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Aboneuikin C. €., aparyns b. A.
Harionansauii yaiBepcuTer «O1echka MOPChKa akaaeMis»

ONTUMI3AILLISI POBOYUX ITAPAMETPIB 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 expan-
sion process in which lies in a two-phase zone (wet steam) is a pressing
issue for the ship power plants operation. So far, all the practically im-
portant problems of mechanics of two-phases medium have been com-
pletely 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 opti-
mal 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 pressure at the
turbine inlet of about 0.7 MPa. Pressure increase leads to a significant hu-
midity 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 tur-
bines impractical.

IMocTranoBka mpodaemu. [lomyk TEXHIYHUX PilIEHb CIPSIMOBAHHX
Ha TMIiJBUINEHHS HAJIMHOCTI CYJIHOBUX TapoBUX TypOiH (30Kpema
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yTUITi3alifHIX ) YaCTHHA TPOLIECY PO3IIMPEHHS B SIKUX JISKUTH B ABOda3-
Hill 30Hi1 (BOJIOT01 Mapy) € aKTyaJIbHUM HUTAHHSIM €KCIUTyaTallii CyJHOBUX
SHEepreTHYHHUX YCTAaHOBOK. [l0 TenepilHbporo 4acy BCi MpakTHYHI BayKIIHBI
3aBJIaHHS MEXaHIKU JBO(a3HUX CepeloBHIL BUPINIeHI B TIOBHiH Mipi. 3a-
JUIIAIOTHCS BIAKPUTUMH MUTAaHHS ONTUMI3alii pemiTok i ¢Gopm mporou-
HUX YAaCTHH TypOiH, 10 MPaLIO0Th Ha BOJIOTiH mapi. He MeHI BaxkIuBIM
y IbOMY 3B'SI3KY € NPaBWIBHUI BHOIp mapamMeTpiB i po3Moia Temnsonepe-
najiB cxolamMu TypOiHu.

Ananiz nocaimxenb. HaykoBo-gocnigai po6oTu B 001acTi BOJIOro-
napoBux TypOiH [1,3,4] moka3yrTh HEOOXIIHICTh BUPOOJICHHSI KOHKPET-
HUX PEKOMEHJAI 1100 HAaWOLIbIl eEeKTUBHOI (3 TOUKH 30pYy BTpaT
SHeprii 1 epo31iHOro 3HOCY poOOUYUX JIOMATOK) iX eKCILTyaTallii.

MeTo10 1aHOT0 JOCTiTKEeHHS € BUPOOJICHHSI peKOMEHAallii 3 ONTH-
MaJbHOTO BHOOpPY MapaMeTpiB CTYIEHIB MapoBUX TYpOiH, IO MPaIOI0Th
Ha BOJIOT'i mapi.

[Iporarom TpuBajoro 4acy IBUTYHOOYAIBHUKW TPArHYJIW MiJHATH
TEIIOBY e()EeKTUBHICTh MU3eMiB 1 gocsartu Bixu B 50%. Hapermri 115 Bixa
JOoCsTHYTa W HaBiTh mepeBepiieHa. bins 50 % rtemnmoBoi eHeprii, 1o
BUJUISIETBCS TP 3TOPSHHI TajiMBa, ChOTO/HI MEPETBOPIOETHCS HAa KO-
pucHy pobory, 110 3abe3neuye pyx cyaHa. [lopsaky 50 % BigmparpoBa-
HOT'O TerJia SBJIsIE JOAaTKOBHI pecypc eHeprii, SIKUil TEOpETHYHO MOXKHA
BHUKOPUCTOBYBAaTH Ha Cy/HI AJIsl BUPOOHHIITBA TMapH W eIeKTPOeHepTii B
YTUIIM3aIMOHHBIX TYPOHHBIX I 00IrpiBY i poOOTH IOIOMI>XKHOT'O yCTaT-
KyBaHHS.

3aBasSKU MPOCTOTI i HU3BKUM KamiTaIbHUM BUTpaTaM OUTBIIICTD Cy/I-
HOBHX YTHJI3al[ifHUX KOTENFHUX YCTAHOBOK MPAIIOIOTh HA HACHYCHIH
napi 3 TuckoM He Buiie 0,7 mlla, 1110 BUKOPUCTOBYETHCS AJIsl HATPiBAHHS
MPHUMIlIEHb, MiAIrPIBY BaXKKOTO MalKMBa B TaHKAaxX 3amacy i BHIATKOBUX
LUCTEpHAX, Tepe/l MATTMBHUMH 1 MacIsTHUMH CelapaTopaMy Ta ISl iHIINX
TEXHIYHUX 3aBIaHb.

