 121 126
2180 224 124 128
L,
MM2
200 —
1
1
150 1
100
2 2 2
Vs L
0 500 1000 1500 2000 f, rog

Puc. 6. 3anexnicts 3H0Cy /5 urymxepiB [THBT Bix wacy pobotu ¢ cyqHOBOTO
musens 6118 MAN-Diesel:

— JUIs TUTyH>)Kepa 0e3 BUKOPHCTaHHS eriiamy;

— JUTS TUTyH>)Kepa 3 HaHeCeHUM mapoM erinamy Polisam-20MCK

— TS TUTyH>Kepa 3 HaHECEeHUM IapoM emiiamy Akwaline

IMpu mpoBeneHHi excriepuMeHTiB uepe3 koxHi 100 roamH pobdoTn
MPOBOAMIIOCS TIEpiOANYHE iHANIMIOBaHHS Au3eist. [Ipy nboMy HUITIHAPH
3 oIHOTHUIHUM cTaHoM TuryrkepiB [THBT (6e3 BukopucTanHs eminamy, 3
HaHeceHUM IapoM eriyiamy Polisam-20MCK, 3 HaHeCeHHM IIapoM eri-
namy Akwaline) o 4yep3i BIIKITIOYAIUCS 1 11O 3MiHI 4aCcTOTU O0epTaHHS
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BHUKOHYBAJIACS OL[IHKA PO3MOALTY HaBaHTaXEHHS MO IMIIHAPaX JU3EINs.
B pesynbrati Oyno BCTaHOBIIEHO, IO TP 3MiHi CTaHy IMOBEPXOHb IITyH-
JKEpiB 3a PaXyHOK BUKOPUCTAHHS CIiJIaMiB HABaHTaXCHHS Ha Pi3HI IHITi-
HJIPY JU3eNs HE 3MIHIOETHCS.

PesynbTaTi BUMIipIOBaHb HaBelEHI1 Ha pHC. 0, 3 SIKOTO BUILIMBAE, IO
peaiizaiisg B rpaHUYHUX IIApax MajauBa OPIEHTOBAHOI CTPYKTYpPH MoJie-
KYJI 1 YIPaBJIiHHS HOTO TOBIIMHOIO 32 PAXYHOK JOJaTKOBOI'O HaHECCHHS
enijjamMiB Ha Mpenu3iiiHi MOBEpXHi J03BOJSE B 3HAUYHIM Mipi 3HH3UTH
3HOWYBaHHs MuTyHkepHuX nap [THBT, nigBUIMBIIM, TAKUM YHMHOM, Ha-
JUMHICTH 1 JIOBTOBIYHICTH POOOTH JAHOTO BY3JIa JU3ENSA. 3MCHIICHHS
3HOCY mpenu3iiHoi mapu TepTs miyrkep — Brynaka [IHBT takox cBin-
YHUTh TPO 3HWKEHHS €HEPreTHYHUX BUTpPAT Ha 3a0e3MeueHHs pOOOTH UX
€JIEMEHTIB 1 MiATBEPKYE e EeKTUBHICTh 3aCTOCYBAHHS METOAY BUKOPHC-
TaHHS CIiIaMiB.

BucHoBkH i mepcneKTHBHM NMOJAJBIIMX AoCTimTxkeHb. [IpoBeneHi
JOCHTIDKEHHS. 1 OTPpUMaHi Pe3yJIbTaTH JO3BOJIIOTH 3POOMTH HACTYITHI
BHCHOBKH.

Excnnyatanis TpubomnoriuHoi cucrem muryHxkep-prynaka [THBT Bia-
OyBa€eThCS B PEXMMI TPAaHUYHOTO TEPTs, a MIap MaluBa, 10 PO3ILIIE iX
MOBEPXHi, BUKOHYE (YHKIIIi MACTUIIBHOTO MaTtepiaiy.

Jnst mpenu3iiiHol mapy NaiuBHOI arapaTypy BUCOKOTO THCKY ILTyH-
Kep-BTYJIKa SIK METOI, IO CIPHSIE 3HNKEHHIO KOHTAKTHUX HAaBaHTaXKEHb,
SKI BUHHKAIOTh Ha iX MOBEPXHAX, MOXKE OYTH BUKOPHCTAHO HAaHECEHHS
ernijamiB.

ToBumHa mapy emizamy Ha mnoepxHi ruryHxkepiB [IHBT cknanae
12,5...18,7 uMm, a yac, HeoOXiTHUH 1 Horo afcopOuii He nepesurye 10
XB.

Hanomap eminaMiB, HaHECEHUI Ha MeTajeBYy MOBEPXHIO, MPU3BO-
IUTh 10 ~1,5-KpaTHOrO 30UIbIIEHHS TOBUIMHM T'PaHUYHOTO HIapy Mallu-
Ba, 1[0 CHpUSE IMIIBUIICHHIO MPYXHUX BIACTUBOCTEH 1 PO3KIIIHIFOUOTO
TUCKY TIAJINBA, 0 PO3/iIse Mpeun3iiHy napy Bryika-mryHxkep [THBT.

HaHnecenHns opraHiYHMX TMOKPHUTTIB Ha MOBEPXHI MPEUU3idHHUX Tap
[MHBT cmpusie miBUIIEHHIO eHEpreTHYHOl eh)eKTUBHOCTI TaHOi TpHuoOo-
JIOT1YHOI CHCTeMHU, 10 (B 3aJIKHOCTI Bij vacy ekcriyataunii [IB3) Bu-
3Ha4yaeThes B 24,0...44,6%-My 3HIKEHHI 3HOCY TLTYHXKEPiB.

Hanecenns emniniamiB BiIHOCHUTBCS 10 KaTeropii Cy4acHWX HaHOTEX-
HOJIOTIYHMX METOJIB, BUMArae MomnepeaHixX JOCHiPKEHb 1010 BU3HAYCH-
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HSl ONTHUMAJBHUX BHUJIB OPTaHIYHUX MOKPUTTIB 1 Yacy iX HaHECEHHs Ha
Mpenu3iiiHi MOBEepXHi, aje Npu IOMY HE BUKJIHMKAE JOJATKOBUX TPYIO-
BUTpAT NpU HOro BUKOPUCTAHHI Ha PIYKOBHUX 1 MOPCHKHX CyAHAaX, Mil-
BUIIYE EHEPreTHYHY e)eKTHBHICTh TpuOonoriyaux cucrem /IB3 i Mmoxe
BpaxoBYBaTHCS MPH po3poOIi MeTonuku Bu3HadeHHs nmapamerpie CEY

[6].
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Harionansauii yaiBepcuTer «O1echka MOPChKa aKaaeMisy

YHPABJIIHHS SMAIIEHHAM HUJITHAPIB CYJHOBUX
JAU3EJIB 3 METOIO 3ATIOBII'AHHA ITIOJIOMKH
HNOPIIHEBUX KUIEILb ITPU IMTPOXOA’KEHHS ITPOAYBHUX
BIKOH BTVYJIOK

Abstract

A new solution to the problem of increasing the reliability of the
ship's diesel engine by preventing piston ring breakage due to the regula-
tion of cylinder lubrication is presented, depending on the diagnostic data
of their operable condition when the ring moves along the bushing win-
dows. Identification was carried out by ranking by reliability levels, de-
pending on the frequency of the acoustic signal from the sensors installed
on the hub. The method is based on studies of the anisotropic properties
of thin films of cylinder lubrication as a function of the disjoining pres-
sure from the thickness of the oil film on the surface of the cast-iron pis-
ton ring. It is established that the technical condition of the piston rings is
determined by the method of ranking by reliability levels, which are di-
agnosed by the frequency of the acoustic signal from the piston ring as it
moves along the sleeve windows in the following sequence: reliable lev-
el, partially reliable level, pre-emergency level (boundary friction mode
with partial adhesion grasping of piston rings and crosspieces of the cyl-
inder bushing), emergency level.

The authors developed an identification method and a method for di-
agnosing the technical condition of the piston rings of a low-speed diesel
engine by the frequency of the acoustic signal when the rings move along
the purging bushing windows, with a deterioration of the lubricant. The
reliable level of the technical condition of the piston ring is maintained
during self-regulation of the disjoining pressure in a thin film, which var-
ies exponentially according to its thickness and excludes contact between
conjugated surfaces at a value of more than 140 nm; On the basis of these
data, a diagnostic model of the technical state of piston rings is con-
structed for the realization of quasi-crystalline properties of lubricants.

. A scheme for controlling the lubrication of cylinders is presented,
taking into account the data on the technical condition of the piston rings
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during the passage of the purging windows of the cylinder sleeves, which
prevents their breakage.

Keywords: diesel, piston ring, diagnostics, lubrication, thin films,
anisotropic properties.

IHocTanoBka nmpodaemu.

Opranizaifiss eKkcIulyartaiii Cy4acHHX CYJHOBUX Majao00epTOBUX
neuryHiB (MOJI) Bumarae BIOCKOHAJICHHSI YIIPABIIHHS MPOIECAMH 3Ma-
meHHs: nuiiaaponopiHeBoi rpynu (LII) 1 3axucty Bin aBapiiiHuX cu-
tyauiii [1-3]. [Tonomka kinenp ABUTYHIB ()OPCOBAHOTO Psiy, € HAHOLTBII
4acTOoI0 MPUYMHOIO iX (PYHKIIOHAIBHOI BITMOBH, OJHAK, TPUYMHH IIOTO
SIBHIIA JI0 TENEPIiIHBOr0 Yacy HeJOCTaTHLO BUBYEHI [ 1,4].

HoBuM HampsIMKOM TMiIBUIIICHHS HAJAIMHOCTI 1 eKOHOMIYHOI e(eKTH-
BHOCTI CYAHOBHUX JBUTYHIB BHYTPIIIHHOTO 3rOPSHHS TPAHCIIOPTHHX CY-
JIeH € CTBOPEHHS 1 OpraHizailis eKCIuTyaTalii cuCTeM 3MalllyBaHHS, IO~
Oy/lI0OBaHMX Ha BHKOPUCTAHHI PIAKOKPUCTAIIYHOIO CTaHy MaCTHUIBHUX
MaTepiajiB B TOHKHX IUTiBKax. B po6oti [5] TeopernyHo oOrpyHTOBaHa i
eKCIIEPUMEHTANIbHO MiATBEP/DKEHA MEPCIEeKTUBHICTh IIOTO HAMPSIMKY
nociimkenb. OTHAK BUKOPUCTAaHHS [IbOTO SIBHINA JJIsl MiJABUIICHHS Ha-
JIMHOCTI JIBUTYHIB 1 MOMEPEHKEHHS aBapiifHUX CHTYyalid BiJ MOJOMKH
MOPIITHEBUX KiJIeIlb, PAHIIIE HE JOCTIIKYBABCsI Yepe3 BiJICYTHICTh JaHUX
PO aHI30TPOIMHI BIACTUBOCTI TOHKUX IUTIBOK MAaCTHUIIA, 110 BUHHKAIOTh
MPH TOTIPIIEHHI YMOB 3Ma3yBaHHL.

JlitepaTypuuii anaii3 [3-6] mokasas, 1110 Ha Cy4aCHUX CyJaX MPOBO-
JUTHCS. MOHITOPUHT CTaHy 1 BUKOHaHHS (DYHKIIH OKpEeMHUMH BiAIOBina-
npauMu gerainsmu LI, CroemianbHui MIBHAKOMIIOUNE JATUMK, BCTAHO-
BJICHWH BHILE MPOJAYBHUX BIKOH Ha IIIIHAPUYHIA BTYJI IBUTYHA, BU-
MIpIO€ YacTOTy 1 aMILTITYAy aKyCTUYHUX KOJIHMBaHb, 0 BUHUKAIOTH IPH
MPOXO/KEHH1 KIS TIOB3 AaTYMKA MO CYHUIbHIN MOBEPXHi BTYIKH 1 Ti-
JIPOJVMHAMIYHUX YMOBH 3MalleHHS. 3a UMM JaHUMH BCTaHOBIIOETHCS
Mpane3aTHUHI CTaH CIIONyYeHHS «KUIbIIe-BTYIKa».

OnHak, mpy MaluX MIBHIKOCTSAX PyXy MOPIIHS, B MOMEHT MPOXO-
JDKEHHS MPOAYBHUX BIKOH BTYJIOK, YMOBH 3MalleHHS MOTIPIIYIOTbCS Ye-
pe3 IPOAYBKY 1 peXKUM 3MAIICHHS BXKE HE € TiIpoAuHaMiyHuM. ToBIIMHA
TUTIBKH 3MEHIIY€ETHCSI, B TOHKOMY 3MalllyBaJbHOMY IIapi BHHUKAIOTH aHi-
30TPOITHI BIACTUBOCTI, 10 3MIiHIOIOTh IPUPOJLY B3aEMOJIIT apu «KilbIie-
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BTYJIKa» 3aBISKHU il PACKIMHIOIOYOTO THUCKY, SIKAH MEpeIIKoKae BUHU-
KHEHHIO aJIre3iiHOr0 KOHTAKTY.
Brepiie excriepuMeHTaNbHI JIJaHI BIACTUBOCTEH IUX IUIIBOK OTPH-
MaHi B poborax aBTopiB [7-10]. BcTaHOBIEHHS 3a/ISKHOCTI PO3KIHMHIOHO-
YOro THCKY B IUTIBKAaX IMJIIHAPOBOTO Macja BiJl IX TOBIIMHM HA METaJe-
BUX TIOBEPXHAX, SIKi BAKOPUCTOBYIOTHCS B AM3eNeOyyBaHH1, JO3BOJIHIIO
po3pobHuTH MeToA 1 croci0 igeHTHdiKalii nmpane3gaTHOro cTaHy MOpI-
HEBOT'0 KUIbIS MPY Manux mBuakocTsx [7,11]. Lle gamo MoxXIuBicTh KO-
PUTYBATH 3MAIICHHSM WIIHJPIB 3a JaHUMHU ieHTU(IKAIl, 3 METOIO ITijI-
BHIIIeHHS HafaidHoCTI By3sa LII17 i monepepkeHHs aBapiiHOI CUTYaIlil.
Taxki 3aBiaHHs paHille HE JOCIIHKYBAIUCS 1 CTaBJIATHCS BIIEPILE, TOMY
poboTa € aKTyaIbHOIO.
Merta cTatTi - po3poOka cxeMu KepyBaHHs 3MAaIlleHHSM IIIiHAPIB
MO/ 3 ypaxyBaHHsIM ineHTH}IKAI] TEXHIYHOTO CTaHy MOPIIHEBUX Ki-
JIellb TIpH iX pyci B3JOBXK MPOAYBHHUX BiKOH BTYJIKH LWIIIH/DA.
Buxaaaka ocHOBHOro Matepiady.
Y poGorax [6-9] Brepiiie eKCrIepUMEHTAILHO BCTAHOBJICHO, 1110 PO3-
KJIMHIOIOYUI THCK B TUTIBKaxX IMJITHAPOBOTO Maciia Ha CTaJIeBUX 1 YaByH-
HUX TMOBEPXHsAX BiamoBigatoTs obnacti P (h)> 0, To6To B ToHKOMY Imapi
MacTuja 3 aHI30TPOITHUMH BJIACTUBOCTSIMUA BHHUKAE CUIIA, CIPSIMOBaHA B
MPOTUIICKHHUN OIK TUCKY KUIBIIS Ha BTYJIKY.
Ha puc.l npuBenena, orpuMaHa aBTOpaMH, 3aJIEKHICTh PO3KINHIO-
I090TO THCKY BiJl TOBUIMHM MACJSHOI IUTIBKM Ha MOBEPXHI YaBYHHOTO
MopIIHeBoro Kinbiis [10].
VY 11ux poboTax BCTAHOBJICHO:
e 3MiHa packiuHuBatomiero tucky P (h) muiniampoBoro Macna Ha
CTaJsIX 1 yaByHaX HOCSITh EKCIIOHEHTHHI XapaKTep;

®  MaKCHUMAaJIbHUU PO3KIMHIOYHIA THUCK, 10 BUHHKAE€ B TOHKIH
ILTIBI IMJIIHIPOBOTO MAacTHJIA JUISl YaBYHHOI'O KIIBIIS JOPIBHIOE
IIs = 140 kITa;

e MiHiMaJlbHA TOBUIMHA IUTIBOK, MpPH SKii PO3KIMHIOIOYMH THCK
JIOCATAaE MAKCUMYMY JJIsL BCIX JTOCIIPKEHUX MaTepiajiB JICKHUTh
B inTepBaii 140 ~ 160 HM
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Puc. 1. 3MiHa pacKIIMHMBAIOIIETO THUCKY B TOHKIM IUTIBII MacTia
ENERGOL CIO 50M Ha yaBYHOM MOpPIIHEBOMY KUJIBIIl B 3aJI€KHOCTI BiJl TOB-
IIWHU IJI1BKH.

®  TIpale3JaTHHIA CTaH MOPIIHEBOTO KUIbIlS 30epiracThCs B MPOIIECi

CaMOpETYJIIOBaHHS PACKIMHHUBAIOIIEIO THUCKY B TOHKIHM TUTIBIL,
IO 3MIHIOETBCS TIO EKCHOHEHIIATBHOMY 3aKOHY B 3aJIeXKHOCTI
BiJl il TOBIIMHHM 1 BUKIIIOYAE€ KOHTAKT MIXK CITOJy4YEHUMH TTOBEPX-
HSIMU TIpH i1 3Ha4YeHH1 oHay 140 HM.

InenTudikanii curHany Bij BiOpalliifHOro JaT4yrKa, BCTAHOBJICHOTO
Ha LWIIHAPUYHOI BTYJMI MPH MPOXOPKEHHI KiNbLEM MPOIYBHHUX BiKOH
numinapa MO/, npyu Manux MBHIKOCTSIX PyXy MOPIIHS, JOCTiIKEHa B
pobori [11]. Po3pobnero merox ineHTHiKamii i crnocid MiarHOCTHKU
TEXHIYHOTO CTaHy MOPIIHEBUX KiJielb MAIIOOOOPOTHUX JAU3ENS 10 YacTo-
Ti aKyCTUYHOTO CHTHAITy MiJ] 4ac PyXy KiJielb y3[0BXK MPOAYBHHX BiKOH
BTYJIKH.

Bnepiie BcTaHOBIIEHO, 1110:

- HaJilfHUH piBeHb TEXHIYHOT'O CTaHy MOPIIHEBOTO KiJbIls 30epira-
€TBCSl B MPOIIECI CAMOPEryIIOBaHHS PAaCKIMHUBAIOIIETO THCKY B TOHKIH
TUTIBI, IO 3MIHIOETHCA IO EKCIIOHEHIIaIbHOMY 3aKOHY B 3aJIeKHOCTI
BiJ 1 TOBIIMHU 1 BHUKIIIOYAE KOHTAKT MDK CHONYYEHHUMH IMOBEPXHIMH
npH ii 3HaueHHi moHax 140 Hwm;

- 4aCTKOBO HAJiWHUI piBeHb TEXHIYHOI'O CTAHY MOPIIHEBOI'O KiNbLsS
XapaKTePU3YEThCS TPOLIECOM CaMOPETyIIOBaHHS PACKIMHUBAIOIIETO TH-
CKYy, IIPH HASIBHOCTI B CITOJIy4EHHI JUISTHOK, Ha SIKMX MacTHJIO BiJICYTHE, B
pe3ybTaTI YOTo MOBEPXHI 30IMKYIOTHCS Ha BelHUnHy MeHie 140 HM;
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- TepefaBapifiHOMYy piBeHb TEXHIYHOTO CTaHy MOPIIHEBOT'O KiIbIIS
BI/IMOBi1a€ PeKUMY 3MAaIIEHHS, TIPU SKOMY 30UIbIIYETHCS TIIOINIA CIIONY-
YeHHS, Ha SKiil BiJICyTHE MacTWJIO, IO BUKIHMKAE PEKAM TPAaHUYHOTO
TEPTS 3 YaCTKOBUM QJre3ifHUM CXOIUTFOBAHHSM IOPIIHEBUX KUICIh 1
MEepEMHYOK BTYJIKH IHJIIHIPa, 30IMKEHHIO TOBEPXOHb HA BETHUUHY Me-
Hie 140HM 1 MOIaIbIIOro 301IBIIEHHS YaCTOTH aKyCTUYHOTO CUTHAIY ;

- aBapidHMI piBeHb TEXHIYHOTO CTaHy MOPLIHEBOrO KiNbLs BinOyBa-
€THCS TIPH BIJICYTHOCTI 3MAaIlleHHs] HA BEJIMKIN TUIOIII CHIOTYyYeHHsI, 30711~
KEHHIO TIOBEPXOHB 10 h = 0 HM, IpH SKOMY peali3yeThCcs PEXUM CyXOro
TEpTs, U0 MPUBOAMTH JI0 MOJTOMKH TOPIIHEBUX KiJellb;

I'pannunmii 1 momepeKyBalbHUI PiBHI BU3HAYANIMCS Ha MiACTaBi
eKCIIEpUMEHTAIIbHUX BHIIPOOYyBaHb Ha MOJENSAX TEPTS PETYIIOBAaHHIM
MacTHJIBHOrO Matepiany [12]. Cxema yCTaHOBKH il BIOPOAKYCTHUHOTO
JIarHOCTUKK TEXHIYHOTO CTaHy TOPIIHEBOTO KiNIbIS IUIIXOM BHMIipIO-
BaHHS YaCTOTH aKyCTHYHHX KOJHMBaHb Oe3MOcepeHbO Ha CY/HI, HaBe/e-
Ha B poborti [11].

30LIBIICHHS TT0JaYi Maciia, ab0 3HMKEHHS HaBaHTa)KEHHS.

Yacrora nonag 500 'y BimnoBizae rpannyHoMy piBHIO. [Ipu bomy
BiOyBa€eThCsl HEOOOPOTHA AECTPYKIiA MOPUIHEBOTO Kilbls. Bupobis-
€THCSl CHTHAJI HA aBapiiiHy 3yIHHKY JBUTYHA.

Ha mixcraBi nux paHux moOyoBaHa JIarHOCTHMYHA MOJICNIb TEXHid-
HOT'O CTaHy MOPIIHEBUX KiTelb MPH pealtizalii KBa3ikKpHCTaTiYHUX Bac-
THUBOCTEH MacTHJIILHUX MaTepiajiB mpeacrasieHa Ha puc. 2 [10].
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Puc. 2. JliarHocTHYHa MOJIETh TEXHIYHOTO CTaHYy HMOPLIHEBUX KiJIelb

MO/I.
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TakuM yuHOM, cHUcTeMa 3a0e3leyye MOHITOPHHI TEXHIYHOI'O CTaHy
MOPIIHEBIX Kilellb B MOMEHTH MPOXO/KEHHS MPOAYBHUX BIKOH MPH TO-
TipIIeHH] YMOB 3Ma3yBaHHSI.

OTpuMaHi HaMH E€KCIIEpUMEHTANIbHI pe3yJabTaTH MOHITOPUHTY B3ae-
Momii crionyueHux noBepxoHb LI mpu MaimMx MBHIKOCTIX PyXy JO-
3BOJIWJIM BUPIIIUTH 3aBAaHHS YIPaBIiHHAM MTPOIIECOM 3MAaIleHHs LIUTiH-
JpiB cxeMa SIKOTO, 3 ypaxyBaHHSM JIAHUX MPO TEXHIYHHUH CTaH MOpIIHE-
BHUX Kilelb NpPU MPOXOMKEHHI MPOAYBHHUX BIKOH BTYJOK IHJIIHJIPIB,
MpeacTaBiIeHa Ha puc.3.

|
| F(t) |
| |
| 08'erT ynpaeTiHHa I
|
| q o
| JaTumuk Ll
— ™ Bryaxa—kimsue [IIT
Bes s0116b- _ = o
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THEHHE ShA- WeHHA UHIHAPIE
SHH 200T
J0UTEmeHET
CHMASKH Ha 00T
10-13 %
JOUTEIIeHHA ®=
A IKH HA 30011
25-30 %
Cronm
ABHTYVH 1000
N ®=
S I [ d

Puc.3. Cxema ympaBiinas MactwioM muninapis MO/I 3 ypaxyBaHHSIM
JIIarHOCTHKH TEXHIYHOTO CTaHy HMOPILIHEBUX KUIEIb MPH 1X pyci B3I0BXK MPOY-
BHUX BIKOH BTYJIKH LMJIIH/pA.
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BucHosku

VY poboTi mpeacTaBieHO HOBE BHpIIIEHHS MPOOJIEMH MiJABUIICHHS
HAAIHHOCTI CYyJJHOBOTO AW3ENS IUISIXOM IONEPEHKEHHS MOJIOMKH TOpII-
HEBHX KiTelb 32 PaXYHOK PETYJIIOBaHHS 3MAICHHSIM IAIIHPIB B 3aJI€XK-
HOCTI BiJl JIaHUX JIIATHOCTHKHM X TEXHIYHOTO CTaHy IpPHU MPOXOKCHHI
MPOYBHHUX BIKOH.

HaykoBuii pe3ynbTaT poOOTH MOJSTaE B TOMY, IO TEXHIYHUN CTaH
MOPIIHEBHUX KiJIelb 11eHTH(]IKYETHCS METOAOM PaHKUPYBaHHS 32 PiBHS-
MU HaJIiHHOCTI, SIKi JIarHOCTYIOTBCS IO YaCTOTI aKyCTUYHOTO CUTHAITY
BiJl TIOPITHEBOTO KUTBLS MPH HOro pyci B3JOBXK BIKOH BTYJIKH, B TakKii
HOCIIiIOBHOCTI:

* HaAiIHWIA piBeHb (CHpPAaBHUM TEXHIYHMHA CTaH Kilelb) - IHTEPBAI
akycTuyHuX 4yactot 2 + 200 I'm;

* YaCTKOBO HAJIMHUI piBeHb (BiJCYTHICTH IUTIBKM HA OKPEMHX Tepe-
MHUYKax BIKOH BTYJIOK) - iHTepBas akycTHuHNX yactoT 200 + 3000 1;

* mepenaBapiiHuil piBeHb (PEXKUM TPAHHUYHOTO TEPTS 3 YACTKOBHM
aAre3ifHAM CXOIUTIOBAaHHSM TOPIIHEBHX KUTEIb 1 MEPEMHYOK BTYIKH
HWTIHIPA) - iHTepBall akycTHYHUX YacToT 300 + 5000 ;

* aBapiliHWI piBeHb (CTaH CYXOro TEpTS MOPIIHEBUX Kilelb, L0
MPHUBONTH JI0 X TIOJIOMKH) -aKycTH4Ha yacToTa Oinbr 5000 .

Hageneni pe3ynbpTaTH MalOTh ICTOTHY IPAaKTHYHY 3HAYMMICTh, TaK K
JI03BOJISIIOTH MIABUINUTH MPaNe3AaTHICTh MOPITHEBUX Kilelb IHIIIHIPO-
MOPIIIHEBOI TPYHH CYJHOBOTO IM3ENs 1, OTXe, MIJIBUIUTH HaJIHHICTb
JIBUTYHA.

OTpumaHi pe3ynbTaTH MOXYTh OyTH BHKOpPHCTaHI HpU po3poOii
CXEMH YIpPAaBIiHHS MAaCTHJIOM IMJIIHIPIB iHIIUX MoAW(DiKalliii TBUTYHIB,
3 ypaxyBaHHSIM JaHUX MPO TEXHIYHUH CTaH MOPUIHEBUX Kijellb, BUKOPH-
CTaHI B TAaKUX Tally3X HAYKH 1 TEXHIKH, K TEMJIOBi JBUTYHH, TEXHONOTI]
cyaHOOyIyBaHHS 1 CyTHOPEMOHTY Ta iH.
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BUKOPUCTAHHSA YJbTPA3BYKOBOI OBPOEKHU B
MOAYJBHUX CXEMAX IIOBYAOBU CYJHOBUX CUCTEM
MHAJIMBOHIATI'OTOBKH

The processes of ultrasonic treatment and hydrodynamic activation
of the fuel are considered. The task of the study was to develop a version
of the modular configuration of the fuel system of a ship diesel engine,
taking into account the possibility of using ultrasonic fuel processing, as
well as studying the effect of ultrasonic fuel processing on sulfur corro-
sion of parts of a cylinder-piston group of a diesel engine.

The studies were carried out in the fuel system of the ship's medium-
speed diesel engine S6A2 by Mitsubishi, arranged in a modular fashion.
The first module (purification system) provides the required structural
composition of the fuel and is used both in combination with other mod-
ules of system preparation and for autonomous operation. The second
module (preparation system) provides final preparation of the fuel before
it is directly fed into the cylinder of a diesel engine. The third module
(supply system) provides fuel to the cylinder of a diesel engine.

As a result of the research, it was proposed to repackage the fuel
preparation modules. In this case, the option of using ultrasonic fuel pro-
cessing with the possible rejection of the fuel separation process, which
not only relates to one of the most energy-intensive, but also reduces the
calorific value of the fuel (due to the loss of combustible components), is
considered. A modular scheme was proposed in which there is no fuel
separation unit in the cleaning system, and the preparation system is ad-
ditionally equipped with ultrasonic processing and hydrodynamic activa-
tion units. It is shown that additional ultrasonic treatment of fuel primari-
ly improves the dispersed qualities of the fuel, and the cavitation phe-
nomenon accompanying this process leads to additional activation of its
hydrocarbon components, cleavage of C—S bonds and provides the pro-
cess of fuel desulfurization.

The effect of ultrasonic fuel processing on the sulfur corrosion of the
cylinder-piston group of the ship's diesel engine S6A2 by Mitsubishi is
analyzed. In this case, the linear wear of the cylinder bushing and the
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mass wear of the upper piston ring were determined. As a result of re-
search, it has been established that additional cavitation treatment of fuel
contributes to a reduction of sulfuric acid wear by 3.2...4.7 times of pis-
ton rings and cylinder liners of a diesel engine. In this case, the largest
decrease in this parameter is observed for piston rings, which is especial-
ly important given the importance of this unit in ensuring both the quality
of the processes of compression, combustion and expansion, and the reli-
ability of the piston-cylinder sleeve interface.

KuroueBble ciioBa: Cy0BOH JIM3€lb, CUCTEMA MOJTOTOBKH TOILIHBA,
yIbTpa3ByKoBas 00pabOTKa TOIUIMBA, AECYIb(pypU3allus TOIUIMBA, CEp-
HHUCTBII U3HOC LUJIMHPOIIOPIIHEBON IPYIIIIBI

KarouoBi cjioBa: cygHOBUH Ju3elb, CUCTEMa IMiJArOTOBKH IaJIMBa,
yJIBTPa3ByKOBa 00poOKa mMajmBa, Necyib(ypu3allis MajuBa, CipuMCTHIH
3HOC LIJIIHAPONOPLIHEBOI IPYIH

Keywords: marine diesel, fuel preparation system, ultrasonic fuel
treatment, fuel desulphurization, sulfur-wear of cylinder-piston group

ITocTanoBka npo0JieMu B 3arajbHOMY BHIJIsiAi. Po6ora cyx-
HOBHX JIBUTYHIB BHYTPIIIHBOro 3ropsiHHA ([IB3) 3abe3neuyersest pizHU-
MU CHCTEMaMU, caMOi €Heproo30pOEHOI0, PO3TaTy KEHOI Ta HACHYCHOT 3
SAKHX € TaJMBHA cucteMa. B manmii yac icHye TeHJeHIlisi BUTOTOBIICHHS
CYJHOBHX CHUCTEM Y BUIJISII MOIYJIIB, MPU I[bOMY KOXXEH MOJIYJb IIi€i
CHUCTEMH BIJIPI3HAETHCS 33 CBOIM LLJILbOBUM IPU3HAYCHHSM, 32 CIIOCOOOM
TepEeTBOPEHHS €Heprii, 3a CKJIaJ0oM 1 BUKOHYE CTpOro MeBHi ¢pyHKii. s
3a0e3MeueHHsT SKICHOI MaJIMBOMIJATOTOBKH 1 MOAAIBIIOr0 e(hEeKTUBHOTO
BUKOPUCTAaHHSl TalliBa, HOBOCIOPYIDKYBaHI CyAHa KOMIUIEKTYIOTHCS
CIIEI[IaIbHUMH CHCTEMAaMH IIATOTOBKM 1 MOJadl IMajnBa, a MaJduBHI CH-
CTeMH JU3eNiB III0YNX CyJIeH MepeoOIaHYIOThCS 3 YPaxyBaHHIM MOXK-
JIMBOCTI 3aCTOCYBaHHS CEPEAHBO- 1 BUCOKOB SI3KOT'0 MAINBA.

AHaJi3 ocTaHHIX J0c/iaxkenb i myOJikanii. Po3sutok cyvac-
HOI TEXHIYHOI HAYKH CIIPHIE MOSABI PI3HUX MEXaHI3MIB 1 yCTaHOBOK, QY-
HKI[IOHYBaHHS SIKUX B CKJIAJli MaJTMBHUAX CUCTEM 3a0e3Ieuye MOoJinmeHHs
eKCIUTyaTaliiHUX XapaKTeprcTUK nanuBa. OAHOYACHO TPU BOMY YA0C-
KOHATIOKOTBCS CIIOCOOM MIJIrOTOBKY CYJAHOBUX TAJIMB, JIO SIKUX HacamIie-
pen HalexaTh BHKOPUCTaHHs ToMoreHizamii [1], 3acrocyBaHHs BOIO-
MaJMBHUX eMYJIbCiH [2], BUKOpUCTaHHS TpHCanoK jo mamusa [3]. [lpu
IIOMY CJIiJI 3a3HAYUTH, IO JIaHI CITIOCOOM MIJTOTOBKHU IMMajiMBa B JAaHUUN
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4ac 3aCTOCOBYETHCSI B OCHOBHOMY 3 METOIO 3a0€3MEUCHHS CKOJOTTYHUX
rnapamerpiB poooru ausens [4].

ITocTanoBKa 3aBAaHHSA. TakUM YHHOM, HE3BAKAIOUH HA BEIHKY
KUIBKICTh JIOCITI/PK€Hb, BUKOHAHUX K OKPEMHMH BYCHUMHU, TaK 1 HAYKO-
BUMH OpraHizalmisMu, TepeBakHa OLTBIIICTh 3 HUX CTOCYETHCS OI-
TUMI3allii CTaHJAAPTHUX CHOCOOIB MANMBOMIATOTOBKU. 3 OISy Ha
BHKJIAJICHE, 3aBJIaHHS JIOCIIDKEHHS TMOJSTalio B PO3po0Ili BapiaHTy Te-
PEKOMITIIEKTAIIT MOYJIbHOI CXEMU MaJIMBHOI CUCTEMH CYJHOBOTO JIU3EIIS
3 ypaxyBaHHSM MOXKIHUBOCTI BHKOPHUCTaHHS YJIbTPa3BYKOBOi 00pOOKH
MajuBa, a TAKOK BUBYCHHS BILIUBY YJIBTPa3BYKOBOI 0OpOOKM IMajuBa Ha
CIpYHCTY KOPO3it0 JeTajel UIIHIPONOPIIHEBOI IPYITH JTU3EIIsL.

BukJaa ocHOBHOro mMartepiajy aocigxKeHHs . [Iposeneri 1o-
CIIIJDKCHHST BUKOHYBAJIUCS B IMAJMBHIA CHCTEMI CYJIHOBOTO CEPEIHBO-
obeproporo auzens (COM) S6A2 dipmu «Mitsubishi», 1mo ckomnoHoBa-
HAa 32 MOIYJbHUM NPUHIMTIOM (pHC. 1, a).

MincvcTema niaroTosku
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Puc. 1. MonyneHa cxema 1o0y/10BH NaJIMBHOI CHCTEMH CYTHOBOT'O JTU3EIS:
a) cTaHAapTHa; 0) IPH BUKOPHUCTAHHI YIbTPa3BYKOBOI 0OpOOKH 1 riApoanHaMidHOL
aKTHBALlii IanBa;
1 — BiJICTIHHO-BUTPATHI IUCTEPHU; 2 — HACOCH, IO NEPEKAUYIOTh MaJI1BO;
3 — migirpiBaui nanuBa 1-ro crynens; 4 — cenapaTropy najiuBa; 5 — BUTpaTHA LHC-
TepHa; 6 — HACOCH, IO IMiIKAYYIOTh IMaJHBO; 7 — BUTpATOMIp; 8 — JieaepaTop;
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9 — mupKysniiai Hacocw; 10 — mixirpiBaui nanusa 2-ro cryneHs; 11 — qaTauk
B’S3KOCTi; 12 — riipogMHAMIYHUI aKTHBATOp MajuBa; 13 — yapTpa3ByKoBa YCTaHO-
BKa 1-ro crynens; 14 —apromatinyauii GineTp; 15 — ynpTpa3sBykoBa ycTaHOBKA 2-
ro crynens; 16 — [THBT; 17 — ¢popcynka

[epmmit mMomynb (cucTeMa OUMINCHHS) 3a0e3rneuye HeoOXiqHU
CTPYKTYPHHIA CKJIaJl TaJIiBa 1 BUKOPUCTOBYETHCS SIK B KOMIUICKCI 3 1H-
IMMH MOJYJISIMU TiJATOTOBKH CHCTEMH, TaK 1 JJI1 aBTOHOMHOT'O PEKUMY
pobotu. B ocraHHbOMY BHUTIIaJIKY BiAOYBa€ThCS «BHYTPILIHS» LUPKYJIIs-
1is TajKBa, B Pe3yibTaTi K01 JOCATAEThCS HEOoOXiqHa SKICTh HOro ouu-
meHHs. JlaHWii MOAynb MIATOTOBKM NalMBa € CaMHUM EHEPrOEMHUM,
OCKUTBKHM BKJIIOYa€ JI0 CBOIO CKIaay Taki eJIeMeHTH, SK BiICTiHHO-
BUTpPATHI-BUAATKOBI IUCTEPHH, HACOCH, IO MEPEKavyIOTh MAIUBO, MaJIU-
BHI MiJirpiBadyi i NaJIMBHI cemapaTtopu [5].

Hpyruii Monynb (cucTeMa MiATOTOBKH) 3a0e3medye OCcTaTOYHY ITiJi-
TOTOBKY MaJiBa Mepes Horo 6e3mocepeIHbOoI0 MoJaueio B IIIHIP Ju3e-
Jsisi. OCHOBHUMH CKJIQJIOBUMH JIJAHOTO MOJYJIS € HACOCH, 110 MiAKAYyIOTh
MAIWBO 1 MUPKYJALIHHI HACOCH, MiAIrpiBadi nanusa 2-ro CTyness, Qiib-
TpamiiiHi yCTaHOBKH, aBTOMATHYHI MPHUCTPOI, IO 3a0e3MevyloTh KOHT-
POJb CYIUIBHOCTI MOTOKY 1 pEeryjtoBaHHS B’SI3KOCTI maiuBa. B maHuit
MOJIYJTb TaKOX BXOAWUTH OyCTepHa yCTAaHOBKA, 32 JOMOMOT'OIO SIKOi ITiJIT-
PUMYETHCSI HEOOXITHUI THCK B CUCTEMI, a TAKOXK Jieaeparop, KUl ouu-
A€ TAJIMBO BiJ MOBITPSHUX 1 ra30BUX jJoMimiok. [TanuBo B melt Moayib
HaJIXOJIUTh B TIONEPEIHBO MiIrPITOMY CTaHi, 110 3HIKYE BUTPATH SHEP-
rii Ha WOro MiJrOTOBKY.

Tperiii Mmomynb (cUcTeMa 1ojaui) ysBlise€ COOOK MAIMBHY CHCTEMY
BHCOKOT'O THCKY 1 3a0e3Ieuye mojauy najiuea B HUIIHAP au3ens. Exepris
B JAHOMY MOJYJIi BUPOOJISIETHCSI CAMUM JIM3EIIEM 1 MepeaaeThesl 10 Nalu-
Ba uepe3 KIHEMaTHUYHY CXeMy KOJIHYacCTUH Baj — PO3MOAUIBHHUN Bal —
IITOBXau MaJiMBHOro Hacoca Bucokoro tucky (ITHBT). Eneproemuicts
JIAHOTO TIPOIIECY BIHOCUTHCS IO MEXaHIYHUX BTpAT JU3eIs 1 MOXKeE JIO-
csaratu 5...7% #oro notykHocti. B KiHIIeBOMY paxyHKy, B JJAHOMY MO-
JyJli 3aBISKH XIMIYHOT peakiii OKHUCIEHHS MajiBa KHCHEM IMOBITPs IMo-
TEeHIlifHa eHepris MaluBa MEePEeTBOPIOETHCS B TEIIOBY €HEPTilo rasiB i, B
HACITIIOK, B KOPUCHY pOOOTY TIOPIIHSI TU3Es.

B pesynbraTi npoBefieHUX B JIOCHTIKEHb MPOMOHYETHCS TEPEKOMII-
JISKTAIlil MOJMYJIB MiATOTOBKH TNanuBa. [IpyW 1IbOMY OCHOBHUI AaKIIEHT
CTIPSIMOBYEThCS Ha BHUKOPUCTAHHS YIBTPa3BYKOBOI 0OpoOKM manuBa 3
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MOXIIMBOIO BiZIMOBOIO BiJl TMPOLIECY cenapalii nanuBa, SKAA HE TUIBKU
BITHOCUTBCS JIO OJHOIO 3 HAHOUIbII EHEPrOEMHUX, a U 3HUIKYE TEILIOT-
BOpHY 3/IaTHICTh ManvBa (3a paxyHOK BiABEIEHHS B ILUIAM TOPIOYUX
CKJIaJIOBUX TIaliiBa). 3MiHEHa CHCTeMa IMaJMBOIIIrOTOBKM MOKa3aHa Ha
puc. 1, 6, ipu 11bOMY B JIaHili CXeMi BIJICYTHIH By30JI cenapailii rnajinpa B
CHCTEMI OUYMILEHHS, a CUCTEMa MiATOTOBKH J0JATKOBO YKOMIUIEKTOBaHA
OJIoKaMH yJIbTPa3BYKOBOI MIZATOTOBKU 1-T0 Ta 2-ro cryneHto. KpiM Toro,
OJIOK YJbTPA3BYKOBOI MiAATOTOBKK 1-ro CTyIMeHIo nependadae sk Oe3mno-
cepenHbO BUKOPUCTAHHS TPOLECY yAbTPa3ByKOBOI KaBiTallii, 0 31ikc-
HIOETBCS 3a JIOMOMOTOI0 TeHepaTopa 13, Tak 1 TiApoAMHAMIYHY aKTHBa-
{0, SIKY BAKOHYIOTh B akTHBaTopi 12.

[oniOHi muTaHHS PO3TISAAINCS, BHBUAINCS 1 BUKOHYBAJHMCSA IS
JBUTYHIB BIJHOCHO HEBHCOKOI TOTYXKHOCTI, 110 BUKOPHUCTOBYIOTHCS B
aBTOMOOUTFHOMY 1 3aJTi3HUYHOMY TPAHCIIOPTI, @ TAaKOX UIs MaJliB 3 Ma-
COBUM BMICTOM Cipku 70 1 %. AHaNOriYHi JOCTIJKEHHS I CYIHOBOL
CHEPreTHKH, SKa XapaKTepU3YEThCSI BHCOKOIO arperatHoi MOTYXHICTIO,
HIMPOKUM CHEKTPOM BHKOPHCTOBYIOTHCS TaJUB i aBTOHOMHICTIO POOOTH
CYZHOBOI €HEPreTHYHOI yCTaHOBKU MPaKTU4HO BincyTHI. Kpim Toro, mpu
BH3HAYEHHI aKTyaJbHOCTI MOAIOHUX PO3POOOK ISl CHCTEM IMAIMBOIIIIrO-
ToBkH JIB3 MopchkuX cyneH HeoOXiTHO BpaxoBYBAaTH PiBEHb PH3HKIB
MOKJIMBUX BIJIMOB 1 CKJIQJIHICTh BUKOHAHHS TEXHOJIOTIYHHUX POOIT y pasi
MOPYIIEHHS Mpane3aTHOro CTaHy By3na abo elneMeHTa JABUryHa. SIKiio
JIOCTaBKa 3allaCHUX YACTHH 1 1X 3aMiHa Ipu aBapii cTallioHapHUX JBUTY-
HIB MO¢e OyTH BUKOHaHa MPOTATOM JCKUIBKOX TOJMH, TO JUIsl JBUTYHIB,
10 BUKOPHCTOBYIOTHCS HA MOPCBKMX CyJHAX, MOMIOHI 3aX0AU 3 ypaxy-
BaHHSM JQJIbHOCTI 1 aBTOHOMHOCTI TUIABaHHSI CyJlHA MOXYTh JIOCSTaTH
NEKTbKOX  JiecsATKiB  JHIB. CTaTHUCTHKA TMO3alITaTHUX CHUTYAaIliH,
MOB’SI3aHUX 3 aBapisIMH MAJIMBHUX CHUCTEM 1 IX €JIeMEHTIB, Ma€ B CBOEMY
POBIOPSIKEHH] J]aHi PO BUKOPUCTaHH MOPCHKUX OYKCHPIB JUIs TpaHC-
MOPTYBAaHHS aBapiiHOrO CyaHAa B HaWOMMxk4uMii mopT. TakuM YUHOM,
BIIPOB/KEHHS MTO3UTUBHOTO JOCBiY eKCIUTyaTalii CHCTEM J0JaTKOBOL
yIBTPa3BYKOBOT 00OPOOKH MaJiiBa MOXKE CIIPUSTH HE TIJIBKYU M1IBUIICHHIO
E€KOHOMIYHOCT1 pOOOTH CYTHOBUX JIM3ENIB, a W HAJIIHOCTI pOOOTH BChO-
T'O CYIHOBOTO MTPOMYJIECUBHOT'O KOMILIEKCY.

HonaTkoBa ynabTpa3BykoBa 0OpoOKa mMajuBa, MEpII 32 BCE, CIPHUSE
MOJIIMIIICHHIO JTIUCIIEPCHUX SIKOCTEH MajuBa, a sSBUIIE KaBiTallii, Mo cy-
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MPOBOJIXKYE I MPOoIeC, MPU3BOAUTH JI0 JOAATKOBOI aKTHBAIlli HOro BY-
IJIEBOJIHEBUX CKJIaNoBuX 1 posmierieHH0 C-C i C-S 3B’s13KiB.

Ha npaxTuiii knacudikyloTh TpH Aialla30Hy yIbTPa3BYKOBOTO MOJIS:
BHCOKI yacToTH (2...10 MI'ny); cepenni yacroru (300...100 k') i Tpamu-
HnidHui HU3bKoYacToTHUI aianazoH (<300 k['1r). BucokodacToTHi miamna-
30HHM BUKJIMKAIOTh KaBiTallilo, HArPiBaHHS, CTBOPIOIOTH TypOYIEHTHICTD,
CTHUCKAIOTh-PO3PSDKAIOTh PIAMHY, PYHHYIOTH MOJEKYNIH, 3MIiHIOIOTh
CTPYKTYpYy pimuHu. BucokouacToTHa yibpTpa3BykoBa 0OpoOKa mMajvBa
3aCTOCOBYETHCS Il OOPOOKU BEITUKUX OOCSITIB MaJIiBa, BMICT CIPYMCTUX
JIOMIIIOK B SKMX TepeBHInye 4%. [i BUKOpHCTaHHS XapaKTEpHO Ul Ho-
YaTKOBOI mepepoOKH HaTONPOMYKTiB. HU3bKOUACTOTHMIA Aiana3oH Ta-
KOK BHKITMKA€ KaBiTallilo B PiJMHH, CTBOPIOE HANPY)KEHHS PO3TATY, MPH
BOMY CTaBUTBCS 1O CJIA0KO E€HEPTeTHYHOrO BIUIMBY, IO BHKIUKAE B
OCHOBHOMY 3MiHY BIIaCTUBOCTEW CTPYKTypHOi piauHu. Came 1eil miana-
30H YIBTPA3BYKOBHUX XBWJIb HaWOUIbII MOBHO MiIXOAWUTH ISl 0OpOOKH
MaJuBa B CyTHOBUX YMOBaX.

Sk 3a3Havajocs paHille, TOCTIHKEHHS BIUIMBY YJIbTPa3BYKOBOI Ka-
BiTalliifHOi 0OpoOKM ManuBa Ha CIPYUCTUH 3HOC LMTIHAPOMOPIIHEBOT
rpynu (1) cynaoBoro CO/I BukoHyBanocs mist qu3ens S6A2 dipmu
«Mitsubishi» 3 HacTymHUMH XapaKTEpUCTHKaMH: JiaMeTp LHIIiHIpa —
0,15 m; xig nopmas — 0,19 M; HOMiHAJIBHA MOTYKHICTh — 360 KBT; 4ac-
TOoTa 00epTaHHs KoyiH4yactoro Bana 1000 06/xB.

Haspani au3eni B KUTBKOCTI TPHOX IITYK BXOAMJIU JIO CKJIATY CYIHO-
BOI JIOMOMDKHOI €HepreTM4HOi YCTaHOBKH. Jlu3eni Majim KOXKEH CBOIO
ABTOHOMHY CHCTEMY T0Jjaui aJuBa, 10 AaBaji0 MOXKIIUBICTb TPOBOAUTH
JOCITIKEHHS 111 OKPEMOT'0 JIM3eiIs 3 AJIMBOM, SKi IPOUIILIN Pi3Hi eTa-
nu miaroropku. [lammBHa cucTemMa OMHOTO 3 JIBUTYHIB HE MijjsAraia re-
PEKOMILIEKTamii 1 eKcITyaTyBanacsi B «IITATHOMY» CTaHi, NMPH LBOMY
JaHWA JU3eIb MPUIAMAaBCs 338 «KOHTPOJAbHUIY. [laauBo 1m0 ABOX iHIIMX
JIM3EITIB MOIaBaJIOCs MICIIs JIOAATKOBOI KaBiTAIlIiHOT 0OpOOKH, JJIsi 4OT0
MajJMBHA CHCTEMa IUX JAHU3eliB Oylia JOYKOMILIEKTOBAaHA MOJYJIEM YIIbT-
Pa3BYKOBOI KaBitaiiliHoi 00poOKku (nuB. nmo3wmirii 12, 13, 15 Ha puc. 1, a).

VnbrpasBykoBa ycraHoBka 13, 15 ekcrutyaryBanacs B peXHMI
I1=0,4 A c 3acTocyBaHHSIM MarHiTOCTPHKIIHHOI'O BUIPOMiHIOBaYa B Jia-
nazoHi 20...30 k['n. Jani BenuunHn Oyau BU3HAUEHI SIK ONTHMAJIbHI MPH
MOTEepeIHIX J1ab0paTOPHUX JOCIIDKEHHSX 1 3a0e3MeuyBaii MaKCUMAaITb-
HY Aecyab(ypH3alito nanisa. ¥ NaduBHIA HUCTEpHi, B AKil BigOyBanacs
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yIAbTpa3ByKoBa 00poOKa MaivBa, TOJAaTKOBO BCTAHOBIIOBABCS JIOMATKO-
BUH 3MilTyBay, 0 3a0e3mevyBaio OJHOPIAHICTh MajnBa B IOBHOMY 00-
casi. [lig yac mpoBeneHHsI eKCIEPUMEHTY AM3eNi eKCITyaTyBaJucs Ha
manusi HFO380 [6].

BusHadyeHHsT 3HOCY WMJIIHIPOBHX BTYJOK BUPOOIISIIOCS B paifoHi
BEPXHBOT'O IOPIIHEBOIO KIIBIIA, SK MICIls, SIK€ HAWOUIBII MiANa€ThCS
CIpYMCTOMY 3HOCY 1 CIpYMCTOI KOpO3ii, a TAaKOXK Il B JBOX JIOBUILHUX
MepeTUHAX IO JIOBXKUHI BTYJIKU. JIJIs MiIBUIIICHHS TOYHOCTI 1 JOCTOBIp-
HOCT1 BUMIpIOBaHb, BU3HAYEHHS 3HOCY IMJIIHIPOBUX BTYJIOK BHKOHYBa-
JIOCh METO/IOM MITYYHHX 0a3 i MeToloM 0OMipy iHAMKATOPOM (3 TOYHIC-
10 0,01 MM). BigxuneHHs y BU3HAuYCHHI 3HOCY JaHUMH METOJaMU HE
nepeBuIyBajio 7 %, Mo MATBEPAKYBAIO MPaBHIBHICTE BUMIPIOBAHb.

BusHavyeHHs 3HOCY MOPIIHEBHUX KiJlellb BUKOHYBABCS 32 JIOIIOMOT OO
3Ba)KyBaHHS Ha elleKTpoHHUX Barax mojeni PS3500/C/1, mo MarTh Taki
OCHOBHI XapaKTepUCTHKHU: HaliMEHIIa TpaHulls 3BaxxyBanHs — 0,5 T; Hali-
Oinbina rpaHuls 3saxxyBaHHs — 3500 1; auckpernicts — 0,01 .

BB kaBiTaniiiHoi 00poOku manuBa Ha cipuucty Koposzito LTI
MoOXe OyTH MpoaHalli30oBaHO Ha MPHUKIAi BU3HAYECHHS 3HOCY IMJIIHIPO-
BOI BTYJIKH 1 BEpXHBOT'O MOPIIHEBOro Kilbllsl cynHoBoro COJMl S6A2 oi-
pmu «Mitsubishi». Pe3ynpTat BUMiproBaHHS JiHIHHOrO 3HOCY LMJIiH[I-
POBHX BTYJIOK [, 1 MacoBOro 3HOCY TOPIIHEBUX KuIelb [, HaBeIeHI B
Tabn. 1 iHa puc. 2 13. [Ipu upomy B Tabm. 1 i Ha puc. 2 1 3 mig ymoBamu
excrutyaraiii 1, 2, 3 po3ymieTbes: 1 — manmBo 0e3 J10AaTKOBOT 00pOOKU
(mpu ekcruTyaTtallii CHCTEMHU MaJIMBOMIATOTOBKU JU3EIS B «IITATHOMY)
pexXUMi); 2 — MaauBoO, IO MPOMIIUIO TOJATKOBY KaBiTalliliHYy 0OpOOKY
(pu 10JATKOBOMY BUKOPUCTaHHI B CHCTEMI MAJIMBOIIATOTOBKH TUIBKU
yJIBTPa3BYKOBOIO KaBiTaTtopa); 3 — MajvBo, 110 MPOMIILIIO JOJATKOBY Ka-
BiTalliiiHy 00poOKy (IpW BUKOPHCTaHHI yJIbTPa3ByKOBOI'O KaBiTaTtopa i
JI0AATKOBOI 1TO/1a4i MOBITPSI B 30HY KaBiTallii).
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Tabmn. 1. Pe3ynpraTi 1OCHiAXKEHD 110 BU3HAYEHHIO 3HOCY A€Tajell CyIHOBOro
COJ1 S6A2 npu pi3HUX yMOBax eKCILTyaTarii

YMoBH ekc- Yac ekcruryaTailii, TOJMHH
TuryaTamii 180 390 590 810 1030
3HOC TWTIHIPO- 1 32 39 41 50 57
BO1 BTYJIKH, [, 2 18 22 26 27 28
MKM 3 10 13 14 18 19
3HOC BEpXHBOT'O 1 0,95 1,43 1,58 1,73 1,86
MTOPIITHEBOTO Ki- 2 0,63 0,72 0,81 0,87 0,96
Jbus, 1y, T 3 0,41 0,44 | 048 | 0,50 | 0,53
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Puc. 2. Kopoziiinuii 3HOC IFUTIHAPOBUX BTYIIOK cyaHoBoro COJJ
S6A2 dipmu «Mitsubishi» pu pi3HHX yMOBax eKCILTyaTarii
3a oTpuMaHMMHU JaHUMHU MOOYyIOBaHI HOMorpamu (puc. 4 i 5), 1m0
XapaKTEpU3yOTh 3HWXKEHHS 3HOCY PO3IJIAHYTHX JI€Tajiell MPU BUKOPHC-

TaHHI JIOJATKOBOI YJNBTPa3BYKOBOi KaBiTaliiiHOI 0OpOOKM ManuBa.
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Puc. 3. Koposiiiauii 3H0C nopiHeBux Kisenp cyaHoBoro COJJ
S6A2 dipmu «Mitsubishi» pu pi3sHHX yMOBaxX eKCILTyaTarii
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Puc. 4. 3HmKeHHs KOPO31HHOTr0 3HOCY MITHIPOBHUX BTYJIOK () 1 MOPIITHEBUX
Kizens (0) cynHoBoro auszens S6A2 dipmu «Mitsubishi» npu pisHEX ymoBax
CKCILTyaTamil

BucHoBKH i mepcneKTHBH MOAAIBIIUX A0CHiTKenb. CyJacHi cxe-
MU MMOOYIOBY MAJMBHUX CUCTEM CYJHOBUX JH3EIiB B MOIYJHLHOMY Bapi-
aHTI JTO3BOJISIOTH MPOBOJUTH MOJICPHI3AIII0 1 MEPEKOMILICKTAIII0 OKpe-
Mux moayiiB. [Ipu oMy HaWOUIBITy €EeKTUBHICTH MPUHOCUTH Tepe-
KOMITJIKTaIlisl MOYJIsl (CHCTEMH) MiroTOBKU. JlogaTkoBe BKIIIOUYEHHS B
el MOMyJib BY3JIIB YJBTPa3BYKOBOI OOPOOKHM 1 TiAPOJMHAMIYHOI aKTH-
BaIlii mayiMBa 3a0e3neuye JecynbPypu3allito majiuBa, o MPU3BOAUTH JI0
3HMKEHHS CIPUMCTOr0 3HOCY HUITIHPOIIOPIIHEBOI TPYITH AU3ENS.

[IpoBeneH] eKCiepUMEHTAIbHI JOCHTIDKEHHS CBIIYUTH TPO TE, IO
J0AATKOBa YJIbTPa3ByKoBa 00poOKa i TiipoJMHAMIYHA aKTHUBAIsl BHCO-
KOB’SI3KOTO MajKBa (SKi MOKIIMBO MIPOBOJUTH SIK B MapalebHOMY, TaK i
B MOCJITOBHOMY BapiaHTi) CHPHUSIOTH 3HIKEHHIO B 3,2...4,7 pa3u cipuuc-
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TOr'0 3HOCY TIOPITHEBHX KUTEb 1 IMJIIHIPOBUX BTYJOK nu3ens. [Ipu 1mpo-
My HaiOUIbIIe 3HIKEHHS [IBOTO TapaMeTpa CIOCTEPIraeThesl A MOpI-
HEBUX KiJIellb, 1[0 OCOOJIMBO aKTyaJIbHO, BPAXOBYIOUHM BaXKJIMBICTh JIAHO-
ro By3/ia B 3a0e3leueHHi He JIUIIe SKiCHOTO MPOTiKaHHS MPOIECiB CTUC-
HEHHS, 3TOPSHHA 1 PO3IINPEHHs], alle 1 TAKOX HaJiifHOCTI poOOTH TpHoOO-
CIIOJTyYEHHS MOPIIEHb-BTYNKA LUTIHApA.

BukopuctanHs yinbpTpa3ByKoOBOi 0OpOOKH SK allbTEPHATUBHOIO CIIO-
coOy MiArOTOBKH IaJHMBa BiANOBiga€ CydacHii Teopii i MPaKTHKH TEXHi-
YHOI eKcIuTyaTallii MOpChbKOro i piukoBoro ¢uory [7].
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KOHCTPYKTHUBHI TA EKCILTYATAIIIMHI OCOBJIUBOCTI
nPONYJbCHUBHOI'O KOMIIJVIEKCY LNG TAHKEPIB 3
I'A30ITAJINBHUM OBJIAJITHAHHSM

ANNOTATION

The scince article describes the innovative design and installation
features of the fuel gas supply system for an LNG carrier, comprising
multi-stage low temperature boil-off fuel gas compressor with driver and
auxiliary systems, high-pressure piping system and safety features, con-
trols and instrumentation. The article also extensively describes the oper-
ational control system required to provide full engine availability over
the entire transport cycle.

The demand for larger and more energy efficient LNG carriers has
resulted in rapidly increasing use of the diesel engine as the prime mover,
replacing traditional steam turbine propulsion plants.

Two alternative propulsion solutions have established themselves to
date on the market:

- low speed, heavy fuel oil burning diesel engine combined with a
reliquefaction system for BOG recovery;

- medium speed, dual-fuel engines with electric propulsion.

A further low speed direct propulsion alternative, using a dual-fuel
two-stroke engine, is now also available:

- high thermal efficiency, flexible fuel/gas ratio, low operational and
installation costs are the major benefits of this alternative engine version;

- the engine utilises a high-pressure gas system to supply boil-off gas
at pressures of 250-300 bar for injection into the cylinders.

Apart from the description of the fuel gas supply system, this paper
also discusses related issues such as requirements for classification, haz-
ardous identification procedures, main engine room safety, maintenance
requirements and availability.

It will be demonstrated that the MEGI based solution has operational
and economic benefits over other low speed based solutions, irrespective
of vessel size, when the predicted criteria for relative energy prices pre-
vail.
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Ilpu TpaHCHOpTYBaHHI 3piHKEHOr0 MPUPOAHOTO Ta3zy IMEPEeBi3HHK
3TUKAETHCS 3 YMCICHHUMH TEXHIYHUMH TPYIHOIIAMH, 3yMOBICHUMH (i-
3UYHMMH BJIACTHUBOCTAMH MeTaHy. HeoOXimHiCTh MiITpUMYyBaTH HHU3BKY
Temnepatypy BanTaxy(-163°C) Ta 3a6e3meuyBaTH MOXKIIMBICTH BHKOPHC-
taHHs mapiB LNG B sSKOCTi manvBa 3yMOBIIIOE€ BCTaHOBJICHHS Ha OOpTY
CyJIHa BEJIMKOI KUIBKOCTI JJOJIATKOBOTO 00JiaaHaHHs. CTaTTs MICTUTh CH-
CTEMAaTHU30BaHUI OMUC BHUPOOHUYOrO JOCBiy poOOTH Ta30BOr0 00Ja-
HaHHs pi3HMX THNiB LNG TtaHkepiB. PosrmsHyTi ekcruryartamiiai Ta
KOHCTPYKTHBHI OCOOJIMBOCTI CYZIHOBHX CHCTEM JIIsi OOpOOKH mapu MeTa-
Hy. CpopMOBaHi BUMOTH JI0 KOMIUIEKTY €HEPIe€TUYHOIO Ta JIOTIOMDKHOTO
yCTaTKyBaHHS SIKAH 3a0e3ledaTh HaAiHHICTh Ta Oe3neKky poboTu rasora-
smuBHOro otuagHanHs ta CII3['(cucTeMa MOBTOPHOrO 3piKEHHS Tra3y).
BukonaH onmc onTUMalbHUX KOMILJICKTIB 00IaIHAHHS [T MEHEeHKMEH-
Ty mapiB Merany Ha 60opty LNG Tankepy. O003Ha4eHi OCHOBHI mpooiie-
Mu LNG ¢uoty sKi 10BeAeThCsl BUPIIUTH Y HAONMMKIOMYy MailOyTHBO-
My.

Kitouosi cinoBa: LNG Tankep, NponyibCUBHHI KOMILJIEKC, CHCTEMa
pEeKOHJIeH allil ra3y, ra3onanuBHe odnaananus, ME-GI.

Oynkuig pyxiauBocti CIIIT TaHKepiB TicCHO TOB'SI3aHA 3 BUKOPUCTaH-
HssM BOG(Boil-Off Gas-camocTiliHO yTBOpEHi Iapu BaHTaXy) Ta BUPOO-
HUIITBOM €JIEKTPOCHEPTii. Y OUIbIIOCTI BapiaHTiB MOOYJAOBU CyaHA -
CHJIOBI YCTaHOBKM MOXXYTh BUKOPHCTOBYBAaTH B SIKOCTI MajuBa SK
HFO(Heavy fuel oil- Baxki mazyru) Ttak i BOG. Take oOnagHaHHS SK
0araTocTymniH4acTi HU3bKOTEMIIEpaTypHi KOMIIpecopa Ta HaCOCH BHCOKO
THCKY ra3onajuBHUX cucTeM(BcTaHoBII0I0TECS Ha ME-GI ta DFDE cy-
nax) un CII3I" ( BcranoBimorThes Ha Q-Flex ta Q-Max cymax) crioxu-
Ba€ 3HAYHY KUIBKICTh eHepril. OTike, JOIUTLHO BBAXATH, IO MIPU aHATI31
nponyiabcuBHOro KoMruiekcy LNG TaHkepiB HEOOXiqHO pO3IIIsAfaTH HE
JIMILIE TOJIOBHI PYIIifiHI ABUTYHU ajie i ycTaTKyBaHHS Uil BAPOOHUIITBA
enekTpoeHeprii Ta cucremy yruiizanii BOG. Takum 4nHOM, 00'€KTHBHE
MOPIBHSIHHS TPOMYJILCUBHUX KOMIUIEKCIB Ma€ BpaxoBYBaTH yci TpH
CKJIQJIOBI:

-TOJIOBHI JBUTYHU;

-eIIeKTPUYHI TeHepaTopH;

-cucrema oopobiienus BOG.
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Y nmociipkeHH] "MponyJbCUBHUN KOMIUIEKC" O3HAYaTUME CHUCTEMY,
10 BKJIKOYAE YCi 1[I TPH MiJICUCTEMHU.

YMHHMKH, 10 BIVIMBAIOTh Ha BHOIp BHKOPHCTOBYEMOTO 00JIaTHAH-
HS

OnuH i3 coco6iB Kinacugikanii nponynscHBHUX KomruiekciB LNG
TaHKEpiB AJISl TOAAJBIIOTO BUSBJICHHS HENONIKIB Ta MepeBar mojsrae y
ToMy, 00 qudepeHiroBaTh iX 3a MeToaukol o0podku BOG, sk moka-
3aHO Ha MaTiOHKY 1. CKOpOueHHsS Ha MajioHKY OyJe IIMPOKO BHKOPHC-
TOBYBATHCS B TIOAAJIBIIOMY.

PekoHieHcattis

BOG o s , .
P eruioxou 3 oaHonanusaumMu /[B3 ta
r 'SH)_\I-R‘ § o
L | CHCTEMAaMH pPEKOH/ICHCalln
Enexrpuani BT .
(),‘lH()'llIUHC I | Dr(lr JICKTPOXOIH 3 JBONAJIHBHHUMH
BHKOPHCTAHHS L | Ta30BHMH TypOIHAMH
BOG 1a FO JluzensHi B )
f— LU [ TeruI0X0/1H 3 HU3EKOOGEPTOBHMH
~ | nmBonamusrumu JIB3
Mexaniuni N el
DFSMC | Typboxoam 3 ABonajJMBHHMH

Ilapoai DFSMR | KOTJIOBHMH YCTaHOBKaAMH
BOG sk i i
TypOiHH
naJinso ] 1 ~
Enexrpoxon 3 cepenaboobepToBHMH

. DFDE ‘ nponanusumy JIB3
Binokpemiene —

pukopHcTanus BOG

Puc. 1. Kareropuzauist nponynscuBHUX KomIuiekciB LNG TaHkepiB 3a cro-
coboM 00podku BOG

Benuka kinbkicTh BapiaHTiB MoOyI0BH MPOMYJILCHBHOTO KOMIUIEKCY
HE TapaHTy€e MPUAHATTS MBUAKOTO Ta OJHO3HAYHO MPAaBHIBHOTO PillleH-
HSl TPO Te, SIKy KOHIENMito ciix BukopucroByBaTu Ha 3I1I'(3pimkenuii
MPHUPOAHUH Ta3) TaHKepi . € KiTbKa YNHHUKIB, 0 YCKIaTHIOIOTh MPHIAH-
SITTSL OCTATOYHOTO PillICHHS:

- pizHa eeKTHUBHICTh MPOMYJIbCUBHUX KOMIUIeKCiB. Ha mamroHKy 2
rpa¢ivHO MPOAEMOHCTPOBaHI MepeBaru BukopucTanus B3 y nmopiBHsH-
Hi 3 IHIIMMH THIIAMH €HEPTeTHYHHUX YCTaHOBOK;

- mponynbcuBHUE KoMmiuteke 31" TaHkepy 3HAYHOIO MIpOIO IHTErPO-
BaHUIl 70 IHIIMX 3arajbHOCYTHOBHUX Ta BAaHTAXXHHX CHCTEM. 30Kpema
CHCTEMa PyXy CyJ/Ha TICHO MoB's3aHa 3 00pookor BOG Ta BUpOOHHMIIT-
BOM eJIeKTpoeHeprii. OnTUMaIbHO BUOpaHa KOHIIEHIlis Ma€e 3a0e3MeunTH
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eekTHBHY pOOOTY Ta30BOr0, MPOIMYJIbCUBHOIO Ta CHEPreTHYHOro 001a-
JTHAHHS;

Thermal efficiencies % LNG carrier

557 Low speed diesel engine
50 +
45 =
= Medium speed Combirg:_ed cycle
diesel engine gasitrbine
35
30 Gas turbine
25
Steam turbine
20 T T T T T T | I T | T T T T T
1 5 10 0

Capacity (MW)

Puc. 2. TennoBuii koedilieHT KOPUCHOI Ii1 PI3HUX THIIIB TPOMYITECUBHUAX
KOMIUIEKCIB

- TPUBAJIICTh KUTTEBOTO IIMKITY Ta eKCIUTyaTaliliHi BUTpaT. BapiaH-
TH I00yoBH cyzaHa 3a cxemoro DFSM BUMararoTb BUCOKHX KalliTaJloBK-
Ja/IeHb Ta HU3bKUX eKCIUTyaTaliifHUX BUTPAT, TOAIL SIK iHIII BapiaHTH BH-
MaraloTh OUTBIINX EKCIUTyaTal[ifHUX BUTpAT ajieé MalOTh EKOHOMIYHI Te-
peBaru 3a paxyHOK BUKOPHCTaHHS JOJATKOBOI'O o0MagHaHHs it 00po0-
ku BauTaxy (SFDM + R, DFDE, ME-GI) [9];

- pi3HOMaHITHI YMOBH eKcIUTyaTalii. SIk mpaBuiio, KO>KeH MepeBi3HUK
Ma€ CBOI OCOOJIMBI YMOBH: BAaHTaXKOMICTKICTh, TPUBAJICTh IJIABAHHS, Yac
0ajacTHOTO X0y, TeMIlepaTypa MOPChKOI BOAHM, TeMIlepaTypa aTtMocde-
pH BIAPI3HSIOTHCS BiJl CYHA JIO Cy/HA;

- Ha/IiAHICTh cucTeMH. [ HyuKiCTh eKCIUTyaTalliiHUX PeXUMIB Ta Ha-
JiHICTh paboTH yCTaTKyBaHHS 3aJ1€XKaTh BiJl:

- KoH(pirypamii cucteMu (0cOOIMBO BiJl HAsBHICTh PE3EPBHHUX CHUC-
TeM);

- YaCTOTH BiJIMOB;
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- yacy HEOOXiTHOTO JJIsl BiTHOBJICHHSI.

TakuM YHMHOM 3YCHJUIS HIOAO MOPIBHSHHS PI3HUX MPOMYJIBCHBHHUX
KOMITJIEKCIB 0a3yIOThCsl Ha IOCITIHKEeHHI:

-eKCIUTyaTalliiHAX MOKa3HUKIB YCTaTKyBaHHS;

-HaJiifHOCTI Ta 6e3MevHOoCTi poOOTH 00N THAHHS ;

-KaIiTalbHUX Ta eKCIyaTalliiHUX BUTpaTaXx.

e mocnigkeHHS BUKOPUCTOBYE MOPIBHSUIBHY OLIHKY BapTOCTI JKUT-
TEBOTO IUKITY, IPOCTY, ajie eEeKTUBHY BEPCII0 IIOBHOIO aHAaIli3y BapTOC-
Ti KHUTTEBOTO MUKITY. MeTOA BUKIIIOYAE PO3PaXyHOK BAPTOCTI 3aralibHUX
YaCTUH, TAKUX SIK 3aTalbHOCYJHOBE OOJIaZIHAHHS, pO3paxyHOK BUTpaT Ha
JIOAMHO-TOMHY Ta 1HIII aJMiHICTPATHBHUM Tsrapi. 3amMicTh IbOTO, BU-
KOPUCTaHUH METOJI 30CEpPEIKYEThCSI Ha PO3MIISIl BUTPAT SIKi OB s3aHi 3
pi3HUIICI0 B KOH(]Irypalii CUCTeMH, HaAIWHICTIO, CHEProe(EKTUBHICTIO
Ta MPOAYKTUBHICTIO. Hik4e 3anmpornoHoBad MeToa BUOOPY ONTHMAIIbHO-
T'O MPOIYJIECUBHOTO KOMILJIEKCY Ta PO3TIISIHYTE KOHKPETHE JAOCIiIKEHHS
3 ypaxyBaHHSIM BHMOT OKPEMO B3SITOTO MEpeBiZHUKA.

KoncTrpykTnBHi oco0auBocti odnagHanna LNG TankepiB 3
CII3I'(SFDM + R)

[Tpu BHKOpUCTaHHI MEXaHIYHOI CHIJIOBOT YCTAHOBKH 3 HU3BKO 000pPO-
tHuME [IB3 mo npaumroe Ha HFO y xomGinanii 3 CII3T" (SFDM + R
Single-fuel diesel mechanical propulsion with reliquefaction (SFDM +
R)), BOG 3pimxyeTbesi B OKpeMiii cucTeMi, a He BUKOPHCTOBYETHCS SIK
nanuBo. Hu3bko0OepTOBUI JU3ENbHUN JIBUTYH MiIKIIOYSHHA Oe3moce-
penHbO A0 Bayly 'BUHTA. KOHIENTyanbHO MajMBHA CHCTEMa MOBHICTIO
BijokpemiieHa Bijg cucremu oopooku BOG. CII3I Brirouae B cebe aeki-
JIbKa TIJICUCTEM Ta KPUOT'CHHMI TeryiooOMiHHUK. CIil 3ayBaKUTH, IO
cylla 3 TaKOK KOHCTPYKIiewo moBuHHI Oytm obOmagHani GCU(Gas
Combustion Unit -ycTaHOBKa 3najfoBaHHs rasy), mo oopobise BOG y
BHIIa/IKaxX, KOJM HOT0 KUMBbKICTh NepeBuIye notyxHicts CII3I[2].

CepenHsi TPUBAJICTh XKHUTTEBOTO LUKy TOPrOBUX CYJIEH, OCOOJIMBO
TypOOXO/iB, CKiIajae He Outble 25 poKiB. Y MOJANbIIOMY, 3a3BUYaM,
CyZIHa CIIUCYIOTBCS 10 €KOHOMIYHUM mpuyrHaMm. JIB3 MoxyTh excritya-
TyBaTUCS JECATHPIYYSAMH AOBIIE HIK MapoTypOiHHI KOMILIEKCH alKe
OUTBIIICTh TX €IEMEHTIB MOXKe OyTH 3aMiHEHa Ha HOBI BIIPOJOBXK CTPOKY
eKcruTyaTamnii. Bukopucranas HU3bK000pTHUX NBUTYHIB Ha LNG TaHKe-
pax MoXke 30UThIIMTHY iX KUTTEBHI 1K 10 40 pokis[1].
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Puc. 3. CII3I" LNG TankepiB npoekTiB Q-Flex ta Q-Max

e onniero mepesaro € i te, mo BukopuctoByroud CII3I" Mu Mo-
KEMO TIIBUIIMTH O€3MeKy y MallMHHOMY BiifiieHHi. Yce ra3oBe obia-
JHAHHS PO3TAIIOBAHE Y OKPEMOMY KOMIIPECOPHOMY BiJJIiJIEHH], y SKOCTI
MajuBa JUIsl eHepreTHYHOI yCTaHOBKH BUKOpUCTOBYeThes uie HFO.

V pa3i BUXOy i3 CTPOIO OJHOTO i3 ABUTYHIB, CHCTEMa KOHTPOJIIO 3a-
0e3rmeunTh MOJANbITy POOOTY CYJHA 3 CKCIUIyaTalliel0 TUIbKH OJHOTO
JIBUTYHY O€3 BTpaTH MaHEBPOBOCTI Ta iHIIMX HaBiramiiHUX BIacTUBOC-
Till a Takox OyJe rapanTyBaTu Oe3rneKy CyaHa Ta o0iaJHaHHS.

OCHOBHHM 3aBJIaHHSIM CUCTEMH TIOBTOPHOT'O 3piPKEHHS Ta3y € MiIT-
pUMKa THCKY B BAaHT2)KHUX TaHKaX Ha 3aJ1aHOMY PiBHI IUIIXOM 3piKeH-
HS TTApH BaHTAXXy 3 METOIO 3aXMCTUTH BaHTa)KHI TAHKH BiJl HAAJIHIIIKOBO-
ro THcKy. THCK B TaHKaxX MOBHWHEH MiATpUMYBaTHCs B Mexkax Bix 1,03 mo
1,12 Gap.

Cucrema TIOBTOPHOTO 3pPi[KEHHS Ta3y CXEMaTHYHO 300pakeHa Ha
MaNIOHKYy 3 Ta CKJIaJacThbCsi 3 HACTYHUX KOMITOHEeHTiB: aBa BOG-
KoMIipecopa, Ba N2 xommnaHjepa, OAMH NPEKyiep, OAWH IUIacTUHYAC-
TUW BaKyyMHH# TEIIOOOMIHHMK (4acTuHa Konjuookcey), oqud LBOG ce-
naparop (uactuHa koiuookcy), omuH LNG moBepToBHil Hacoc, OIUH
a30THUI pecuBep, ABa N2 OycTepHi Hacoca, yCTAaHOBKA CITAIOBaHHS Ta-
3y, JIOTIOMDKHI CUCTEMHU.
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BpaxoByroun ekciutyartamiliHid JTOCBiJl, MOXKHA 3pOOUTH BHCHOBOK
0 HAWOUIBII CKJIAJAHMM I PEryJIOBaHHS Ta KOHTPOIIO €IEMEHTOM
CHUCTEMHU € Ccenaparop y SKOMY BiJIOYBAa€TbCS BIJIUICHHS 3PiIKEHOTO
METaHy Bijl a30Ty Ta IHIIWX ra3is M0 He KOHACHCYIOThCsI(nai Vent Gas).

Ooaagnanasa LNG tankepis 3 ME-GI npurynamu
CxemMa BHUKOPUCTaHHS HH3bK0OOEpPTOBMX JBomanuBHUX JIB3
(DFDM Dual-fuel (low-speed) diesel mechanical propulsion ) moka3zana
Ha MairoHKy 5. DFDM noennye B co0i mepeBaru BapiantisB DFDE Ta
SFDM + R. Insg noOymoBH i€l KOHUENIIi MOKYTh OyTH BHKOpHCTaHi
ME-GI nBurynu. Ha Binminy Bim DFDE, DFDM 3naTHi oqHOYacHO BU-
kopucroByBatu sk BOG, Tak i piake mamuso[5].

LNG BOG S 300 bar 45C
= GAS = il

—
BOG

|
[ I
| LNG Cargo
\ e Tanks
= =5
LrY

Puc. 4. Bumoru 1o ra30BOro najamuBa CEpeIHLO- Ta HU3BKOOOEPTOBUX JIBUTY-
HIB

Onnak 1st cucteMa Mae cBoro nmpobiemy. Jns Bukopucransas y ME-
Gl manuBHUK ra3 MOBUHEH OyTH CTHCHYTHH mpubmmsHo no 300 Gap a
iioro Temneparypa nosunna ckaagatu 45°C (Puc.4)[10].

Jesiki mpKepena BBaXKarOTh 10 BUKOPUCTAHHS ra3y MiJ TaKHUM BUCO-
KUM THCKOM MOX€E CIIPHYUHHUTH CEpHO3HI TPYAHOII B peabHIl eKCIUTy-
aTarii. Ajie pu3uK, NOB'S3aHMUI 3 BUCOKUM THCKOM ra3y, BUSBHBCS He-
3HaYHUM 3aBJIISIKM KOMILJIEKCY 3aXMCHUX CHCTEM, TAKUX SIK JIBOCTiHHA
CHCTEMa Tra30IPOBOJIiB, CUCTEMHU BUSBJICHHS POTIYKY rasy .
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Puc. 5. JluzenpHuil 1BONAIMBHUI MeXaHIYHUHN MPOITYJILCUBHUH KOMIUIEKC Ha
6a3i Hu3pkooOepTHHX JIB3 Dual-fuel (low-speed) diesel mechanical propulsion
(DFDM)

Bucnosku

Y LNG ¢uori, 5K 1 y IHIINX Taly3sX MOPCBKOTO TPaHCIOPTY, CIO-
CTepiraeThCsl TEHJICHIIis 0 3MEHIIEHHS! BUKOPUCTAHHS MapoOBUX TYpOiH.
[Noka3nuku edekTUBHOCTI BUKOpUCTAaHHS TypOiH He mepeBuInyoTh 30%
y To# yac sik JIB3 matots KIIJ Ginbire 50%. Lle#i gaxTop 3ymMoBHB Tie-
pexiz MOPCBKOI IHITCTPii 10 BUKOPUCTaHHS POMYJILCUBHUX KOMILIEKCIB
3 JIB3.

Po3poOka Ta ympoBajKeHHs Ta30MajMBHUX CHUCTEM € HACTYITHUM
eraroMm epomtoniii LNG TaHkepiB mepexij J0 SKOro JAacTh MO3UTHBHUIMA
eKOHOMIYHHMU edekT. Aje A peamizamii KOHIEMNii KOMIUIEKCY Ta3omna-
nuBHOro obnaaHaHas 3 ME-GI nBurynamu tpeba BUpIMIMTH TpoOIEeMH
HecTabiIbHOCTI pOOOTH ABHTYHA Ha MEPEXOJHHUX PEeXHMax Ta 3adesme-
YATH HaJiiiHy poOOTYy 3amo0DKHUX CHCTeMa [0 MaloTh TapaHTyBaTH
Oesneuny poOOTy 00IaJHAHHS IPY KPUTHYHO BEIIMKUX 3HAYCHHSX TUCKY
ra3y 1o Ha BXOAi JI0 MaJMBHOI amapaTypH JIBUTYHA MOBUHEH CKJIaJaTH
300 Gap.

INoBopstun ipo CII3I" ocHOBHUME HaNpsIMKaMH JIJISl TOAAIBIIOTO J10-
CJIIJDKEHHS JIONLILHO PO3IIISIATH TEXHOJIOTIYHI MPOLECH BiJIOKPEMIICHHS
a30Ty Ta HEKOHJICHCYIOUUXCS Ta3iB y cernaparopi Ta iX mojanblly yTHITi-
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3amiro y crneniaabHomy oonanHanHi(GCU). Takoxk, cimparovnuch Ha CHC-
TEeMaTHU30BaHi JJaHHI, MO)KHA CTBEP/DKYBATH LIO BEJTMKHI BMICT a30Ty y
mapax BaHTaxXy € mpuunHoio Toro , mo CII3I" mpaimroe Ha KpUTHIHHX
peXMMax 1 CIIOKMBAE HAIMIPHY KUIBKICTH enekTpoeneprii. s 3Men-
LICHHSI €Hepro3arpar JAOUUIBHO Pa3TIISIHYyTH MOXKJIMBICTH BCTAHOBJICHHS
JOAAaTKOBOTO OOJaJHaHHA JJIs BiJOKpEMIIEHHS a30Ty BiA MapiB MpUpPOI-
HOTO Ta3y. Y SKOCTi Takoro CIHeliaJbHOr0 YCTaTKyBaHHsS MOXKHA PEKO-
MeHJyBaTH MeMOpaHHi QiabTpH mo OynyTh BcTaHoBmoBaTucs Ha BOG
KOHTYpI mepe]] KOII0O0KCOM.
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YIK 621.45.052
Yepewmicin B.1., babenuyk M.C.
IucrutyT BilicbkoBo-Mopcbkux Cui
Harmionansauit YHaiBepcuter «Onecbka Mopcbka AkageMisi»

YTOYHEHUI METO/I PO3PAXYHKY 'A300EMIHY B
OUJITHAPI AU3EJIA

ANNOTATION

The estimated formulas conclusion for time section definition of
forestalling of issuing and free issuing in connection with experimentally
proved values of polytropic exponent of gas expansion differing in Am-
pere-second A.S. Orliniy’s technique is resulted in this article.

New formulas for definition of pressure in the cylinder during the
moment of opening of the scavenging windows necessary time-section
free issuing (from the opening of the inlet ports to the start of the purge).

The new approach to calculation of processes of a purge and uncon-
strained issue, consisting in that not a theoretical time-section is found,
but a pressure differential in bodies of gas exchange, which is installed
for a given available time-cross-section, is stated.

It is proved that the determination of the required pressure differen-
tial B by expiration function y has the property of exceptional stability
possible relative deviation interval 5f 15-25 times less than the deviation
interval .

For definition B the formula in the form of a third degree polynomial,
obtained by approximation, gained by approximation of calculation re-
sults according to the known theoretical dependence for the expiration
function .

Keywords: ship engines, gas exchange, calculation.

AKTyalbHICTh TeMH. 3araJbHOBU3HAHUM METOIOM PO3pPaxyHKY OC-
HOBHHUX MapameTpiB razoo0miny € meron A. C. Opmina. IIpoTsirom Tpu-
BaJIOro mepiofa HOro MpakTUYHOTO BUKOPUCTAHHA METOJ HE YIOCKO-
HaJIOBABCsA 1, OUTBII TOrO, MOCTYIOBO CIIOTBOPIOBABCS. 3apa3 po3paxy-
HOK T'a3000MiHY 10 I[bOMY METOIY 3BOJMTHCS JI0 BUOOPY TepenaiiB THC-
Ky y BIIYCKHHUX Ta BUIIYyCKHUX OpraHax, 3a SKUMH BHU3HAYaIOThCS HEOO-
XiJH1 Yac-mepepi3u Ta MOPiBHIOIOTHCS 3 BIANOBIAHUME HAsIBHUMH. SKIIO
1l BiIHOIICHHS po3TarioBaHi y mexax 1,0-1,7 [1] uu 1,1-1,4 [2], TO pe-
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3yJIbTaTH PO3PaxyHKy BH3HAIOTh 3aJI0BUTbHUMHU. Asie cam A. C. Opiin
PEKOMEHTyBaRB BiHOMIEHHS Ou3bKi 10 oquuuil (1,0-1,05).

Hinnio podoTn € 3HAXOMHKEHHs TepenajiB THCKIB B OpraHax raso-
0oOMiHy TIpH 3aJ]aHWX HAaABHUX Yac-Tiepepizax. Y AIHCHOCTI, B pe3yibTarTi

03paxyHKy MalOTh OyTH BH3HAUYEHI , , THCK Y MOMEHT BIJKPUTTS
y y 6y pH pr y

p

d | miACHUI MOYAaTOK NMPOAYBKU 3a BIJIOMUMH Ha-

SBHUMH Yac-TlepepizaMu, Uu 3a 3aJaHUMH Pu Pr yarors OyTu BU3HA-
4YeHi HeoOXiHi yac-nepepi3u Ta JOPIBHSAHI 0 HASBHUX. Y TPOTUBHOMY
pas3i po3paxyHOK BTpadyae CMHCI. TUIbKH Yy BHMAAKy TpyOOi TOMUIIKH Y

BITYCKHUX OpraHiB

MpHU3HAYCHH1 Pu gq Pr pe3ynbTaT po3paxyHKy He MOTPaluTh y Jiana-
30H, peKOMeHToBaHui B [1,2].

Buknag ocHoBHoro wmarepiany. I[lpu po3B’s3yBaHHI piBHSHB
BUTIKaHHS y mepion BumnepemxkeHHs Bunycky A. C. OpiniH 3 MeTo
YIPOIIEHHS KIHIEBUX PO3PAaXYHKOBUX (QOpMyT TpUAMAe MOKa3HHK
MOJITPONM T PO3IIMPEHHS Ta3y y LeH Mepiol OAHAKOBUM 3 MOKa3HUKOM
agiabatu k, TooTo T = k = 1,3. Ane e B [3] 3 eKClIepUMEHTAIbHHUX J1a-
HUX TOKa3HUK T OyB ofepkaH y Mexax 1,36-1,65. ¥V mizHimmx poborax
BEJIMYMHA T YTOUHIOBasacs Ta 3a nanumu A. C. Opiina [4] ckianana m =
1,5, B neuryni 74VTBF160 [5] m = 1,36, a 3a 6anaHCOBUM aHai30M ra-
3000MiHYy, BUKOHAHOMY B [6] Ha MiJCTaBi €KCIIEPUMEHTIB Ha IHIIUX Ma-
J1000epTOBUX JBUTYHax T = 1,45-1,5.

VY 3B’S3Ky 3 IIUM JOIILHO Y PO3PaxyHKOBI (hOpMYJIK Yac-riepepisy
BHUIIEPEIKEHHS BUITYCKY BHECTH YTOYHEHHS, MPUAHSBIIN
T=1,5.