Cxema riu0oKo1 yTHITi3allii TEMI0TH BUMYCKHUX Ta3iB €HepreTHIHON
YCTaHOBKH Cy4acHOTI'0 KOHTEHHEPOBO3Y HaBeeHa Ha puc. 1.
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Pobota yruizaniiHoi TypOiHM MOXKE 3/iICHIOBATUCS Y JISIKOMY Jlia-
Ma30Hi TeMIepaTyp 1 TUCKIB.
Jnst po3rsnyToi TypOiHu:
— a0COJIIOTHUIM THCK CBIXOI IMapu Moxke 3MiHroBaTucs Bin 0,6 10
1,0 MIla;
— TemriepaTypa cBixoi napu Bix 270 mo 300°C;
— THUCK mapu B kouaeHcaropi Big 0,005 no 0,008 MIla;
— yactora obepTaHHs TypOiHU mocTiiHa i ctaHoBUTH 8000 00/XB.
VYrunizaniiiai TypOiHM Cy4acHUX KOMOIHOBaHMX €HEPreTHYHUX ycTa-
HOBOK IPAIIOI0Th Ha HU3bKOIOTEHI[ITHOMY TETLIi, MPH TEMIIepaTypi napwu,
mo He nepesuirye 300 C, Toai K MOTYXHI MapoBi TypOiHU TPAIIOIOTh
npu Temmepatypax monan 400 C. IIpu Hu3BKIH TemmepaTypi mapu Ha
BXOJ1 Ta HEBHCOKHX mMapamerpax Tucky mapu (0,6...1,5 mlla) xpusa ii
KOHJICHCAI[ii MPOXOAUTh JOCUTh BHCOKO, 1 3Ha4HA 4YacTUHA CTYIICHIB
MPAIOE Ha BOJOTIH mapi.
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VY xoHAeHcanifHUX TypOiHaX 3 HU3KUMH OYaTKOBHUMH ITapamMeTpamMu
mapv OCTaHHI PiBHI MPAIIOIOTh B 00JaCTi HUXKYE 32 JIIHII0 HACHYCHHS,
TOOTO pOOOYMM CEepEAOBHUILEM B HUX € BOJOra mapa. Y TypOiHax Hacuye-
HOI 1 cmabKo meperpiToi mapu, YKCio PiBHIB, IO MPAIIOIOTH BOJIOTOIO Ta-
POIO icTOTHO Oinblre. € TypOiHU, B IKAX Y BCIX PIBHSX Map BOJOTHM.

JlocmipKeHHS, 10 TPOBOJWIIMCS B CKCIICPUMEHTAIBHUX TypOiHax
[1,2], moka3anwu, 10 MpU POOOTI BOJIOIOK MApOK EKOHOMIYHICTh PIBHIB
3HUXKYEThCS. Lle MosICHIOEThCSl HACTYITHUMHE MTPUYHHAMH:

— 30UIBIICHHSM BTPAT CHEPTii B PelIiTKax;

— BTpaTaMHu €Heprii Ha PO3TiH BOJOTH B 3a30pi y 3B'A3KY 3 MEH-
LIOFO HIBUJKICTIO BOJIOTH, OCOOJIMBO BEIUKOANCIIEPCHOT, 1 TEPTAM MiX Ma-
poro i pijgkoro (hazoro;

— yIapHOIO, TAJIbMIBHOIO JIIEI0 YaCTOK PiJHHU, 1110 TOTPAILISIOThH
Ha po0oui JIONATKH;

— JIOJAaTKOBUMH BTpaTaMd B POOOYMX pelIiTkax, 1o obepra-

HOTBCAI.
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Puc. 2 3anexHicTb IUIOMII 3HOCY BiJI TPUBAJIOCTI POOOTH JIOIMATKH
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Jonst okpeMUX CKJIaJ0BHX BTpaT B 3arajpbHoMy 3HIkeHHI KK mpu
POOOTI BOJIOrO0 TTAPOIO Pi3HA 1 3aJISKUTH Bij 0araTbox (hi3MYHHX 1 TeOMe-
TPUYHUX YMHHUKIB. [IpoTe, B OLMBIIOCT] BUMAIKIB B PIBHIX 0araTocTymiH-
YacTUX TypOiH BHPIMIAILHIMHU € BTPATH Ha TallbMYBaHHsI 1 Ha PO3TiH Be-
JINKOAMCIIEPCHOT BOJIOTH.