Yac-niepepi3 BUNEpEKEHHS BUITYCKY CKJIaJa€ThCsl 3 TPhOX CKIIAJ0-
BHX

- yac-miepepi3 HaAKPUTUIHOI a3y BUTIKaHHS

1
Pip! Py 2m 2

m 2
A= ! I I T B
m'usl'Wmax'\/R'T; 1 pb pb
& lm el
_ 2 (k“l‘ljk—l 2-m & 2:m _1
\Jrimax'“'sl'(m_l)'\/R'T;) 2 p'” ’
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- yac-Tiepepi3 MOAKPUTUYHOT (pa3u BUTKAHHS

, 1 3
Pal Py
1

I”’L.LLJ” 2.6{1}:
m'usl.\/R.T;(p 1 W pKP p"ﬁ

m—1
_ 1 ,{&]M.Z,
mn, JRT, P,
)22
Prlpa d(pj
z= [ ———

1.1

P/ Py p. |2 2
.
Vel
p

Jie - TOMpaBKa vac-repepily Ha 3MiHy 00’eMy HMJIIHApa i 4yac
BHUTIKaHHSI Ta3y

Alu —_
)

Va

__ 1 J‘ lm_ld—z— 1,04 ln& (3)
usl'Wmax'\/R'T; V,,[ jZm V “’sl'Wmax.\/R'T;) I/b

P

Py
VY 1ux dpopmynax QyHKIS BUTIKAHHS

2 [
ve k. [&]" _[&j :
k-1 P y2

Ma€ MaKCUMaJIbHEC 3HAYCHU A
1

_(QQJkR 2k
WVimax k+1 k+1

npu KPUTUHHOMY BiJHOLLEHHI TUCKIB

(p)_( 2 )
B”_(A]_(k+J



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 181

MNpun nokasHukoBi apiabatm k = 1,37 (BTikaHHs NOBITPA Yy
uuniHAp B nepiod NpoayBKW)
B, =0,5336, vy, =0,6799
anpu k = 1,3 (BUTIKaHHS Ta3y 3 HUIIHAPY)

B, =0,54576, y . =0,6673

VY ui popMynu BXOASTS:

Py: Ty THUCK Ta TeMIepaTypa rady y MOMEHT BIIKPUTTS BUITyCKHHX
OpraHiB;

PKp - KpUTHYHHN TUCK Tra3y;

PT - TUCK Ta3y 3a BUIIYCKHHM KJIaraHOoM;

pd - THCK ra3y y HWIIHAPI B MOMEHT BiZIKPUTTS BITyCKHUX OpTaHiB;

V..V, . . . .
d>7b - 00’eMH UIIHAPA Y MOMEHT BIIKPHUTTS BiAMIOBIIHO BITYCK-
HUX Ta BUITYCKHUX OPTaHiB;

Mo KoeillieHT BUTpaTM BUMYCKHUX OpraHiB y nepioa sune-
peKeHHST BUNYCKY.

Y pesynbtaTi 4MCeENbHOro [HTErpyBaHHsa Ta nNoAanbLUoro
NiHINHOrO anpoKCUMYBaHHSA OTPUMYEM

P,
P,/ Pa d(p]
Z= [ —P7J 9258812

Pr/ Py ﬁ+5 P
W . (pr]
p

[TincraBisdroun YucelbHl 3HAaYEHHs BIJOMHUX BEIWYMH B BUILE HaBE-
neni Bupasu (1), (2), (3) orpumyemo

V 0,166
A =T . 0,3296-(&] ~0,3535

1 S8 \/?h p,

V 0,166 0,166
Al=—2 ., 0392-(&] -[2,258-&j -[2,258- 1k —1,2]
M T 2 P, Py
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V
A4, =—2=-0 09l-lnﬁ

’ M@l.\/Th ’ I/b
V;p :O’S(V;;-i_l/:l)

CyMmyrouu BCi CKJIAJIOBi, 3HAXOIUMO HEOOXIIHUI Yac-Tiepepi3 BUIle-
PEIDKEHHS BUITYCKY

0,166

v §

4, =—2 . [0,282+0,088-&J-[&J ~0,3535-0,091 In 1<
u31'\/F}) D4 D, b

(4)
SIKII0 BHKOHYETHCSI TIEPEBIPOUHUI PO3paXyHOK, TO 32 BiJOMHM Ha-
P
SIBHUM Yac-TiepepizoM BUIIEPEKEHHS BUITYCKY 7 BHU3HAYalOTh THCK Y

ac

Pa
HWTHAP] Pa , PO3B’SI3yr0uH piBHSIHHS (4) BITHOCHO Py
Pa _ 0,088
0,166
P, 1, ’
T, A7 +0,3535+0,091-1n ' (”r] 0,282
ch b by
b = 0,088 p.
= 0,166
T :
A A7 +0,3535+0,001-In /¢ (pr] 0,282
ch Py

Mpun TpaneuienogibHOMYy 3aKOHi Bi/:l,KpMTTﬂ BUMNYCKHOro Knana-
Ha

AP =F,. [ -0, /2+( @1)]6—111

_ i —4
F. . =nd_-h, 6 cosa,-10
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- ,
K f'”‘
Puc. 1. [liarpama «4ac-niepepi3» JTiHHOXOJJOBOTO ABOTAKTHOT'O JIU3EJIS

F . N .
e~ ™M - IpOXIiJHMM Mepepi3 KopIyca BUITYCKHOTO KilaraHa,
! F
1 - yaCTKa XO0Jla BUITYCKHOTO KJIanaHa, 10 BiJIIOBigae =~ max ;

I _ yacrora ob6epTaHHs KOTIHYACTOrO Bala.

3a A. C. OpiiHUM BepXHS MeXa JIOMYyCTUMOTO Pa pyspavaerses 3a
(hopmyi0r0

Py 160068
D, ps (5)

3 [KOi BUIUIMBAE, 110 Pa y MOXIIMBOMY IHTEpBai 3MiHH THUCKY P
Big 0,14 mo 0,3 MIla mae Oyt HWXKYE KPUTUYHOTO, y MEpPIIy Yepry 3a
MPUYMHOIO CHIIBHUX MPOPHBaHb a3y y MPOMyBHUN pecHBep, MOTipIIeH-
Hs MPOIIECY OYMINEHHS MUJIIHAPA, 3HUKCHHS C€KOHOMIYHOCTI IHMKIY Ta,
HapeITi, Yepe3 MOXKJIUBI TOKEKI Ta Maibke BUOYXU y MPOJYBHOMY pe-
CcHBEpI.
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Takum 9MHOM, SKIIIO 33I0BOJILHSIIOTECS YMOBH (5), TO 1€ OJJHOYACHO

Io3Havae, 1o Py=P “? | a TOMY TPUIYIICHHS MPO iCHYBaHHS JBOX pe-
KUMIB BUTIKaHHS - HaJKPUTHYHOTO Ta MiAKPUTHYHOTO - CIIPaBEIJIHBE.
Sxmo ymoBH (5) He 3aJOBONBHSIIOTHCS, TO 1I€ BUMAJIOK y MPOSKTYBaHHI
JBUTYHIB BHYTPIIIHBOT'O 3TOPSIHHSI HEMOXKJIMBHHA 1 HEOOX1THO KOHCTPYK-
P

TUBHUMH Mipamu 30UIbIIyBaTH Yac-iepepiz 7.

[Ticns BiAKPUTTS BIYCKHUX OpraHiB HacTae (aza 3aKiHUCHHS BUIBHO-
T'0 BUITYCKY - I'a3 IPOJOBXYE BUTIKATH 3 IMJIIHAPA i/l BIUIMBOM J{I0UO0T0
nepernasy THCKIB, YaCTKOBO a3 HAAXOAUTH Y IPOYBHUHN peciBep, TUCK Y

HWTIHIPI Taa€ Bi Pa no Pu= &P , ie koeimieHT a-xapakTepu3sye

BTpPAaTH THCKY IOBITPSI MPH BTiKaHHI HOro y LMIIHAP 4Yepe3 MpOIyBHI

BikHa. Y mepiioMy HaOIKeHHI £a MoxkHa npuiiMartu Bix 0,95 mo 0,98.
Yac-niepepi3 3aKiHUEHHS BUIBHOTO BUIYCKY BHU3HA4aeThesd 3 (4) AK

Pi3HHIIS ABOX 3HAYEHb Yac-Tiepepi3y - OJHOr0, PO3paxoBaHOroO MPH Pa ,
a JIpyroro, Jie 3aMiCTh P MiJICTABIISETHCS 3HAUCHHS P
Tomi
0,166
V! ’ 14
A, =—2—. 0,088 Lo | | L Pr| 0091 1nr
R VT, p, P P Vs

ae
v, =0,5-(V,+V,)

cp

H

In—~

. .Y, ,
VY uiit popmymi BEIIMYMHA, OJIU3bKa JI0 HYJIIO, TaK M0 00’€M
HWITIHApA 3a TMepioJ] BUIBHOTO BUMYCKY 3MIHIOETHCS HE3HAYHO

Vv, .
#~"d { qpyrolo CKIaJOBOI0 Y KBaIPATHUX JY>KKaX MOYKHA HEXTYBATH.
TaxuM yHOM, Ma€EMO
Vv
AAcgz—d- 0,088 by | P _Pr
u«l : \Y T/; p" p"‘ pd

0,166
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Otpumane Ad,, 3 ypaxyBaHHSM MaclTaldy BiAKIaJa€EMO Ha
JiarpaMi «dac-repepi3» Ta 3HaXOAMMO KyT MovaTKy mpoayBku ¢H. Cto-
coBHO 0 neuryHiB LMC, RTA 3 rizpokepyBaHHSIM BUIIYCKHOTO KJlama-
HY 1 TpameuienonioHo0 IiarpaMol0 HOro BIIKPUTTS KYT 3CYBY MOUYATKY
MPOIYBKH BiIHOCHO MOMEHTY BiZIKPUTTSI MPOAYBHUX BIKOH JIETKO BU3HA-
YUTH OOYHCIICHHSIM 3a (pOpMYyJII0r0

6-n
AQ = ——-
(P Fmax ¢
?, =09, +A¢

[Iporec MpoayBKH TPUITYCKAETHCS BIIOYBAaIOUUM IMPH TMOCTITHOMY
nepernasi TUCKIB Ta, OTXKe, IPY NOCTIHHOMY 3HaueHH1 (yHKIIii BUTIKAaHHS
y. [ludepeniiiine piBHIHHS BUTIKaHHSI IOBITPS Yepe3 MPOAYBHI BikHA

dGn :un.j;l.Wn.
MiCIIsl iIHTErpyBaHHS OTPUMYE BUTIIS

G, =[S, .

. G . . .
Maca noBiTpst ", sika pOHIILIa Yepe3 mnepepi3 MpoayBHUX BIKOH 3a
LUK
Gn :(pg Gs .nH
¢

e ¢ - gilicHUE KoeillieHT HaUTMIIKY TPOJYBHOTO TIOBITPSI;

. . .V
$ - Maca MOBITpsL, SIKa MOrJia OM PO3MICTUTHUCS B 00°eMi ¢ TpH

T
rnapamerpax P s, s
N . KoeilliEHT HAITOBHEHHS IWIIHPA, BI/IHECEHUN J0 TTOBHO-
r'0 X0y TOPIIHS.
[Ticns mpocTuX MepeTBOpPeHb OTPHUMYEMO HEOOXiIHUWI dac-miepepis
MPOJYBKH

¢, -V,

":un-wn-\/R-Ts

A (6)
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[loBHW# HasgBHWI wac-miepepi3 TPOJYBKH MOXHA BHU3HAUYHTH
aHATITHYHO
30-B-D,-S I8 : A
? :L 2oy -1 || n— Py +sin@, +—-sin 20,
n 4 57,3 8
Brpaty HasBHOTO Yac-niepepizy MpoAyBKH 3-3a 3aKiHUEHHS Bilb-
HOT'0 BHITYCKY 3HAMJIEMO 3a TOI0 X (POPMYIIOO
30-B-D, -S
ag =0PDS

! 2-n
A A . . A . .
x| 2y +—%—1| ——+(sing, —sin@, )+—%-(sin2¢, —sin2
|:( “Vs 4 j 57’3 ( (pd (pu) 8 ( (pd (pu)j|
BunpaeneHun yac-nepepia npoayBku
AR =A" - AA,
abo

30--D,-S
4,=0,5- AI+#- [2'%*’&_1)' n——Du_ +sin(p”+ﬂ-sin2(p”
4 57,3 8

n >

V4
Matoumn A'“, popisHioemo go An 8 dopmyni (6) Ta

po3B’A3yemo i BigAHOCHO W
¢, Vi,

Y AR T,

3a sHauemmaM V7 3a JonoMoroto rpadikiB QyHKIIT BHTIKaHHS

B, =L
3HAaXOAMMO Iepenas TUCKY Ps yy 3HaxXOJMMO Horo 3a (opMyJI0k0
B =1-0,02639-y —0,281-y> 0,52y’ o
b,

3BIIKM 3HAXOIUMO THCK
Benuka nepeara npsMoro MeToly BU3HAUYCHHS Tepenajay THUCKIB 3a

BiJJTHOILICHHSAM B, 4epe3 BijoMe 3HaYeHHs (YHKIIi BUTIKaHHS Vi cxa-

. . A .
HAa€THCA B TOMY, 110 Y BCJIMKOMY IHTEpPBaJIl ® 3-3a IIOMMUJIOK Y 3aJIaHH1
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Koe(illieHTy BUTpaT Mo gy KoeilieHTY HaUTMIIKY MOBITPS Ha MPOIYB-
Ky Ps iHTEepBa B, BUSBISIETHCSL Y OaraTo pasiB MeHIIE Ta pillleHHs Oy-

JIe TOCTATHLO CTAJIUM Y BCIM MOXIJIMBIM Jialia30Hi 3MiHU W .
HiticHo, npoaudepenioemMo (7) Ta TOMHOKHMO KOXKHY CKIAJOBY 3
MOJANBIINM TOAUTCHHSIM Ha OHAKOBI BETMYMHH, MAEMO

B, -&:—0,0264-\11” .%_0,56.Wi -%—1,56-\4/?1 %
S\V,, _ d\lfn SBn :&
Mo3HavalouM BiAHOCHI 3MiHU W , B" , a

p,=1

TaKOX BPAXOBYIOUM, LUO , 3anuwemo
8B, =-0,0264 -y, -8y, —0,56-y> -Sy, —1,56-y - Sy,
ToAdi 3Hanaemo

%:—0,0264-% -0,56-y>2 -1,56-y>
oy,

VY HOpMaJbHO CIIPOEKTOBAHMX CHCTEMax Ia3000MiHY Vo nexurs y
. . . )
mexax 0,20-0,25, 3BiIKM BUILTMBAE, IO IHTEPBAJ BIIXUICHHS B ny 15-

25 pasiB MeHIIe 32 iHTepBaj BiIXUICHHS oy, .

[MpumymeHnii BUIYCK BU3HAYAETHCS 332 TUM K€ AU(epeHIiiHUM
PIBHSHHSAM, IO 1 poLleC POIYBKH, TOMY HEOOXiIHUI yac-miepepi3 mpu-
MYIIEHOTO BUITYCKY

4= G (g

b,
He W, %

H

ne G . Maca rasy, sKa MpOXOOUTh Kpi3b Mepepi3 BUITYCKHHX Op-
TaHiB BiJl MOMEHTY MTOYATKy MPOIYBKH JI0 3aKPUTTS MPOLYBHHUX BiKOH;

Ve . (GyHKIIS BUTIKaHHS ra3y 3 MUIIHAPa 32 TOH ke Jac;
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b, , " - THCK Ta 00’€M rasy y UWIIHJpi 3a Mepiox mpumylie-
HOT'O BUITYCKY

- T

N

G,=G, -G,

ne n - GO
G, ) . .
Jc - Maca rasy, sika BUMIIa 3 MWJIH/APA 3a II€p10J BUIICPEKCH-
HS Ta OKOHYAHUs BUILHOT'O BUITYCKY

G0:3484 ph.I/b_pH.I/H
T, T,

Tyt

p. LT T.

v,=V, +0,5-VS[(1—COS (pb)+}:;“ -(1-cos 2(p,,)} 9

P . Vi o o6
Tuck ©'* oTpuMaHUii 3 pO3paxyHKy MpoIecy NpoayBKH, * - 00 €M
HWITIHApa Ha MOYaTKy MPOAYBKH BU3HAYAETHCA 32 GopMynoro (9), y aKkii

?,

. . . T
MOTOYHUHN KyT P smimroerbes oBumcenM paHim KyToM '#; = *- TeM-
nepaTypa Ta3iB y HWIIHAPI HA TOYATKy MPOAYBKH Y NPUITYIIEHHI, IO
MPOLIEC PO3IIUPEHHS € TIOJITPOITHAM 3 TIOKa3HUKOM T = 1,5

m—1

T =T, .[pﬂj
by

VY mporeci MpUMYIIEHOTO BUIYCKY TeMIlepaTypa CyMil y HMuIiHApi
nagae Ta i cepenne 3HaueHHs A. C. OpiiH mMponoHyBaB BU3HAUMTHU 32
(hopmyor0

_I-T,

r

In—*

a

. V . .
3aminroroun y (8) * * 3 piBHSIHHS CTaHy, JICTAHEMO
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G, R-T, 10"
M({.Wﬁ.phﬁ

HasBHwmii gac-miepepiz NpUMyIIEHOT'O BUITYCKY 3 BpaxyBaHHSIM BTpa-
TH Ha BUIBHMHU BHITyCK Ta (pa3y BTpaTu 3apsay BU3HAYAe€THCS 3a Jiarpa-

MOIO0 «dJac-Tiepepi3» ABHTYHA, a JUIS CYYacHHX JBHTYHIB 3 Tpare-
P
HienonioHo (GopMoI0 AiarpaMH BIIKPUTTS BUIYCKHOTO KjamaHa ~ "¢

MOKHA OOYHCITIOBATH 32 (POPMYJIOO

A

ne

(10)

1
AP = F . - —
ne max ((Pdl (pH ) 6 ‘n
Po3B’s3ytoun (10) BimHOCHO Ve JicTaemo
10°-G,, -\ JR-T,
Y, = "
M- AL p,

B

A 3Haroun Ve , 32 hopmysoro (7) 3HAXOAUMO "¢, 3BIJKU THUCK Ta3y

3a MUWIIHIPOM
p,=B,-p,

Juis po3paxyHky (a3u BTpaTH 3apsily HEOOXITHO 3a JiarpaMoro
P
«Jac-Tepepiz» 3HAUTH HasiBHUM yac-miepepi3 BTpaTH 3apsnay ", SKHH

s neuryHie LMC, RTA
ArZ’ = Fmax ) [(PZ’ - (pdl + 0’5 ((pa _(pZ' ):l :

TOJIi BTpaTa 3apsy

1
6-n

P

G': 61 g'Anx.—
n3 M(l W [2877.;

Maca 3apsaay y MOMCHT 3aKPUTTA BUITYCKHUX OpI‘aHiB
v
Ga = Gdl _Gn3 = pH = _Gn3
R-T

a

a 4acTKa BTPAYCHOro 3apsiLy
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-6
SGm =—G"3 10 ‘R-T = G'”
P, Vd Gdl
KoedirieHT HamoBHEHHS IWIIHJIPA, BITHECEHUH 10 MOBHOIO XOIY
TTOPIIIHS

-6
G610
G p. V. ‘

s s

n,

bi (] G, . Maca MOXKIIUBOTO 3apsijy TOBITPS B 00’ eMi Vi .

Y mnepiog BTpaTH 3apsjy IOPIICHb BHUKOHYE POOOTY HE TUIBKU
BHIIITOBXYBAHHS, aJie€ 1 CTHCKYBAHHS 3apsay MOBIiTPs. SIKIIO MPUITYCTUTH,
IO T[eH MPOoLeC 130TePMIYHUH, 1110 OJIM3BKO JI0 PeaIbHOCTI, TO

Po_Vi Go
pH Vva Gdl

V . .
ne ¢ - 00’eM UWITIHApPa Y MOMEHT 3aKpHUTTSl BUIIYCKHHX OpTraHiB

(BHU3HAYAETHCS 32 KyTOM P, );

4l - Maca cyMmimn y HWIIHAPI Y MOMEHT 3aKpHUTTS MPOAYBHHX
BiKOH.
Pozpaxynku nokasytots, o y asuryHax MC, RTA wactka BTrpaue-

5G, . . .
HOTr'O 3apsay n3 cTBOpIo€ 110 10 %, a miBHUIEHHS BIIHOIIEHHS THUCKIB
Py

D, nocsrae 1,05.

BucHoBku. Y 3anmpomaHoBaHOMY METONi PO3paxyHKY Ta3000MiHY
OCTaTOUYHUMH Pe3y/IbTaTAMH € HE TUIBKMA THUCK B IIMJIIHIPI B TIepioa 3mMy-
IIGHOTO BUITYCKY 1 TIPOAYBaHHS ajie 1 TUCK 3a IWIIHJIPOM, BU3HAUCHHS
BTpATH 3apsAy MOBITPs B IBOTAKTHHX JABHMTYHaX 1 A03apsIKd LUITIHApA
MOBITPSM - B YOTHPUTAKTHHUX, & TAKOX BU3HAUEHHSI SIKICHUX TIOKA3HUKIB
ra3oo0MiHy - KoedillieHTa 3aJMIIKOBUX Ta3iB MpHU MPOIyBaHHI Kamepu
3TOPSIHHSL YOTUPUTAKTHUX JBHUTYHIB 1 KoeQillieHTa HalOBHEHHS
UWITIHApPa TOBITPSIM 3 BpaxyBaHHSIM BTPaTH XOAy MOPIIHSA Ha JiHil
CTHCKYBaHHS 110 OaJIaHCy MacH ra3y.
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IMPACT OF CLIMATIC CONDITIONS ON SHIP’S
REFRIGERATION PLANT

The article presents the studies of the operation of the refrigeration
plant of the bulk carrier “Bideford” under operating conditions and the
influence of the environment on the main characteristics of the refrigera-
tion machine. The content of the article, the results of calculations and
graphical dependencies built on their basis can be useful for ship me-
chanics in the operation of refrigeration plant, cadets and students of
higher marine educational institutions.

Keywords: ship refrigeration plants, climatic conditions, characteris-
tics of refrigeration machines.

Analysis of research and publications. The performance of ship re-
frigerators, as opposed to stationary ones, is greatly influenced by rapidly
changing climatic conditions. When this occurs, deviations from the
specified optimal operation modes may happen [1].

The greatest influence on the performance is exerted by the degree of
compressor pressure increase 7 = p./p,, which depends on external con-
ditions, namely, the temperature of the sea water, which determines the
temperature ¢, and pressure p, condensation, temperature ¢, and pressure
po of the refrigerant boiling point depending on the temperature in the
cooling facility. At the same time, the operating coefficients of the com-
pressor change, as well as its main characteristics: cooling capacity Q,,
power N, and energy efficiency, i.e. refrigeration coefficient ¢,, as well as
other parameters [2, 3].

According to research data [4, 5], actual working processes in refrig-
eration compressors are accompanied by volumetric and energy losses.
Volumetric losses reduce the flow and cooling capacity of the compres-
sor, while energy losses increase the input power.

All volume losses are estimated by the feed rate, which is contingent-
ly expressed as the product of four partial coefficients.

ﬂzﬂc‘idr‘iw‘ipl
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The volumetric coefficient 4., which takes into account the main part
of volumetric losses due to the presence of harmful space and expansion
of compressed steam, is determined by the following formula

pomre@) -]
Po

where c is the relative value of the harmful space, ¢ = 0.03 + 0.05;

n is an indicator of reverse expansion polytropes, n = 0.95 + 1.05.

The throttling coefficient A, = 0.94 + 0.98 takes into account losses
due to depression at the suction and discharge. The coefficient of heating
A, estimates the losses associated with the heat exchange of the intake
steam with the walls of the cylinder, piston and valves. In the approxi-
mate determination of 4, (under operating conditions), an empirical for-
mula of prof. Levin L1, 4, = T, / T,, where T, and T, are the evaporation
and condensation temperatures, respectively. The density coefficient 4,
takes into account leakage and overflow in the compressor, 4, = 0.96 +
0.98.

The energy losses in the compressor are taken into account by the in-
dicator 7;, mechanical #,,, and in the sum, the effective efficiency

1. = n; * ., and the electrical efficiency. Indicator efficiency takes in-
to account all internal indicator losses, mainly related to depression in the
valves and heating during the period of suction. Approximately ni can be
determined using the imperial dependence of prof. Levin LI

N = Ay + bt,, where b = 0.001 = 0.0025 is the experimental coeffi-
cient. The energy losses due to friction are estimated by the mechanical
efficiency, #,, = N; / N., where N; and N, are the indicator and effective
powers, respectively.

Electric efficiency also takes into account losses in the electric mo-
tor, 4. =N; / N, =n; * 1., * 1. The dependencies of operating coefficients
and characteristics of the compressor are usually built from experimental
data. However, they can also be obtained by calculation.

The purpose of the work and research methods. This paper pre-
sents studies and analysis of the effect of seawater temperature and,
therefore, of the refrigerant condensation temperature on the performance
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of the Bideford bulker (fig.1) refrigeration unit with a deadweight of
7,431.2 tons under operating conditions [6].

Fig. 1. Bulker Bideford

The refrigeration unit maintenance three provision chambers: low-
temperature - for storing meat and fish products at -20 © C and high-
temperature for vegetable + 4°C, dry products + 15°C. The main compo-
nents of the refrigeration unit are two 4.0-kW 2C-3.2Y two-cylinder
compressors, two CWNF-4-3R shell-and-tube condensers cooled with
sea water by a pump with a capacity of 2.0 m*/hour, direct cooling evap-
orators with forced air circulation (air coolers) - low-temperature LUC-
10 and two high-temperature NIS-8 installed directly in provision cham-
bers. All elements of the refrigeration unit, including automation devices,
ensuring efficient and reliable operation of the refrigeration unit, are
shown in the diagram, fig. 2.

The refrigeration capacity of the refrigeration machine is Q, = 4.1
kW at the evaporation temperature ¢, = -15°C, condensation temperature
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t. = 30°C and the temperature of the cooling sea water ¢, = 24°C. The
working fluid is R404A refrigerant.

T 1 T
- TRaC o

,@ 20 ’@wlublqrmm (
B [ @2 || @

®
i
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Fig. 2. Scheme of ship refrigeration unit:
1 and 2 - evaporators; 3 - moisture indicator; 4 - solenoid valve; 5 - TRV;
6 - thermoelement; 7 and 16 - valves;8 - pressure control valve in the evaporator;
9 and 12 - manometers; 10 - oil separator; 11 - tube;13 - pressure switch;
14 - non-return valve; 15 - dry filter; 17 - coolant storage unit; 18 - compressor;
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19 - capacitor; 20 - receiver; 21 - angle valve; 22 and 29 - thermometers;
23 - seawater valve; 24 - water pressure controller; 25 - water pressure gauge;
27 - safety valve; 28 - electronic control panel.

Permissible operating parameters of the refrigeration machine are:
delivery pressure 11 + 19.5 bar; suction pressure 0.8 = 1.5 bar; delivery
temperature 70 + 120°C; suction temperature -23 + 11°C.

On board ship conditions, a change in the condensation temperature
of the refrigerant can occur without a change in the evaporation tempera-
ture due to the temperature of the seawater and other causes (clogging of
the condenser tubes, air in the system, etc.), which in this case were not
taken into account. In this case, the refrigeration machine goes to another
mode, which leads to a change in operating parameters.

Based on the actual condensation temperatures refrigeration machine
in different navigation areas, using well-known mathematical depend-
ence, the main operating parameters of the refrigeration machine are de-
termined. At the same time, having the passport data of a regular com-
pressor, taking into account its constant theoretical supply V;, for each
mode its working cooling capacity and power were determined.

Research results. Tab.1 shows the results of calculations of the main
characteristics of the operation of the refrigerating machine under operat-
ing conditions, depending on the condensing temperature of the refriger-
ant.

Table 1. Estimated values of the main characteristics of the refrigeration ma-
chine

t,cl mw|qoe |gv | fo| A|Qo| Ne| Me|Er|Eo

16 |2,61(155|2672| 25 |0620( 5,2 | 1,14|0,756] 6,1 | 4,65

24 13,47 (140 |2431| 30 |0.761| 4,6 |1,32|0,751| 4,6 | 3,50

30 (381 130(2275| 34 (0731| 4,1|1,39|0737| 3.8 |30

32 | 413|129 (2224| 35 |0713| 39 |142 |0740| 368|275

40 | 51| 115 [1965| 41 [0.660| 31 1,51 (0725 28 |210

Using the calculated data presented in Tab.1, the graphical depend-
ences of the refrigeration machine on the condensation temperature ¢, are
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plotted (Fig. 3, 4 and 5), namely: ¢, - specific mass cooling capacity, kJ /
kg; g, — specific volume cooling capacity, kJ / m’; I, - specific work
spent per cycle, kJ / kg; A - compressor feed rate; Q, - refrigeration ca-
pacity of the refrigeration machine, kW; N, is the effective power, kW; &,
&4 - theoretical and actual refrigeration coefficients.
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Fig. 3. Dependence of Q,, N,, 7. on the condensation temperature #,
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Fig. 4. Dependence of /,, ¢,, g, on the condensation temperature ¢,
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Fig. 5. Dependence of 4, &;, &, on the condensation temperature ¢,

Research analysis and conclusions. Analysis of the calculated data
and graphical dependencies showed that the external temperature condi-
tions have a significant impact on all the working characteristics of re-
frigeration machines and, in particular, on such basic parameters as the
cooling capacity and power consumption.

It is known that the refrigeration capacity calculated by the evapora-
tor should correspond to the compressor capacity, therefore the actual
refrigeration capacity can be expressed as the product of the actual vol-
ume (actual volumetric flow, taking into account the supply coefficient 1)
of the vapor drawn in by the compressor and the specific volumetric
cooling capacity ¢,, i.e. O, = 1V.q,. Here, with a constant theoretical
supply V;, the volumetric cooling capacity ¢,, as well as the feed rate 4,
are variables that depend on the temperature mode of the installation op-
eration. Therefore, the cooling capacity is not a constant value and de-
pends on the cycle of the refrigeration machine.

So, with increasing ¢, the degree of pressure m increases, the feed
rate 4 and volume cooling capacity g, decrease, because the specific mass
cooling capacity ¢,, while the specific intake volume v; is unchanged,
also decreases. Consequently, with an increase in 7., the cooling capacity
of the chiller decreases. Thus, at different condensing temperatures, a
refrigeration machine with the same compressor produces different cool-
ing capacities.

In its turn, the power delivered to the compressor increases (energy
consumption increases) by increasing the specific work /, spent on the
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cycle while reducing the feed rate A and the effective efficiency 7., i.e. N,
=AVuln/vin,

As a result of a decrease in O, and an increase in V,, the actual re-
frigeration coefficient characterizing the efficiency of the operation of
the refrigeration machine and the refrigeration unit as a whole ¢; = Q,/N,
decreases. Lowering the temperature (pressure) of condensation ¢, (p,) at
t, (p,) = const causes the opposite phenomenon, i.e. an increase in Q,, a
decrease in N, and an increase in &.

Our calculations show that increasing the condensation temperature
by 1°C reduces the refrigerating capacity of the refrigerating machine by
1.5 ... 2% and increases the power by 0.8 ... 1.2%, which corresponds to
the data given in the sources [4, 5, 7].
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MAIN WAYS OF TANKER INERT GAS SYSTEM
MODERNIZATION

Formulation of the problem

Identical inert gas systems are used on all tankers in the world. The
operation principle of these systems is based on the combustion of diesel
fuel in an inert gas generator. This system is autonomous and it is not
connected to the fuel processing circuit. Inert gases that are produced
during combustion in the generator are processed and fed into the cargo
holds of the tanker. When a hold is being filled, they push the air out,
thereby reducing the total oxygen concentration to a working value of
less than 8%. The removal of air from the hold is due to the pressure of
inert gases, which is 20% above the atmospheric pressure. In this case,
during delivering of a new cargo there will be no conditions for a fire or
explosion inside the hold.

Analysis of the inert gas systems operation on tankers shows that in
most cases the process of creating a fire- and explosion proof micro-
atmosphere inside the hold is not economically efficient. The main rea-
son for this deficiency is the very long duration of the ventilation pro-
cess. On average, it takes time from 25 to 34 hours. When carrying out
such work in port, payment for a lie idle of a tanker is expressed in a
large unprofitable payment equivalent.

Double reduction of the cargo holds ventilation time on a tanker on
average can lead to savings of about 100,000 USD per year. Basically,
this amount consists of two components - reduction of payment for the
vessel berthing and reduction of the cost of fuel that is burned during the
inert gas system operation.

The main reason for the long duration of the ventilation process in
the tanker holds is the imperfection of the technologies used. The dis-
placement of air from the working volume of a cargo hold occurs by
means of natural convection and diffusion processes only without using
any compulsory arrangements to increase the speed of the mass exchange
process between air and inert gases.



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 201

Analysis of the recent research and publications

Analysis of the structural dimensions of tankers cargo holds shows
that they are not universal. On different tankers the cargo holds always
differs from each other. Despite this fact the technological circuit for the
production and supply of inert gases is standard on all tankers. Its design
on different ships differs only in the geometric layout of the main com-
ponents and devices. An example of an inert gas circuit is shown in Fig-
ure 1.

The technological circuit of inert gases with a volumetric capacity of
1500 m’/h works as follows: diesel fuel is taken through the filter system
from the fuel tank by the fuel pumps 1. Two pumps are connected ac-
cording to the parallel connection scheme. Usually, only one pump is
running, and the second is a backup. Behind the fuel pumps in the fuel
supply line 3, a bypass pipeline 4 is installed. In case of pressure oscilla-
tions in the fuel pipeline 3 or in case of necessity for the inert gas genera-
tion system the quick stop a of bypass valve is activated. In this case, the
fuel flow can be directed back to the tank for storage, or partially dis-
charged into the fuel line before the pumps 1. Then diesel fuel is fed to
the nozzle 5 through the fuel line 3. It is installed on the top cover of the
inert gas generator 6. The fuel is ignited with the use of spark plug at the
top of the chamber. The gases generated during combustion are directed
from the central combustion chamber to the scrubber - an external cylin-
drical channel 8. In the scrubber temperature decreases to 60 °C and the
inert gases are cleaned of soot and various fuel particles.

Air is supplied to the inert gas generator through a separate line by
means of two air compressors 2. These blowers are connected according
to the parallel connection scheme. Due to their work, a working pressure
is created that ensures all the movement of inert gases.

To remove the sludge residue in the lower part of the inert gas gener-
ator, a drain line is installed. After cleaning in the scrubber, inert gases
enter the main line 8 with a hydraulic gate 9. This unit prevents the inert
gases from flowing backward from the cargo holds towards the genera-
tor. This device uses seawater as a working fluid. On line 8, a pneumatic
accumulator 10 is installed. Its operation eliminates pressure oscillations
in line 8. A complete description of the operating principles of the hy-
draulic lock 9 and pneumatic accumulator 10 are well represented in [1-
3]
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A
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Figure 1. The tanker inert gas production and supply circuit
1 — fuel pumps; 2 — compressors; 3 — fuel supply line; 4 — bypass fuel line
with valve; 5 —nozzle; 6 — generator; 7 — scrubber; 8 — supply line; 9 —hydraulic
lock; 10 — pneumatic accumulator.

The modern theory of heat and mass transfer is based on the consid-
eration of liquid or gas flows, taking into account the transfer of energy
and mass in the course of natural or forced convection and diffusion [4-
6]. All the used relations that are directed mainly to determine a connec-
tion between the flow of a fluid in the volume under consideration and
the mechanisms underlying thermal conductivity [6].

In most scientific works on the theory of convection, heat and mass
transfer processes are usually considered in an unrestricted region with-
out the presence of rigid boundaries. Only a small number of works de-
scribe the process of mixed convection or diffusion of gases in confined
spaces, when the walls restricting the flow have a significant nonstation-
ary effect on the mechanism of heat or mass transfer [6—8]. In these
works, flows within cylindrical pipes or between flat vertical and hori-
zontal walls with different temperatures are mainly considered.
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When applied to the ventilation of a cargo hold with inert gases, the
closest are the results of paper [7] where thermal convection in an open-
top three-dimensional rectangular volume is considered. The experiment
was carried out in the range of Rayleigh numbers from 100 to 10°. For
the case of heat transfer from one heated wall to another, dimensionless
temperature and velocity profiles were obtained. They are presented in
Figure 2. During the experiments [7], it was found that:
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.0 Ra=2.95 10°
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§
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80 Ra=6.56 10°
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0 Ra=3.61 10°
e Y]
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Figure 2. The distribution of temperature and velocity in a rectangular
closed area. [7]
a — distribution of isotherms describing the temperature field along the
height of the entire region;
b — variation of the velocity isolines across the width of the region at
various Rayleigh numbers.

- at Rayleigh numbers Ra<10’ in a rectangular volume, one cell aris-
es with a weak stationary circulation. The liquid, heated at the wall, rose
up, and then descended down near the cold wall. At the width of the en-
tire volume the flow was directed only vertically (excluding turns near
the upper and lower boundaries);

- for Rayleigh numbers 10°<Ra<10’, the temperature gradient in-
creased near the walls, and remained constant in the internal flow region.
The temperature field for this mode is shown in fig. 2—a.
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- speed distribution, shown in fig.2-b, in the range of Rayleigh num-
bers from 3-10* to 3,6-:10° is characterized by a symmetry in relation to
the vertical axis of symmetry of the volume considered.

An increase in the Rayleigh number indicates a spatial increase in the
width of the core zone of the flow. Smaller velocities are localized in the
end region of the flow, and high near rigid vertical walls.

In works [6-8], different Rayleigh numbers are given as the lower
boundary for the occurrence of secondary flows in a closed rectangular
volume. The total range of variation of the values obtained answers to
range from Ra=2,1- 10° to Ra=3,9-10°. More complex flow structures
arise according to the data of [7] with Rayleigh numbers equals Ra>10°.
In this case, the occurrence of multi-cell structures with weak shear flows
at their boundaries is observed.

Formulation of the investigation purpose

All technological circuits of production, processing and supply of in-
ert gases included in the inert gas system of tankers are universal. In most
cases they contain the same type of equipment and pipelines. Because of
this reason, it can be stated that the main technical problems that arise
during their operation are also identical for all tankers. For their descrip-
tion, a universal classification was developed. In accordance with it there
are three separate directions that already include specific ship problems.

The first direction is technical, when all emergency problems in the
work of the inert gas system are caused by imperfect structures of the
technical devices that are used.

The second direction is determined by design errors or by the pres-
ence of strong deficiencies in the technologies which are used for supply-
ing inert gases to the internal space of the working volume of the cargo
hold.

The third direction is determined by the quality of the measuring and
control devices that are used, as well as by the human factor from the
crew of the tanker.

In the course of research, during the study of the causes of accidents
that occurred in the inert gas systems on tankers an analysis of the emer-
gency reports was done. Finally, it was concluded that the problems most
often encountered on ships were associated with technical deficiencies of
the inert gas system. These disadvantages include:
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- poor fuel separation and, as a result, poor filtration of heavy frac-
tions in the combusted diesel. This is reflected in changes in the produc-
tion volume of inert gases over time and the breakdown of the combus-
tion process in the working chamber of the inert gas generator;

- poor quality fuel combustion in an inert gas generator. This is re-
flected in increased soot generation and lowered volumes of the main
combustion product produced in the form of carbon dioxide (CO,);

- violation of the tightness of the scrubber water cooling of inert gas-
es system, as a result of which, at the tanker berthing places, emissions of
petroleum products with their emergency spills over the sea surface of
the port waters takes places.

A change for the better of all technical shortcomings can be carried
out by improving the listed individual technological units or by upgrad-
ing the fuel treatment system. This can be achieved by installing addi-
tional equipment in the fuel pre-supply line. A simple solution in this
case can be the use of a stand-alone technical device — a unit for heavy
fuel oil dispersing with the cavitation process use. Due to the crushing of
heavy fractions, for example, bitumen or asphaltenes, a result will be
achieved in reducing the emergency indicators of the fuel combustion
process.

The third direction of the causes of accidents on tankers is metrologi-
cal. Due to improper installation or poor quality of gas analyzers, the ox-
ygen concentration process of monitoring in the hold may not meet the
requirements of regulatory documents. In most cases, this can lead to
excessive values of the residual oxygen concentration in the ventilated
space. In most cases, the concentration of oxygen or cargo vapors (after
shipment) is controlled at the exit from the cargo hold without taking into
account the specifics of its design. Recommended places for gases sam-
pling pick up should be located inside the hold and there should be sev-
eral of them.

The main purpose of research should be to improve the quality and
reduce the duration of the ventilation process of cargo holds on tankers.
The main factors determining the quality of the implementation of such a
process are the current and final oxygen content in the working volume
of the hold and the time to achieve the final values of the minimum al-
lowable concentration. Currently, both of these indicators are supported
through the use of outdated technologies.
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The density of inert gases can be calculated as the product of their
density under normal conditions (0 °C and 760 mmHg) by the tempera-
ture correction according to the expression [9]:

. G,. 273 I+al, 273
Po.. V,, 273+T  224(me, +m, ,+my, +m, )273+T
)
1+o| ="
O{O.ZI 273

22.4(my, +my, o +my, +my, )273+T

(1)
where: p,.. — density of flue gases, kg/rn3 ; Gy — total amount of flue
gases generated by burning 1 kg of fuel, kg/kg; V. — volume of flue gas-
es, m’; T — temperature, 'C; o — coefficient of excess air; L, — theoretical
amount of air required for combustion of 1 kg of fuel, kg/kg; O,, — the
theoretical amount of oxygen required for combustion of 1 kg of fuel,
kg/kg; m; — the molar content of the i-th component of inert gases (calcu-
lated using empirical formulas [9]), m’;

In [6], it was shown that in the case of forced convection, the flow
field in a closed volume ceases to depend on the mechanisms of heat
transfer and the current temperature field. This fact directly indicates the
feasibility of using the forced supply of inert gases in the vessel's hold.
The main focus of research on the mechanism of using the supply of inert
gas jets into the cargo hold of a vessel should be aimed at solving the
problem of reducing the ventilation time of the cargo hold of a tanker.

Taking into account the stated above, the main scientific and tech-
nical problem was formulated, which is to develop new principles for the
operation of the system for generating and supplying inert gases to the
cargo holds of tankers, providing a significant improvement in the quali-
ty of vessel operation by changing the technology of hold ventilation and
reducing accidents related to the quality and duration of such systems
operation.

Description of research

One of the options to eliminate the problem of highly viscous hydro-
carbon inclusions in fuel can be the installation of an additional technical
unit on the fuel line. This device should perform the functions of a ho-
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mogenizer and change the fractional composition of the fuel to the de-
sired degree of dispersion. The technical solution in this case may be the
cavitation treatment of the fuel. Due to the processes of destruction that
occur in a moving stream of small bubbles, an active change in the struc-
ture of the whole stream will occur, with its uniform mixing and small
particle size of high molecular weight hydrocarbon fractions.

Due to the complexity of the theoretical description of the process of
convective-diffusion transfer of inert gases in ship cargo holds, the fol-
lowing assumptions must be used:

- the movement of air and inert gases inside the hold can be consid-
ered as the movement of the flow inside the flat channel;

- during the process of thermos-gravitational convection all transfer
coefficients should be constant and not dependent on the temperature
[10];

- due to the low speeds inside the cargo hold of the tanker, no com-
pressibility effects occur. The air flow-rate at the outlet of the hold can be
taken equal to the flow-rate of inert gases into the interior of the hold.

When considering thermo-gravitational convection, the equation de-
scribing the change in the density of the mixture of inert gases and air
inside the tanker hold can be written as [5, 10, 11]

dp = |=£ | dr £ dp 2
P (ar LT ar ), @

where p — density of inert gases, kg/m’; t — time, s; V — speed, m/s; P
~ pressure, Pa; n — dynamic viscosity, Pa‘s; g — gravitational acceleration
m/s”.

Equation (2) should be supplemented by an equation describing the
change in temperature of inert gases during thermo-gravitational convec-
tion in the form

T wr=—"vr 3)
ot PC,

where k — thermal conductivity coefficient, W/(mK); C, — heat capac-
ity of inert gases at the constant pressure, J/K.

To characterize the stability of air movement inside the ship's hold
during supply process of inert gases jets, it is necessary to use the dimen-
sionless Richardson criterion. With laminar air movement in the hold due



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 208

to the supply of inert gases with continuous density distribution, flow
stability will be present while Ri> 0.25 [6].

The movement of inert gases inside the ship's hold should be consid-
ered as continuous. It can be described by the continuity equation

88—’; + divlpl) = 0 (4)

and equations describing free convection, when motion arises due to
the action of Archimedes force, in the field of mass forces action.

The process of air displacement due to the supply of inert gases will
lead to a turbulent mode of its movement. In the first approximation, the
body of the velocity distribution over the cross section of the hold during
such movement can be written in accordance with [12] as follows

i
P55 (5)

v

where v — velocity, m/s; y — current coordinate of the cross section of
the hold, m; t — friction stress on the wall, Pa; p — density of the flow,
kg/m3 ; v — kinematic viscosity of the flow, m/s>.

The duration of the process of displacing air from the cargo holds of
a vessel is directly determined by parameters such as the feed rate of in-
ert gases jets and the Prandtl number Pr. The higher their values, the
stronger the convective transfer, the increase in Archimedean force and
the amount of air ejection along the jet action axis [10].

During the experimental studies carried out on the tanker “Cape
Dowson” of Columbia Shipmanagement, two technical methods were
used to create cavitation in the heavy fuel supply line. They used stand-
ard ship pumps.

The first method consisted in the use of a cavitation unit which pro-
vided an intense spin of the flow. As shown in Figure 3, cavitation was
created in the spiral channels, and the cavitation zone was located in the
cylindrical chamber of the fuel processing unit.

The second method was based on the use of Venturi tube. A cavern
was created in its cylindrical part. At the exit from this area, the cavity
collapsed and provided the necessary degree of fuel dispersion.

v=235.75Ig
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Figure 4. Cavitation unit in the form of a Venturi tube

During conduction of the experiments with the use of cavitation unit
for heavy fuel dispersion, operating on the principle of rotation of the
flow, was used the estimation of its twisting degree. It was calculated as
a dimensionless complex

r =2 __9 (6)
" IR  (27wR)R

where Q — fuel consumption, m’/s; I"— circulation of the fuel flow; R
— radius of the pipe, m; w — peripheral velocity of the fuel on the pipe
wall, m/s.

All experiments were conducted in the range of variation of the value
of I, from 0.02 to 0.8. This corresponded to a change in the volume
flow-rate in a range from 0.01 to 0.117 m’/s and the feed rate of the main
fuel flow at the entrance to the treatment unit from 15 to 27 m/s.

During the experiments, it was found that when the flow was turned
on, the radius of the cavitation zone became close to the pipeline radius.
The length of the cavitation zone can be from 0,1 to 5,17 pipe diameters.
Graphically, the results of these experiments are shown in Figure 5. The
points on the graph correspond to the measurement results, and the
straight line corresponds to their linear approximation.

In the experiments, an estimate of the total hydraulic pressure loss
AP was performed depending on the length of the cavitation cavity. The
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results are shown in Fig. 6. The corresponding changes in the cavitation
numbers, depending on the volume flow-rate, are shown in Fig. 7. All
four curves correspond to different values of input relative pressure. The
value of this pressure was determined as the ratio of the pressure at the
inlet to the cavitation channel P,, to the pressure in the cavity P, at the
moment of its destruction and was respectively equal P_= 40, p_= 70,
P, =110u p_=120.

During the experiments, for cavitational dispersion of fuel and the
degree of its influence on the system an evaluation of the quality of the
process was done. In Figure 7, presenting a comparison of the consump-
tion characteristics for the supplied fuel in two operating modes — normal
operation of the inert gases system and with the fuel dispersion process
usage.

The experiments were carried out in real operating conditions of the
tanker. The total working time of the standard and modernized inert gas
system was different. For this reason, the graphs in Figure 8 show only
those measurements that correspond to the first six hours of the system’s
operation. In all three experiments, the consumption of the produced inert
gases was at its maximum value — 1500 m’/h. Dependencies 2 and 3 cor-
responding to the work of the inert gas system using the process of dis-
persion of fuel were obtained during different experiments.
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Figure 8. Evaluation of the operation quality of an inert gas system in
terms of fuel consumption
1 — system operating in usual mode; 2, 3 — system operating with fuel
processing
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Analysis of the results lets make a conclusion that dispersion of the
fuel provides a significant improvement in the operation quality of the
inert gas system. As can be seen in Figure 8, less fuel is required to gen-
erate an identical volume flow-rate of inert gases. In the first case (com-
parison of curves 1 and 2 in Fig. 8), the average consumption of fuel was
reduced from 116,55 kg/h to 89,55 kg/h, which is 23,1% as a percentage.
In the second case (comparison of curves 1 and 3 in Fig. 8), the average
consumption of fuel was reduced from 116,55 kg/h to 94,05 kg/h, which
is 19.3% as a percentage.

Flow fluctuations in fig. 8 are not caused by changes in the perfor-
mance of the inert gas system, but by the accuracy of the ship’s digital
differential manometer, according to which the fuel consumption was
measured. The magnitude of these fluctuations for all three curves of the
graph is: 0.4% first curve, 2.8% second curve, 1.1% third curve.

Ventilation of tanker holds by means of forced supply of inert gases
should be based on the fact that a change in velocity, vorticity and tem-
perature diagrams is observed in the corner zones of the cargo tank only.
For this reason, it is necessary to supply jets of inert gases exactly to the
body of the ascending air flow. The turbulization of a steady flow in the
middle of the cargo hold of the tanker will lead to a reduction of the time
required for its ventilation. The results of these studies are shown in Fig-
ure 9, where it can be seen that the minimum oxygen concentration in the
hold was obtained at a jet opening angle of 30°. At this angle, the dis-
tance of action of the jet of inert gas, and hence the zone of convective
interaction with air, was maximum. As can be seen in all graphs, the na-
ture of the change over time in the concentration of oxygen inside the
hold in all four cases remained almost identical. This result allows to
make a conclusion that the influence of the angles of opening of the inert
gas jets onto the nature of the displacement of air from
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Figure 9. Changes in the concentration of oxygen in the hold
Inert gas jet opening angle: 1 —30% 2 —90% 3 — 160"; 4 — standard supply
of inert gases

the hold is not basic, and the process itself depends mainly on the
degree of density stratification of inert gas within the working space of
the cargo hold.

During the experiments, it was found that the use of forced supply of
inert gas leads to the main result — reduction of the time that is spent on
the ventilation treatment of the tanker holds before receiving a new car-
go. The receiving of the stationary value of oxygen concentration equals
8% with the forced supply of inert gas was observed approximately in
740 minutes after the start of the process of the hold ventilation. A simi-
lar amount of concentration during the standard ventilation of the hold
over this period of time was greater and amounted to 9,25%. Its stabiliza-
tion to the stationary value was observed approximately in 1700 minutes
after the start of the process of ventilation of the hold. In percentage
terms, the improvement of the hold ventilation process during the transi-
tion from standard to forced ventilation of the hold was 13,5%. The re-
duction of time spent, ceteris paribus, was 56,47%.

By analogy with the process of oxygen concentration changing with-
in the working volume of the hold, temperature stabilization was ob-
served as well. Its stationary values in the four measured sections at the
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height of the hold were obtained in 960 minutes after the start of the pro-
cess of inert gas supplying to the vessel's hold.

In comparison of the results of measurements of the temperature at
the exit of the hold with standard and forced ventilation, it was found that
stabilization in the latter case also occurs earlier. The temperature gradi-
ent, that equals —17 °C was achieved in time less than 38,18% compared
with the standard ventilation operation of the cargo hold of the tanker.

Conclusions

1. Modernization of the inert gas system on tankers implies research
in two directions. The first direction corresponds to a constructive change
in the processing technology for a heavy fuel in the inert gas generation
system. The second direction should be based on the use of technology of
tanker holds forced ventilation.

2. During the operation of the inert gas system, the quality of opera-
tion of the fuel dispersion unit, which is used to generate them, was eval-
uated. With an error of less than 2.8%, it was found that while maintain-
ing the volume flow-rate of the inert gas, the total fuel consumption is
reduced up to 23.1%.

3. The use of the process of forced supply of the inert gas leads to a
reduction in the time spent on the ventilation processing of the holds of
the tanker before receiving new cargo.

In percentage terms, the improvement of the hold ventilation process
during the transition from standard to forced ventilation of the hold was
13.5%. The reduction of time spent, ceteris paribus, was 56.47%.
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THE USE OF BYPASS EXHAUST GASES TO ENSURE THE
ENVIRONMENTAL PERFORMANCE OF MARINE DIESEL
ENGINES

The possibility of using bypass exhaust gases to ensure the environ-
mental parameters of the ship diesel engines operation has been consid-
ered. It is indicated that the methods currently being developed to reduce
the level of nitrogen oxides emissions (as one of the toxic components
that is integral part of the exhaust gases of marine diesel engines) are as-
sociated with a change in the design of diesel engines and are possible
only at the design stage.

At the same time, for diesel engines in operation, the design change
of which is either not possible or requires significant investments, the
task of reducing the concentration of nitrogen oxides in exhaust gases
can be solved by optimizing the modes of their technical operation. The
solution of this issue is demonstrated on the example of the exhaust gas
system of the ship's 6L.20 medium-speed diesel engine manufactured by
Wartsila by using bypass exhaust gas in addition to the turbo-compressor
directly to the exhaust line.

The degree of bypass exhaust gas during experimental studies varied
in the range of 0...9.6 %, the change in the load on the diesel was
55...83 % of the nominal power. The nitrogen oxides concentration de-
termination in the exhaust gases and the specific oil fuel consumption
were determined for two options: with a constant position of the bypass
valve and different loads on the diesel; with a constant load on the diesel
and different positions of the bypass valve.

As a result of research, it has been established that increasing of the
degree of exhaust bypass gases in the range of 0...9.6 % contributes to
reducing the emission of nitrogen oxides from 8.72 g/(kWh) to
6.53 g/(kWh) and depends on the load on diesel, while the relative reduc-
tion of emissions of nitrogen oxides is within 1.15...13.85 %; the highest
level of reduction of nitrogen oxides concentration in exhaust gases cor-
responds to the maximum degree of bypass gases and the maximum load
on the diesel; the use of the exhaust bypass system changes the stoichio-
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metric fuel-air ratio, which contributes to an increase in the specific ef-
fective fuel consumption (in the experiments performed by 0.26...2.52 %
depending on the degree of bypass gases and the load on the diesel).

Despite the increase in specific fuel consumption, the use of the gas
bypass system is recommended in special areas of the world's oceans,
when the environmental parameters become the prevailing indicator in
the operation of ship power plants.

KuroueBble ci10Ba: Cy/10BOii TU3elTb, SMUCCHUSI OKCHJIOB a30Ta, ra30-
BBIITYCKHAsl CUCTEMa, TYpOOKOMIIPECCOp, CUCTEMa IEperycKa BBITYCK-
HBIX Ta30B, YACTbHBIN 3PQEKTUBHBINA PACX0]] TOTIIHBA

KarouoBi cjioBa: cyaHOBUI JuU3elb, EMICIS OKCHJIIB a30Ty, ra30BH-
MYCKHA CHCTeMa, TypOOKOMIIPECOp, CUCTeMa IMepernycKy BHITYCKHHX Ta-
3iB, MUTOMa eeKTHBHA BUTPATA Maj1Ba

Keywords: marine diesel, emission of nitrogen oxides, gas exhaust
system, turbocharger, exhaust gas bypass system, specific fuel oil con-
sumption

Statement of the problem in general. At present, when operating
ship propulsion systems, marine engineers have to solve the tasks not
only of ensuring the required speed of the vessel, the maximum possible
power of the main propulsion machinery (both main and auxiliary) and
minimum specific and daily fuel consumption but also supporting eco-
logical parameters.

Cycling thermodynamic processes ensuring the operation cycle of
the ship's internal combustion engines (diesel) are impossible without the
release into the atmosphere of exhaust gases. Their composition deter-
mines the environmental parameters of sea and river vessels operation,
which are governed by the requirements of international conventions and
resolutions, particularly the MARPOL convention [1].

Exhaust gases (EG) of diesel includes the following groups:

* NOx nitrogen oxides, the formation of which is related with the lig-
uid fuel combustion and the presence of nitrogen in it; their content is
regulated in accordance with Annex VI of the Convention MAR-
POL 73/78;

* sulfur oxides SOx, their formation completely depends on the sulfur
content in the fuel; the percentage of sulfur in fuel is regulated in special
areas in accordance with Annex VI of MARPOL 73/78 Convention;
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» carbon dioxide CO,, its formation is directly proportional to the
amount of burned fuel; currently (according to the Kyoto Protocol) is
considered as a global problem due to the fact that carbon dioxide is a
“greenhouse gas”, however, the CO, content in the EG is not regulated;

 smoke, unburned HC hydrocarbons, carbon monoxide CO, particu-
late matter, the formation of which is associated with the combustion and
gas exchange processes in the engine currently are not regulated by the
conventions requirements, in the same time individual types of emissions
can be controlled individually at some point.

Providing the required concentration of NOx in the exhaust gases is
an important technical task, which solution allowing fulfill environmen-
tal requirements allowing for the operation and in the design of sea ves-
sels and their main propulsion machinery [2].

Analysis of recent researches and publications. The decrease in
the concentration of nitrogen oxides in the EG of diesel to the required
values and the maintenance of this parameter within the required limits is
possible in two principal directions:

— the use of technological solutions aimed at changing the operational
properties of fuel, the design of fuel equipment, fuel supply character-
istics, the nature of the operation processing performance and preced-
ing the moment of formation of NOx in the cylinder of a diesel en-
gine;

— direct influence on EG (their cleaning, chemical treatment, recycling)
during the time when they are in the exhaust gas system (EGS) of a
diesel engine.

The reduction of NOx emissions by chemical treatment of fuel was
investigated in work [3], while its main task was to determine the optimal
concentration of reagents added to the fuel in order to intensify the pro-
cess of its combustion. Ensuring the environmental parameters of the
diesel because of the construction modernization and assembly of the
fuel system was considered in work [4], but the implementation of the
obtained results requires additional equipment, which entails increased
energy consumption. The modeling of the formation of nitrogen oxides
was carried out in [5], and the work [6] is devoted to the search for the
optimal degree of exhaust gas recirculation. At the same time, these stud-
ies did not consider such a way to reduce NOx emissions as bypassing
them in addition to a turbocharger (T/C) directly to the exhaust line.
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Formulation of the problem. Currently developed methods of re-
ducing NOx emissions are associated with changes in diesel engine de-
sign and are possible only at the design stage. Moreover, for diesel en-
gines in operation, the design change of which is either not possible or
requires significant capital investment, the task of reducing the NOx con-
centration in exhaust gases can be solved by optimizing the modes of
their technical operation. Taking this into account, the task of the study
was to determine the optimal (by the criteria of energy and economic
efficiency) level of exhaust gas bypass in the EGS exhaust line — and af-
ter T/C — exhaust line.

Presentation of the main research material. According to their
origin, three mechanisms of NOx formation are distinguished:

1) thermal mechanism, or Zeldovich high-temperature mechanism
(thermal NOx);

2) fast mechanism, also called a “chemical” (fast NOx);

3) fuel mechanism related to the formation of NOx from nitrogen-
containing components of the fuel (fuel NOx) [7].

The formation of thermal, fast and fuel compounds NOx depends on
the type of fuel. The total content of NOx generated by heat, fast and fuel
mechanism is 100%, but their fraction is shifted for fuels of different
state of aggregation and fractional composition. The nomogram correla-
tion between NOx of different types of fuel (under standard combustion
conditions) is shown in Fig. 1.
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Mass content of nitrogen in fuel
Fig. 1. Nomogram of NOx type allocation for different fuel type NOx
1 —thermal; 2 — fast; 3 — fuel
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Thermal oxides of nitrogen, which constitute a large part of all types
of NOx, are formed at high temperature (7>1500 K) and at the condition
of high oxygen concentration during oxidation of atmospheric nitrogen in
the combustion process. It is believed that increasing the maximum tem-
perature in the combustion zone above 1850 K leads to unacceptably
high emissions of NOx.

Rapid nitrogen oxides are formed when molecular nitrogen present in
the air is combined with hydrocarbon fragments formed during the de-
composition of fuel in the first stages of combustion.

Fuel oxides of nitrogen are formed during the oxidation of nitrogen-
containing substances present in the fuel in the zone of the flame. The
concentration of fuel oxides can reach significant sizes if the content of
nitrogen-containing substances in the fuel exceeds 0.1 % by weight.

Thus, the formation of NOx occurs during the combustion of any
type of fuel, and it is advisable to perform a decrease in their concentra-
tion only for the thermal mechanism of their origin, while the main con-
ditions for limiting the amount of nitrogen oxides are to ensure the com-
bustion process with a temperature not exceeding 1500 K. One of the
method allowing to assure these conditions, is the bypass of gases, in
which a part of the exhaust gases are sent directly to the exhaust line,
without using their energy in the T/C.

The exhaust bypass system (Exhaust gas wastegate — EGW) is rec-
ommended by some diesel engine builders (for example, Wartsila-
Sulzer) to limit the charge air pressure under high loads. At the same
time, the EGW system can be used to reduce NOx emissions. To confirm
this, Wartsila's 6L20 medium-speed diesel engine, which performs the
functions of a diesel generator as part of the ship power station and
equipped by the EGW system, carried out a set of studies aimed at de-
termining the effect of gas bypass in the EGS on its environmental and
economic performance. The main characteristics of the diesel 6L.20:

cylinders layout — in line;

number of cylinders — 6;

cylinder diameter — 0.2 m;

piston stroke — 0.26 m;

air pressure after turbocharger — 0.38 MPa;

maximum combustion pressure — 16.3 MPa;

rate of ration — 1000 rpmy;
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nominal output Neyem=1200 kW;

specific fuel oil consumption — 0.193 kg/(kW-h).

A principle diagram of the Wartsila EWG ship diesel 6L20 system is
shown in Fig. 2. According to the instruction manual of the diesel engine,
the EWG system provides gas bypass in the range of 0...10 %.

EG from diesel engine cylinders are delivered to main line 6. They
are bypassed through bypass line 5 by valve 4, the repositioning of which
is controlled by controller 7 and carried out by pneumatic actuator 8.

The main gas flow after T/C is returned through exhaust line 3. Us-
ing mobile flow meter MT100S (allowing to measure parameters in gas
streams with temperatures up to 454°C) it is possible to determine the
flow rate of gases at various points of the EWG, in particular the total
amount of exhaust gases Gy and quantities gas entering the bypass G, in
addition to T/C. This makes it possible to calculate the degree of bypass

gases
N

5/;
5 e S
gases from the

turbocharger

gases from
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gases to the
turbocharger

5] 5

Fig. 2. Principle diagram of EGS of ship's medium-speed diesel 6L.20 Wartsila
with EWG exhaust bypass system:
1, 9 — control points of main and bypass gas consumption; 2 — control point of
NOx concentration; 3, 6 —main gases' flow exhaust lines; 4 — wastegate;
5 —bypass gases flow exhaust lines; 7 — position controller of bypass valve;
8 — pneumatic air motor of bypass valve
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The concentration of NOx in the exhaust gases was determined at
point 2 using a Testo350XL gas analyzer. During the experiment, using
ship's measuring instruments (a flow meter installed on the main line
supplying fuel to high-pressure fuel pumps and a timer) the specific fuel
oil consumption (SFOC) has been determined.

The accuracy in measuring the flow rate of gases determined by the
flow meter MT100S did not exceed +0.5 %, the accuracy in measuring
NOx emission in exhaust gases with the Testo350XL gas analyzer was
3.5 %, the accuracy in determining the SFOC did not exceed 2.5 %.

The diesel engine on which the experimental studies were performed,
provided the power for the constant groups of consumers. At the same
time (depending on the studied modes), its power was 660 kW, 805 kW,
890 kW, 1010 kW, which corresponded to 0.55Neiom, 0.67Nenom,
0.74Nenom, 0.83Nenom. The accuracy in the change in power did not exceed
1.5 %.

The ship power station consisted of three diesel engines of the same
type, therefore, in case of a change in the number of energy consumers
and their power, the required load was redistributed to diesel engines not
involved in the experiment, and the diesel engine on which the studies
were conducted was operated at a constant load. In addition, during the
experiment on a diesel engine, constant temperature conditions were
maintained in the lubrication and cooling systems.

During the experiment, the diesel engine operated for a constant load
and a constant position of the bypass valve on each of the experimental
modes for 2.5...3 hours. To determine the degree of opening of the by-
pass valve (position 4 in Fig. 2), initially at point 1, the total gas flow rate
Gs, coming out of the diesel cylinders and passing through the main gas
flow 3 (with valve 4 completely closed), was determined. After that, with
the changed position of the bypass valve 4 at point 9, the gas flow rate
G, was determined through the bypass main 5 and the degree of gas by-
pass was calculated using formula (1). Further measurements were car-
ried out according to two schemes (Fig. 3)
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1) at a constant position of the bypass valve, the load on the diesel
has been changed, and then NOx values in exhaust gases were deter-
mined and SFOC, for example, at a constant value of dgwg=9.6 % and
different operating values of V., corresponding to 55, 67, 74, 83 % from
rated power; then the position of the bypass valve has been changed
(Oewa=8.1, 6.0, 3.8 %) and for each value of EWG in the specified range
the load on the diesel changed and the measurement of NOx and SFOC
has been repeated;

Brwe=3,8% N=0,55Naom
0,55N 10m|0:6 7 Nonorn| 05 74 Ncpom | 083 N o 6E\¥'G:358%|6EWG=630%| BT,WGZSJ%‘ Brw=9.6%
P Bppa=6,0% NZ0,67N, -
0,55N0m| 0,6 7N enom |05 74 N oo | 0,83 N oo 5E\‘w‘(i:3ﬂ8%|5E\’»’(i:610%|6t‘\\"6:811 %‘6&\(?:976%
» 6I“«\‘(_-:Ss l % Ne:UJ74Nenom
Ozssi;venom 0967Nen0m O~74Nermm 0183Nexmm SF\’V'G:3=8%|6FWG:6=O% | 6]‘-\1’(‘.:85 1 %‘ 6F\\'G:956%
B Bw=9,6% N=0,83N,.0 _
) 0,55N 30| 0,6 TN s | 0, 74N | 0.8 3N 1 SE\’»'U::Svg%lSk\’»'U:ﬁvO%|5b\\'h‘:891 %‘SEW(::-()vﬁ% |
N concentration of NO; in exhaust gases, _

specific fuel oil consumption (SFOC)

Fig. 3. Experimental researches sequence order

2) with a constant load on the diesel, the position of the bypass valve
was changed, and then the NOx emission values and the diesel engine
economy indicator — SFOC, for example, were determined at a constant
value N=0.83N.om and different values of EWG (0gwg=9.6, 8,1, 6.0,
3.8 %); further, the load on the diesel engine was changed (0.55N.uom,
0.67Nenom, 0.74N.nom) and for each value in the specified range, the posi-
tion of the relief valve was changed again and the measurement of NOx
and SFOC has been repeated.

It is allowed to increase the volume of receipt experimental data and
to enlarge their information content.

The experimental values thus obtained showed good convergence,
which confirmed the correctness of the measurements. The research re-
sults are summarized in Table. 1 and presented in Fig. 4.

Table. 1 Experiment results
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SEwG Emission NQX, g/(kW-h) SFOC, g/(kW'h)
, at engine load at engine load

% 55% | 67% | 74% | 83% | 55% | 67% | 74% | 83 %

0 8,72 8,37 7,81 7,58 198,6 | 196,9 | 1955 | 190,6

3,8 8,58 8,32 7,62 7,18 | 200,7 | 1989 | 196,3 | 191,2

6,0 8,42 8,18 7,52 6,83 201,6 | 199,6 | 196,8 | 192,0

8,1 8,38 8,12 7,47 6,63 203,5 | 199,8 | 197,3 | 192,2

9,6 8,24 8,01 7,38 6,53 203,8 | 200,6 | 197,5 | 1925

kw-h SFOC,
g
8,5 1 KW
3 200 L 2
1 J 1

195 —

75+

190

50 60 70 80 N % 50 60 70 80 N, %
a) b)

Fig. 4. Contingency of Emission NOx (a) and SFOC (b) marine diesel
6L.20 Wartsila from load N, for different opening grade of gas bypass valve EWG:
0 - OrwG=0; 1 — OpwG=9,6 %; 2 — OpwG=8,1 %; 3 — OpwG=6,0 %; 4 —
OrwG=3,8 %

Conclusions and prospects for further researches. The exhaust
gases bypass system (Exhaust gas wastegate — EGW) is recommended
and used by some diesel firms (for example, Wartsila) to reduce the
charge air pressure at elevated loads of marine diesel engines. The EWG
system provides the bypass of exhaust gases in the cylinder in the range
of 0...10 % of their total volume directly to the exhaust pipe without us-
ing their energy in the T/C. At the same time, it is possible to use the
EWG system to ensure the environmental parameters of the internal
combustion engine operation (in particular, to reduce NOx emissions
with exhaust gases) in the entire area of diesel operating modes.

For the ship's 6L.20 medium-speed diesel engine manufactured by
Wartsila operating in the load range Newor=(0,55...0,83)Nepom using the
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EWG system with exhaust gas bypass degree dgwc=3,8...9.6 % were ob-
tained the following results:

1) an increase in the degree of exhaust bypass in the range of
0...9.6 % account for reducing the emission of nitrogen oxides from
8.72 g/(kW-h) to 6.53 g/(kW-h) and depends on the load on the diesel;
while the relative reduction of NOx emissions is within 1.15...13.85 %;

2) the highest level of reduction of NOx concentration in exhaust
gases corresponds to the maximum degree of gas bypass and the maxi-
mum load on the diesel engine (in the experiments performed, 9.6 % and
0.83 Nenom respectively);

3) the use of the EWG system changes the stoichiometric fuel-air ra-
tio, which lead an increase of the SFOC;

4) for diesel operation modes approximate to the nominal (in the
conducted studies, 74...83 % of the nominal diesel power) using exhaust
bypass gases, the increase in the SFOC is 0.8...1.9 g/(kW-h) or in relative
values of 0,26...1.05 %; at the same time, taking into account the maxi-
mum reduction of NOx emissions in these operating modes, namely the
improvement of the environmental performance of a diesel engine is a
prevailing factor for this load range, therefore the use of the EWG system
in this case is reasonable and can be recommended as a way to assure
environmental requirements for marine diesel engines;

5) on loads (0.55...0.67)Nepom increasing of fuel consumption when
using the EWG system can reach 1.83...2.52 %; considering that in this
variation of loads, the use of EWG provides a reduction in NOx emis-
sions by 1.15...5.5 %, the use of a bypass gas system for this range is not
advisable.

When choosing the most optimal mode of operation of the EWG sys-
tem, i.e. the amount of gases bypassed to bypass the T/C, it is necessary
to carry out a complete assessment of the environmental and economic
performance of a diesel engine. Despite the increasing in specific fuel
consumption, the use of the EWG system can be recommended in special
areas of the world's oceans, when their environmental parameters become
the prevailing indicator in the operation of ship power plants.
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INFLUENCE OF THE TEXTURE DIRECTION ON THE
PROCESS AND QUALITY OF FRICTIONAL APPLICATION OF
A COPPER FILM ON STEEL

For the first time the question of the effect of shear deformation tex-
ture on the efficiency of deposition of a copper film on its surface by a
friction method was stated and experimentally clarified. It has been es-
tablished that the friction process performed against the rough machining
texture leads to the better improvement of quality of the copper layer
than in the orientation of the texture. It is recommended to use this rela-
tionship for practical purposes.

Keywords: friction, texture orientation, steel, copper, coating, quali-

ty

At present the development and use of energy-saving technologies
for improving the wear resistance of parts and restoring their perfor-
mance characteristics during the repair of ship technical equipment
(STE) parts is of particular social importance.

The technologies used for restoration of STE are characterised by
high labor-intensiveness, energy intensity and metal intensity, and special
requirements for production facilities.

The development of a method of applying wear-resistant coatings on
the complex surfaces of worn STE parts without the use of energy-
intensive and metal-consuming operations is one of the ways to solve the
problem of wear resistance of the working surfaces of STE parts and to
restore their technical characteristics.

One of the effective methods of improving the technological proper-
ties of STE parts is the coating and strain hardening of the surface layer.
In recent years combined surface treatment processes have been devel-
oped, when along with the mechanical impact on the product, the effect
of current, ultrasound, laser, plasma, various processing medium, etc. is
added. Friction deposition of metal coatings should be added to the com-
bined methods.
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The essence of the process is that the rod of the coating material
(copper or copper-containing alloys) is pressed with a certain force to the
surface of the workpiece, which must first be preliminary degreased and
lubricated with glycerin or some other special liquid. As consequence, in
the process of friction, the oxide film loosens on the surface of steel or
cast iron and plasticizes the surface of the copper alloy, which facilitates
its setting. As a result, the surface of the part is covered with a thin layer
(1 ... 3 mm) of brass, copper or bronze. A specificity of this method is the
coating ability to self-regenerate to certain limits. [1]

The aim of the study was to determine the properties of a substance
applied to a film base (copper and copper alloys) and to obtain empirical
dependencies of these properties on the elements of the technological
process of frictional filming.

The task of the study was to determine the optimal process of apply-
ing a copper film, depending on the orientation of the texture of the base.

It should be immediately pointed out that the process of frictional
deposition of a film of copper on steel has long been known and has been
successfully used, mainly for lathe machining of workpieces [2, 3].

The novelty of the material described below lies in the fact that it re-
flects the influence of the orientation of the texture of the subsurface
metal layer on the process of copper coating formation.

For example, when fixing shafts on lathes for various operations,
they can be installed in chucks without constant or clear orientation of
the workpieces and without taking into account the shear strains already
existing in the direction. As a result, shear strain reorientation occurs.
With the frictional deposition of a copper film, the process of their for-
mation against the already existing processing structure is possible.

The research was conducted on the basis of the methodology of Pro-
fessor Evdokimov, at the premises of the Military Academy of Odessa.
As a part of the study

the frictional application of solid films on the bodies of rotation was
studied.

A separate, new area of research is the use of reversible friction for
coating,

It is necessary to clarify the notion of reverse movement. In engi-
neering reverse means going in or turning toward the direction opposite
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to that previously stated. In this case, there is a reorientation to the other
side of the surface layers.

However, the reversal of shear deformations can occur without
changing to the reverse direction of motion. It often occurs while assem-
bling machine components in a production environment, where attention
is not paid to the direction of shear deformation resulting from machin-
ing. However, turning, as well as all types of cutting, grinding and rolling
lead to the appearance of a directed texture.

Friction of parts in the unit can occur both along the texture and
against, i.e, reverse occurs. This reverse, which can be called " counter-
sunking", leads to an increase in the wear of the connection. Usually, to
cope with it we apply a smoothing method of shear deformations based
on the principle of the absence of friction with the reverse orientation of
the shear strains [4].

The study included the application of a copper or copper containing
film under such a reverse - friction against the texture.

The experiments were carried out on a lathe (Fig. 1, a,b) with a cop-
per film applied by the friction method in the direction of the structure
and against the structure of the preliminary treatment. All other condi-
tions were accepted. To eliminate the influence of the orientation of
roughness or traces of processing, they were removed by applying trans-
verse movements of the abrasive cloth or with a cutter.

While carrying out the experiments, various factors were studied.
First of all, the influence of the orientation of the texture on the process
of applying a film of copper was determined .

The texture in the surface layers was created by turning on a lathe in
fig. 2, a. Then, by rubbing the sample made of bronze DIN standart
CuSnl12 (12% Stannum, the rest is copper) and the active medium, a
copper film was applied according to the processing structure (Fig. 2.b)
and against (Fig. 2, c) with fixing of time when copper began to form or
transfer to steel.
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Fig. 1,Experimental setting on the base of lathe machin.

It turned out that friction against the texture (fig.2, c¢) contributes to a
more rapid formation of a copper film than the friction in the orientation
of the texture — by almost 40% with its increased continuity or relative
thickness of about one micrometer, which is almost its limit.

c”/ Y e e o

a b C

Fig. 2. Texture formation during turning and friction with regard to texture 1 -
detail; 2 - cutter; 3 - the counterbody, and - the direction of the texture when
turning; b- friction in the direction of the texture; in - friction against the texture
or hidden reverse.

In addition, the friction force when applying the film against the tex-
ture was bigger than in the direction of the texture, and then became less
(Fig. 3). It is due to a slightly increased film thickness formed by friction
against the texture: curve 2 lies above curve 1 in fig. 4. and the continuity
of the film is greater (Fig. 4).
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It was possible to determine the abrasion of the film without re-
occurrence by applying the method of exoelectron emission, in which the
change in the area of steel coating with copper (Fig. 5).

Fr

06

04

02

T, ¢

Fig.3. The effect of texture orientation on friction 1 - friction in the direction of
the texture; 2 - friction against texture

o, mkm

Fig. 4. The formation of the coating thickness & from copper film with regard to
texture 1 - in the direction of the texture; 2 - against the texture.
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Fig. 5. The abrasion of the copper film on steel determined by exoemission 1 - in
the direction of the texture; 2 - against the texture

It turned out that the time of coating of steel with copper with friction
against the texture was about four seconds, whereas with friction over the
texture it was several times longer (Fig. 6).

1. The efficiency of the process of forming a copper film on steel by fric-
tion depends on the direction of the steel texture;

2. It is shown that creation of a copper film against the texture of the steel
underlayer is more preferable, for a number of reasons than in the direc-
tion of the texture, as it leads to increased coating thickness, formation
rate, density, and so on.

3. The coordination of the texture of mechanical processing with the di-
rection of movement of the spindle of the machine is not a difficult pro-
cess and can be used for practical purposes without difficulty.
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10 20 T, s.
Fig. 6. The influence of the orientation of the texture of steel on the formation of

copper coating 1 - in the direction of the texture; 2 - against texture
The obtained results allow us to draw the following conclusions.
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USE OF WATER-FUEL EMULSION DURING OPERATION OF
VESSELS

Problem formulation. During the operation of water transport ships,
water is always present in diesel fuel that is supplied for burning to the
ship's power plant. Natural processes of moisture condensation from the
environment, technical malfunctions in the sealing units and seals of fuel
and ballast tanks lead to the ingress of the water component into the fuel.
It is impossible to state unequivocally about the negative impact of a
small amount of water in the fuel on the performance indicators of the
combustion process. During the combustion of fuel due to the appearance
of various intermediate chemical compounds, for example, spirits, small
additions of water can lead to an improvement in the quality of the com-
bustion process. The presence of water in the fuel increases the degree of
dispersion of the torch. In combustion products, water can reduce the
concentration of harmful components (soot, toxic oxides of nitrogen and
sulfur, etc.) and reduce the temperature of exhaust gases.

From a scientific point of view, many questions related to the theory
of combustion of ship water-flooded fuels remain uncovered and require
their own thorough investigation. Of particular interest is the obtaining of
theoretical and experimental results concerning the description of the
combustion process of flooded fuel under the vessel’s working condi-
tions. Ultimately, such studies are supposed to formulate basic indicators
and a method for assessing the degree of influence of water concentration
in fuel on the working processes in a ship's power plant.

Without exception, all vessels in their construction contain a fuel
preparation circuit. It consists of basic elements — hydraulic lines, pump
equipment, filtration system and fuel separation. Depending on the de-
sign of the vessel’s construction the technology of execution of the fuel
preparation circuit may differ.

Analysis of the literature showed that according to the classification
of works [1-2], moisture in diesel fuel can be divided into two types: in-
ternal and external.
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When applied to diesel fuel, the internal moisture is colloidal — even-
ly distributed per unit volume. Its quantity is determined by the natural
composition of the fuel. Depending on the manufacturer, its content is
variable. The amount of colloidal moisture in the fuel also depends on
the relative humidity of the atmospheric air. In tropical conditions of ves-
sel’s navigation, in comparison with the northern areas, this figure will
always be much higher.

Colloidal moisture also includes hydrated moisture. This is part of
the water that is chemically bounded to the mineral impurities of the fuel.
Usually they include calcium sulphate and aluminosilicate. When analyz-
ing the characteristics of the fuel, a good indicator of hydrated moisture
is the ash content of the fuel. Its large values indicate onto overestimated
amount of internal moisture in the fuel.

Internal moisture in the fuel cannot be removed by any of the known
technical methods. The only way out of internal moisture from the fuel is
the case of high temperatures, which, when applied to vessel’s operating
conditions, corresponds to only one process - the combustion of fuel in
the ship’s main engine [3].

External moisture in the fuel is always variable parameter. It is
caused by various reasons. In application to the vessel’s working condi-
tions, the main sources of its occurrence can be divided into: atmospher-
ic, man-made and technical.

To the atmospheric sources of moisture ingress into marine fuel be-
longs:

1. Moisture condensation from the environment.

In most cases, this moisture is surface type and the amount of its
growth is directly determined by the total surface area of the walls of the
ship's fuel tanks. Most often moisture condensation occurs on the walls
of the fuel tanks. Provided that the relative humidity in the tropics is 96—
98% and the temperature difference inside and outside the tank is 10 ° C,
the amount of such precipitation can be quite substantial and reach up to
0.3% of the total volume of vessel’s fuel tanks [4]. Condensation of such
moisture occurs until the pressure of saturated water vapor inside the
hold and in the fuel becomes equal to the partial pressure of air in the
atmosphere.

2. The ingress of moisture into the hold due to precipitation, storm
waves and man-made causes.
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During the operation of the vessel such moisture can get into the fuel
when there are leaking closures of bilge hatches, valves and technologi-
cal inspection openings.

The main man-made sources of moisture ingress into marine fuel in-
clude:

1. Deliberately adding water to the fuel when bunkering the vessel
for increasing the payment for the delivered total volume. This factor
occurs in countries with weak economies and is most common in coun-
tries of Africa and Asia.

2. Emergency breaks at joints or corrosion of pipelines located in
fuel tanks.

The main technical sources of moisture in the ship's fuel include:

1. The interface of ship tanks containing water and fuel.

This source of moisture in the fuel is present on every ship, regard-
less of its design. The uncontrolled entry of water into marine diesel fuel
occurs due to the occurrence of various mechanical damages at the junc-
tion sections of the tanks. They are caused by the movement of the vessel
on rough seas, when the hull and all bearing elements of the vessel are
subjected to torsional and bending loads. The second reason may be
chemical corrosion of the walls of the tanks.

The process of fuel burning with water is based on the movement of
fine emulsion droplets in the space of the working chamber. Combustion
of fuel does not occur in the entire volume of the chamber, but only in its
locally allocated part. For this reason, the temperature in the initial part
of the torch is significantly different from the ambient temperature. It
varies along the axis of the torch (from top to bottom) in the direction of
increasing to the limit values corresponding to the flash point.

In [5], it was shown that the nature of the temperature values distri-
bution over the cross section of a submerged jet is qualitatively com-
pletely identical to the nature of the velocity distribution in the same sec-
tion. As the distance from the nozzle outlet increases, the excess tem-
perature on the flow axis will decrease, and the temperature boundaries
of the jet will, on the contrary, expand. The temperature profile in this
case is universal.

In most cases, inside the working chamber of a diesel engine, the
spatial shape of the jet is axisymmetric. In outer direction from the noz-
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zle current radius of its conical flame can be calculated by the expression
[5]
r=kix (1)
where k —empirical coefficient characterizing the increase in the
thickness of the boundary layer and answering to diapason from 0,61 to
0,82; x - current distance corresponding to the distance of the calculated
cross-section from the source of the jet, m.
Since the velocity in the body of the jet is a constant value the veloci-
ty dip on the axis of an axisymmetric wake can be determined from the

expression [5]
2

Vigoo=1.4N4rVx 3 | )
and the change in velocity along the axis of the axisymmetric wake
2
Viwo 192 r
XT = kZ T (3)
x3

Based on the analysis of the literature [1-7], a universal conclusion
was made — the impurity concentration profiles taken in similar cross
sections of a moving turbulent jet coincide with the temperature profiles
in similar sections. In other words, the distribution of the water compo-
nent in the emulsion of water and fuel that is injected into the working
cylinder of an engine can be studied over the temperature field in this jet.

The basis of the combustion of diesel fuel mixed with water com-
bines a whole range of complex physical processes. In comparison with
the combustion process of usual diesel fuel at the moment of initial igni-
tion of the water-fuel emulsion an increase in the spatial dimensions and
flame torch’s angle of the cone is observed. This fact is a definite ad-
vantage compared with the case of usual diesel fuel burning. When mov-
ing in a jet, the emulsion is characterized by a different fractional compo-
sition. In accordance with [8], it can be described by an expression that
has identical record form to the Gausses law known from statistics

n = N~9°d (4)

where n;, — the number of droplets with a diameter greater than the

current diameter d;; N — total number of droplets formed by spraying a
unit mass of fuel; a — distribution coefficient.
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A graphical representation of expression (5) is shown in Figure 1,
where it can be seen that the size distribution of fuel droplets is not uni-
form. The left side of the distribution curve shows that the most likely
diameter of droplets after the qualitative spraying of the water—fuel emul-
sion is 50-100 microns. In this case, from 20 to 90% of drops in the jet
located in this interval.
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Figure 1. The size distribution of droplets in the jet

A very important characteristic of the combustion process is the
burnout time of a single drop of the fuel. This value is determined by
Sreznevsky’s law and has a form of dependence between the velocity on
the square of the droplet’s diameter

2 2
o e = di) (5)
Koen

In expression (5) the value k., is the evaporation constant. For diesel
fuel its numerical values, depending on the temperature in the flame, lie
in the range from 0,19 to 0,35.

The burning of water and fuel emulsions is always accompanied by a
process of water dissociation

2H,0=2H,+0,

(0)
and the breaking of hydrogen bonds, which is characterized by the re-
lease of energy. The released atomic hydrogen H is subsequently burned.
This saves fuel and has a positive effect on the thermal stability of the
combustion process of a water-fuel emulsion.
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H+H=H,+104 kxan (7)

As can be seen from formula (6), additional oxygen appears in the
combustion plume during the dissociation of water. As an oxidizer, it
promotes the combustion of hydrogen with the release of energy, which
completely compensates for the spending of heat for the initial dissocia-
tion of water. The hydrogen heat of combustion in terms of fuel mass
unit is three times greater than the equivalent value for diesel fuel. How-
ever, the combustion of hydrogen requires a larger amount of air. So, for
example, 45 kg of air is necessary for burning 1 kg of pure hydrogen, and
14.5 kg of air is enough for burning 1 kg of a light diesel.

The purpose of the research is a scientific solution of the problem
connected with improvement of the technical and economic indicators of
the vessels exploitation. This can be achieved through the implementa-
tion of a new technology for the preparation and combustion of water-
fuel emulsions. Such technology, when integrated into the circuit of
preparation of fuel on a ship, will allow to receive and use water-fuel
emulsions during the operation of the ship’s main engine without reduc-
ing the main indicators of the power developed by it.

When diesel engines operate, the quality of the used air-fuel mixture
and the content of the main components that it contains are of particular
importance. High-quality fuel preparation provides a deliberately high
level of efficiency of operation of the ship's power plant.

Taking into account the specific features of the operation of the ves-
sel’s fuel dewatering systems, it can be stated that the problem still exists
and it remains unresolved. There are still no reliable methods and tech-
nical devices that allow the use of flooded fuel when burning in the main
engine of the vessel.

Main investigation problem was formulated as an increase in the
technical and economic indicators of the ship’s operation by developing a
new technology that allows to receive and to use water-fuel emulsions
when the ship’s main engine is working without reducing the main indi-
cators of the power it develops.

The proposed technology that will change the basic properties of the
emulsion of water and fuel is based on the final result of a known physi-
cal process. At high speeds of movement due to the conversion of kinetic
energy, it is possible by means of mechanical way to achieve a change in
the structure and properties of multiphase media. Mechanical mixing at
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high speeds can lead to the transfer of external moisture in the fuel to the
internal one. The resulting emulsion will be characterized by a uniformly
distributed structure and resistance to delamination. The burning charac-
teristics of such an emulsion in a ship's main engine will greatly exceed
the same values taken for conventional diesel fuel. In this case, the main
practical problem can be solved — minimizing the negative consequences
of the degree of increased moisture content in the fuel.

Research materials. The process of flooded fuel burning always in-
volves the preparation of the initial mixture of fuel and water. For this
reason, in the course of research, the emulsion was previously prepared
using two variants of mechanical mixing. In the first case, ultrasonic vi-
bration was used, and in the second — mechanical mixing of water and
fuel.

Mixing was performed inside the closed circuit of hydraulic network,
when fuel and water from the pipeline entered the impeller of the centrif-
ugal pump. Structurally, the impeller was modified. A set of holes was
drilled in it along the entire length of the inter-blade working channels.
Due to the high speed of rotation, cavitation partially occurred in the
pump. With the destruction of the emerging vapor bubbles, an additional
intensification of the mixing process occurred.

The difference between the vibration and mechanical methods of
preparing a water-fuel emulsion was manifested in the quality of the re-
sulting mixture. In the case of ultrasonic preparation, an almost single-
phase liquid was obtained, which for a very long time (up to 600 hours)
was not subjected to exfoliation into its constituent components. With
mechanical mixing, the separation period was less and amounted up to 49
hours. Both indicators fully comply with the technical standards and
conditions of the ship’s main engine operation.

The first variant of mixing implied the use of an ultrasonic vibrator
immersed in the fuel and the addition of water at the time of its opera-
tion. A factory-calibrated ultrasonic generator IL 10-2.0 was used. Its
main characteristics are as follows: the supply voltage at a frequency of
50-60 Hz is equal to 220 +/- 10%; single phase; operating frequency of
16-25 kHz; output power not less than 2 kW; power consumption not
more than 2.2 kW; Efficiency at Cos¢ load=0.86, not less than 92%; type
of connected transducers - magnetostrictive.
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During mechanical preparation of the emulsion with the use of a
pump a closed hydraulic circuit was used. Water was supplied using a
dispenser. The general scheme of the mechanical mixing plant is shown
in Figure 2. The circular movement of the fuel inside the pipeline 1 with
the valve 5 closed was carried out by the centrifugal pump 4. The diame-
ter of the pipeline was 50 mm. Single-stage pump designed for pumping
bilge water of the ship, brand DESMI (Denmark) the NSA series had
characteristics: performance 5-10 m’/hour; developed maximum pressure
10 m of water head.

The required amount of fuel was initially poured into the hydraulic
circuit from the dispenser 2, which was then shut off with the use of
valve 6. Similarly, water was supplied to the pipeline from tank 3. After
closing two valves 6 on the water and fuel supply lines to the main cir-
cuit, pump 4 was activated. After five minutes of its work, completed
mixing of the two liquids was usually achieved and the pump was shut
off. The resulting water-fuel emulsion through the valve 5 was poured
into a working tank for collection and subsequent supply for incineration.
Due to the volume change of the liquids in two dispensers during the pre-
liminary preparation, it is possible to obtain any concentration of water
and fuel in the resulting emulsion.

EDED
Dol et
(\BJ | ]

Figure 2. Hydraulic circuit diagram
1 - closed pipe contour; 2 - fuel dispenser; 3 - water dispenser; 4 - pump; 5 -
automatic valve.

For mechanical preparation of a water-fuel emulsion, it is necessary
to choose the right construction of a centrifugal pump. In this case, the
first basic criterion should be the dimensionless coefficient of its power,
which is calculated by the expression
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where O and H — dimensionless coefficients of pressure and pump per-

formance; 1 — efficiency factor of the pump.

The value of the pump’s power factor to obtain a water-fuel emulsion
with a water particles size in the fuel of not more than 10”7 m should be
0,95 or more.

The mixture of water and fuel in the pump is provided by a strong
flow turbulization. It is created by the flow of two liquids through special
openings in the inter-blade channel and a special attention must be given
to their allocation. It is most rational to create whirls of small-scale tur-
bulence along the line reproducing the contour of the blade. At the stage
of preliminary studies, it was concluded that it is advisable to drill holes
along the axis of symmetry of the channel, bounded by two adjacent
blades by low

x,:z-s,-n"(ﬂi]‘vfj, Y, = £(x,), i=12 ., (N+1)

)

In expression (9), the discrete distance factor # between holes should
be n>3 and when drilling the holes, it was assumed to be 3,2. In the case
when impeller has big diameter, when the output diameter is larger than
the input diameter by two or more times, the resolution factor can be tak-
en as n=3,9.

To carry out an experimental assessment of the possibility for vessel
operating on a water-fuel emulsion, an experimental plant was devel-
oped. It is shown in Figure 3. With its use in experiments, the minimum
temperature when the mixture of fuel and water can ignite and burn
steadily was measured. It was determined depending on the different val-
ues of the volume concentration of water in the emulsion. The technolog-
ical scheme of the plant's operation is as follows: a previously prepared
working water-fuel emulsion 4 is pumped into the cylindrical channel 1,
which plays the role of vessel’s fuel tank. Due to the movement of the
rod 2 with the installed piston 3 water-fuel emulsion 4 in liquid form is
fed to the combustion. The speed of rod 2 movement allowed to adjust
the value of the working mixture mass flow rate.
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Figure 3. Experimental plant
1—cylindrical channel; 2—rod; 3—piston; 4—water-fuel emulsion; 5—
nozzle for heating water fuel emulsion; 6—combustion chamber; 7—filament; 8—
gaseous fuel mixture; 9—thermometer; 10—flame torch.

The main element of the plant is the combustion chamber 6, which in
real ship conditions corresponds to the combustion chamber of the main
engine of the vessel. It was made of a steel pipe with a diameter of 1 cm
and with a wall thickness of 2 mm. In order to verify the reproducibility
of the measurement results, the height of the combustion chamber 6 was
variable and had dimensions H = 150, 200 and 300 mm. At both ends,
the combustion chamber was hermetically sealed with round covers. The
top cover served as a nozzle.

The nozzle 5 was tightly connected to the cylindrical channel 1 at
right angle. It simulated the operation of the ship’s steam fuel preheater
and its main function was to heat the emulsion to the value of ignition
temperature, which corresponds to the current concentration of water in
the fuel. Depending on the size of the combustion chamber 6, the height
of the nozzle 5 has been changing and had dimensions Ny, = 75, 100 and
150 mm.

The heating of the liquid water-fuel emulsion inside the nozzle 5 was
carried out using a nickel-chrome filament 7. It was spirally arranged
with a uniform pitch on the outer wall of the combustion chamber 6. By
controlling the degree of its heating, the heat flux with different values of
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heat output was transmitted through the walls in the annular space 8. This
area of the chamber 6 while the two-component liquid was evaporating
has been filled with the vapor of the water-fuel emulsion, which assumed
the corresponding value of the heating temperature.

At the exit of the working chamber 6 was located a thin hole. It simu-
lated the nozzle. Its diameter was 1 mm. It was made with the processing
of external and internal output edges.

At the height of the working chamber 6 there were installed three
thermocouples. They were used to control the temperature of the mixture.
First thermocouple was located at the level of the nozzle inlet for heating
the emulsion 5 into the combustion chamber 6. The second thermocouple
was installed at the level of the output edge of the nozzle 5. The third
thermocouple corresponded to the upper point of the combustion cham-
ber 6.

At the beginning of each series of experiments, the internal space of
the working chamber 6 was heated to a temperature of at least 200 ° C.
After the moment, when all three thermocouples began to show the same
temperature values of the gaseous water-fuel emulsion in the orifice,
which was simulating a nozzle there has been done an ignition of the out-
flowing gaseous jet. The emergence of a stable flame torch and the sub-
sequent absence of its breakdowns indicated the stability of the combus-
tion process.

Concentration of water in the fuel is the main factor influencing onto
the process of its combustion in the main engine of the vessel. As a result
of experimental study of this effect, new results were obtained. They can
have a significant impact on the performance of the vessel. The most im-
portant characteristics include:

- fuel costs. They are directly determined by the mass flow rate of
fuel, which can be reduced as a result of using the obtained data;

- boundaries for the temperature range maintaining of a steady flame
of combustion of the working mixture in the combustion chamber of the
power plant;

- an increase in the duration of the routine maintenance of the ves-
sel’s fuel equipment.

An example of the measurement results is shown in Fig. 4. The graph
for various values of the concentrations of the mixture of ship diesel Die-
sel euro 2M with water shows the experimental values of flash point.
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Figure 4. Dependence between water concentration and the flash point of the
emulsion

1 - mechanical preparation of the emulsion; 2 - ultrasonic preparation of the
emulsion.

All results refer to two methods of preparing a water-fuel emulsion.
Curve 1 corresponds to the mechanical method of mixing water and die-
sel fuel in a pump with a perforated impeller in the areas of the inter-
blade working channels. Curve 2 corresponds to the preparation of the
emulsion using a plate ultrasonic generator. Both graphs are plotted with
the use of averaged values of the flash point. In order to verify their re-
producibility, a series of experiments was carried out using three differ-
ent heights of the working chamber. In this case, by changing the height
(volume) of the working chamber of the plant, the spatial location of the
measurement points changed, but the results indicated that the final val-
ues were unchanged. As an example, in Figure 5 it can be seen that the
flash point values obtained from a thermocouple located at the level of
the fuel supply to the working chamber H,, and the thermocouple in-
stalled at the outlet of it H, almost coincided. The graph shows a slight
difference in the data of the first thermocouple, corresponding to the
lower part of the working chamber. In comparison with other thermo-
couples, it occurred within the absolute error of 1,7 %. The main expla-
nation for this difference may be the fact of non-uniform heating — tem-
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perature stratification of the material of the walls of the working chamber
along its height, since in this part it was not heated using a heating ele-
ment.

In the course of conducting experimental researches on the AHTS
ship “Jaya Majestic”, it was stated how the presence of water in diesel
fuel makes influence onto two main performance indicators of the vessel
— fuel
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Figure 5. Flash point distribution at the height of the working chamber
1 - thermocouple at the bottom of the working chamber; 2 -
thermocouple in the middle of the working chamber;3 - thermocouple
at the level of the torch source.

consumption and exhaust gas temperature. The measurements were
made during the transition of the vessel, when the three operating modes
of the load of the ship's main engine at a constant number of its rotation
were respectively: 80 %, 50 % and 30 %.

The results of the flow rate measurements for the water-fuel emul-
sion are shown in Figure 6. The graph shows that an increase in the con-
centration of the water component in the emulsion led to a change in the
flow-rate. This change was not permanent. The worst-case scenario cor-
responds to the modes of the vessel when there is little load on the main
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engine of the vessel. In this case, the addition of the water component did
not lead to fuel economy, since, with its maximum value equal to 15 %,
the consumption data increased by 16,5 %. However, at medium speed,
with a load on the ship’s main engine of 50 % with a water concentration
of 15 %, the increase in consumption was only 4,7 %. The best effect in
fuel economy with the use of water-fuel emulsion was achieved when a
load on the ship's main engine has been 80 %. In this case, when the
moisture content of the fuel is equal to 15 %, the change in fuel con-
sumption compared to the humidity of 1 % was only 1.57 %. In other
words, when the ship is running at 80 % load mode of the main engine, it
is possible to obtain fuel savings of 13.42 % or in real units of measure-
ment 0.102 m’/h. At a cost of 800 USD per ton and a light diesel density
of 860 kg/m’, the resulting savings in fuel costs are $ 1,684.22 per day.
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Figure 6. Influence of water concentration onto the consumption of water-fuel
emulsion. The load mode of the vessel’s main engine is: 1-80 %;2-50%;3-30 %.

The change in temperature and composition of the exhaust flue gas-
es, depending on the moisture content of the fuel, was measured when
the load mode of the ship’s main engine was 80%. The measurements
were carried out with the use of universal digital flue gas analyzer 717R
Flue Gas Analyzer. Installation of its primary processing unit was carried
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out inside the ship’s chimney. The distance between the place of its allo-
cation and the output section according to the manufacturer’s technical
installation specification was 300 mm.

The results of measurements of the flue gas temperature are shown in
Figure 7. As can be seen in the graph, the amount of water in the emul-
sion directly reduces the temperature. When the concentration value was
changed from 0 to 15%, the flue gas temperature decreased to the level of
90 © C. Its fall is due to the additional cost of thermal energy for burning
water-fuel emulsion in the torch. Due to this, the total heat loss in the
ship power plant is reduced. By analogy with the economic effect of re-
ducing the level of fuel consumption in the course of the vessel with a
load of the ship's main engine of 80%, the positive effect of temperature
balance was achieved.

The change in humidity in the original water-fuel emulsion from 1 to
15% resulted in a negative gradient in the temperature difference at the
exit of the flue gases chimney equal to: 89.4—142.1 = -52.7 0C. This in-
dicator is very high and shows the prospects of the use of water-fuel
emulsions under the vessel’s working conditions.

In the experiments, there was evaluated the influence of the water
concentration in the emulsion on the concentration of carbon monoxide
CO, oxygen O, and carbon dioxide CO; in the flue gases. By analogy,
the positive effect of water presence in diesel fuel was also established.
As can be seen in Figure 8, the concentration of carbon dioxide CO, fell,
and the concentration of free oxygen O, in the flue gases increased. This
indicates on a better burnout of the fuel component and an increase in the
overall efficiency of the ship's power plant.
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Figure 7. The influence of water concentration in the emulsion
onto the flue gases outlet temperature when a load on the main engine
of the vessel was 80%
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Figure 8. The influence of water concentration in the emulsion onto the carbon

dioxide CO, and oxygen O, concentration in the flue gases
1 - carbon dioxide COy; 2 - oxygen O,
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A good indicator for the influence degree of water concentration in
the fuel on a performance of the ship's power plant can be the calorific
value of the water-fuel emulsion which is used. This indicator is easy to
associate with the power, that developed by the main engine of the ves-
sel. Recalculation of the calorific value of the emulsion from MJ to kWh
is carried out as 1MJ = 0.278 kWh. This ratio shows that the measure-
ment of the current capacity of the vessel during its operation is directly
related to the calorific value of the water-fuel emulsion which is used. In
this case, it is necessary to distinguish two modes for a vessel’s main en-
gine operation: course mode, when the load on the main engine of the
vessel is almost constant; maneuver mode, when changes in the load on
the main engine of the vessel are constant.

Most recommended to use an emulsion of water and fuel in the first
mode. The characteristic dependence of the change in the current power
of the vessel’s main engine with an increase of water concentration in the
emulsion is shown in Figure 9. The corresponding change in the calorific
value of the water-in-fuel emulsion can be obtained by standard recalcu-
lation. The graphs show, that the increase of water concentration in the
fuel makes influence onto the power of the main engine according to a
linear law. When water concentration in the fuel becomes larger the
spread of the engine speed rotation range with the power increase be-
comes descending.
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Figure 4.2 The influence of water concentration onto the power of the vessel's
main engine
1-C=1%;2-C=3%;3-C=5%;4-C=10%; 5 - C=15 %.

The results obtained during research work allow to conclude that the
new vessel’s technological scheme for water-fuel emulsion preparation,
that was developed, is characterized by high quality dispersion of water
and diesel fuel and improves the technical characteristics of the operation
process of the ship power plant.

Conclusions.

1. When water dissociates in the flame torch an additional oxygen
appears. As an oxidizer, it promotes the combustion of hydrogen with the
release of energy, which completely compensates spending of the heat
for the initial dissociation of water. The heat of hydrogen combustion in
terms of fuel mass unit is three times greater than the equivalent value for
diesel fuel.

2. The greatest fuel economy when using a water-fuel emulsion was
obtained with a load on the vessel's main engine equals to 80 %. During
the course of the vessel in this load mode onto the main engine a con-
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sumption of the fuel was reduced by 13,42 % or in real units of meas-
urement by 0,102 m’/h.

3. New vessel’s technological scheme for water-fuel emulsion prepa-
ration, that was developed, is characterized by high quality dispersion of
water and diesel fuel and improves the technical characteristics of the
operation process of the ship power plant.
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FORMATION IN CYLINDERS OF DIESEL ENGINES

Abstract

It is noted the presence of two groups of toxic components in diesels
exhaust gases (EG): incomplete fuel combustion products and those of
complete oxidation of the chemical elements in the fuel composition. The
most numerous constituents of second category are the nitrogen oxides (
NO,). The content of the latter is regulated by IMO regulations and max-
imum limits apply to environmental control areas.

About 42% of nitrogen oxides emissions in an atmosphere are from
diesel engines operaing on transport and in various industries. 80-90% of
diesel engines exhaust gases nitrogen oxides is the share of nitrogen
monooxide NO and 10-20 % - of nitrogen dioxide. The share of others
gaseous nitrogen oxides (N,O, N,O,, N,O4, N,Os) in the exhausted gases
is insignificantly little, therefore widely applied designation NOy serves
for a designation of a nitrogen monooxides and dioxides mix.

The analysis of the different processes of formation of nitrogen ox-
ides (NOy) in the cylinder of internal combustion engines is carried out.
There are following processes distinguished: main — thermal, including
the extended Zeldovich mechanism of nitric oxide formation of NO from
atmospheric nitrogen in the high temperature zone of combustion imme-
diately after the combustion; generation of "prompt" NO in the flame
front; fuel nitrogen oxides formation as a result of the conversion of ni-
trogen contained in the light and gaseous fuel to the nitrogen oxide when
burned; the formation of NO from nitrous oxide N,O. For modeling of
diesel engines nitrogen oxides formation process, the preference is given
to a thermal mechanism.

Existing semiempirical models of NO, formation have low accuracy
and require additional configuration for specific applications. It is sug-
gested to consider the possibility of applying statistical models of NO
formation. It is performed statistical analysis of experimental data using
regression analysis. Regression equations of the second order with vari-
ous options of interaction factors were obtained. The best predictive
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qualities posess a second order model with a nonlinear conversion func-
tion and cross-factor interaction, included in the model.

In article it is analysed modern representations about the mechanism
of nitrogen oxides formation, making the basic part of harmful emissions
with the exhaust gases of diesel engines. Essential components of this
process are considered: thermal, "prompt", fuel, N,O mechanisms. At
calculation of nitrogen oxides formation the preference is given to a
thermal variant. Insufficient accuracy of existing semiempirical models is
noted and the expediency of the statistical approach on the basis of pro-
cessing experimental data is proving.

Initial data for the statistical analysis are prepared. Regression de-
pendences of speed of nitrogen oxides formation are received from defin-
ing parameters. Comparison of results of stochastic modelling for various
structures of the equations is given. The best predicted properties posess
the models on the basis of nonlinear transformation of criterion function.

Introduction.The merchant marine fleet is a basis of a global infra-
structure of economic; it was and remains the most important type of
transport for realization of the international exchange by the goods with
the lowest influence on an environment and low costs for ton-mile of a
transported cargo.

According to data of international conference UNCTAD (UNITED
NATIONS CONFERENCE ON TRADE AND DEVELOPMENT) dur-
ing period 2017 - 2030 expected mid-annual growth of sea transporta-
tions will make 3 -4 % [19, p.16, Table 1.11].

At ship power installations (SPI) operation, the main and auxiliary
diesel exhaust gases (EG) in an atmosphere are thrown out. The toxicity
of EG by a grade of fuel and conditions of its combustionis is defined.

One of the tasks in solving the problem of improving the environ-
mental performance of the SPI is the study and modelling of formation
mechanism of nitrogen oxides in the cylinders of diesel engines.

The basic EG toxic components formed in SPI, by the nature of their
occurrence can be divided on two basic groups. Products of incomplete
combustion of fuel concern to the first group (carbon monoxide, hydro-
carbons, aldehydes, soot). Toxic components of the second group - ox-
ides of nitrogen NO, and sulfur SO, are formed as a result of full oxida-
tion of the chemical elements which are a part of fuel and air [6].



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 256

The basic toxic component of SPI exhaust gases without dependence
from type, dimensions and design features are nitrogen oxides NO,. They
are formed in the combustion chamber of a diesel engine, a gas turbine or
a boiler furnace by oxidation of the nitrogen containing in air, and also
nitrogen from nitrogenated molecules of fuel. NO, share in total toxic
emissions makes 30-80 % on weight and 60-95 % on equivalent toxicity.
[5; 10, cTp19-21].

On figurel IMO requirements to ship diesel engines NOx emissiones
are presented.
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Fig.1. IMO requirements to ship diesel engines NO, emissiones
according to Marpol Annex VI [15, p. 162].

About 42 % of nitrogen oxides emissions in an atmosphere are from
diesel engines working on transport and in various industries 80-90 % of
diesel engines exhaust gases nitrogen oxides is the share of nitrogen
monooxide NO and 10-20 % - of nitrogen dioxide. The share of others
gaseous nitrogen oxides (N,O, N,O,, N>,O4, N,Os) in the exhausted gases
is insignificantly little, therefore widely applied designation NOx serves
for a designation of a nitrogen monooxides and dioxides mix. Nitrogen
monooxide is an astable component. In an atmosphere under normal
conditions nitrogen monooxide NO is oxidized up to dioxide NO, during
0,5 +100 hours depending on concentration in air [2].



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 257

Mechanisms of formation NOy in SPI, thermal nitrogen oxides.
J.B.Zeldovich [3, p. 36] substantiated thermal character of the mech-

O+N, <> NO+ N -1965001J;
N+0O, <> NO+0+16720J.

anism of formation nitrogen oxide NO from atmospheric nitrogen in a
zone of high-temperature burning and right after end of burning when
rise in temperature leads to dissociation of molecular oxygen.At growth
of temperature, since 2000K, speed of NO formation (direct reaction)
increases very quickly (exponential dependence). It is visible, that the
first reaction goes with absorption of a plenty of thermal energy.

Most often in calculations is expanded J.B. Zeldovich [3, ctp.75]
mechanism - in accordance with addition on D.L.Baulch [11] and
G.A.Lavoi [18] reactions.

N+OH < NO+H

It is used the semiempirical equation offered by D.B. Heywood [16,
p. 575] for speed of formation of nitrogenoxides, being power function of
temperature.

d[NO| 6x10" —-69,090
[dt L T eXp( T j'[oz]lf'[NJe mole/cm” -s.

Here [NO] — nitrogenoxide concentration, [O,], [N,] - equilibrium
concentration of oxygen and nitrogen at current pressure and tempera-
ture.

Zeldovich's thermal mechanism now is most in detail studied of all
known mechanisms of nitrogen oxides formation. Nevertheless, in
Z.R Kavtaradze's opinion [4, p.66], at usage for calculations of nitrogen
oxides formation in combustion chambers of piston engines there is a
danger of reception of the inexact results, connected with errors of exper-
imental definition or an unsuccessful choice of available constants of
reactions speeds from references [4, p. 67].

The similar conclusion is received by us at processing skilled data F.
Lin[12, fig 4-6, 4-9, 4-12 and 4-14] and H.P. Liu [17].

"Prompt" nitrogen oxides (Fast NO). The mechanism of for-
mation "prompt" NO in front of a flame essentially differs from those for
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thermal NO and for the first time is described by C.P. Fenimore [13]. In
the further this process was studied by C.K. Westbrook and F.L. Dryer at
methanol burning [22].

Reaction has more complex character, as it is closely connected with
formation of radical CH (in front of a flame) in conditions of a rich fuel-
air mix.

CH+N, & HCN+N;
N+OH < NO+H;

N+0O, <> NO+O.

The main thing in this mechanism - fast formation of atoms N. Speed
of nitrogen oxide formation is defined by speed of reaction between in-
termediate radical CH and a molecule of nitrogen N, [20, p.19]. Reaction
begins at temperature 800 K and does not depend almost on its further
growth. As a result HCN (hydrocianic acid) is generated. This enters re-
action with radical N - as a result NO forms very quickly. In diesel en-
gines the share of “prompt” NO among all emissions NOy is rather insig-
nificant and makes less than 5 % [1, p. 6, 7; 16, p. 574], through small
size of depth of front of a flame in combustion chamber conditions of a
diesel engine (0,1mMm) [16, p. 572], at rotation frequency n = 1000
rev/min) and the small period of time (for example, T ==10+50 pus or ¢ =
0,1+0,3° crankshaft rotation angle (CRA) for front of a flame passage
and CH radicals existence [1, p.6, 7].

Fuel nitrogen oxides. Transformation of the nitrogen, containing in
light and gaseous fuel, in nitrogenoxides at combustion in transport die-
sel engines practically does not play a role, as fuel for these engines, in
opinion Kavtaradze Z.R and Kavtaradze R.Z. [4, p. 68], almost does not
contain some the connected nitrogen. Some other approach to fuel ni-
trogenoxides contains in A.S.Loskutova's and G.A.Weisser [8; 21,
ctp.38, 39] dissertational works - as usual, in fuel, used in ship diesel
engines, the contents of nitrogen does not exceed 0,1 %, that can give
NO contents up to 10 % [21, p. 39], but in calculations fuel NO are not
considered in connection with the big difference in the contents of nitro-
gen in heavy fuels, received from oil from various deposits on different
oil refineries.
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Formation NO from N;O. Nitrous oxide N,O - causes formation ni-
trogenoxides NO in the event depleted fuel-air mix limits radical CH
formation, blocking occurrence "prompt" NO, and insignificant further
growth of temperature interferes with formation thermal NO [1, p.6,7].

As a whole, many authors [1, p. 6, 7, 35; 4, p. 67, 68; 7; 8, 9; 16, p.
572, 574, 577; 21, p. 39] consider, that for calculations of quantity NOy
(including usage one-, two -, and multi-zone models of combustion
chamber), formed at burning in diesel engines at work in a nominal
mode, and a choice of a technique of their reduction it is necessary to use
the thermal mechanism. The share of "prompt", fuel and NO, formed on
N,O mechanism, usually makes 5+10 %, that does not exceed size of an
error at use of the thermal mechanism.

The basic contents. Considering stated, it is expedient at research of
processes of nitrogen oxides formation in cylinders of diesel engines to
use the tools of statistical representation of the regularities of the phe-
nomenon under study .

With this purpose in this paper the analysis of experimental data ob-
tained in the studies of Fangfang Lin [12] is carried out. Used graphs of
Fig.4-6, Fig and Fig 4-12 4-14 source, combined in the form of preorigi-
nally introduced in Fig. 2. On the chart plotted the values of average
temperature in the cylinder and the NO content for the two variant of da-
ta on the composition of the air charge: 21% and 34% of the recirculated
exhaust gas (EGR).

The average temperature in the cylinder is determined by calculation
according to the pressure measured with the Kistler sensor.

The NOy concentration was measured at the outlet of the cylinder,
and intermediate values were determined by calculation. The agreement
between the calculated and experimental values was marked sufficient
for practical purposes.

The experiment was carried out on the engine with a common rail di-
rect fuel injection system. The main parameters of the engine: cylinder
diameter - 96 mm; piston stroke - 105 mm; compression ratio - 14.3; ro-
tation frequency - 1200 rpm, the charged air pressure - 0.14 MPa; mean
indicated pressure 0.8 MPa.
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Fig.2. Formation of nitrogen oxides in the diesel engine cylinder

Used in value analysis of the NO content in the exhaust gas is equal
to 1200 ppm, obtained by extrapolation of the dependence of this param-
eter from the level of the EG recirculation. The period of NO formation
was 372° + 389° crankshaft rotation angle (CRA).

In the preparation of statistical processing of experimental data, the
objective was to obtain the dependence of the current rate of formation of
NO from the following conditions of reaction: temperature, pressure, ni-
trogen concentration, oxygen concentration. To calculate the current val-
ues of these parameters used geometric data of the engine, state infor-
mation of the air charge, given in view of a course of reaction of NO
formation

The ultimate goal of the analysis was to obtain the objective function
VNO=f (T, R, VO,, VN,) as a polynomial in the framework of multiple
regression analysis using software package STATISTICA.

Along with the above Fangfang Lin data [12] are used the results of
Zhixia He [14].

To set the parameters of the statistical processing two tables are
composed: one for the initial phase of the process —to the maximum reac-
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tion rate (table 1) and the second for the period of speed reduction (table
2).

In tables the following symbolic notation and dimensions are used:

VNO - current rate of formation of NO, g/ (cm’s) 107,

T - average temperature in the cylinder , 10°K,

P - gas pressure in cylinder, bar,

VN, — current concentration of N,, mg/cm’,

VO, - current O, concentration, mg/cm’.

Line numbering takes into account source of data: the initial part re-
fers to F. Lin [12], the second section - Z. He [14].

Tablel.The initial section of raw data for multiple regression analysis

Ne VNO T P VN, VO,
1 0 11 112 65 19.8
2 13.309 13.5 135 66 18.9
3 16.258 14.5 142 65 17.9
4 21.028 15.5 143 64 16.6
5 21.472 16.7 144.5 62 15.2
6 25.142 17 143.5 60 13.7
1 0 16.3 77 25.5 7.2
2 3.69 18 81.19 24.4 6.91
3 24.06 19 81.47 23.2 6.13
4 44.28 19.2 78.05 22 5.4

As mentioned above the actual analysis was carried out
separately for the data of each table (tab.1, tab.2) using the tech-
nique of polynomial regression of second order STATISTICA with
and without taking into account the effects of cross-factor interac-
tion of the first order between the factors T-P, T-VO,, P-VN».
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Table 2. The second section of the initial data for multiple regression analysis

Ne VNO T P VN, VO,
19.202 17.4 140 57 12.3
8 9.056 17.45 132.5 54 10.8
6.318 17.5 127.2 51 9.4
10 4.78 17.6 120 48 8.2
11 4.072 17.35 112.5 44 6.9
12 3.088 17.25 106 41 5.8
13 0.936 17 98 38 4.8
14 0.596 16.75 38 35 4
5 34.77 19.3 74.32 20.8 4.72
6 25.57 19.1 69.54 19.7 4.09
7 8.03 18.9 64.91 18.5 3.16
8 1.8 18.5 59.94 17.5 2.98
9 1.49 18.1 55.29 16.5 2.49
10 0.65 17.9 51.54 15.6 2.06
11 0.5 17.5 47.53 14.7 1.66

Thus, processing without the use of a nonlinear transformation con-
sists of four areas of analysis:

1-table.1, the VNO to the maximum value without accounting for
cross-factor interaction,

2-table.1, the VNO to the maximum value taking into account cross-
factor interaction,

3-table.2, after VNO maximum values without taking into account
cross-factor interaction,

4-table.2, VNO after the maximum value taking into account cross-
factor interaction.

Additionally performed analysis using nonlinear transformations
separately for each table.

In the record of the results obtained in STATISTICA, the original
transcription of the character symbols and table design. In particular, the
exponentiation indicated by “T*2”. For each option the basic statistics of
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the obtained regression equations are displayed in tabular form. In the
article they are given selectively.

Table 3. Statistics of the regression equations of VNO of the second order

(sectionl)
SS of model & SS of residuals (Up to max)
Dgr.o Dgr.of|
%:rvle Mul- | Mul- | Cor- | SS fffz | MS | SS | free- | MS
able tiple | tiple | rected |Mod- dom Mod- Re- dom Re- F p
R | R2 | R2 el el |sidual| Re- |sidual
Mod- .
ol sidual
VNO 0.99910.99910.9987|1665. 3 208.2|0.227 1 0.227|914.9|0.025
93 | 86 7 60 00 | 56 56 | 08 | 56
Table 4. Additional statistics regression VNO equations of the second order
(sectionl)
Univariate significance tests for VNO (Up to max)
Sigma restricted parameterization.
Effect Hypotheses decomposition
Degrees
SS of free- MS F p
dom
Free term 11.77066 1 11.77066 | 51.72463 | 0.087954
T 2.16208 1 2.16208 | 9.50099 | 0.199716
T2 2.86442 1 2.86442 | 12.58733 | 0.174900
P 4.42014 1 442014 | 19.42370 | 0.142044
PA2 6.52554 1 6.52554 | 28.67564 | 0.118252
"VN,” 2.23240 1 2.23240 | 9.81000 | 0.196744
"VN, "2 6.44429 1 6.44429 | 28.31858 | 0.118252
"VO,” 19.34972 1 19.34972 | 85.02982 | 0/068770
"VO,”"2 2.09603 1 2.09603 | 9.21073 | 0.202633
Err 0.22756 1 0.22756

Section 1. As a result of table. 1 data processing regression equation

of the second order, irrespective of cross-factor interaction at the site of
growth of the VNO is obtained. Table. 3, 4 and 5 contain the statistical
characteristics of the obtained equation.
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The predicted equation for VNO to a maximum value without ac-
counting for cross-factor interactions (section 1) is received in the form
of:

VNO=597.672916-22.825184*T+.667768144*T"2-2.6786585*P
+.012566513*P~2-7.1092035*"VN," + .130309987 * "VN," ~2-
27.384921 * "VO," + .430460105 * "VO
Table 5. Additional statistics regression VNO equations of the second order (
sectionl)

Estimators of parameters (Up to max)
Sigma-restricted parameterization
Effect VNO -95% | +95% VNO [-95%|+95%
Pvi\lrcri Std. VI:IO VNO Conf. | Conf. \]/3'NtO Std. |Conf.| Conf.
aram. Err p int. int. ca Err® | int. int.
Free [597.67|83.102|7.191|0.0879 45_82 1653.5
term | 29 65 98 54 ) 92
46
T (22.825 7'4550 3.082 0'119697 116.9]71.265|4.278 1'3;;79 21.91 13%57
2 33 16 1 36
0.1883(3.547(0.1749 3.850(1.0853| . - |17.641
A -
T72 10.6678 3 26 00 1.724| 3.059 7 55 9.%40 43
3 0'6377 4.407 0'1&20 10.40| 5.044 |6.109 1'363562 23.72 116?)04
) 23 1 6 38
0.0023(5.354|0.1175 6.360(1.1877|, -, ,|21.452
A -

P~2 (0.0126 p 96 30 0.017| 0.042 s 79 8.7631 67
"VN,” 7 1692 2'29697 3.132 0'1&67 35.95(21.731|10.80 3";5512 54.66 33;;42
) 09 0 97 25
"VN,” 0.0244/5.321(0.1182 17.38(3.2675|,, . ,|58.906
o 0.1303 9 57 57 -0.181] 0.441 22 33 24;.712 19
"VO,”|27.384 2'99697 9.221 0'(;%87 65.12(10.350|11.59 1%%71 27.56 4'36813
9 16 0 27 68
"VO,” 0.1418(3.034{0.2026 4.513(1.4871|, , ,.|23.409
ny 0.4305 4 9 33 -1.372| 2.233 3 38 14;.538 2
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In the tables the following symbolic notations are used .

R2 - coefficient of determination -is an indicator of the degree of fit
of the model to the data;

R=\R2— coefficient of multiple correlation is also an estimate of the
prediction quality;

Adjusted R2 is the adjusted R2 taking into account the number of pa-
rameters in the regression equation.

SS-sum of squares of the observed values , adjusted for average;

F — Fisher criterion;

p, (p-level) is the significance level;

Beta — standardized regression coefficients (weights) of the Beta val-
ue allows us to compare the contributions of each predictor in the predic-
tion of response;

Dgr.of Fr — degree of freedom

MS - mean square — sum of squares due to difference of average be-
tween groups.

Further, in Fig. 3 the comparison of the observed and predicted
values VNO is given.
50

40}
30}

20¢

Predicted values

10 ¢
ok

0 10 20 30 40 50
Observed values

Fig. 3. The observed and predicted values for the analysis of the VNO up
to the maximum

Section 2. VNO up to the maximal value (Tab.1) in view of interfac-
torial interaction.
The predicted equation for:
VNO=-481.19017-64.754350*T+5.54908884*T"2+.291158320*P-
.00655917*P"2+58.2186552 * "VN,"-.54820820 * "VN," ~2-39.234503



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 266

* "W0,"-2.6052584 * "VO," "2-1.0250779*T*P +.479690167*T *
"VN," +.821523252*P * "VO,"

Static characteristics of the obtained models are close to the parame-
ters presented in the first section, and without loss of information content
can be omitted.

Section 3. After VNO maximum values (Tab.2) excluding cross-
factor interaction.

Predicted equation:

VNO=2443.13559-271.31367*T+7.83224882*T"2-9.3893914*P
+.051233660*P~2+19.7223414*"VN,"-.32924052*"VN," 2+
10.7479560* "VO,"+ .327007343*"VO,""2

The parameters of the regression equation remain close to the first
sector does not contain significant additional information and are omitted
here.

Sector 4. After VNO maximum values (Tab.2) given the cross-factor
interaction. Predicted equation:

VNO=2957.66525-311.90138*T+8.92817160*T"2-21.488015*P
+.103951466*P"2+30.6109206 * "VN2"-.19515754 * "VN2" "2 +
60.5761228 * "VO2" + 4.73294512 * "VO2" "2 +.429225399*T*P-
91203859*T* "VN2"-1.1361444*P * "VO2".

The above considerations on the statistics of the model are stored and
in the fourth sector.

Table 6. Combined table with a non-linear transformation up to the maxi-
mum VNO

Ne | Log VNO VNO T P VN, | VO,
1 |7 0 11 112 65 19.8
2 | 1.124145425 13.309 13.5 | 135 66 18.9
3 | 1.211067119 16.258 14.5 | 142 65 17.9
4 | 1.322797968 21.028 155 | 143 64 16.6
5 | 1.331872498 21.472 16.7 | 1445 | 62 15.2
6 | 1.400399822 25.142 17 143.5 | 60 13.7
1 |-7 0 163 | 77 255 | 7.2

2 10.567026366 3.69 18 81.19 | 244 ]691
3 | 1.381295623 24.06 19 81.47 1232 |6.13
4 | 1.646207612 44.28 19.2 | 78.05 | 22 54
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We consider next the regression results with the preliminary trans-
formation (logarithm ) function (VNO). Similarly used the above ap-
proach deals with two areas: from minimum to maximum values (tab.6)
and the other values on the section of decreasing values (table. 11). The
analysis is performed in the package STATISTICA. The resulting regres-
sion equation (second order) with subsequent potentiation. We also con-
sider the option given the cross-factor interaction.

The equation for the predicted increase in Log VNO excluding cross-
factor interaction is obtained in the form of:

"Log VNO"=-166.71463+8.22083786*T-.20298448*T"2
+2.11672513*P-.00831373*P*2-1.1636426 * "VN," + .009908180 *
"VN," ~2-2.1415420 * "VO," + .094858083 * "VO," "2.

Statistics of the presented equation are given in tables.7,8,9. For oth-
er variants of the analysis these parameters are close here again and are
omitted here.

Table 7. Statistics of the equation of increase Log VNO excluding cross-factor
interaction

Univariate significance tests for Log VNO
Effect Degrees of (Log poner
55 freedom MS F P
Free term | 0.915843 1 0.915843 | 0.527129 | 0.600211
T 0.280463 1 0.280463 | 0.161425 | 0.756787
"2 0.264674 1 0.264674 | 0.152238 | 0.763101
P 2.760132 1 2.760132 | 1.588641 | 0.426979
PA2 2.856137 1 2.856137 | 1.643899 | 0.421691
"VN,” | 0.059809 1 0.059809 | 0.034424 | 0.883211
"VN,”*2 | 0.037257 1 0.037257 | 0.021444 | 0.907433
"VO,” | 0.118333 1 0.118333 | 0.068108 | 0.837482
"VO,”"2 | 0.101784 1 0.101784 | 0.058584 | 0.848820
Err 1.737416 1 1.737416
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Table 8. Additional statistics of the equation of increase Log VNO excluding
cross-factor interaction

Estimators of parameters (Log power 2 up)
Sigma reststricted parametrization
LogVNO LogVNO LogVNO [LogVNJ -95.00% |+95.00% [LogVN( LogVNO |-95.00% [+95.00
Param. Std. err. t p Conf. int. |Conf.int.| Beta |Std. err.?|Conf. int.| %
Conf.
Effect int.
Freeterm | 16671 | 20060 |-0.7260 0’200 -3084.3 | 2750.9
T 8.221 20.461 0.401 [0.756 251.76 268.2 |6.008 | 14.9552 |-184.01 |196.0
7 78 0 7 3
-0.203 0.5203 -0.3903 |0.763 6.405 |- 11.6948 | -153.16 | 144.0
T2 10 -6.81 4.564 3
6
2.113 1.6794 1.2604 |0.426 23.45 |18.82]14.93721-170.96 |208.6
P -19.22
97 5 7 2
-0.008 0.0065 -1.2821 | 0.421 0.074 |- 12,7985 | -179.03 | 146.2
P2 69 -0.09 16.41 1
0
-1.164 6.2717 -0.1855 | 0.883 78.52 |- 37.1881 | -479.42 | 465.6
“VN,” 21 -80.85 6 6.899 2
8
) 0.010 0.0677 0.1464 25907 085 0.870 E5§.155 35.2082 | -442.21 42152.5
-2.142 8.2059 -0.2609 |0.837 102.1 |- 13.5464 | -175.65 |168.5
“VO,” 48 -106.4 2 3.535 9
3
“O,” 2 0.095 0.3919 8.242 22848 489 5.075 2.878 16.0241 | -199.72 §07.4

Table 9. Additional statistics of the equation of increase Log VNO excluding
cross-factor interaction

SS of residuals & SS of models (Log power 2 up)

3§E§Eﬁ MultipleMultiple{Correct,| SS frDeific?; MS | SS frDeific?; Ms |
R R2 R2 |Model Model [Residuall . Residual p
Model Residual
\I;Ig(g) 0.99203(0.98413(0.85727/107.81 8 13.476(1.7374 1 1.7374 (7.7561(0.2712

Obtained data allow to judge efficiency of nonlinear transfor-
mation and inclusion in model cross-factor interaction. With this purpose
it is made table10 where corresponding data are included.

Apparently, the account of cross-factor interaction (CFI) improves
result considerably.
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Table 10. Comparative characteristics of models

Ne | VNO init. | VNO-CFI | VNO+CFI
1 0 0 0
2 | 13309 | 19.127 13.309
3| 16258 | 10.768 16.258
4| 21.028 | 21.176 21.028
5| 21472 | 34899 21.472
6 | 25142 | 17.556 25.142
1 0 0 0
2 3.69 0.61 3.69
3| 2406 | 176.016 24.06
4| 4428 18.164 44.28

The analysis of values after maximum LogVNO with preliminary
nonlinear transformation of function is executed, as it was specified
above, according to tab. 11.

The analysis after maximal value VNO excluding cross-factor inter-
action.

The predicted equation for LogVNO on a reduction sector excluding
cross-factor interaction looks like:

"Log VNO"=40.1114431-5.0719228*T+.160720080*T"2-
.13451155*P+ .001041513*P~2 +.304140170 * "VN,"-.00604247 *
"VN," A2-.04479961 * "VO," + .013469301 * "VO," "2

For the same data including cross-factor interaction the next ex-
pression is received

"Log VNO"=286.562574-34.380169*T+.990499970*T"2
+3.12711025* P-.00294767*P~2-7.1391513 * "VN,"-.00931342 *
"VN," 72-2.6002619 * "VO,"-.19598768 * "VO," *2-.15707391*T*P
+.417142157*T * "VN," + .058530257*P * "VO,"
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Table 11. The combined table after VNO maximum
Ne Log VNO VNO T P VN, VO,
7 1.283346465 19.202 17.4 140 57 12.3
8 0.956936414 9.056 17.45 132.5 54 10.8
9 0.800579622 6.318 17.5 127.2 51 9.4
10 0.679427897 4.78 17.6 120 48 8.2
11 0.609807769 4.072 17.35 112.5 44 6.9
12 0.489677292 3.088 17.25 106 41 5.8
13 -0.028724151 0.936 17 98 38 4.8
14 -0.22475374 0.596 16.75 88 35 4
5 1.541204691 34.77 19.3 74.32 20.8 4.72
6 1.407730728 25.57 19.1 69.54 19.7 4.09
7 0.904715545 8.03 18.9 64.91 18.5 3.16
8 0.255272505 1.8 18.5 59.94 17.5 2.98
9 0.173186268 1.49 18.1 55.29 16.5 2.49
10 -0.187086643 0.65 17.9 51.54 15.6 2.06
11 -0.301029996 0.5 17.5 47.53 14.7 1.66
Table 12.Comparative characteristics of models

Ne VNO VNO-CFI VNO+CFI

7 19.202 19.605 20.232

8 9.056 7.93 7.427

9 6.318 7.563 7.608

10 4.78 5.033 5.167

11 4.072 3.624 3.877

12 3.088 2.482 2.275

13 0.936 1.215 1.23

14 0.596 0.571 0.576

5 34.77 44.293 42.194

6 25.57 17.429 18.139

7 8.03 7.438 7.596

8 1.8 2.659 2.672

9 1.49 1.135 1.232

10 0.65 0.782 0.669

11 0.5 0.458 0.485
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Comparative table (tab.12) of VNO values after a maximum is indic-
ative of less essential, than in the previous case, contribution of cross-
factor interaction (CFI) in prognostic properties of stochastic model im-
provement.

Conclusions

The basic mechanism defining speed of nitrogen oxides formation in
the diesel engines cylinder, thermal oxidation of nitrogen of air is.

Existing semiempirical models of this process demand individual ad-
justment and do not ensure reception of reliable results.

It is expedient to consider an opportunity of application for calcula-
tions of stochastic models on the basis of experimental data.

Statistical processing of an available experimental material with var-
ious variants of regression equations has revealed the best variant. It has
appeared nonlinear transformation of criterion function including cross-
factor interaction of independent variables.

REFERENCES

1. Tupunouu M. I1. UccnenoBanue mporeccoB 00pa3oBaHUsl OKCH-
JIOB a30Ta MPU CrOpaHUH TOILJIMB B TIEPCIIEKTHBHBIX AU3eNix. ABTopede-
pat JUccepTalluM  KaHauaata TeXHU4eckux Hayk, MITY um.
H.3.baymana.-2006.

2. l'onnoBekas JI.D.//Xumus okpysxatomieii cpenpl. YueOHUK IS BY-
30B.// U3patensctBO «Mupy», M. 2004, ctp.151.

3. 3enpnoBuu A.b., Canosuukos I1.5., ®pank-Kamenerxuii /1. A.
Oxucnenue azora npu ropenun. — M., JI: Usn-so AH CCCP, 1947.— 148 c.

4. KaBtapanze 3.P, KaBrapagze P.3. Anamu3 mexaHusmoB o6paso-
BaHUSl ¥ METOJIOB pacueTa KOHIICHTPAIMH OKCHJIOB a30Ta B MOPIIHEBBIX
nBuratessix (yactpb 1). /MexayHapoIHbI HAyYHO-TEXHHUECKUN KypHAT
«TpaHcnopt Ha anbTepHATUBHOM TorTHBe» //Ne 5 (23) / 2011 r. . 65.

5. Kimmoga E. B. O0pa3oBaHue BpelHBIX BEIIECTB B BHIOPOCAX CY-
JOBBIX JAM3eJeld B TMpoOIecce TOpeHHS TOIUIMBOBO3AYIIHOH cMe-
cu. Becthuk AI'TY. Cep.:Mopckas TexHuka u TexHomorus. 2011. Ne
2.Ctp.98.

6. Komuccapos K.b., Jlytkop C.A., ®uns A.B. KowmmiekcHas
OYHCTKA JBIMOBBIX Ta30B TEIUIOTEHEPHPYIOUIMX YCTaHOBOK. MOHOrpa-
¢us. / — Pocros u//l.: ®uwman ®I'OY BIIO «Mopckast rocynapcTBeHHas



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 272

akagemuss umeHu aamupana ©.@. YmakoBa» B r. Pocrose-Ha-llony,
2007.— 134 c.

7. Kympumnkuit A. P. HccienoBanue mporieccoB oOpa3oBaHMs U
pa3paboTka METOJIOB CHHMIXKCHHUSI BBIOPOCOB BPEIHBIX BEIIECTB C OTpa-
OOTaBIIMMH Ta3aMH JU3EICH  BHEJOPOXKHBIX MAIMH: aBTOped. JuC.
J-pa TexH. HayK. — Bmagumup, 2006. — 35 c.

8. JlockytoB A.C. HccnenoBaHne MEXaHW3MOB OOpa3OBaHHS TOI-
JIMBHBIX OKHUCJIOB a30Ta W CaXH B IMJIMHIAPE AM3ENS: JUC. KaHJ. TEXH.
Hayk. —JI., 1982. — 298 c.

9. Hoceipe 1.41., CkoBoponuukos E.N., CkaukoBa E.A., Pocnskos
A.JI. Dxonornyeckasi 0€30MacHOCTh TEILIOBO3HBIX JM3EIICH B IKCILITya-
Tauu: ydyeOHoe mocodue it cTyaeHToB crnenuansHocta 150700 — Jlo-
komoTuBhI /— Camapa.: CamI["AIIC, 2004.— 139 c.

10. Cwaitnmuc, B.W. [IpoGiiemMbl CHM>KEHUSI TOKCUYHOCTH W JIBIMHO-
CTH oTpaboTaBIIMX Tra30B ausenel // JIsurarenecrpoenue, 1979.—Nel. —
C.19-21.

11. Baulch D.L., Drysdale D.D., Horne D.D., Lloyd A.C.//High
Temperature Reaction Rate Data // Rep. University of Leeds Report. —
1969. — Ne 4. — P. 156.

12. Fangfang Lin// Control Oriented NOx and Soot Emission Estima-
tion for Diesel Engine// //University of Windsor//

http://scholar.uwindsor.ca/cgi/viewcontent.cgi arti-
cle=6367&context=etd

13. Fenimore, C. P. (1979): Studies of fuel-nitrogen in rich-flame
gases. 17th symp. Comb., 661 , The Combustion Institute, Pittsburgh.

14. He, Zhixia, et al: Study on Effect of Fuel Injection Strategy on
Combustion Noise and Exhaust Emission of Diesel Engine/ THERMAL
SCIENCE: Year 2012, Vol. 17, No. 1, pp. 81-90.

https://www.researchgate.net/publication/235333357

15. Herdzik, Jerzy / Emissions from marine engines versus IMO Cer-
tification and requirements of TIER 3// Gdynia Maritime University, Ma-
rine Power Plant Department Morska Street 81-87, 81-225 Gdynia, Po-
land tel.: +48 58 6901430, fax: +48 58 6901399/ e-
mail:georgher@am.gdynia.pl

16. Heywood, J. B. (1988): Internal Combustion Engine Funda-
mentals. McGraw-Hill Book Company, New York.




2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 273

17. Hsing-Pang Liu, et al: Combustion emissions modeling and test-
ing of conventional diesel fuel./ Proceedings of the ASME 2010 4th Inter-
national Conference on Energy Sustanability S2010. May 17-22,
2010, Phoenix, AZ USA.// Center for Electromechanics The Uni-
versity of Texas at Austin, Austin, TX, USA. h.liu@cem.utexas.edu.

18. Lavoie, G. A., Heywood, J. B., and Keck, J. C.: "Experimental
and Theoretical Investigation of Nitric Oxide Formation in Internal
Combustion Engines," Combust. Sci. Technol., vol. 1, pp. 313-326,
1970.

19. Review of Maritime Transport 2017// p.16, Table 1.11. //
http://unctad.org/rmt// Maritime statistics http://stats.unctad.org/maritime
Email rmt@unctad.org.

20. Stoffels, Genie Gertruda Maria // Nitric oxide in a diesel engine:
laser-based detection and interpretation //Thesis Katholieke Universiteit
Nijmegen — Illustrated With references - With summary in Dutch ISBN
90-9012846-8,IMO Reg. 13, Annex VI of MARPOL73/78,(Ref.5).

21. Weisser, German Andreas // Modelling of Combustion and Nitric
Oxide Formation for Medium-Speed DI Diesel Engines: A Comparative
Evaluation of Zero- and Three-Dimensional Approaches// A thesis sub-
mitted to the SWISS FEDERAL INSTITUTE OF TECHNOLOGY
ZURICH for the degree of Doctor of Technical Sciences//2001.

22. Westbrook C.K., Dryer F.L. Prediction of Laminar Flame
Properties of Methanol — Air Mixtures // Combust. And Flame. — 1980. —
V.37, Ne 2. —P. 171-192.




2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 274

UDC 629.12.565.3
Zhuralov Yu.l., Melnik A A.
National university “Odessa maritime academy”

THE OPTIMAL CHOICE OF THE MICROGEOMETRY OF THE
SURFACE OF THE SHIP TECHNICAL TOOLS’ CONJUGATION
(STT)

The statement of the problem and its relations with the im-
portant scientific and practical problems. The search of the technical
solutions for the increasing of the reliability of the STT details’ conjuga-
tion is a topical issue during the ship systems’ design and utilization. The
demanded level of safety and reliability is laid in the creation of the ship
units and assemblies, in the process of operation it is possible only to
maintain the parameters specified in the design due to proper mainte-
nance and repair, which is associated with time and financial costs.

One of the ways to improve the reliability of the coupling parts STT
is to increase their service life by increasing their wear resistance.

Increasing of the wear resistance of the parts is related to the quality
and accuracy of their manufacture. After treatment all details have a par-
ticular surface roughness, and in many cases, the waviness and micro-
roughness. The presence of these irregularities leads to a discrete nature
of contact surfaces. At the same time, the small area of the actual contact
causes large contact pressures and deformations, increases the tempera-
ture in the contact zone and significantly affects the friction and wear of
the interface [2].

The problem of increasing the wear resistance of STT’s details de-
termines the necessity to development and research the new methods of
surface hardening, which include the method of deforming cutting (DC).
The distribution of micro-hardness in the surface layer formed during DC
processing [3] is studied, since one of the factors affecting the wear re-
sistance of friction surfaces is the distribution of microhardness on the
friction surface.

In this study, the experimental data characterizing the dependence of
the roughness (a) and waviness (b) on the radius of the deforming ele-
ment at V = 1.08 m/s; S = 0.08 *10-3 m/o; P=98.1 N are obtained. Pro-
cessed material-steel HVG.
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The purpose of this study is to determine the dependence of the sur-
face roughness and waviness of the conjugating parts on the radius of the
deforming element

Keywords: the surface’s microgeometry, roughness and waviness of
the surfaces, conjunction "shaft-bearing”, the radius of the deforming
element, the radius of curvature of the wave.

Presentation of the main material of the study

Restoring productivity and improving the details’ durability has re-
cently become for a variety of industries increasingly important, in par-
ticular, during the repair of the ship machinery, especially heavy marine
diesel engines. "Sulzer" RD90 can be an example of such engine.

Plunger pair 324-32-151-1SB of a such motor includes a sleeve and a
plunger 324-32-153-1 324-32-152-1.

Mating surfaces have high requirements for accuracy and roughness.
In particular, for the plunger, the size of the covered surface @56 must
ensure accuracy of 6 quality and roughness of R,=0.05. To achieve such
precision and roughness the number of treatment-current must be ap-
plied: machining - turning, roughing, semi-finishing, finishing and super-
finishing.

Finishing processing of such parts of the ship mechanisms, as a rule,
is made with the help of the abrasive tools.

At abrasive processing of grain the thinnest shavings of 2-20 microns
thickness are removed, and in some cases the shavings are no more than
tenths of a micron. A significant number of grains, which are irregular
polyhedra with rounded vertices, participate in the work simultaneously.
Therefore, the cutting elements work with unfavorable cutting angles. In
general, the front angle is negative and the cutting angle is greater than
90°. Due to the fact that the cutting angles are large and the thickness of
the cut is small, the specific cutting force reaches a significant value and
many times exceeds the specific cutting force in other types of pro-
cessing [4].

Abrasive tool processing is carried out with high cutting speeds (20
— 40 m/s), exceeding, with high-speed grinding 50-70 m/ s. As a result,
and as a result of the fact that the processing occurs at large cutting an-
gles, the cutting temperature reaches in some cases 1100-1200° C.
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The abrasive tool unlike other cutting tools does not have a continu-
ous blade. On the generatrix of the grinding wheel the grains are placed
at some distance from each other, and each grain removes its chips from
the processing surface; therefore, the grinding process is essentially a
process of scratching. When processing with an abrasive tool the control
of the cutting process is somehow more difficult than when processing
cutters, milling cutters and similar tools, as it is impossible to change the
geometry of the cutting element (grain) of the grinding wheel. In addi-
tion, it is necessary for the abrasive machining to choose the right coolant
depending on the material to be processed and the characteristics of the
grinding wheel. If such treatment is carried out centrally, in the factory, it
is necessary to have a special compartment for the preparation and distri-
bution of the coolant.

The process of fine boring compares favorably with the abrasive pro-
cessing at least by the fact that small particles of grains that are crumbled
during grinding do not penetrate into the treated surface. This introduc-
tion in the future is the cause of wear of the future details’ mating surfac-
es. Fine boring towards the grinding is more productive and economical-
ness of the treatment process.

Given the above, it is at least irrational to use abrasive processing for
a plunger pair, for example. After all, all these micro-scratches are, first-
ly, stress concentrators, and, secondly, they create microchannels, loose-
ness in the working pair. Therefore, the various kinds of leaks appear in
the process of the operation, which significantly reduces the durability.

The surface deformation, and, in particular, thin plastic deformation
are recently used as a finishing processing of bodies of rotation.

The essence of the process of thin plastic deformation (TPD) in con-
trast to other methods of metal forming, is concluded in the following -
when TPD deformation are subject only to the scallops of micro-
roughness (roughness), and the accuracy of the shape and size of the part
is achieved in the preliminary operations of fine turning or boring.

To carry out this process, first of all, it is necessary to determine the
geometric parameters (size and shape) of the deforming element.

The ideal shape of a the detail machined on a diamond boring ma-
chine is a cylinder with a circular cross section.

However, the high-speed parts of the machine (shafts, spindles,
gears) are the exciters of vibrations. As a result of these fluctuations be-
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tween the detail and the tool there are additional relative movements.
These relative movements of the detail and the tool affect the macro and
microgeometric deviations of the part sizes. It is considered that the rela-
tive motion is a harmonic oscillation [1].

The decisive factor affecting the shape of the detail and its size is al-
ways the ratio of the frequency of harmonic relative motion to the rota-
tional speed of the part when processing x/n’. To study the relative oscil-
lations, the ratio x/n" is usually expressed as a sum:

X o yiw
pial 4 1)

where  is integer and ' is fraction.

It is established [1] that the ratio x/n” characterizes the influence of
the spindle unbalance on the deviation of the longitudinal and transverse
shape, on the eccentricity and on the size of the part.

Because of this, the wave are formed in the longitudinal and trans-
verse sections (Fig. 1). Their height and length are determined by the
flexibility of the MDID system and the elements of the cutting mode.

The increase in cutting speeds and depth leads to the increase in the
wave’s height, the effect of the feed in this case is weaker. The increase
in the flow is somewhat dampens the waves, making them flat.

Thus, knowing the modes of fine boring it is possible to determine
the radius of curvature of the waves in the longitudinal and transverse
sections of the hole.

Circular wave

Shear wave

Fig. 1. Transverse and circular waves on the surface of the part.



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 278

Y Y=asin WX
) O
al [ Q\\

A 0
)

e L

Fig.2. To the calculation of the radius of the deforming element for the
crumpling of the longitudinal wave irregularities.
Each roughness of this wave to be plastically deformed, it is neces-
sary that the radius (R) of inventory to be less than the radius of the
wave’s curvature ( p ), i.e. the condition R< p has to be always main-

tained. If this condition is not sustained, the contact of the deforming el-
ement with the deepest precision machined surface will not occur and
will not be removed scallops irregularities.

We define the curvature of the wave and the radius of the deforming
element to crumple the irregularities in the longitudinal direction.

It is known that the surface waviness is a set of periodically repeated
irregularities with a relatively large step than the roughness. In general, it
can be approximated by an expression:

y=a'sinwx

where a is the wave amplitude;

o is a frequency of waves on the perimeter of the longitudinal sec-
tion.

Use the formula of differential geometry for p (Fig.2)
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P EETE (2)

Substitude the value y=a sinwx into the formula (2)
3

_ (1+d’®’ cos® wx)?

—ax” sin wx

The smallest value of the curvature’s radius p is obtained when cos @wx
=0. Therefore:

1
P aa)z
2r
or, taking into account [1] that = 7
/12
p Ar’a ( )

where A is the longitudinal wave’s length.

Thus, the radius of the deforming element must be less than or, in the
extreme case, equal to the value of the expression (3) in order to merge
the irregularities of the longitudinal wave)

/12
Ar’a

R< )
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With fine boring on diamond boring machines 2706 and 2705, as
shown in [2], the calculated value of the relative harmonic oscillation’s
frequency of the system x corresponds to 395 1/s.

The speed depends on the processing speed and is calculated by the
formula:

v nwn

30
where 7 is the spindle speed, min™".

When v=1,66 m/s, s=0,08 * 10-> m/o and t=0,1*10-"m
. 3,14-530 _
n=22""" 550"

30
The wavelength 4 depends on the value of the fractional remainder
of the ratio

n

X .
frequency — , 1.€.
n

X _W+W|_395_7+1_W|_1
n 55 6" 6
| 1
Then lz—,=1—26;
¢ s
That is, the tops of the waves will be from each other through 6 turns

(6s).
Substituting the found values into the formula (4), we obtain the nu-
merical value of the radius of the deforming element:

R A (6-0,08)
T 47%a 4-3,14-0,0015

If the ratio of the frequency of harmonic relative motion to the num-
ber of revolutions of the spindle is expressed as an integer, the wave after
one revolution closes (Fig. 3). In this case, there is no longitudinal wave.

Determine the radius of curvature of the wave and the radius of the
deforming element to crumple the irregularities of the circular wave
(Fig.Four)

=3,3um=3,3-10" m
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As it is shown on Fig.4 the radius of the deforming element that will
fit into the curvature of the circular wave can be determined from the ex-
pression

b +4H*
8H ®)

where b is the half-step of the circular waves;

. o
From AAOB (Fig.4) , or b =2R, 'SIHE , herewith:

Ry is the radius of a geometrically correct circle;
a is the central angle between the intersection points of a geometri-
cally correct circle and the real surface.
H= A, t h;
A 1s the amplitude of the relative oscillation with respect to the ge-
ometrically correct circle;

h=De=R,—R; h=R0(1—c0s%);

H=A_+h=[4_ +R (- cos%)]

Substituting the values found in the formula (5) and performing the
transformation, we obtain:

A Ay = 2R, c057)

R=R, +
2 Ay, + Ry (1- cos‘;‘)]

Expressing o/2 through the ratio of frequencies x/# we finally obtain:

Amax (Amax - 2R0 COS 37”)
R=R,+ 2x

0

(6)
2[4, +R,(1-cos 3—n)]
2x
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Fig.3 The shape of the hole in the longitudinal and cross sections at the
ratio x/n expressed by an integer.

Fig. 4. To the calculation of the radius of the deforming element to
crumple the irregularities of the circular wave.
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Substituting the numerical values of Apa, X, n for the machining di-
ameter of 0.06 m in the formula (6), we determine the radius of the de-
forming element to crumple the irregularities in the cross section perpen-
dicular to the axis of the part:

0,01(0,01-2-30-0,9992)
2[0,01+30(1-0,9992)]

As it can be seen from the calculation, the radius of the deforming el-
ement for crushing irregularities in the transverse section (with a suffi-
ciently large value of A,,,x) is much larger than the radius of the longitudi-
nal wave.

Thus, when crumpling irregularities deforming element, calculated for
the longitudinal wave, it is assumed complete crushing, as in this case, the
ball, rolling on the wave, deformes the roughness both at the tops and at
its depressions. In this case, the surface waviness should be reduced
slightly, and its roughness will be minimal.

As the radius of the identer increases, the surface waviness is ex-
pected to decrease, since the ball, smoothing the tops of the waves, fills
only to some extent the depressions. Therefore, the roughness of the treat-
ed surface will be deteriorated due to untreated areas in the cavities of the
waves.

The experiments for establishment of the influence of the deforming
element’s radius on the roughness and undulation of the surface of the
joint in the processing of steel HVG on the diamond boring machine 2705
when feeding S = 0.08 *10-3 m/o and speed V=1.56 m/s.

R=30+

=21,2mm=0,021m

TrRﬂ, }\ H, ‘\
| Mo bl
=
S |0 . \
2 ‘
i |
!-:8 ,5
g |04 W 2 \];\?
b=
<
gL4a3 .

23 4 5Tk 1 2 3 4§ i

Fig.5. The dependence of the roughness (a) and waviness(b) on the radius
of the deforming element V = 1.08 m/s; S = 0.08 *10-3 m/o; P=98.1 N. Processed
material-steel HVG.
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Fig.6. The profilograms of the surfaces of the hole.
a) ironed with R.3=2,4*10"m
b)ironed with Ry=3*10"m

The initial surface roughness corresponded to 2.5. According to the
research results, the graphs of the dependence of the roughness (a) and
waviness (b) on the radius of the deforming element are plotted and pre-
sented in figure 5.

From Fig.5 it follows that reducing the radius of the deforming ele-
ment to 3*10~ m leads to a significant reduction in the surface roughness.
The ball rolls on the wave, crushing the crests of the humps on the tops
and its bottoms (Fig.6). The wave height decreased by 1.3-1.5 times
(Fig.6). Increasing the radius of the identer to 5*10~ m leads to a deterio-
ration of roughness, so the ball crushes the scallops of irregularities only
at the tops of the waves (Fig. 6), while reducing the surface waviness by
almost 3 times (Fig. 5).

Conclusions

1. To completely deform the roughness of the original surface, the ra-
dius of the deforming element must be less than the radius of the wave’s
curvature. The value of this radius can be calculated depending on the fre-
quency ratios of the harmonic relative motion to the frequency of rotation
of the boring bars during machining.
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With respect to the diamond-boring machines of the type 2705 and
2706, the size of the radius is (3+5,5) *107.

2. The application of the deforming element with optimal radius al-
lows to consistently obtain in the processing of the surface roughness of
holes 0.8+0.9 at the original roughness in the range of 6.3+2,5.

3. In the cases where the technical conditions for the part are more
stringent requirements for the surface waviness, it is necessary to conduct
processing with an increased radius of the deforming element.
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PE®EPATHU
YK 621.165226
Ab6onewxin C. €., I'apacyns b. A. Ontumizanisi podoynx mnapamerpiB CyAHOBOL
yTuITi3aniiHol mapoBoi TypOiHu

Ilonck TeXHWYECKMX PEUICHU HaNpaBIEHHBIX Ha MOBBIMICHUE
HAJEKHOCTH CYJIOBBIX MAapOBBIX TYpOMH (B YaCTHOCTH YTHIIM3alMOHH-
HBIX ), YaCTh MPOIIECca PACIIMPEHHS B KOTOPHIX JISKUT B IBYX(a3HOi 30He
(BIaXHOTO Tapa) SIBJISIETCS aKTyaJbHBIM BOIPOCOM JKCILIyaTallud CYI0-
BBIX 3HEPreTHYECKMX YCTaHOBOK. Jl0 HACTOSIIEr0 BpeMEHH Ha BCE Mpak-
TUYECHK Ba)KHBIC 3a]]aul MEXaHHUKH IBYX(B3HBIX CpPE PEIICHBI B MOTHOM
Mepe.

OcTatoTcst OTKPBITHIMH BOMPOCHl ONTHMHU3AIMH pPEHIeTOK M (hopm
MPOTOUHBIX YacTel TypOWH, paboTaromMX Ha BIaKHOM mape. He menee
BaYKHBIM B 3TOW CBSI3U ABJISIETCS MPaBWIMHBIA BEIOOP MapaMeTpoB M pac-
MpeeieHue TEMIoNepenaioB Mo CTYNeHIM TypOHHBI.

HayuHo-uccnenoBarensckue padOThl B 00JaCTH BIaKHO-TIAPOBBIX
TypOWH TOKa3bIBAIOT HEOOXOAUMOCTh BBIPAOOTKH KOHKPETHBIX PEKOMEH-
nanuii mo Haubosee 3G (EeKTUBHON (C TOYKU 3pEHHS MOTEPh SHEPTHU H
3PO3MOHHOTO M3HOCA PAabOYUX JIOMATOK) MX IKCIUTyaTallnu.

Lenbio HacTOSIIEro MCCIEAOBaHMs SABIsIETCS BhIpaboTKa peKoMeH 1a-
U 10 ONTHMAaNbHOMY BBIOOPY IapaMeTpoB CTyNEHEH MapoBbIX TYpOHH,
paboTaroIMX Ha BIAXKHOM Mape.

Pe3ynbTaThl MpOBEACHHOrO aHANM3a BIUSHUS HAYAJIBHOTO JIABJICHHUS
napa B MOCIEIHUX CTYIMEHSIX BIIa)KHOMAPOBBIX CYIOBBIX TYpPOMH MO3BO-
JSIIOT M30eKaTh HEONArONPUATHBIX (C TOYKH 3PEHHS KOHEUHOW BIIAXKHO-
CTH) PSKUMOB PaOOTHI ¥ TEM CaMbIM MOBBICUTH WX SKOHOMUYHOCTh U 3PO-
3MOHHYIO HaJIGKHOCTb.

Haunbonee 5KOHOMHUYHBIM DPEKHMOM padOTHl ISl YTHIU3AIMOHHBIX
MapoBBIX TYPOHH, HCIONB3YIONIMX HU3KOMOTEHIMAIBHOE TEII0 OTpado-
TaBUIMX T'a30B M Pa0OTAONIMX B OOJIACTH BIAXKHOTO Mapa CO 3HAYUTEIb-
HOW CTENEeHbIO BIAXKHOCTH SIBJISIETCS] PEXKUM TP IABJICHUH M1apa Ha BXOAC
B TypOuny okono 0,7 mIla. YBenuueHue 3Toro AaBieHHUs BEAET K Cylle-
CTBEHHOMY YBEIMYEHHUIO BIIQ)KHOCTH M, BCEICTBHE 3TOTO, CHIKEHHUIO
KIIA. YMenbinenne nasnenus meHee 0,6 mlla cymiecTBeHHO oTpakaercs
Ha KII/I TypOuHBI B CBSI3M C YMEHBIIIEHUEM PAcCIIOIaraeMoro Terionepe-
naja, 4To JenaeT MPUMEHEHWE YTHIIM3allMOHHBIX TYpOMH Helenecoo0-
pasHbIM.
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YK 621.165226

Ab6onewxin C. €., I'apacyna b. A. Ontumizanist pobo4nx mapamerpiB CyaHO-
Boi yTuitizaliitHoi napoBoi TypOiHu

MerTot0 JaHOrO JIOCIHI/PKEHHS! € BUPOOJICHHS! PeKOMEHIAllii 3 ONTHMaIbHOTIO
BHOOpY MapaMeTpiB CTYNEHIB MapOBUX TYpOiH, IO MPAIIOIOTH Ha BOJIOTIH mapi.

Pe3ysnpraT IpoBeAEHOTrO aHANI3Y J03BOJISIOTH YHUKHYTH HECHPHUSTIMBUX (3
TOYKH 30pY KIHIIEBOI BOJIOTOCTI) PEXHMMIB pOOOTH 1 THM CaMHUM IiJIBUIIUTH iX
€KOHOMIYHICTb 1 epo3iliHy HaliHICTb.

Kmouosi cnosa: CYJIHOBA TTAPOBA TYPBMHA, YTUJIBALIHA
TYPBUHA, BOJIOT'A TTIAPA, EPO3IMHA HAJIIMHICTb.

The objective of the study is to develop recommendations on the optimal
choice of parameters for steam turbine stages operating on wet steam.

The results of the analysis make it possible to avoid unfavourable operating
conditions in terms of the final humidity and thereby increase their efficiency and
erosion reliability.

Key words: SHIPS’ STEAM TURBINE, UTILIZATION TURBINE, WET
STEAM, EROSION RELIABILITY.

[enbl0 HACTOSIIETO MCCIIEAOBAHUS SBISETCS BBIPAOOTKA PEKOMEHIAIHHA IO
ONTUMAIBHOMY BEIOOPY TapaMETpOB CTYICHEH MapoBBIX TypOWH, pabOTarOIIHX
HA BJIAYKHOM T1ape.

Pe3ynbTaThl IPOBEICHHOTO aHAN3a MTO3BOJISIFOT M30€KaTh HEOIArOMPHUSI THBIX
(c TOYKHM 3peHUS KOHCYHOMN BJIAKHOCTH) PEKHMOB PaOOTHI U TEM CaAMBIM IOBEI-
CUTh UX SKOHOMHYHOCTh U DPO3HUOHHYIO HaJIS)KHOCTb.

Knrouesnie cnora: CYJIOBASA TTAPOBAS TYPBUHA, YTUJIM3AILIMOH-
HBIN TYPBMHA, BJIAYKHBIN [TAP, SPO3UOHHA S HAJEXHOCTB.

YK 629.5.064.3
Agmaniox B.B., Apmaniox A.B., anurenxo /[.B. MonenupoBaHue TuipoanHa-
MUKH BHXPEBBIX JIEMEHTOB KOMOMHHUPOBAHHOTO CKpybOepa

B cTaThe NMpEACTABICHO YHCICHHOE MOJCITHUPOBAHHE BHXPEBOTO JJIEMEHTA
KOMOWHHUPOBAHHOTO CKpy0OOepa /sl OYUCTKH 3arps3HEeHHBIX ra3oB oT SO, Bbie-
JsIeMbIX B atMoc(hepy CyJIOBBIMH JBUrATEIIMU. [ MOACTUPOBAHUS adpo/IHHA-
MHKH ObUIa pa3zpaboTaHa TBEpAOTENBHAS MOJEIb BUXPEBOrO AJIEMEHTa BCTPOCH-
Has B CIICIMATbHBIN BUPTYANbHbIA SKCIEPUMEHTAIbHBIN CTeH . Pe3ynbraTsl Mo-
JICITUPOBAHMS [TO3BOJMIM ONPEACIIUTh PACcHpeeNeHIe CKOPOCTel U aBIeHUH B
BUXPEBOM 3JIeMEHTe CKpyOOepa. PaspaboraHHast MOAEIb MOXKET HCIIONB30BATHCS
KakK OT/JeJIbHAs elUHHUIIA B OoNee KPYMHBIX MOJENAX CHCTEM OYUCTKH, KOTOpbIE
BKJIFOYAIOT HECKOIIBKO THIIOB CKPYOOEpOB JUIsl PA3MYHBIX OTPACIEH IMIPOMBIII-
JICHHOCTH.



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 288

KiroueBbie coBa: CymOBBIE CHCTEMBI OYHUCTKH BBIOPOCOB OT SOy, TBEPIO-
TeNIbHBIE MOZIETH CKpYOOepoB, YHCIEHHOE MO/IETPOBAHUE I'a30BBIX ITOTOKOB.

YK 629.5.064.3
Agmantox B.B., Apmaniox A.B., [{anunenxo /[.B. MonemoBaHHS TipOTUHAMIKH
BHUXPOBHX CJICMECHTIB KOMOIHOBAaHOT'O CKpyOepa

VY craTTi MpeACTaBIeHO YHCENbHE MOJEIIOBAHHS BUXPOBOT'O €JIEMEHTa KOM-
OIHOBAHOTO CKpyOepa Ui OYMIICHHS 3a0pymHeHHX TasiB Bimg SOy, Mo BUILIS-
I0ThCSl B aTMoc(epy CyTHOBHUMH JABUTYHaMH. [JIs1 MOZENIOBaHHS aepOANHAMIKH
Oyna po3pobiieHa TBep/I0-TiIbHa MOJIENIb BUXPOBOT'O eJieMeHTa BOYy/I0BaHa B CIie-
LiaJIbHUH BipTyaJIbHUH E€KCIIEpUMEHTAJIbHAN CTeH[. Pe3ynbTaTé MojenoBaHHS
JIO3BOJIMJT BU3HAUUTH PO3IOIUI IIBUIKOCTEH 1 TUCKIB B BUXPOBOMY €JIEMEHTI
ckpybepa. Po3pobiieHa Mozens MoXke BUKOPUCTOBYBATHCS SIK OKpEMa OIMHHMIIS B
OINIBIIMX MOJENAX CHCTEM OYMILIEHHS, SIKi BKIIOYAIOTh KUIbKa THIIIB CKPYyOepiB
JUISL PI3HUX TaTy3el IPOMHCIIOBOCTI.

KirouoBi croBa: cynHOBI cucTeMu ounieHHs: BUKUIIB Big SOy, TBEPIO-TiIbHI
MOJIEITi CKPYOEepiB, YNCETFHE MOJICITIOBAHHS Ta30BUX MOTOKIB.

UDC 629.5.064.3

Aftanyuk V.V., Aftanyuk A.V., Danulenko D.V. Modeling of hydrodynamics of
vortex elements of a combined scrubber

The article presents a numerical simulation of the vortex element of a com-
bined scrubber for cleaning polluted gases from SO, emitted into the atmosphere
by ship engines. To simulate aerodynamics, a solid model of a vortex element
was built into a special virtual experimental stand. The simulation results allowed
to determine the distribution of velocities and pressures in the vortex scrubber
element. The developed model can be used as a separate unit in larger models of
cleaning systems, which include several types of scrubbers for various industries.

Keywords: shipboard systems for cleaning emissions of SOy, solid-state
scrubber models, numerical simulation of gas flows.

YK 621.431.74

B.M Boeau, IO.H. /[osudenko, XapakTepUCTUKU TPOLECY MaIleHHs LWIiH/I-
po-niopiHeBoi rpymu aBuryHiB RTA .

JlocmimKeHHsT TPUCBSMEHI BHPIMIEHHIO aKTyaJbHOI TpPHKIAagHOI 3ajadi
i JIBUIICHHST ¢(PEKTUBHOCTI €KCILTyaTallii CyTHOBUX TU3EIIIB 32 PaXyHOK YIOCKO-
HAJTFOBaHHS CHCTEM 1 MPOIIECIB MAIICHHS IMIIHAPIB. Y poOOTI BUKOHAHO aHAi3
CTaHy THUTaHHS 10 AOCIIDKyBaHil MpobieMi, B pe3ysbTaTi SKOro BU3HAYEHi oc-
HOBHI HE/IOJIIKY iICHYIOUHX CHCTEM MallleHHs nutiHapiB auseniB RTA.

IIpoBezneHi excriepuMeHTANBHI JTOCIIIPKEHHS TI0 BUBYEHHIO MPOLECIB Mmoayi
MacTwiia B HWJIIHJAPH CYIHOBUX JBUTYHIB, IPY IbOMY BUKOPHCTaHI Cy4acHi Me-
TOIU JOCHIJDKECHB: ocimiorpadyBaHHsS 1 MIBUAKICHA KiHO3WOMKa. BusHaueHO
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ONTUMAJIBHY TEOMETPII0 KaHAITy, sIKa JTO3BOJISE MiJBUIIUTU €()ESKTUBHOCTI BHKO-
pUCTaHHS MACTWJIA | MONIMIIUTH CTaH JU3ENS, M0 € e)EeKTUBHUM HAIPSIMKOM
i IBUIIICHHS EKOHOMIYHOCTI pOOOTH CYTHOBHX JIU3EIIB.

KnrouoBi cnoBa: cyaHOBHI AW3eNnb, CHCTEMa MalleHHs, TyOpuKaTop, MacTH-
JIOMIIBOASINMEN KaHaJ, TMPOIEC MACTHIONOAAYi, IMIIHAPOBA BTYJKA, IOPIICHB,
MOPIITHEBE KUIBIE, 3HOC, HArap.

YK 621.431.74

B.M boecau, FO.H. Jloéudenxo. XapaKTepUCTHUKHU MPOIleca CMa3bIBAHUS I[BUIH-
H/IPO-TIOPIIHEBOH rpynmu aBurateneid RTA /

HccnenoBanusi MOCBAIIEHB! PELICHUIO aKTyalbHON MPUKIAIHONW 3aJa4M I10-
BbIMEHUs APPEKTUBHOCTH HKCIUTyaTallMH CYAOBBIX JW3ENIEH MOCPEACTBOM COBe-
PIICHCTBOBAHMS CHCTEM M IPOLIECCOB CMa3blBaHMs LWJIMHAPOB. BEIoiHeH aHa-
JIM3 COCTOSIHMSI BOIpOCa IO MCCIEAYEMOW IpobiieMe, B pe3yabTaTe Yero ycra-
HOBJIEHBI OCHOBHBIE HEJIOCTATKH CYNIECTBYIOIIUX JTYOPUKATOPHBIX CUCTEM JJTHH-
HOX0/10BbIX Ju3enieid RTA. YcraHOBIIEHO, UTO yIIpaBiIeHUE UCTEUEHUEM Macia B
LWIHHAPB! 3TUX JBHUTraTelledl CYIIECTBYIOIIMMH KOHCTPYKIUSIMU CHCTEM CMa3bl-
BaHHs He o0ecreYnBaeTCs.

Pa3zpaborana MeTonMKa SKCIIEPUMEHTAIBHBIX HCCIEIOBAHUNA 110 H3YYEHHUIO
MIPOLIECCOB MAcJIONO/Ia4yy B IMIMHIAPHI CYAOBBIX JBUTATE]Ied B COOTBETCTBHHU C
KOTOpOH NMPOBEIEHBI UCTIBITaHNS B 1a0OPaTOPHBIX U B AKCILTYaTAl[MOHHBIX YCIIO-
BUSIX, YTO TO3BOJIMJIO TOJYYHTH TpeAcTaBieHne 00 3(QPEeKTHUBHOCTH (QYHKIHO-
HUPOBAHMSI CHCTEM CMasbIBaHUs LMIMHAPOB. [IpyM 5TOM HCHONB30BaHbI COBpe-
MEHHBIE METO/IbI MCCIIEIOBaHUH, BKIIIOYAONINE B ce0s ocIuiuIorpaupoBaHue 1
CKOPOCTHasi KHHOChEMKa.

OnpeneneHbl XapakKTepUCTHKH TpoIlecca Macioloadn, U X B3aUMOCBSI3b C
KOHCTPYKIIMEW MAacJOIIOBOJISIINX YCTPOHCTB, BBISBICHBI HEJJOCTATKH, Hal/1€HBI
1 000CHOBaHBI ITYTH COBEPILIEHCTBOBAHMUS CHCTEM CMa3bIBaHHS [IMJIHH/IPOB.

KiroueBbie ci10Ba: CynoBOH Ju3eib, CHCTEMa CMa3bIBaHHS, JTyOPHUKATOD,
MAacJIONO/IBOISIINE KaHall, TPOIECC MacloNoAayy, WIMHAPOBAas BTYJKA, IMOp-
IIeHb, OPIIHEBOE KOJIBI0, H3HOCHI, HArapooOpa3oBaHHE.

UDC 621.431.74
Bogach V.M., Dovidenko Y.M. .Characteristics process greasing cylinder-piston
group of engines RTA /

The publication is devoted the decision of an actual problem increase
efficiency operation of ship diesel engines by perfection processes greasing of
cylinders. The analysis a condition of a question on an investigated problem is
made and lacks systems greasing of diesel engines RTA are defined.

Experimental researches on studying processes greasing of cylinders of ship
engines that has allowed to receive representation about an overall performance
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these systems are spent. Modern methods researches, such as oscillograms and
high-speed filming are thus used.

Keywords: ship diesel engine, greasing system, greasing channel, greasing
process, cylinder plug, piston, a piston ring, deposits.

YK 629.5.035-233.1 (001.5)

O. M. Bepemennix, /[. JI. Kapoawes, C. €. Aboacuxin. MeToauka BUMipIOBAaHHS
MUTTEBHUX 3HAYE€Hb KYTOBOT'O MPUCKOPEHHS MPU KPYTHIBHUX KOJMBAHHSIX CYTHO-
BOTO BaJIONIPOBOJY.

CTBOpEHO MpWIIaj Ta 3alpoIIOHOBAHA METONKA aBTOHOMHOTO BUMIpPIOBAHHS
JIOTUYHOTO, PaJiaJIbHOrO0 Ta aKCialbHOTO MPUCKOPEHb BAJIONIPOBOAY 13 BHKOPH-
CTaHHSIM TPHOXOCHOBHX aKCEJIEPOMETPIB Ta JaTajorepa.

Pe3yipraTi TEOpETHYHUX PO3PAXyHKIB JOOPE Y3TOLKYIOTHCS 3 EKCIIEpUMEH-
TAJIBHUMU TAaHUMHU.

KirouoBi crioBa: KpyTHIIBHI KOJIMBAaHHSI, KOJIHYATHI BaJl, BaJIONPOBI/.

A device is created and the method of the independent measuring of tangent,
radial and axial accelerations of shafting is offered with use three-axial accel-
erometers and datalogger.

The results of theoretical calculations well agreement with experimental data

Key words: torsional vibrations, crankshaft, shafting.

YK 629.12+621.69

Tanan 1.C., Kosvbmunux M.A.,Onvwamoscokuiit B.C. Anani3 ehexkTUBHOCTI 3a-
CTOCYBaHHSl Cy4YacCHHX XOJONWJIBHHX areHTiB B TPAHCIIOPTHUX XOJOAMIBHHX
yCTaHOBKax

VY crarTi po3rIAaThCa aHali3 e(eKTUBHOCTI 3aCTOCYBAaHHS CYYacCHHX XO-
JIOAWJIBHUX AareHTiB B TPAHCHOPTHHUX XOJIOMWJIBHHX YCTAHOBKaX. XOJIOIMJIbHI
MAaIlIMHA BUKOPUCTOBYIOTHCS ISl TPAHCTIOPTYBAHHS BAaHTAXiB, KOHANIIOHYBaHHS
TIOBITpsI, 30epekeHHsT MPOBI3iMHUX 3amaciB cyaHa. ChoroJHi HaWOUIBII poO3IO-
BCIO/DKEHHHM XOJIOAWJIEHUM areHTOM, SIKUH IMiJUIsrae moaiblIii 3aMiHi € XoJo-
noareHT R134A.

VY 3B'SI3Ky 3 IUM ITOCTAa€ TOCTpa HEOOXIHICTh JOCHTIPKEHHS HOBHX XOJI0/10a-
TEHTIB, IX BJIACTHBOCTEH Ta iX BIUIMBY Ha EKCILTyaTalliifHi MOKa3HUKH XOJIOHIb-
HUX YCTaHOBOK /{711 BUOOpPY XOJIOI0areHTIB, AKi OyyTh MOPIBHIOBATUCS PO3TJIs-
HEMO KJlacuQikaliio albTepHaTUBHUX XOJIOI0areHTIB.

KurouoBi cioBa: O30HOBHUI 1Iap, XOJOAWIBHUN areHT, CyJHOBA XOIOAWIbHA
YCTaHOBKA, €KCIUTyaTalliliHi MOKa3HUKH, e(hEKTUBHICTh 3aCTOCYBaHHS.
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VK 629.12+621.69

Tansn 1.C., Kozomunux M.A.,Onvuamoscoxuti B.C. Anani3 epeKTHBHOCTI 3a-
CTOCYBAaHHSI CYYaCHHX XOJOJWIBHHX areHTiB B TPaHCIOPTHUX XOJOAWIBHHUX
YCTaHOBKaX

B cratse paccmartpuBaroTcst aHaimu3 3G (eKTHBHOCTH MPHMEHEHHS COBPEMEH-
HBIX XOJO/WIBHEIX arcHTOB B TPAHCHOPTHBIX XOJOJHUIBHBIX yCTaHOBKax. XoJIo-
JIMIIbHBIE MALIMHBI HCHOJB3YIOTCS VISl TPAHCIIOPTUPOBKU IPY30B, KOHHIMOHH-
pOBaHHUS BO3yXa, COXpaHEHNE MPOBU3MOHHBIX 3amacoB cyaHa. CeromHs Hanoo-
Jiee PacIpOCTPAHCHHBIM XOJOAWIBHBIM areHTOM,KOTODBIH MOUICKHUT JajbHeH-
1iel 3aMeHe aBiseTcs XiaaaareHT R134A.

B cBsi3M ¢ 3THM BO3HHKAeT OCTpas HEOOXOTUMOCTH HCCIICJOBAHMS HOBBIX
XJIaJareHTOB, UX CBOWCTB U WX BIIMSTHMS Ha SKCILUTyaTalIOHHbIE OKA3aTeNH XO-
JIOMMIIBHBIX YCTaHOBOK J[J1s BBIOOpA XJIalareHTOB, KOTOPBIE OYIYT CPaBHUBATHCS
PAcCMOTPUM KJIACCU(UKAIMIO ABTEPHATUBHBIX XJIaJATCHTOB.

Kurouessble ci1oBa: O30HOBBIN CJI0H XJIaareHT Cy/10Bask XOJIOAUIbHAS
YCTaHOBKA, SKCIUTyaTallMOHHBIE MOKa3aTeld, 3(QQekTHBHOCTh MpUMeHe-
HUS

YK 629.12+621.69

Tanan 1.C., Kosbmunux M.A.,Onvwamoscokuiit B.C. AnHani3 ehekTUBHOCTI 3a-
CTOCYBaHHS CYYaCHHX XOJOAWIIBHUX AarcHTIB B TPAHCIOPTHHUX XOJOJUIbHHX
YCTaHOBKaX

The article deals with the analysis of the efficiency of modern refrigeration
agents in transport refrigeration units. Refrigerating machines are used for trans-
portation of goods, air conditioning, preservation of ship's ship's supplies. Today,
the most commonly used refrigeration agent, which is to be further replaced, is
the refrigerant R134A.

In connection with this, there is an urgent need to research new refrigerants,
their properties and their effect on the performance of refrigeration units. To se-
lect the refrigerants to be compared, consider the classification of alternative re-
frigerants

Key words: Ozone layer, refrigeration agent, ship refrigeration unit, operating
indexes, efficiency of application

YK 621.426

3abnoyxuit FO.B. CHIKeHHE TEIUTOBOW HAMIPSHKEHHOCTH CYIOBBIX JH3eNe 3a
CYET UCIIONIb30BAHUS MPUCAJIOK K TOIUIUBY

PaccMoTpeHbl pe3ynbTaThl NMPUMEHEHHs IPUCAJOK K CYJOBBIM MOTOPHBIM
TorumBaM. VccienoBaHus BBITONHSUTICH Ha CyIOBOM CPEIHEOOOPOTHOM JTH3ENie
6N21L ¢upmbl Yanmar. B kadecTBe TOIUTMBA MCIOIB30BAJIOCH CYIOBOE TOILINBO
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RME25. B kauecTtBe mpucaiky K TOIUIMBY — MpHUCaJKa, BKIKOYANONas B CBOM
COCTaB aKTHBHBIE KHCIOPO] COJIep Kallve TPYIbl 1 MOAU(UIIMPOBAHHAS COMSIMU
JIETKUX METAJJIOB. BBUIO 1MOKa3aHO, YTO HCIIOJIb30BAaHHWE YKAa3aHHOM INPHCAAKU
cniocooctByer 4,1...8,2 % CHWKEHHIO TeMIlepaTyphl BBITYCKHBIX ra3oB. Kpome
TOro, Ha 46,2...58,3% cHuxaeTcs paccoriacoBaHUE 3HAUEHUS TeMIIEpaTyphbl Bbl-
ITyCKHBIX T'a30B 10 OTJEJbHBIM IWJIMHIPAM OT €€ CPEeIHero 3HadeHus. JTo obec-
TeYrBaeT BHIPABHUBAHHWE TEIUIOBOW HArpy3KW IO BCEM IIWJIMHAPAM AW3ENS U
YMEHbIIAET TEIJIOBYIO HAIPSHKEHHOCTh. Taxke ObUTO YCTaHOBJIEHO, YTO TP UC-
TIOJIE30BAHNH TOIUIMBHBIX HPHUCAJOK BOSMOXKHO JTOCTHYH CHIDKEHHUS YAEIBHOTO
3¢ GeKTHBHOTO pacxoja Tormsa oT 2,54 10 6,46 % (B 3aBUCUMOCTH OT PeKUMa
paboTHI Tu3ens).

YK 621.426

3abroyvruii FO.B. 3HWKEHHS TEIIOBOI HANPYXXEHOCTI CYAHOBHX IHU3EIIB 32
PaxyHOK BUKOPUCTaHHS MPUCAJIOK JI0 NaBa

Po3rnsiHyTH pe3ynbTaTi 3aCTOCYBaHHS NMPHUCA/IOK JI0 CYJHOBUX MOTOPHUX Ia-
suB. JlocHiKeHHsS BUKOHYBAJIMCSl Ha CyJHOBOMY CEpeIHbO-00€pTOBOMY AM3EINi
6N21L ¢ipmMn Yanmar. Sk nanvBo BHKOPHUCTOBYBAJIOCS CYIHOBE TajMBO
RME25. Sk npucaaka j0 manuBa — MpHUCAJKa, 10 BKIIOYAE JIO CBOTO CKIIATy
aKTHBHI TPYNH, IO MICTATH KHUCEHb 1 MOAM(IKOBaHA COJSIMH JIETKUX METaliB.
Byno moxaszaHo, 110 BHUKOPHCTaHHs 3a3HaueHoi mpucaixu crpuse 4,1..82 %
3HW)KEHHIO TeMIepaTypy BUIYCKHUX ra3iB. Kpim Toro, Ha 46,2...58,3 % 3HmKy-
€THCSl HEY3TODKEHICTh 3HAaYEeHHS TEMIEpaTypH BHITYyCKHUX ras3iB II0 OKpPEMHM
LIITiHIpaM Bix ii cepenHboro 3HaueHHs. Lle 3abe3neuye BUpiBHIOBaHHS TEIIOBO-
T'O HAaBAaHTAXXEHHS 110 BCIM HWJIIHAPaM AW3EINs 1 3MEHIIYE TeIUIOBY HAIPYXXEHICTb.
Takox OyJ10 BCTAHOBIICHO, IO TIPH BUKOPUCTaHHI NaJUBHUX MPHCAIOK MOXKIIUBO
JIOCSITTH 3HIDKEHHS ITUTOMOI e(peKTUBHOI BUTpATH NajuBa Bix 2,54 no 6,46 % (B
3aJICKHOCTI Bijl peKUMY pOOOTH TU3EIS).

YK 621.426

Mayxesuu /. B. BoccTaHOBIIEHHE PEOJIOTHUECKUX XapAaKTEPUCTUK CMA30UHBIX
MaTepuasIoB CyJOBBIX AU3eei

JlokazaHa BO3MOKHOCTh BOCCTAHOBJIEHHSI PEOJIOTHYECKUX XapaKTEPHUCTHK CY-
JIOBBIX MOTOPHBIX Macell B TPaHWYHBIX CMa30uYHBIX CJIOSIX HEMOCPENCTBEHHO B
TIpoLIeCcCe IKCILTyaTalluK JIBUTATENs M €r0 CMa30YHOW CUCTEeMBI. VcribiTaHus BbI-
HOJIHAIUCH B IUPKYJISIIUOHHON CMa304HOM CHCTEME CYJ0BOrO CPEIHEO0O0POTHO-
ro qusenst S6A2 pupmer Mitsubishi.

C HOMOMIBIO POTALMOHHOIO BUCKO3UMETPA OIpPE/eTIeHO, YTO IPAHUYHbIE CMa-
304UHBIE CJIOW, TPHJIETAIONe K METAJUINYECKOH IMOBEPXHOCTH TPHAJbl TPEHUS
KOJIEHYaThI BaJl — CMa304HBII MaTepHal — BKJIAJBIII MMOJIIUITHAKA, OoJiee Bs3-
KUe, B CBA3U C T€M, YTO 00JIalaloT OPUEHTAILlMOHHON YIOPSA0YE€HHOCTBIO MOJIe-
Kyl1. B pe3ynbrare mpoBeAEHHBIX MCCIEJOBAHUM ObUIO YCTAHOBJIEHO, YTO BS3-
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KOCTh MOTOPHOTO Macja, HaXOAAILIErocs B Y3KOM 3a30pe Mapbl TPEHUs Basl —
BKJIQ/IBIII MOJIIMITHIKA U 00ECIEYMBAIONIETO TPAHUYHBIA PEKUM TPEHHs, 3aBU-
CHT OT CKOPOCTH CIIBUTa, TO €CTh IPOSIBIISIET «HEHHIOTOHOBCKOI» XapaKTep Tede-
HUSL.

Y CcTaHOBIIEHO, YTO PEOJIOTMYECKHE XapaKTEPUCTUKU Macia B OOJIbIIOM 00be-
M€ ¥ B T'PaHUYHOM CMa304YHOM CJIO€ OTIIMYAIOTCS IPYr OT apyra. B cocrosHum
TIOKOSI BSI3KOCTh TPAHMYHOTO CMa304HOro cios Ha 5...11% mpeBblmaer BI3KOCTh
B OonbmioM oOwveme. HanokeHme Ha TpHOOCOEIMHEHHE CABHUTOBBIX HArpy3ok
CHOCOOCTBYET yMEHBUICHHIO OPHEHTALMOHHOW YHOPSJOYEHHOCTH MOJIEKYJ B
TPaHUYHOM MACJISIHOM CJIO€ M COOTBETCTBYIOLIEMY CHIKEHHIO €r0 BS3KOCTH,
KOTOPOE MOXKET TOCTUraTh S...7 %.

Pa3paboran MeTo] BOCCTaHOBJIEHHS PEOJIOTHUECKHX XaPaKTEPHUCTHK, pPeav-
3YIOUIMH SIBICHUE OPUEHTAIMOHHOH YIOPSIOYEHHOCTH MOJIEKYJ T'PaHUYHOTO
cIl0sl Maciia, 0OECTIeUnBAIOIINA UX HOPMAJIBLHOE PaclOi0oXKEHHE OTHOCHTENIBHO
TIOBEPXHOCTH BKJIAJbIINIA ITOJIIUITHAKA KPUBOIIMITHO-IIATYHHOTO MEXaHU3Ma.
Meroz 6a3upyercss Ha HAYyYHO OOOCHOBAHHOM IOJIOKEHUH O TOM, YTO PEOJIOTH-
YEeCKHE XapaKTEPUCTUKU CYIOBBIX MOTOPHBIX Macel B TPaHHMYHOM CMa304HOM
CJIO€ CBSI3aHBI C €r0 YKHUKOKPHCTAJUINYECKIMHU CBOMCTBaMH, IIO9TOMY MOT'YT BOC-
CTaHaBJINBATHCS 33 CUET BO3/ICHCTBHS HA MOCIIETHHE.

DKCHeprMEHTAIFHO JTI0OKAa3aHO, YTO MyTeM ONTUMH3alMi MHTEHCUBHOCTH I10-
TIOJTHEHUST LIUPKYISIIMOHHON MAacCIsSTHOM CHCTEMBI, a TaKXKe 3a CYET MCIOJIb30Ba-
HUSI TOBEPXHOCTHO-AKTUBHBIX BEIIECTB, BO3MOKHO YIIPABILITH PEOTIOTHIECKIMHU
XapaKTepPUCTUKAaMH Macja, YTO MPUBOJMUT K TOBBIICHUIO HAJEKHOCTH PabOTHI
CyJIOBOT'O JTU3EIISI.

BHenpeHnue pe3ynbpTaToB HCCIeNOBaHUS Ha MOPCKUX CylaX CBHIETEIHCTBYET
0 moBbllIeHud Ha 4,5...6 % >KOHOMUYECKHX U Ha 6...7,5 % 3HepreTuyecKkux mo-
KasareJyied CylOBBIX IU3ENel, a Takke 0OecIeunBaeT ylnydlleHHe TEXHUIECKOTro
COCTOSIHMS TIOJIIINITHAKOB JIBMKEHUSI CYJOBOI'O CPETHEOOOPOTHOTO AN3EIS.

YK 532.133

Kupuc A. B., I'apaeyns b. A. Blade profiling for the final stages of powerful
ship’s steam turbines

PaccMoTpeHbI BO3MOXKHOCTH HCIOIb30BAHUS OTHOCHTENBHO UTHHHBIX pado-
YHX JIOMATOK C JIBOSIKOBBIMYKIJIBIMH MPO(QUISIMU ISl OCTEAHUX CTyTeHel cymo-
BBIX MAPOBBIX TYpPOWH HU3KOTO JIABJICHUS B LIENSIX JOCTHKCHHUs Haubosee ONTH-
MAJTbHBIX UX a3POJUHAMHYECKUX M MPOYHOCTHBIX XapaKTEPHCTHUK.

Kirouessie cioBa: CYJJOBBIE ITAPOBLIE TYPBUHbBI, [TPOOUIIN PA-
BOUNX JIOIATOK, TYPBMHA HU3KOI'O OABJIEHU:A, IMOCJEJIHUE
CTYIIEHU, ®OPMA JIOITATOK.



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 294

Examined possibility of using biconvex profiles in last ship-pressure steam
turbines with relatively long working blades to achieve the most optimal aerody-
namic aut strenght characteristics.

Key words: STEAM SHIP TURBINES, TURBINE BLADES, LOW-
PRESSURE TURBINE, LAST STAGES BLADE PROFILES SHAPE.

Po3risiHyTO MOKITMBOCTI BUKOPUCTaHHS BiIHOCHO JIOBI'MX POOOYMX JIOMATOK 3
JIBOOMYKJIUMH TPOQIISAMH /TSI OCTaHHIX CTYIEHIB CYIHOBUX IapoBHX TYpOiH
HU3BKOTO THCKY 3 METOI0 JOCSTHEHHS HAMOUIbII ONTHMAaJbHUX IX aepomu-
HaMiYHHX 1 MIHICHUX XapaKTEepUCTHK.

Kirouosi cnoBa: CYIHOBI ITAPOBI TYPBIHU, TTPO®III POBOUNX
JIOTIATOK, TYPBUHA HU3LKOI TUCKY, OCTAHHI CTYIIEHU, ®OPMA
JIOITATOK.

YK 621.436.1:532.135

Kosuyexuii C. B., Kipisn C. B., Illeeyw O. 1. IlopiBHSIHHS e()eKTUBHO-
CcTi AemndepiB KpYyTHIBHUX KOJIMBaHb KOJMIHYACTOTO Bally CYJJHOBOI'O JAU-
3eNs P BUKOPUCTaHHI PiIUH 3 PI3HUMHU PEOJIOTTYHUMH BIIACTHBOCTSIMH

[NopiBHsiHHS e(eKTHBHOCTI JeMIipepiB KPYTHIBHUX KOJIUBAaHb KOJIHYACTOTrO
BaJIy CYZHOBOTO JU3€JIsl IIPH BUKOPUCTAHHI PiZIMH 3 PI3HUMH PEOJIOTIYHUMH Bila-
CTHBOCTSIMH

B pamxax 3akony OcTBajbjia, KOJIHM CHJIa B'S3KOCTI ITPOMOpIiifHA TpajlieHTy
IIBHIKOCTI B CTYNEHs n (iHAEKC Tedil) MpOoBelIeHO pO3paxyHOK B’S3KICTHOTO Jie-
MIdepa KpYTHIBHUX KOJIWBaHb KOJIHYACTOrO BaJjla CY/IHOBOTO JIBUT'YHA.

3anpornoHoBaHa MOJIENb PO3PAXYHKY €(EKTHBHOCTI AeMIdepa BpaXxoBYeE SK
T€OMETPHUYHI ITapaMeTpH MPUCTPOIO, TAK 1 PEOJIOTIYHI BIACTHBOCTI BUKOPHUCTOBY-
BaHOI PiJMHHU.

[TpoBeneHo MOpiBHIBHUN aHaJ3 ePEKTUBHOCTI NeMI(epiB B 3aJI€KHOCTI Bill
BEIMYMHM 1HJEKCY Tedil BUKOPHCTOBYBaHOI piguHH. [lokazaHo, 10 HaiOiIbII
e(QEeKTUBHO BUKOPUCTOBYBAaTH AWJIATAHTHI PIAMHM, IJIS SIKMX 1HIEKC Tedil mepe-
BUII[Y€ OJUHUIIO - €()EeKTUBHICTh TAKOro Aemidepa 3pocTae 3 POCTOM IHAEKCY
Tedii 1 aMIUTITYIM KPYTHIIBHAX KOJTUBaHb

Karouosi cioBa: nemridep KpyTWIBHHX KOJNWMBaHb, MUIaTaHTa piJlUHA, B'S3-
KiCTbh, PEOJIOrisl, IHAEKC Tedii, mapaMeTp eeKTUBHOCTI.

YK 621.436.1:532.135
Kosuykuii C. B., Kupusin C. B., [llgey A. M. CpaBHeHne 3((eKTUBHOCTH JAEM-
nipepoB KPYTHIBHBIX KOJeOaHWH KOJIEHYAaTOro Baja CyJOBOTO JHU3EJs IPH HCIO-
JIb30BAHHH JKUJIKOCTEN C Pa3IMUHBIMH PEOJOTHUECKUMH CBOMCTBAMHU
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B pamkax 3axoHa OcTBajbla, KOTJa CHJIa BSI3KOCTH IIPOIOPLHOHATIbHA Ipa-
JIMEHTY CKOPOCTH B CTENEHHU n (MHJEKC TEUEHUs) IIPOBEEH pacueT BSI3KOCTHOTO
nemMItepa KpyTHIBHBIX KOJIeOaHHI KOJIEHYATOr 0 Bajla CYI0BOTO IBUTATEIsI.

[pennoxxeHnass Moaenb pacyera 3PEKTUBHOCTH AeMI(epa yIUTHIBAET Kak
TeOMETPUUECKHE MapaMeTphl YCTPOWCTBA, TaK M PEOJIOTHYecKHe CBOMCTBa HC-
MOJIb3yEMOM JKUKOCTH.

IIpoBenen cpaBHUTENBHBIN aHATU3 3(Q(PEKTUBHOCTH JeMITDEPOB B 3aBHCHMO-
CTH OT BEJIMYMHBI MHAEKCA TEUYEHHs HCIIOIb3yeMoll kwuakocTd. [lokazaHno, 4To
HaunOosee 3(PQPEKTUBHO HCIOIH30BATh JWIATAHTHBIE JKUAKOCTH, JUISI KOTOPBIX
WHJIEKC TEYEHHUs MPEBHIIIAeT eqUHUIY - AP PEeKTUBHOCTL TaKoro aemidepa Bo3-
pacraer ¢ pocTOM MHZEKCAa TeUEHHs! M aMIUTUTYIbl KPYTHIBHBIX KOJTeOaHHUH.

KnaroueBbie cioBa: nemiipep KpyTHIBHBIX KoJeOaHWH, NWIIATaHTAs >KHU[I-
KOCTB, BSI3KOCTb, PEOJIOTHSl, MHAEKC TeUeHHs, TapaMeTp 3(h(HeKTUBHOCTH.

YK 621.426

Mayxesuu /[. B. TIoHOBJIEHHS PEOJNOTIYHUX XapaKTEPUCTUK MACTHJIBHUX Ma-
TepiaiB CyTHOBUX JN3EIIB

JloBeieHa MOJKIIMBICTH ITOHOBIJICHHSI PEOJIOTIYHUX XapPaKTEPHUCTUK CYIHOBUX
MOTOPHHUX MacTHJI B TPaHUYHUX 3MAallyBaJbHUX HIapax Oe3rmocepeIHbo B IPOoIeci
eKCILTyaTallii IBUTYHa 1 HOro 3MalyBajibHOI CHCTeMH. BUIIpOOyBaHHS BUKOHY-
BaJHMCh B IMPKYIALINHOI CHCTEMI 3MalleHHs CYIHOBOTO CEPEIHBO-00EpTOBOTrO
nmzenst S6A2 dipmu Mitsubishi.

3a OMOMOror0 POTaIiifHOrO BICKO3UMETPY BU3HAUEHO, 110 TPAaHUYHI MacTH-
JIBHI IIapH, SIKI MPWISITaloTh J0 METajeBOi MOBEPXHI TPiaau TEepTs KOJMIHYACTHHA
BaJ — MacTWJIBHHH MaTtepian — BKJIaJeHb MiANIMIHNKA, OB B’S3Ki TOMY, IO
BOJIOJIIFOTh OPIEHTAIIHOIO BIIOPSIKOBAHICTIO MOJICKYI. B pe3ynbraTi mpoBene-
HUX JIOCJIUKEHb OYJIO BCTAHOBJIEHO, IO B’SI3KICTh MOTOPHOTO MacTHJIa, IO 3Ha-
XOJIUTBHCS y BY3bKOMY 3a30pi apH TepTs BaJl — BKJIa/IeHb MIIIIUITHUKA 1 3a0e31e-
Yye TPAaHWYHUHA PEXKHUM TEpTsl, 3aJISKUTDH BiJ| IIBUAKOCTI 3CYBY, TOOTO NPOSBIISIE
«HEHBIOTOHIBCHKIi» XapakTep Teuii.

BcraHOBIICHO, 1110 PEOJIOTIYHI XapaKTEPUCTHKH MACcTUIA Y BEITUKOMY 00CsI3i i
B 'PaHUYHOMY 3MAllyBAIEHOMY IIapi BiAPi3HSIOTHCS OJHMH Bif OJHOrO. Y CTaHi
CIIOKOIO B’SI3KICTh TPaHUYHOrO 3MAIyBaJbHOrO miapy Ha 5...11 % mepeBurmrye
B’S3KICTh y BemuKoMY 00cs3i. HakitaneHHs: Ha TpuOO-CIIONydeHHs 3CYBHUX HaBa-
HT2)XEHb CIIPHUSE 3MEHIICHHIO Opi€HTaliiHOI BIOPSIKOBAHOCTI MOJIEKYN B Tpa-
HUYHOMY MacTHJIBHOMY IIapi Ta BiJNIOBITHOMY 3HIXKEHHIO HOTO B’S3KOCTI, sIKE
Moxe focaratu S...7 %.

Po3po6i1eH0 MeTOon TIOHOBJIEHHSI PEOJIOTIYHMX XapaKTEePHCTUK, L0 peallizye
SIBUIIC OPICHTAIIMHOI YIIOPSAKOBAHOCTI MOJICKYJ TPAHHYHOTO IIapy MAacTHIa, 3a-
Oesrievyye X HOpMaJbHE PO3TALTYBaHHS BiJTHOCHO NOBEPXHI BKJIAJHMINA ITiAMIAITHHU-
Ka KPHBOLIMITHO-IIATYHHOTO MeXaHi3My i 0a3yeThcsi Ha HayKOBO-OOIPYHTOBaHOMY
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TIOJIOKEHHI MPO Te, IO PEOJIOTIYHI XapaKTEPUCTHKH CYTHOBHX MOTOPHIX MACTHII B
TPAaHMYHOMY 3MaIyBAILHOMY IIApi MOB’s3aHi 3 HOr0 PiJKOKPUCTATIYHIMH BIIAC-
TUBOCTSIMH, TOMY MOXXYTh TTOHOBJTFOBATHCS 32 PAXYHOK BIUIMBY Ha OCTaHHI.

ExcniepuMeHTaIbHO JOBEACHO, IO MUITXOM ONTHMIi3allii iHTEHCHBHOCTI IT0-
MTOBHEHHSI IUPKYIIAIIHHOI MACTHIFHOI CHCTEMH, a TaAKOX 33 PaXYHOK BHUKOpHC-
TaHHS MOBEPXHEBO-aKTUBHUX PEUOBHH, MOXIIUBO YIPABIATH PEONOTIYHUMH Xa-
PAKTEpUCTUKAMH MACTHJIA, IO MPU3BOJUTH JO MiABHUICHHS HAIIHHOCTI poOOTH
CYTHOBOT'O JTU3EJIS.

BripoBajpkeHHS pe3ynbTaTiB AOCTIKEHHS HA MOPCHKHX CYIHAX CBITYHUTH PO
miJBUIIEHHS Ha 4,5...6 % exoHOMIYHMX i Ha 6...7,5 % eHEepreTHYHUX TMOKA3HU-
KiB CYJJHOBHUX JIU3ENiB, a TAKOXK 3a0e3Meuye MOKPAICHHS TEXHIYHOTO CTaHy ITijI-
[IWITHUKIB PYXY CYTHOBOTO CEPEIHHO-00CPTOBOTO TU3EIIS.

YK 621.561.59

Onvuwamoscokuii B.C., Bacuneyw /1.1, I'ocons M.I. AHani3 BIUTUBY TeMIiepa-
TYpH KHUIIHHS XOJIOJWJIBHOTO areHTa Ha €HEproCIIOXKMBAHHS XOJOAMIBHOTO 00-
JlaTHAHHS

VY craTTi HaBeIEHO PEKOMEHJOBaHI TEXHIUHI MapaMeTpu Uil POOOTH XOJIO-
JIMJIBHAX YCTAHOBOK B OINTHMAJBHOMY PEXHMI, SKi OTpUMaHI B Haciilok Oara-
TOPIYHOTO JIOCBiJYy IX EKCIUTyartalii, TakoXX pO3IIISJAalOThCS MOMIIMBI HIISIXH
3HW)KEHHS! €HEPrOCIIOKMBAHHS CyJJHOBHM XOJOAWIBHUM oOiagHaHHAM. HaBene-
HO KOHKpPETHI JaHi BIUIMBY ITiJIBHIIEHHS TEMIEPaTypy KHITIHHS XOJOAMIBHOI'O
areHTa Ha IHTEHCHBHICTh BUIIQJaHHS BOJOTM HA OXOJIO/DKYIOWI NpWIaan W,
BIJIMIOBI/THO, Ha TEIUIOBE HABAHTAKEHHS Ha OXOJOKytoui mpuiaau. Ilokaszawni
MOXJIUBI HIISIXM 3HIDKEHHSI CITOXKMBAHOI ITOTYXKHOCTI KOMIIPECOpaMH, 3aIporro-
HOBaHa cxeMa ycTaHoBKH MexaHiuHUX TPB, sika no3Bossie edekTUBHIIIE BUKOPH-
CTOBYBaTH T'€OMETPUYHY MOBEPXHIO OXOJIO/KYIOUUX IPUIIAZiB—IIOBITPOOXOIOA-
’KyBauiB, BUIIAPHHKIB.

[IpoananizoBaHO BIUTMB TEMIIEpATypH KUIIHHS XOJOAWJILHOTO areHTa Ha IH-
TOMY XOJIO/IONPOAYKTHBHICTH XOJIOJMIBHOTO areHTa MpH (DIKCOBaHUX TeMmIlepa-
Typax KOHJEHCallii.

KirouoBi crioBa: XonmoaWibHA YCTaHOBKA, XOJOAWJIBHHHA areHT, KOMIIpEcop,
TEMIIEpaTypH KHUITiHHS, KOH/IEHCaIlil.

YK 621.561.59
Onvwamoscovkuti B.C., Bacuney J[.U., Tocono M.M. Ananu3 BIUSHHS KUTICHUS
XOJIONWJIBHOTO areHTa Ha SHEPro3aTPaThl XOJIOIMIEHOT0 000PYI0BaAHUSL

B craThe npuBeneHbl pEKOMEHIYEMbIC TEXHUUSCKUE TTapaMETPhI Il Pa0OThI
XOJIONWIBHBIX YCTAHOBOK B ONTHMAJILHOM PEKUME, TOTYUYCHHBIX B PE3YJIbTaTe
MHOT'OJICTHETO ONbBITA WX JKCIUTYaTalldH, TAKXKE PACCMATPUBAIOTCS BO3MOXHEIC
MyTH CHW)KCHUS SHEPrONnOTPEOICHUS CYIOBBIM XOJOMIBHBIM OOOpPYIOBaHUEM.
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IpuBeneHbl KOHKPETHBIE JAHHBIC BIMSHUS MOBBIIMICHUS TEMIIEPATYPhI KUIICHUS
XOJIOJIMJIBHOTO areHTa Ha MHTEHCUBHOCThL BBIMAJICHHS BJIATM HA OXJIAXIAFOIIHE
npuOOpsI U, COOTBETCTBEHHO, Ha TEIUIOBYIO HATPY3KY HA OXJIaXKAAroIIue mpudo-
PpBL

IToka3zaHbl BO3MOXKHBIE ITyTH CHIKEHUS MTOTPEOISIEMON MOIIHOCTH KOMITIPEC-
copamu, MpeIIOKEHHAs CXeMa yCTaHOBKM Mexanudeckux TPB, koropas mo3Bo-
nser Oonee 3(P(GEKTHBHO HCIOIB30BaTh TCOMETPUUCCKYIO TOBEPXHOCTH OXJIa-
KIAFOUINX PUOOPOB—BO3YX00XIaUTENICH, HCTapUTETICH.

[TpoaHaTU3UPOBAHO BIHUSHUE TEMITEPATYpPhl KUIEHUsI XOJIOIMIBHOIO areHra
HA YAETbHYIO0 XOIOMOMPOU3BOAUTEIBHOCTE XOMOUIBHOTO areHTa pyu (PUKCUPO-
BaHHBIX TEMIIEPATYpaX KOHIACHCAIIUH.

KiroueBsie c10Ba: XONOJMIbHAS YCTAHOBKA, XJIAJAreHT, KOMIIPECCOp, TeMIIe-
paTypbl KHIIEHHs, KOHICHCAIIUH.

Olshamovsky V.S., Vasylets D.I, Gogol M.I. Analysis of the effect of boiling
temperature of refrigerating agent for energy spend by refrigerating equipment

The article presents the recommended technical parameters for the operation
of refrigeration units in optimal mode, which have been obtained as a result of
long-term experience of their operation, as well as possible ways to reduce energy
consumption by ship refrigeration equipment.

Specific data on the effect of increasing the refrigeration boiling temperature
on the intensity of dropping of moisture on the cooling devices and, accordingly,
on the thermal load on the cooling devices. Possible ways of reducing the power
consumption by compressors are shown, the scheme of installation of mechanical
SRWs is proposed, which allows to more effectively use the geometric surface of
cooling devices—air coolers, evaporators.

The influence of the boiling temperature of the refrigerant on the specific
cold-productivity of the refrigerant during fixed condensation temperatures is
analyzed.

Key words: refrigeration unit, refrigerating agent, compressor, boiling tem-
perature, condensation.

YK 621.432

Caeun C.B. CHMXEHUE 3HEPreTUYEeCKUX MOTeph B MPEIU3UOHHBIX Mapax TOI-
JIMBHOM ammaparypbl CyOBBIX AU3eNei

PaccMoTpeHa BO3MOXXHOCTh CHHXKEHHUSI HEPTETHUECKUX MOTEPh B MPEIU3U-
OHHBIX Mapax TOIUIMBHOW ammapaTypsl CYIOBBIX THU3ENeH 3a CUeT UCIONb30BaHUS
CIEIHMANTBHBIX (PTOPOPraHNYEeCKUX MOKPBITHH (3MuinaMoB). B pesynbrate uccie-
JIOBaHU YCTAHOBJICHO, YTO TONIIMHA CJIOS SIHIaMa Ha MOBEPXHOCTH TLTYHKEPOB
TOIUIMBHOIO HACOCA BBICOKOIO JaBiieHus cocrasiser 12,5...18,7 M, a Bpewms,
HEO0XOAMMOE I €ro ajgcopOiuu He npesbiunaer 10 mun. Hanocrnoii smuna-
MOB, HAHECCHHBIH HAa METAJUTHYECKYIO MOBEPXHOCTh, MIPUBOAUT K ~1,5-KpaTHOMY
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YBCJIIMYCHUIO TOJJIIWHBI TPAHUYHOTI'O CJI0A TOIUIMBA, 4YTO CHOCO6CTByeT CHUXKE-
HUIO DHEPIrCTUYCCKUX 3aTpaT B HNPCHU3UOHHBLIX IMapax TOIJIMBHOWU allliapaTypbl
CymoBbIX mu3enedi U BbIpaxkaercs B 24,0...44,6%-0M CHUXXEHHUU H3HOCA
TLTYH>KEPOB.

YK 621.432

Cacin C.B. 3HWKEHHS €HEpreTMYHUX BTPAT B NPENM3IHHMUX Mapax MajuBHOI
anapaTypy CyJAHOBHX JIM3€iB

Po3risiHyTO MOXKIMBICTD 3HIDKEHHSI €HEPTeTUYHMX BTpaT B NMPEUU3iiHMX Ia-
pax MaJMBHOI amapaTrypy CyIHOBHX JU3EIB 32 PaXyHOK BHKOPHCTaHHS cIelia-
JBHAX (TOPOPraHiYHUX MOKPHUTTIB (eminamMiB). B pesymbraTi mocmikeHb BCTa-
HOBJIEHO, 1[0 TOBIIMHA IIApy elijlaMa Ha IIOBEPXHi IUTyHXepiB MaIMBHOTO Hacoca
BHCOKOT'O THCKY ckiagae 12,5...18,7 uM, a yac, HEOOXiqHUN I HOro ajcopOrii
He nepesumnye 10 xB. Hanomap eninaMiB, HaHeCEeHHH Ha MeTaJeBY MOBEPXHIO,
TIPU3BOIUTH 10 ~1,5-KpaTHOro 301IbIIEHHS TOBIIMHN I'PAHUYHOIO LIapy MajiBa,
IO CIpUsi€e 3HIKEHHIO €HEPreTWYHUX BTpaT B MNpPEUU3iHHMX Mapax NaJuBHOI
amapaTypy CyJHOBHUX JH3eliB i BupaxaeThcs B 24,0...44,6%-My 3HIKEHHI 3HOCY
TUTYH)KEPIB.

YK 621.431.74

Cnoboosiniox 1. M., Cnoboosmrox /{. 1. YnpaBiiHHS 3MalIeHHIM IWIIHAPIB Cy-
HOBUX JM3€NiB 3 METOIO 3aro0iraHHs ITOJIOMKH TOPHIHEBUX KiJIelb MPH MPOXO-
JOKEHHI TPONYBHUX BIKOH BTYJIOK // CymHOBI €HEpreTH4YHi yCTaHOBKH: HayK.-
TexH. 30. / HY OMA. - Opeca, 2018. - Ne38. - C.120 .

[IpencraBneHo HOBe pimleHHsS MPOOJIEMH MiIBUIEHHS HaAiHHOCTI CYHOBOTO
JIU3eTIs IUISIXOM TOTepe/PKEHHS TIOJIOMKH MOPIITHEBUX KiJelb 3a paxyHOK pery-
JIIOBaHHS MAaCTHJIa IMJIIH/PIB, B 3aJISKHOCT] BiJI JaHUX JIIarHOCTHKH iX Ipares/a-
THOTO CTaHy MpH pyci KUTBI Y3/10BXK BIKOH BTYJIKH. [neHTHdiKalisS TpoBOaMIach
METOJIOM PAaH)KUPYBaHHS 32 PiBHSAMHM Ha/IiHHOCTI, 3aJIEKHO Bijl YaCTOTH aKyCTHY-
Horo curHaiy. Croci® 3acHOBaHMI Ha JIOCITIJDKEHHSX aHi30TPOITHHX BJIACTHBO-
CTel TOHKHX IUTIBOK IMJIIHIPOBOTO MacThIIa

Inn. 2, 6161, 12

VK 621.431.74

Cnoboosniox U. M., Cnoboosaniox J{. M. YrpaBieHHe cMa3Kod IMIMHIPOB
CYIOBBIX JH3eNeil ¢ IEbI0 MPeqOTBPalICHUs TOJOMKH MOPIIHEBBIX KOJEIl MPH
MPOXOXKICHUH MPOJYBOYHBIX OKOH BTYNOK // CyoOBbIE JHEPreTHYECKHE YCTa-
HOBKH: Hay4HO-TexH. 0. / HY OMA. - Ozecca, 2018. - Ne38. - C.120.

[pencrapneHo HOBOE pelIeHHE MPOOIEMbI MOBBIIICHHUS HAICKHOCTH CYI0BO-
rO U3 MyTeM MpeaynpeKICHUs MOJOMKH MTOPIITHEBBIX KOJIEI] 38 CUET PeryJiu-
POBaHUs CMa3KH IWIMHJPOB, B 3aBUCHMOCTH OT JAHHBIX TUATHOCTHKHU UX Pabo-
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TOCIIOCOOHOTO COCTOSIHUS TIPH JBMIXKEHUM KOJIbIA BJIOJNb OKOH BTYJIKH. MIEHTH-
(UKanusl MPOBOAWIIACH METOJIOM PAHXKMPOBAHUS [0 YPOBHSIM HAJIESKHOCTH, B
3aBHCHUMOCTH OT YaCTOThI aKyCTHUECKOro curtana. Croco6 OCHOBAaH Ha UCCIIEI0-
BaHHSX aHU30TPOITHBIX CBOMCTB TOHKUX TUICHOK IIUJIMHIPOBOrO Maciia

Wnn. 2, 6ubn. 12

UDC 621.431.74

Slobodyanyuk I.M., Slobodyanyuk D.I. Management of lubrication of cylin-
ders of marine diesel engines in order to prevent the breakage of piston rings dur-
ing passage of purge windows of bushings // Ship power installations: Sci.-Tech.
save / OU OMA - Odessa, 2018. - Ne38. - WITH.

The new solution of the problem of increasing the reliability of the marine
diesel engine by preventing the breakage of the piston rings through the regula-
tion of the lubrication of cylinders, depending on the diagnostic data of their
working state when moving the ring along the windows of the sleeve, is present-
ed. Identification was carried out by the ranking method by the levels of reliabil-
ity, depending on the frequency of the acoustic signal. The method is based on the
study of anisotropic properties of thin films of cylindrical grease

111 2, beekeepers 12

YK 621.248

Conodosnuxoe B.I'. Vicionb3oBaHue yJIbTPa3ByKOBOW 0OpPaOOTKH B MOAYJIb-
HBIX CXEMax ITOCTPOEHHMSI CY/IOBBIX CHCTEM TOILIMBOIIOAT OTOBKH

[TpoBeneHHbIE MCCIEOBAHUS BBITOIHUTICH B TOIUIMBHON CHCTEME CYJOBOTO
cpenneobopotHoro muzens S6A2 ¢upmbl «Mitsubishi», CKOMIOHOBaHHOW MO
MoIynsHOMY npuHIMMy. [IpeanoxkeHa MoxyabHast cxema, B KOTOPOH OTCYTCTBY-
€T y3eJI cenapanuy TOIUTUBa B CUCTEME OYMCTKH, & CUCTEMa IOArOTOBKH JOIOJI-
HUTEJIFHO YKOMIUIEKTOBaHa OJIOKaMHM YIbTPa3ByKOBOH 00pabOTKM M THIPOIUHA-
MHYECKOH akTHBaIMu. B pe3yinpraTe nccieqoBaHuil yCTaHOBIIEHO, YTO JIOTIOTHH-
TeNbHAass KaBHTAllMOHHAs 00pabOTKa TOIUIMBA CIIOCOOCTBYIOT CHM)KEHHMIO B
3,2...4,7 pa3a CepHHUCTOr0 M3HOCA MOPIIHEBBIX KOJIEI U HUIUHIPOBBIX BTYJIOK
nmuzens. [Ipu 5ToM Hanbosblliee CHIDKEHHWE 3TOTO MapamMerpa HalOiroaercs Juis
TIOPIITHEBBIX KOJIEII, YTO OCOOEHHO aKTyaJbHO, YIUTHIBAs BAXKHOCTH JTAHHOTO Y3JIa
B O0ecrie4eHNH KaK Ka4eCTBEHHOr O MPOTEKaHMUs MPOIECCOB CKATHs, CrOpaHus U
pacuMpeHus, Tak ¥ HaJeXXHOCTH pabOThl CONPSDKEHUS MOpIIEHb — BTYJKA [H-
JIUHpA.

YK 621.248

Cono0osuixos B.I. BuKopHCTaHHSl yabTPa3BYKOBOI OOpOOKH B MOJIYIBHHUX
cxemax Io0y/I0BH CYJHOBHX CHCTEM ITiATOTOBKH ITAJINBa

IIpoBeneHi mocmifkeHHS BUKOHYBAJIHCS B MaJUBHIA CHCTEMI CYZHOBOTO ce-
penubo-00epToBOrO mmzens S6A2 ¢ipmu «Mitsubishi», M0 ckOMIOHOBaHA 3a
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MOJYJIbHUM TIPUHIMIIOM. 3aIlpOIIOHOBAHO MOIYJIbHA CXeMa, B SKiil BiICYTHiH
BY30JI cernaparlii ajuBa B CUCTEMi OYHMIIEHHS, @ CHCTEMa iJIT0TOBKH JI0JIATKOBO
YKOMIUIEKTOBaHa OJIOKaMHU YJIBTPa3ByKOBOI OOpPOOKHM 1 TiIpoIHaMIYHOI aKTHBa-
uii. B pe3ynpTarti mociipkeHb BCTAaHOBIICHO, 10 JIOJaTKOBA KaBiTalliiiHa o6poOka
MaJiuBa CIIpusi€ 3HWKEHHIO B 3,2 ... 4,7 pa3u cipuUCTOro 3HOCY MOPIUIHEBHX Ki-
JIenpb 1 OWIHAPOBUX BTYIOK nu3ens. [Ipyn npoMy HaiOijblle 3HMKEHHS IHOTO
rapameTpa CIOCTepiraeThesl ISl MOPIIHEBUX KiJlelb, 110 0COOJIIMBO aKTYyaJIbHO,
BpPaxoBYIOUH BaXKJIMBICTh JAHOIO BYy3Jla B 3a0e3lNeyeHH] SKICHOTO MPOTIKaHHS
TIPOLIECIB CTUCHEHHSI, 3TOPSHHS 1 pO3IIMPEHHS Ta HAAIHHOCTI POOOTH CIIOITYYEHHS
TIOPIIEHB — BTYJKA HUIIIHAPA.

VIIK629.12 + 621.69
Temenxo B.FO. Kozomunvix H.A. KOHCTpYKTHBHBIE U DKCILUTyaTalMOHHBIE OCO-
OEHHOCTH TPOMYJIBCUBHOTO KOMILIEKCa Ing TaHKEpOB ¢ Ta30TOILIMBHBIM 000pY-
JIOBAaHHEM

[Tpn TpaHCIIOPTUPOBKE CHKMKEHHOT'O MPHUPOIHOTO Tra3a MEepPEeBO3UUK CTAIIKH-
BaeTcsi C MHOTOYMCIICHHBIMH TEXHHYECKHMHU TPYAHOCTSIMHU, OOYCIOBJIEHHBIMHU
¢usnyecknMu cBOMCTBaMU MeTaHa. HeoOXOIMMOCTh MOAAEp)KMBATh HHU3KYIO
temnepatypy rpy3a (-1630C) m obecreynBaTh BO3MOXKHOCTH HCITOJIB30BAHUS
mapoB LNG B kadecTBe TOIUIMBA BEAET K YCTAHOBJICHUIO Ha OOPTY cymHa OOJb-
IIIOT'0 KOJIMYECTBA JOMOIHUTELHOT0 000pynoBaHus. CTaThsi COJEPIKUT CUCTEMa-
TU3UPOBAHHOE ONMCAHUE MPOU3BOJCTBEHHOTO OIBITa pabOTHI ra30BOro 000pyI0-
BaHHA paznuyHbIX TUHOB LNG TaHkepoB. PaccMoTpeHBI SKcIuTyaTallMOHHBIE U
KOHCTPYKTHUBHBIE OCOOCHHOCTH CYIOBBIX CHCTEM JUIsi 0OpaOOTKH MapoB MeTaHa.
CcopmupoBanbl TpeOOBaHMS K KOMIUIEKTY SHEPTreTHYECKOr0 M BCIIOMOTaTeIbHO-
ro 00Opy/soBaHUsSI KOTOPBIH 00ECTIEUUT HaJIe)KHOCTh M 0€301MacHOCTh paboTHI ra-
3oromuBHOTO obopynoBanust 1 CIICT (cucrema MOBTOPHOTO CXKIDKEHUS Ta3a).
BeImosiHeHO onuMcaHue ONTUMAJIbHBIX KOMIIEKTOB 00OpYIOBaHHMS ISl MEHEK-
MeHTa rnapoB MeTaHa Ha 6opty LNG Tankepa. O603Ha4eHBI OCHOBHBIE ITPOOIEMBI
LNG ¢iora koTOopbIe MPHUAETCS PEIUTh B ONMpKaiieM Oyaymiem.

Kirouesnie cnoBa: LNG TaHkep, MpoIyJIbCUBHONH KOMILUIEKC, CUCTEMAa PEKOH-
JIeHCAIlMH ra3a, ra3oToiumBHoe obopynoBanus, ME-GI nBurates.

UDC 629.12 + 621.69

V. Tetenko, N. Kozminykh. Constructive and operational features of Ing tank-
ers propulsion system with gas-fuel equipment

When transporting liquefied natural gas, the carrier faces with numerous tech-
nical difficulties due to the physical properties of methane. The need to maintain
a low cargo temperature (-1630C) and ensure the possibility of using LNG vapor
as a fuel will result in the installation of a large number of additional equipment
on board. The article contains a systematic description of the operational experi-
ence with gas equipment on various types of LNG tankers. The operational and
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structural features of ship systems for methane vapor processing are considered.
The requirements for a set of energy and auxiliary equipment that ensure the reli-
ability and safety of the operation of gas-fired equipment and Reliquefaction unit
are formed. A description of the optimal sets of equipment for managing methane
vapors on the LNG tanker are given. The main problems of the LNG fleet that
will have to be solved in the near future are outlined.

Key words: LNG tanker, propulsive complex, Gas Reliquefaction system ,
gas-fuel equipment, ME-GI engines.

YK 621.45.052
Yepemicin B.1., Babenuyx M.C. YTOUHEHMI METON PO3PaxyHKYy ra3zoo0MiHYy B
WTIHAPI AU3ETS

HaBeneHO BUCHOBOK PO3PaXyHKOBHX (pOPMYI /i BU3HAYEHHS THUCKY rasy i
MIOBITPS, BEIMYMH Yac-TIepepi3 MmepiogoB ra3000MiHy. BukiaaeHO HOBHA ITiIXif
JI0 PO3paxyHKYy NpOLECIB NPOAYBaHHS B CyJHOBHX Au3elsx. JloBexeHo, 1o
BU3HAYCHHS Mepernay THCKIB Ma€e BIACTUBOCTI BUHATKOBOI CTIHKOCTI.

KirouoBi croBa: cyqHOBI 1u3eri, ra3000MiH, pO3paxyHOK

YK 621.45.052
Yepemucun B.U., Babenuyx H.C. YTOYHEHHBI METOJ pacdera ra3000MeHa B
WIAHPE TU3EIs

[IpuBeneH BBHIBON pacyeTHHIX (HOPMYI JJIs ONPENCIICHUS NABJICHUM Traza |
BO3/lyXa B LMJIMHApPE, BEJIMYMH BpEMsI-CEUeHHE NeproaoB razooomMeHa. M3noxen
HOBEBIH MOJXOJ K PacyeTy MPOIECCOB MPOIYBKH B CYJIOBBIX Au3eisax. Jloka3aHo,
YTO ONpeesieHre IIepernasia JAaBleHU o0iaaeT CBOMCTBOM HCKIIOYHTENbHON
YCTOWYUBOCTH.

KiroueBsle ciioBa: CynoBble AU3€NH, ra3000MeH, pacyer

UDC 621.45.052

Cheremisin V.1, Babenchuk N.S. Refined method for calculating gas ex-
change in a diesel cylinder

The derivation of calculation formulas to determine the pressure of gas and air
in the cylinder, the values of time-cross-period of gas exchange is given. A new
approach to the calculation of the process of purging in ship diesel engines is set
out. It is proved that pressure drop determination has the property of exceptional
resistance.

Key words: ship diesel engines, gas exchange, calculation
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VK 629.123

M.A.Konezaes, U./]. bpasicnux. OCHOBHBIE HalpaBIEHUs] MOJAEPHU3AIUU CH-
CTEMBI MHEPTHBIX ra30B Ha TaHKEpax

B nanHoii paGoTte naHO omucaHue pa3pabOTaHHOIO MeToAa 0OpabOTKH TOI-
JMBa M TEHEPUPOBAHUS WHEPTHBIX Ta30B IS NPHHYIUTENBHONW BEHTWIIALNH
TproMOB Ha TaHKepax. CopMyTUpoBaHBl OCHOBHBIE MYTH MOJEPHU3AILNU CY/I0-
BBIX CHCTEM HMHEPTHBIX ra30B. [loka3aHbl MperMyIecTBa TEXHOJIOTUH MIPUHYIN-
TENFHOM BeHTWISIUK. Ha OCHOBE pe3ysbTaToB MCCIEIOBaHMHN MOKa3aHbl OCHOB-
HBIE TPENMYIIECTBA pa3pabOTaHHOTO METO/Ia MOJIEPHU3AINH CUCTEMBI HHEPTHBIX
ra3oB. B xoze HaTypHBIX MCCIEIOBaHHUHN MOJATBEPKAEHA aJEKBaTHOCTh HAYYHBIX
THIIOTE3, MATEMAaTHYECKOW MOJIENI ¥ YCTAHOBJIEHBI MTOKa3aTell X 3PQeKTHBHO-
CTH.

KiroueBsle ciioBa: Tpy30BOH TPIOM, TaHKEp, CUCTEMa MHEPTHBIX ra3oB, KOH-
LEHTpaLHs KHCIOPOJa, CKOPOCTh BEHTUIIAIMY, [I0JIE JABICHHUS.

YK 629.123

M.O.Konezacs, I/ bpasicnix. MeTon NpUMycoBOI BEHTHIIALII TPIOMIB Ha
TaHKepax

B naHiif poboTH 1aHO OmMHC PO3POOICHOrO METOMy OOpPOOKH MayvBa i TeHe-
pauii iHEpTHHX ra3iB JJIs NPHUMYCOBOTO BEHTHJIIOBAHHS TPIOMIB Ha TaHKepax.
CcopmynboBaHi OCHOBHI IIISIXM MOJIEpHi3allii CyJHOBHX CHCTEM iHEPTHHX Ta3iB.
IokazaHi mepeBaru TexHOIOrii MpUMycoBoi BeHTHIALI. Ha ocHOBI pe3ynbTaTiB
JIOCITI/PKEHb TT0Ka3aHi OCHOBHI IepeBard po3po0IeHOro METOAY MoJepHizamii
CHUCTEMU IHEPTHHUX Ta3iB. B X0Ji HATYpHHUX JTOCITIKCHb ITiITBEPXKCHA aJICKBaT-
HICTh HAYKOBHX TiIIOTE3, MaTeMaTHYHOI MOZIENI 1 BCTAHOBJICHI TTOKa3HUKH e(ek-
TUBHOCTI PO3pOOJIEHOT0 METOTY.

KirouoBi ciioBa: BaHTa)XHUI TPIOM, TaHKEp, CUCTEMa 1HEPTHHUX ra3iB, KOHIIE-
HTpallis KUCHIO, INBUKICTh BEHTHJISMIT, TIOJIE TUCKY.

UDC 629.123

M.O.Kolegaev, 1.D.Brajnik. Method of artificial ventilation for tanker’s holds

The article describes recently developed methods of fuel oil treatment and
generation of inert gas to be used in tanker holds mechanical ventilation. There
were formulated main directions for ship’s inert gas system upgrading. Ad-
vantages of forced ventilation technology have been shown. On the basis of in-
vestigation results main advantages of the developed method for inert gas systems
upgrading have been shown. During full-scape investigations an adequacy of sci-
entific hypothesis and mathematical model were confirmed and main effective-
ness indexes for the method developed were depicted.

Key words: cargo hold, tanker, inert gas system, oxygen concentration, venti-
lation rate, pressure field.
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YK 621.829
Kyponamuux A. A. Vicnonp30BaHue Mepeycka BHITYCKHBIX ra30B I oOecrede-
HUS SKOJIOTHYECCKHUX ITapaMeTPOB paOOTHI CYIOBBIX TU3EIICH

PaccmoTpeHa BO3MOXHOCTH HCIOJB30BAHUS MEPEMyCKa BBITYCKHBIX T'a30B
JUIsl 00ecIeueHns! IKOJIOTHUECKHUX ITapaMeTpoB pabOThI CYNOBBIX An3eneil. Yka-
3aHO, YTO pa3padaThIBaEMbIC B HACTOSIIEE BPEMS CIIOCOOBI CHIKCHHS YPOBHS
SMUCCHU OKCHJIOB a30Ta (KaK OJTHOTO M3 TOKCHYHBIX KOMITOHCHTOB, BXOJIAIINX B
COCTaB BBITYCKHBIX Ta30B CYJOBBIX JU3€NeH) CBA3aHBI C M3MCHECHHEM KOHCTPYK-
UM THU3ETICH W BO3MOXKHBI TOJNBKO Ha CTAIUM NMPOSKTUpOBaHUs. [Ipu 3ToMm s
HAXOMSANIUXCS B AKCIUTyaTaI[H JU3eIeH, U3MEHCHNE KOHCTPYKIIMUA KOTOPBIX JTU-
00 He BO3MOXHO, JIHOO TpPeOyeT 3HAYUTEIHHBIX KAIHMTAJIOBJIOKCHUM, 3ajada
CHIDKEHUS KOHIICHTPAIIMA OKCHJIOB a30Ta B BBITYCKHBIX r'a3aX MOXET OBITH pe-
IICHA MTyTEM ONTHUMU3AIUH PEKUMOB MX TEXHUUYECKOW JKCIUTyaTanuu. BapuaHT
pellleHusI TaHHOW 3aJlaud MPOJCMOHCTPUPOBAH HA IPHMEPE Tra30-BHITYCKHOU
CHUCTEMBI CYIOBOTO cpemaHeobopotHoro musens 6L.20 ¢upmer Wartsila 3a cuer
WCIIOJIb30BaHMS MEpeIycKa Ia30B MOMUMO TypOOKOMIIpeccopa HEeMoCpeICTBEHHO
B BBITYCKHYIO Maructpayib. CTENEeHb Meperycka Ta30B MPH MPOBEICHUU SKCIIe-
PUMEHTAJIBHBIX HCCIIE0BaHUNA M3MeHsiach B auanazone 0...9,6 %, u3meHenue
Harpy3kd Ha JH3ellb cOCcTaBiso 55...83 % OT HOMUHAJIBHON MomHOCTH. Orpe-
JIeJICHUE KOHIICHTPAIIMU OKCHJIOB a30Ta B BEIMTYCKHBIX ra3ax W YASIBHOr0 3¢ dek-
TUBHOT'O Pacxojia TOIUTMBA MPOBOAMIOCH JUIS IBYX BaApUAHTOB: ITPU HEU3MEHHOM
MTOJIOXKCHUU TICPEITYCKHOr0 KJIallaHa W Pa3sHOW HArpy3KH Ha JU3elb; IpU MOCTO-
SIHHOW Harpy3ke Ha JTU3eNIb U Pa3HBIX IMOJIOKCHUSAX IMEPeMyCKHOro KiamaHa. B
pe3yabTaTe UCCICNOBAaHWN YCTAHOBJICHO, YTO IOBBINICHUE CTEIICHU IEpEIycKa
BBITYCKHBIX Ta3oB B auanasoHe 0...9,6 % crnocoOCTBYEeT CHMXXEHUIO AMHCCHU
okcuoB azora ¢ 8,72 r/(xkBt-4) no 6,53 1/(kBT-4) 1 3aBHCHT OT Harpy3Kd Ha JH-
3€JIb, IIPH 3TOM OTHOCHTEIBHOE CHIDKEHUE BEIOPOCOB OKCHIIOB a30Ta HAXOIUTCS B
npenenax 1,15...13,85 %; HanOonemmii YypOBEHb CHWKCHUS KOHIICHTPAIIMU OK-
CHJIOB a30Ta B BBIMTYCKHBIX Ta3aX COOTBETCTBYCT MAaKCHMAJIBLHOW CTEIEHU Tepe-
ITyCKa Ta30B U PSKUMY MaKCUMAJIBHOW HATPY3KU HA JTU3EITb; UCIIOJIh30BAHUE CH-
CTEMBI TIEPEYCKa BBIMTYCKHBIX Ta30B U3MEHIECT CTEXMOMETPHUYECKOE COOTHOIIIE-
HUE TOIUTUBO-BO3YX, YTO CIIOCOOCTBYET YBEIHMUYCHUIO YACTHHOTO 3P PeKTHBHOTO
pacxona ToruMBa (B MPOBEACHHBIX 3KcmepuMeHTax Ha 0,26...2,52 % B 3aBucH-
MOCTH OT CTEIICHH MepeIrycKka ra3oB ¥ Harpy3KU Ha u3elb). HeB3upas Ha yBenu-
YeHHE YIENIFHOTO pacxoja TOIUTMBA, HCIIOIb30BAaHHE CHCTEMBI IEpEIycKa ra3on
PEKOMEHIOBAHO B OCOOBIX paliOHAX MHPOBOTO OKEaHA, KOTJa MPEBAIAPYIOIIUM
MOKa3aTeJIeM MPH IKCIUTYaTaI[H CYIOBBIX SHEPTCTUUECKUX YCTAHOBOK CTAHOBSIT-
Csl MIX DKOJIOTMIECKHUE TTapaMeTpPHI.
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YK 621.829
Kyponsamunux O. A. BUKOpUCTaHHS TIepeIycKy BUITYCKHUX ra3iB 11s 3a0e3IeyeH-
HSI €KOJIOTIYHHX MapaMeTpiB poOOTH CYAHOBHX JIM3ENiB

Po3risiHyTa MOXIIMBICT BUKOPHCTAaHHS MEPENyCKYy BUITYCKHUX Ta3iB I 3a-
OE3MEeUYCHHS EKOJIOTIYHHUX MapaMeTpiB POOOTH CYIHOBHX JM3EIiB. 3a3HAUCHO, 110
CHocoOM 3HWKEHHS PIBHA €MicCil OKCH/IIB a30Ty (SIK OJJHOTO 3 TOKCHYHHX KOMIIO-
HEHTIB, [0 BXOJAATH J0 CKJIaJly BUITyCKHHX Ta3iB CYJHOBHX JHU3EIIB), sKi po3po0-
JISIFOTHCS B IAHUH 4Yac, 1MOB's3aHi 31 3MiHOIO KOHCTPYKIIT JM3€iB 1 MOXKIJINBI TLJIb-
KU Ha cTaii npoexTyBaHHs. [Ipy koMY IJIs TU3€NiB, SIKi 3HAXOAATHCS B €KCILTY-
aTarrii, 3MiHa KOHCTPYKIIii SKUX a00 HE MOXJIMBO, a00 BUMarae 3HaAYHUX KaIiTa-
JIOBKJIAJICHb, 3aBJIAHHS 3HM)KEHHS! KOHIIEHTpalii OKCHIIB a30Ty B BHITyCKHHUX ra-
3ax MOke OyTH BUPILIEHO IUIIXOM ONTHMIi3amii peKUMIB X TEXHIYHOI eKcIlTya-
Taii. Bapiant BupilIeHHs JaHOTO 3aBJaHHS MPOJEMOHCTPOBAHUN Ha MPHUKIIAJIL
ra30BUITYCKHOI CHCTEMH CYJHOBOTO cepelHbo-obepToBoro amsens 6L.20 dipmu
Wartsila 3a paxyHOK BHKOpPHCTaHHSI NEpEIyCKy ras3iB IOB3 TypOOKOMIIpecopa
Oe3rocepeHbO B BUITYCKHY Marictpanb. CTyMiHb IEperycKy rasiB Ipu IpoBe-
JICHHI eKCIIEpUMEHTATIBHUX JTOCIiPKEHb 3MiHIOBaBCs B jaiana3oHi 0...9,6 %, 3MiHa
HABAaHTAXKCHHS Ha JU3ENIb CTAHOBWIO 55...83 % BiJ HOMIHAIBHOI MOTYXHOCTI.
BusHaueHHs! KOHIEHTpAIlil OKCH/IIB a30Ty B BUITYCKHHX ra3ax i MUTOMOI BUTpaTH
TaJIiBa POBOJMIIOCS s IBOX BapiaHTIB: IIPU HE3MIHHOMY ITOJIOXKEHHI ITepemny-
CKHOT'O KJIanaHa i pi3HOMY HaBaHTa)XKEHHI Ha JW3ellb; IPH MOCTIHHOMY HaBaHTa-
JKEHHI Ha JIM3eNb 1 PI3HUX IOJOXKEHHSX IIEPEernyCKHOro KiamaHa. B pesynbraTi
JIOCITI/PKEHb BCTAHOBJIEHO, 1110 Mi/IBUILEHHS CTYIICHS IIEPEITyCKYy BUITYCKHUX Ta3iB
B nianasodi 0...9,6 % crpusie 3HIKEHHIO eMicii okcuaiB a3oty 3 8,72 r/(kBr-rox)
10 6,53 r/(kBt-TOx) 1 3a7I€)KUTH BiJl HABAHTa)KEHHS HA TU3€Jb MIPU I[bOMY BiJHOC-
HE 3HWKEHHS BUKUJIB OKCHIIB a30TY 3HAXOAUTHCS B Mexkax 1,15...13,85 %; Haii-
OiNBIINI PiBEHb 3HIKEHHS KOHIEHTPALlil OKCHIIB a30Ty B BHITYCKHUX Ta3ax Bif-
TIOBiZla€ MAaKCHMaJIFHOMY CTYIIEHIO TEpEITycKy Ta3iB i peKMMy MaKCHMaJIbHOTI'O
HaBaHTa)KEHHS Ha JW3€Nb; BUKOPUCTAHHS CUCTEMH IEPENyCKy Ta3iB 3MiHIOE CTe-
X1OMETpUYHE CITiBBIJHOLIEHHS MaJUBO-TIOBITPS, IO CHpPHsE 30UIBIICHHIO TTHTO-
Moi e(eKTUBHOI BUTpaTH NHainuBa (B €KCIEpHMEHTaX, 10 OYyJM MpOBE/AEHI, Ha
0,26...2,52 % B 3a1eXHOCTI BiJ CTYyIeHsS INEPENycKy Ta3iB i HaBaHTa)KEHHS Ha
nu3enb). Hesakatoun Ha 301IbIIEHHS MTUTOMOI BUTPATH NMaJIMBa, BUKOPUCTAHHS
CHCTEMH NEpEeNycKy Ta3iB peKOMEH/I0BaHO B OCOOJIMBUX paiilOHaX CBITOBOI'O OKe-
aHy, KOJIM TIepeBakalounM MMOKa3HUKOM NPH eKCIUTyaTalii CyJJHOBUX €HepreThy-
HHUX YCTAaHOBOK CTalOTh 1X €KOJIOT1YHI MapameTpH.

UDC 620.179.112
Lebedev B., Evdokimov V,, Melnik A. A., Bogomolov E.P. Influence of the texture
direction on the process and quality of frictional application of a copper film on
steel
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For the first time the question of the effect of shear deformation texture on the
efficiency of deposition of a copper film on its surface by a friction method was
stated and experimentally clarified. It has been established that the friction pro-
cess performed against the rough machining texture leads to the better improve-
ment of quality of the copper layer than in the orientation of the texture. It is rec-
ommended to use this relationship for practical purposes.

Keywords: friction, texture orientation, steel, copper, coating, quality

VK 620.179.112

Lebedev B., Evdokimov V,, Melnik A. A., Bogomolov E.P. Brusaue
HAMpPaBJIEHHOCTH TEKCTYPHI HA MPOLECC M KAYeCTBO (PPUKIMOHHOIO HAHECCHUS
IIJIEHKW MEIU Ha CTajb

BriepBbie MOCTAaBIICH U YKCIIEPUMEHTAILHO OCBEIIEH BOMPOC O BIUSHUU TEK-
CTYpBI CABUTOBBIX JaedopMaiuii Ha 3(PPEKTHBHOCTh HAHECEHUS Ha €€ MOBEPX-
HOCTb IUIEHKH MeIU (DPUKIHOHHBIM METOIOM. Y CTaHOBJICHO, YTO MPOIECC TPe-
HUSI, COBEPIIAEMBIi IPOTHB TEKCTYPHI MPEIBAPUTENBHON 00pabOTKH, MIPUBOJUT K
MOBBINIEHUIO KaYeCTBA MEIHOIO CJI0S B OOJIbIIEH CTENEHHU, YeM B HANpPaBJICHUU
TEKCTYpPhl. DTy 3aBUCHMOCTh PEKOMEHIYETCS HCIOIb30BaTh B MPAKTHYECKUX
LEIISX.

KiroueBbie cioBa: TpeHUe, HANPaBJIEHUE TEKCTYPHI, CTallb, ME/Ib, MIOKPBITHE,
Ka4yecTBO.

VK 620.179.112

Lebedev B., Evdokimov V,, Melnik A. A., Bogomolov E.P. B cnipsimo-
BaHOCTI TEKCTYPH Ha MpOLEC 1 SAKICTh PPUKLIHHI HAHECEHHS IUTIBKH Mijii Ha CTajb

Brepie mocraBiieHO Ta €KCIEPUMEHTAIHO BUCBITIIEHO ITUTAHHS NPO BIUTUB
TEKCTYPH 3CYBIB Ha e(heKTHBHICTh HAHECEHUs HA 1i MOBEPXHIO IUTIBKU MiJli (pUK-
uiifHuM MetonoM. BeTaHoBiIEHO, IO MTpOIEC TepTs, SIKMH YMHATH IPOTH TEKCTY-
pH ToTiepeHbOi 00POOKH, MPU3BOIAWTH O MiJBHIIEHHS SKOCTI MIJHOTO MIapy
OIJIBIIIOI0 MipOO, HIXK B HANpPSIMKY TEeKCTypHd. Lo 3ajexHICTh peKOMEHAYEThCS
BHUKOPHCTOBYBATH B IPAKTHYHUX IIIJISX.

Kitro4oBi citoBa: TepTsi, HAlIpsIM TEKCTYPH, CTaNIb, MiJlb, IIOKPUTTS, AKiCTh

VK 629.123

A.B.Manaxos, P.I'Tyounxo. Vlcnonb30BaHue 3MYJIbCHU BOJBI U TOILUTUBA MPU
JKCIUTyaTaruu cyaoB

B cratbe paccMoTpeHa mpoOseMa HCIOIb30BAHUS BOAO-TOIUIMBHBIX IMYJIb-
cuii ipu pabore cyznoB. Onmcana HOBasi TEXHOJOTUSI CMEIIEHUS! BOJBI C JIU3€Tb-
HBIM TOIUIMBOM. JleTallbHO paccMOTpeHa TeXHOIOorust padoThl pa3pabOTaHHOTrO
SKCIIEPUMEHTAIIBHOTO cTeHAa. OnucaHbl pe3ynbTaThl H3MEPEHHH OCHOBHBIX I10-
Kazarenedl padOThl CyIHAa B 3aBHCHMOCTH OT KOHLIEHTPALMM BOJBI B TOIUIMBE,
KOTOpOe IoJaeTcs Ha CKUTaHUE B CYAOBOM IJTaBHOM jaBurarene. [lokaszaHo, uTo
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MIPEJUIOKEHHBIN METOJ TOATOTOBKH BOO-TOIUTUBHBIX AMYIIBCHI MPUBOIUT K
MTOJIOXKUTEIHHBIM M3MEHEHHUSM OCHOBHBIX 3KCILTyaTAIllMOHHBIX TOKas3aTened pa-
OOTEHI Cy/THA.

KitroueBbie cioBa: BOIO-TOILTMBHAS SMYJIBCHS, TEMIIEPATypa BCIIBIIIKH, pac-
XOJI TOIUTMBA, HArpy3Ka Ha TJIABHBINA JIBUTATENb CYJHA, KOHIICHTPAIUS TUOKCHIA
yriepona, TeMrepaTypa yXoJsIiix ra3os.

YK 629.123

O.B.Manaxos, P.I'Iydinko. BukopucTaHHS eMyJbCil BOIU 1 MajauBa TMiJl 4ac
eKCIUTyaTaIii CyaeH

B crarTi po3riisHyTa npobiieMa BUKOPUCTAHHS BOAO-TTATUBHUX €MYJTbCIH ITi]T
yac pobotu cyzneH. OnucaHa HOBa TEXHOJIOTS MEpeMIllyBaHHSI BOJM 3 JN3EINb-
HUM TaJUBOM. JleTabHO PO3TJISIHYTa TEXHOJIOTIS pOOOTH PO3pPOOJICHOIO EKCIle-
pUMeHTaNbHOro creHa. OnucaHi pe3ysabTaTi BUMIpIOBaHb TOJIOBHHUX ITOKAa3HUKIB
po0OTH CyIHA B 3aJISKHOCTI BiJI KOHIICHTpAIIl BOAU B MMAJIHBI, IO MOAAETHCS HA
TOpiHHA B CyJHOBHH TOJIOBHUH JBUTrYH. [Toka3aHo, 110 3aITpOITOHOBAHUH METON
ITiATOTOBKY BO/IO-NAJIMBHUX €MYJIBCIH TPUBOANTH JI0 TIO3UTHBHUX 3MiH T'OJIOBHHX
eKCIUTyaTallifH1X ITOKa3HHUKIB poOOTH CyIHa.

KirouoBi crnoBa: Bojo-najMBHA €MYIIBCisl, TEMIIEpaTypa 3aropsiHHs, BUTpaTa
TaJiiBa, HABAaHTA)XEHHS Ha TOJOBHHMW JBUTYH CY/AHA, KOHLEHTpALis MiOKCHIY
BYIJIEIIO, TEMIIEPATypa BUXIJHUX Ta3iB.

UDC 629.123

0.V Malakhov, R.G. Gudilko. Use of water-fuel emulsion during operation of
vessels

In the article the problem of water-fuel emulsions use during the operation of
vessels was considered. A new technology for mixing water with diesel fuel has
been described. Technology of work for the developed experimental plant was
considered in detail. The results of measurements of main indicators of the work
of the vessel in dependence on the concentration of water in the fuel that is fed for
combustion in the ship’s main engine are described. It is shown that the proposed
method for water-fuel emulsions preparing leads to positive changes in the main
operational parameters of the vessel.

Keywords: water-fuel emulsion, flash point, fuel consumption, load on the
main engine of the vessel, carbon dioxide concentration, flue gases temperature.

YK 621.431.74

THonosunxa 3.M. MojenupoBaHue MPOIECCOB 00pa30BaHUs OKCHIOB a30Ta B
LUWINHApE JBUTaTedeld BHYyTpeHHero cropanust // CynoBble 3HepreTHyeckue
YCTAaHOBKH: Hay4.-TexH. ¢0. — 2018. -Ne38. —Onecca: HY «OMAy. —C.225.

[IpencraBneHs! pe3ynbTaThl NPUMEHEHHST CTATUCTUYECKUX MOJENel Juis aHa-
nr3a 00pa3oBaHUs OKCHIOB a30Ta B IMJIMHAPE JBUTaTENs] BHYTPEHHETO CrOpaHHMs
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HA OCHOBE CTATUCTHYECCKON 0OpabOTKH 3KCIEPUMEHTANBHBIX JaHHBIX. JIydimumu
MIPOTHOCTUYECKUMHU KauecTBaMU 00JIaIaeT MOJETh BTOPOro TIOPSIKA ¢ HEeITHMHEH-
HBIM TIpeoOpa3oBaHUEM (YHKIMH W BKIIOYCHHEM B MOICTh MEK(PAKTOPHOTO
B3aUMOJCHCTBHA.

Wnn. 3.Taba. 12. Crucok nur. 22.

KitroueBbie ciioBa: JBHUTAaTENh BHYTPCHHEIO CTOPAaHUS, 00pa30BaHHE OKCHIIOB
a30Ta, CTaTUCTUYECKast 00padOTKa IKCIIEPUMEHTALHBIX TAaHHBIX.

[IpoBenen aHaM3 pa3IMYHBIX MPOIECCOB 0Opa3zoBaHus OKCHIIOB a3oTa (NOX)
B LWJIMHJpE JBUTATeIe BHYTpeHHEro cropanus. [IpenmnoureHue oTnaHo TepMu-
4eckoMy MexaHu3My. CYIIECTBYIOIIHE TOTYIMITHPHYCCKIE MOJIETH 00pa30BaHUsL
NOX oTnn4aroTcs HeBHICOKOH TOUHOCTHIO U TPEOYIOT JAOMOITHUTENBHON HACTPOI-
KU JUIsl KOHKPETHBIX YCIIOBUM NpuMeHeHus. [IpeyioxkeHo paccMOTpeTb BO3MOXK-
HOCTh TIPUMEHCHHUS CTAaTHCTHYCCKUX Mojenei oOpa3oBanus NOX. BrimonHeHa
cTaTucTH4Yeckas 00pabOTKa 3KCIEPUMEHTANBHBIX JAHHBIX C HCIOIh30BAHUEM
perpeccuoHHoro aHanuza. IlojgydeHbl perpecCMOHHBIE YpaBHEHHs] BTOPOro IO-
pAAKa C pa3IMYHBIMU BapHaHTaMU y4éra B3auMojecTBus (akropos. JlyammMu
MIPOTHOCTUYECKUMHU KauyecTBaMU 00JIaTaeT MOJETh BTOPOro TIOPSIKA ¢ HEITMHEH-
HBIM TIpeoOpa3oBaHUEM (YHKIMH W BKIIOYCHHEM B MOICTh MEK(AKTOPHOTO
B3aUMOJCHCTBUS

YK 621.431.74

THonosunka E.M. MopenoBaHHs TIPOLIECIB YTBOPEHHS OKCHIIB a30Ty B
LWTIHIAPI JBUTYHa BHYTPIIIHBOro 3ropsiHHS//CyqHOBI €HEpreTHYHI YCTaHOBKH:
HayK.-TexH. 30. -2015. -Ne38. —Oneca: HY «OMA». —C.225.

[IpencraBneHi pe3yabTaTH 3aCTOCYBaHHS CTATUCTUYHUX MOJEJIEH JUIsl aHaTi3y
YTBOPEHHSI OKCHIB a30Ty B IWJIIHIpI JBUI'YHa BHYTPIIIHHOTO 3TOPSIHHS Ha OC-
HOBI CTaTUCTUYHOI 0OpPOOKHM eKCIepiMEHTANbHUX JaHuX. Kpamumu nporaocTuy-
HUMH SIKOCTSIMH BOJIOJII€ MOZENb IPYTOro MOPS/AKY 3 HENiHIHHUM IIepEeTBOPEHHAM
(YHKIIT 1 BKIFOUSHHSIM B MOJIENTb MI>K(aKTOPHOI B3aeMOJIi.

In. 3. Tabn. 12. Coucok mit. 22.

KirouoBi ciioBa: ABHI'YH BHYTPILIHBOI'O 3TOPSIHHS, YTBOPEHHS OKCHIIB a30TYy,
CTaTUCTUYHE 00pOOJIEHHS eKCIIepiMEHTAIbHUX JaHUX.

[MpoBenenmii aHami3 pi3HUX IponeciB yrBopeHHs okcuiiB azory (NOX) B
LWWTIHIAPI JBUTYHIB BHYTPIIIHBOTO 3TopsiHHS. [lepeBary BimmaHO TepMiuvHOMY
MexaHi3my. IcHyroui HamiBemnipiuHi Mozeni yrBopeHHst NOX XapakTepH3yIoThCs
HEBHCOKOIO TOYHICTIO i BUMaraloTh J0JIaTKOBOT'O HAaCTPOIOBAHHS Ul KOHKPET-
HHUX YMOB 3aCTOCYBaHHS. 3alIpONIOHOBAHO PO3TIITHYTH MOXKIIUBICTh 3aCTOCYBaHHS
CTaTUCTUYHHMX Mozeied yrBopeHHss NOX. Bukonana cratuctudHa oOpoOka
EKCIIEpUMEHTAJIbHUX JaHUX 3 BUKOPUCTAHHSM perpeciiiHoro anamizy. OTpumani
perpeciiiHi piBHSIHHS APYroro NOPSAAKY 3 Pi3HUMHU BapiaHTaMu OOJIIKY B3aeMOii
¢axTopiB. Kpammmu nMporHoCTHYHUMH SIKOCTSIMH BOJIOZIE€ MOZAENb JIPYroro mo-
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PAIKY 3 HENiHIHHAM NepeTBOpeHHIM (DYHKIIT 1 BKIIOYEHHSIM B MOJEb Mixkpak-
TOPHOI B3a€EMOIII.

UDC 621.431.74

Polovinka E.M. Modelling of processes of formation of nitrogen oxides in the
cylinder of internal combustion engines//Ship Power Plants: Sc. —Tech. Col. —
2015. - Ne38. Odessa: NU «OMAy. -P.225.

The statistical models application results for processes of nitrogen oxides in
the cylinder of internal combustion engines formation analisis on the basis of
statistical treatment of experimental data are presented. The best predictive quali-
ties posess a second order model with a nonlinear conversion function and cross-
factor interaction, included in the model.

Fig. 3. Tables 12. References 22.

Keywords: internal combustion engine, nitrogen oxides formation, statistical
treatment of experimental data.

It is noted the presence of two groups of toxic components in diesels exhaust
gases (EG): incomplete fuel combustion products and those of complete oxidation
of the chemical elements in the fuel composition. The most numerous constitu-
ents of second category are the nitrogen oxides ( NOx). The content of the latter
is regulated by IMO regulations and maximum limits apply to environmental con-
trol areas .

About 42% of nitrogen oxides emissions in an atmosphere are from diesel en-
gines operaing on transport and in various industries. 80-90% of diesel engines
exhaust gases nitrogen oxides is the share of nitrogen monooxide NO and 10-20
% - of nitrogen dioxide. The share of others gaseous nitrogen oxides (N20O,
N202, N204, N205) in the exhausted gases is insignificantly little, therefore
widely applied designation NOx serves for a designation of a nitrogen monoox-
ides and dioxides mix.

The analysis of the different processes of formation of nitrogen oxides (NOx)
in the cylinder of internal combustion engines is carried out. There are following
processes distinguished: main — thermal, including the extended Zeldovich mech-
anism of nitric oxide formation of NO from atmospheric nitrogen in the high
temperature zone of combustion immediately after the combustion; generation of
"prompt" NO in the flame front; fuel nitrogen oxides formation as a result of the
conversion of nitrogen contained in the light and gaseous fuel to the nitrogen ox-
ide when burned; the formation of NO from nitrous oxide N2O. For modeling of
diesel engines nitrogen oxides formation process, the preference is given to a
thermal mechanism.

Existing semiempirical models of NOx formation have low accuracy and re-
quire additional configuration for specific applications. It is suggested to consider
the possibility of applying statistical models of NOx formation. It is performed
statistical analysis of experimental data using regression analysis. Regression
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equations of the second order with various options of interaction factors were
obtained. The best predictive qualities posess a second order model with a non-
linear conversion function and cross-factor interaction, included in the model.

YK 629.12.565.3

Kypasnes FO.U., Meavnuxk A.A. B crathe 000CHOBaHa aKTyaJbHOCTH IPO-
0JIeMbI MOBBIICHUS] HAJIOKHOCTH COMPSDKEHUI JieTanedl CyqOBBIX TEXHUYECKHX
CpeNCTB NPH MPOCSKTUPOBAHUU U 3KCIUTyaTalllH CyJOBBIX cHcTeM. [loguépkHyTo,
YTO OCHOBHBIC TIOKA3aTeNH HAISKHOCTH 3aKIaIbIBAIOTCS Ha 3TAIe W3rOTOBIICHUS
CY/IOBBIX Y3JIOB M arperatoB, MOCKOJNBKY B JAIbHEHIIIEM OHH TOJNBKO OTpabaTthl-
BaeT cBoM pecypc. OnHAKO B TpoIecce SKCILTyaTallid BO3MOXHO MOUICpKaHHe
3aJ[AHHBIX TIPH MPOSKTUPOBAHHUH TAPAMETPOB 33 CUET MPABUIBHOIO TEXHHYECKO-
ro 00CITy)KUBaHUSI U PEMOHTA.

B craThe BHUMaHHE COCPEOTOYCHO HA OMHOM U3 HAMIPABJICHUH MOBBIIICHUSI
MoKa3aTtenell HalleXKHOCTH COTPSDKEHHI CYOBBIX JCTANCH - YBEIHUCHUH JOJrO-
BEYHOCTH 3a CYET MOBBIMICHUS UX U3HOCOCTONKOCTH.

IMom4epkHyTO, YTO 3a/a4a MOBBIIICHHUS] H3HOCOCTOMKOCTH JieTasneil 00ycioB-
JMBaeT HeoOXOIMMOCTh pa3pabOTKU M HCCIEAOBAHHS HOBBIX METONOB MOBEPX-
HOCTHOT'O YIPOYHEHHs, K KOTOPBIM OTHOCHTCSI METOA Je(OpMUPYIOIIEro pe3a-
Hus. M3ydeHo pacrpeielieHue MUKPO-TBEPIOCTH B (POPMHUPYEMOM TIpH 00paboT-
Ke TaKUM METOJIOM B MOBEPXHOCTHOM CJIOE€, MOCKOJBKY OJHHM U3 (aKTOpOB,
BJIMSIOLIMM Ha U3HOCOCTOWKOCTH MOBEPXHOCTEH TpPEHMsI, ABJISCTCS pacrpenene-
HHE MHKPOTBEP/IOCTH Ha MOBEPXHOCTH TPECHHUSL.

B HacrosiiieM HCCIIEOBAaHUH OMpeeNieHa 3aBUCHMOCTD IIEPOXOBATOCTH U
BOJIHUCTOCTH MOBEPXHOCTH COMPSDKEHHBIX JIeTajeil oT paauyca aehopMHUpyroLie-
O BJIEMEHTA.

KiroueBsie c10Ba: MUKPOr€OMETpPHsI TIOBEPXHOCTH, IIEPOXOBATOCTh M BOJNHH-
CTOCTb TOBEPXHOCTEH, COMPSHKECHHE «BAN-TOJIIMIHUAK CKOJBXKCHHUS), PayC
nehOPMHUPYIOIIETO IEMEHTa, PAJINYC KPUBU3HBI BOJHBI.

YK 629.12.565.3

Kypasnvos FO.U., Menvnux A.A. Y cTaTTi OOTpYHTOBaHA aKTYaJbHICTh IIPO-
OJeMU IMiABUIIEHHS HAAIWHOCTI CHONY4YEeHb JeTajled CyJHOBUX TEXHIYHHX 3aco-
0iB ITpY MPOEKTYBaHHI 1 ekcruryaTanii cyaHoBux cucreM. [lizkpecneno, mo ocHo-
BHI NOKa3HUKH HaJIIHHOCTI 3aKJIaaf0ThCsl HA €Talll BUTOTOBJIEHHS CYIHOBHX BY3-
JIiB 1 arperaTiB, OCKIJIBKU HaJIaJIi BOHH JIUIIE BiANpaIboBye CBill pecypc. [Ipore B
TMIpOLIECi eKCILTyaTalii MOXIIMBa MiATPUMKA 3alaHUX NPU MPOEKTYBaHHI Mapame-
TpiB 332 PaXyHOK NPaBUJILHOTO TEXHIYHOTO OOCIYrOBYBAaHHS i PEMOHTY.

VY crarTi yBara 30cepe/keHa Ha OJHOMY 3 HANpPsMIB ITiABHUIIEHHS ITOKa3HHU-
KiB Ha/IiIHHOCTI CIIONy4eHb CYJHOBHX JeTaieil - 30UIbIIEHHI JOBrOBIYHOCTI 3a
PaXyHOK MiJBHUIICHHS 1X 3HOCOCTIHKOCTI. [liKpecaeHo, 1Mo 3aBIaHHs i IBUIICH-
HS1 3HOCOCTIHKOCTI JieTajell 00yMOBIIIOE HEOOXIIHICTh PO3POOKH 1 TOCHIKEHHS
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HOBUX METOJIIB MOBEPXHEBOI'O 3MIIHEHHS, 1O SKHUX BIIHOCHTHCS METOA Jedop-
MYIOUOro pi3aHHS. BuBueHMi po3mofin MiKpo-TBEpIOCTI y (OPMOBAHOMY NpHU
00poOIIi TAKUM METOIOM B TIOBEPXHEBOMY IlIapi, OCKIIBKM OJHIM 3 YHHHUKIB, 110
BIUTMBAE€ Ha 3HOCOCTIMKICTH MOBEPXOHb TEPTS, € PO3IOALT MIiKPOTBEPIOCTI Ha
TIOBEPXHi TepTSI.
VY naHHOMY JOCII/KEHHI BU3HAUYEHA 3aJIEXHICTh IIOPCTKOCTI 1 XBUIISICTOCTI

MTOBEPXHI 3B'sI3aHUX JIETAJICH BiJ| pajiyca e OpMyHOUOro eIEMEHTa.

KirouoBi cioBa: MikporeoMerpist OBEpXHi, MOPCTKICTh 1 XBHJISICTICTh ITOBE-
PXOHB, CITOJTYYEHHS «BaJI-TiJIINITHIK KOB3aHH:», paaiyc AeQOopMylvoro eaemMe-
HTa, Pajiyc KPUBU3HM XBUIII.

UDC 629.12.565.3

Zhuralov Yu.l., Melnik A.A.The article substantiates the relevance of the
problem of improving the reliability of the conjugation of the ship technical
means’ details in the design and ship systems’ operation. It is emphasized that the
main indicators of reliability are laid at the stage of manufacture of ship units and
assemblies, since in the future they only work out their resource. However, during
operation it is possible to maintain the parameters specified in the design due to
proper maintenance and repair.

The article focuses on one of the directions of ship parts mates’ increasing
the reliability - increasing durability by increasing their wear resistance.

It is emphasized that the problem of increasing the details’ wear resistance
necessitates the development and investigation of new methods of surface harden-
ing, which include the deforming cutting’s method. The distribution of micro-
hardness in the surface layer formed by this method is studied, since one of the
factors affecting the wear resistance of friction surfaces is the distribution of mi-
crohardness on the friction surface.

In this study, the dependence of the roughness and waviness of the conjugate
details’ surface on the radius of the deforming element is determined.

Keywords: the surface’s microgeometry, roughness and waviness of the sur-
faces, conjunction "shaft-bearing", the radius of the deforming element, the radius
of curvature of the wave.
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INPABUJIA O®OPMJIEHHSA 1 ITIOJJAHHSA PYKOIIUCIB JJIS1
3BIPHUKA «CYJHOBI EHEPTETUYHI YCTAHOBKHW»

HaykoBo-TexHiuHMI 30ipHHK HAaI[lOHAJIBHOTO YHiBepcuTeTy «Ojecbka
Mopchbka akaaeMis» «CyTHOBI €HEepreTHuHI YCTAHOBKM» € HAYKOBUM BHJaH-
HSIM, B SIKOMY MOXYTh ITyOJIIKyBaTUCh OCHOBHI PE3yJbTaTH JUCEPTALIHHUX
poOIT 3 MpoisIto CYAHOBOT €HEPreTHKH.

CratTs IOBHHHA BIATIOBIIATH MpaBHiIaM O(QOPMIICHHS HAYKOBHUX CTaTeH 1
MICTUTH IIOCTaHOBKY NMPOOJIEMHU B 3arajlbHOMY BUTJISIZ Ta 1i 3B'30K 3 BAXIIH-
BUMH HAyKOBHUMM a00 TNpPaKTUYHUMH 3aBJaHHSMH, aHalli3 OCTAaHHIX JO-
CIIJPKEHb 1 MyOutikaliif 3a TeMOI0 CTaTTi, (hOpMyIIIOBAaHHS Lijel cTatTi (IIo-
CTaHOBKY 3aBJaHHs), BUKJIaJ OCHOBHOT'O MaTepially 3 HEOOXiMHUMU OOIpyH-
TyBaHHSIMU, BUCHOBKH Ta MEPCTIEKTHBH MOJABIINX JOCTIHKEHb.

Pykomuc nogaeTscsi Ha eneKTpoHHOMY Hocii y ¢opmati *.doc 3 manepo-
BOI0 KOMi€l0 1 pedepaTaMu Ha yKpaiHCBKiM, poCiChbKiil Ta aHIuiiicbkilt Mo-
Bax, po3MipoM He Oinbiie 2 MB, mifnucanowo BciMa aBTOpaMU, 3 KOHTAKTHORO
iH(popMariero: axpecu, Teneponu. Ob6esar cratri — a0 0,5 aBTopcekoro ap-
Kyllla 3 ypaxyBaHHSAM LIIOCTpaliil, miAMaIOHKOBUX HIiAMUCIB 1 pedepary.

@opmar nanepy AS (148x210) Yci monst — 16 mm. Teker - uepes 1 iH-
tepBai, Times New Roman, 11 nrt; Tabnuii, 3aronoBKy TaOIUIb, MiAMaOH-
KoBi mignucu — 10 oT.

Ha nepmriit cTopiHIi pyKonucy MOBUHHI OyTH BKa3aH1 HACTYIIHI €lIE€MEH-
tu: ingexke YK; ®@IO aBropiB; HaiilMeHyBaHHs 3akiiaay, B IKOMY BHKOHYBa-
Jacs po0OoTa; Ha3Ba CTaTTi, aJipeca eIEKTPOHHOI MOLITH aBTOPIB. 3ar0JIOBOK
cTaTTi oopMIIATH 3a cTUjieM 3aronoBok 1, kernmes 11 o, 6e3 mepeHocy, yci
MPOTHUCHI, IHTepBAJ: epex — 8§ IT, micys — 2 MT.

Hanpukinni pykonucy HaBOAUTHCS pedepaT Ha TphOX MOBAX — YKpaiH-
CBKiH, poCiiichbKill, aHrmiKChKiH, 110 MicTuTh PIO aBTOpiB, HA3BY CTATTI, CKO-
POYEHHI! 3MICT Ta KJIIOYOBI CIOBA.

SIKIO0 PYKOMHUC HE € TMOBHICTIO AHIJIOMOBHUM, BiH CYNPOBOIKYETHCS
AHOTAIlI€I0 Ha aHMIIHCHKIM MOB1 o0csiroM He MeHIre 1800 3HaKiB, BKIIOYAIO-
91 KJIIOYOBI CIIOBA.

3MiHHI, (QyHKLIi, BEKTOpH, MaTpulli i T.M. OQOPMIISIOTHCS JIATUHCHKUM
mpu@ToM. 3MiHHI BUKOHYIOTBCS MOXIIUM IIPUGTOM, BEKTOPH — HAIIBXKUP-
HuM, 06€3 HaxWiLy; IpelbKi CHMBOIN — Yy BCIX BHUNajJKax 0€3 HaXWiy; iHIEK-
CH: JIATUHCBKI — 3 HaXWJIOM, KHUpWIM4YHi— Oe3 Haxmiay. Posmipu B
Mathtype: ocHoBuuit — 11 nT, 30impmienuit — 16,5 or, ingekc — 7 0T,
cyOiHzekc — 6 nT. Y BCiX BUIMaJKax po3MiTka (opMyJ y KOIIii pyKOmHCY
00oB's3koBa. HymepyroTbcs Tinbku Ti (OpPMYIM, Ha SIKi € TOCUJIAHHS B
TekcTi. DOpPMYNM BIJAUIAIOTHCS Bil TEKCTy psAKAMH BHCOTOH 2 NT. Yci
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¢opmynu nmoBuHHI Oyt HaOpani B Mathtype. OnuHuni Qi3sMUHUX BeNUYUH
nosuHHI Bignosigatu ACTY 3651.0-97, ACTY 3651.1-97, ACTY 3651.2-97
"Mertponoris. Oauauni pi3uuHuX BenWuUH" 1 MaTH 3arajJbHONPUKUHATI MO-
3HAYCHHS.

Tabnuii cnij po3TalIOBYBATH HAa OJHIM CTOpIHLI KpiM BUIAJKIB, KOIH
TabmuLg 3aiimMae 6inbme 1 ctopinku. 3aronosok — 10 o, 6e3 nepeHocy, iH-
TepBan nepex — & nt, micias — 2 0T, ocHOBHUil mpudt Tadmuni — 10 oT.
MaitoHKH BIAJIUISIOTBCS BiJl TEKCTY 3BEpPXY IHTEpBAJIOM & NT, BiJ Ha3BU —
2 nt. Ha3Ba manmonka — kerib 10 nT, 6e3 mepeHocy, iHTepBan micis — 8 MT.
Ha Bci Tabnuii 1 MadrOHKY MOBUHHI OyTH MOCHJIaHHS B TEKCTI CTaTTi y CKO-
poyeHomy BUTIIAI (TabI.).

ImrocTpanii, siki MiAroTOBIEHI B rpadiyHUX PENAKTOPax, NOJAIOTHCS B
SIKOCTI OKpeMHuX (ailniB y BuxigHomy ¢(opmati. Po3Mip HamuciB MOBHHEH
3a0e3nedyBaT ixHIO unTaHicTh (8-10 mT). [ns ckaHOBaHUX MAJIOHKIB JO-
JIA€ThCSl OPUTiHAM y Tyl Ha OiloMy mamepi JocTaTHBROI HiibHOCTi. Ha 3Bo-
POTIi BKa3yeTbCsl HOMEp 1 IPUHATICKHICTD JI0 CTATTI.

bibniorpagiuni onucy MOBHHHI BiANOBiNaTH AitouuM BuMoraMm. Ilocu-
JIaHHS Ha JITEpaTypHI JpKepesia y TEKCTI OpOPMITIOIOTECS Y KBaAPATHUX JyXK-
Kax 3 BKa3aHHSAM HOMepa JDKepena.
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