PoGora Ha Bosoriii mapi MpU3BOAXTE 10 3HOCY poOouMX Jomatok. Ha
pHC. 2 HaBeIEHO 3HOC JIONAaTKH OTPUMAaHHI B peajbHUX YMOBaX, 1 3aJIeK-
HICTb TUTOII 3HOCY Bijl TPUBAIOCTi pOOOTH JIOMIATKH.

3a popmynoro S, MU 3HAXOAMMO IUIOILY TPUKYTHHUKA (POPMY 3HOILIE-

HOI YaCTHHU JIONATKH. S, — 1€ IJIOIIA JIONATKH Ky MU 3HAXOAMUMO I10

(dhopmyi o Tparenii. AS 1a€ HaM BiJIHOIIEHHS 3HOIICHOI YaCTUHU 10
3arajibHOi YaCTHHU JIOTIATKW 1 TMOKa3ye Ie y MPOILEHTHOMY CHiBBiHO-
LICHHIO.

Hes3Baxxaroun Ha HIONTO HEBEIMKHH BiJICOTOK 3HOCY, 3 PHCYHKY
BUJIHO, 1110 Y BEPXHIN YacTHHI 00J1aCTh 3HOCY 3arPO3JIMBO HAOIM3UIACh 10
0aHIaXHOTO CTPUKHS, IO MTPH HAsIBHOCTI KOJMBAHb MOBUHHO MPU3BECTH
JI0 pyMHYBaHHS JIONATKX 3aJ0BTO A0 11 HOBHOT'O 3HOLIIYBAaHHS.

Amnanizyrouun po0oui nporiecu puc.3, MU 0a4uMo, 110 MPY 301LTbIICHH]
MOYaTKOBOI'O THCKY 3pOCTa€ HasSBHHUN Teruionepenaa TypOiHH, a oTxke U
KKJI. B Toi1 5xe "ac KiIbKIiCTh CTYIEHIB, 1110 MPAIIO0Th Ha BOJIOTIH mapi,
3pOCTae, 10 MPU3BOIUTH O 3MEHIICHHS CTPOKY ekcrutyaTatii. TypOina
CTa€ MEHIN HaJiitHoto. TakuMm YMHOM, BUOIp MOYATKOBUX IOKA3HUKIB
napu (THCKy Ta TeMIIepaTypH) € KOMIpoMicoM Mix moTyxHicTio, KK/ i
HaJIHICTIO TypOiHU.

3 ToukH 30py €PEKTUBHOCTI PO3MIISIHYTOI B pOoOOTi TypOiHM HalKpa-
UM PEXUMOM € pobounid pexxuM nipu po =1 MIla. OmHak citig 3BaxkaTH
Ha Te, IO MPH BOJOTOCTi OIU3bKOI0 10 12% (sIKa € KPUTUYHOIO) CHITBHO
30UTBIIYETHCS €po3iiiHe 3HOUIYBaHHS, 1110 3HIKYE HaIiHHICTh TypOiHH, i
ckopouye ii cepenHiii HapoOITOK Ha BiIMOBY, TOMY B pasi moTpedu 3a0e3-
MEYUTH TiABUIIEHUH pecypc abo OUIbII BHCOKY HaliliHiCTh TypOiHU Oa-
KaHO TEPEXOAUTH Ha HWKYI MapaMeTpd NapH, 3 MOYaTKOBUM THCKOM
p0=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 geranbHO Ll TEHJEHIIisS PO3TIsiHYTa B Tabin. 1, e HaBeAeHO
JlaHi MI0/10 3aJIeKHOCTI BOJIOrocTi mapu Ta sionatkoBoro KK/ Typ6inu Bin
THUCKY Ha BXOJi B TypOiHY po. 3a JIOIIOMOI0I0 JAaHMX 3 TaOmuii 1, sKi Mu
OTpHMAaJIH 3 HaBEACHUX BHUIIE PO3PaxyHKiB, MOOYAyeEMO Tpadik KPHUBHX
3MiHHU BOJIOTOCTI MO CTYIEHSX THUCKY 3aJISKHO Bijl TUCKY [apy Ha BXOI B
TypOiHy.
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Tabnumgt 1 3aexHiCTh BOJIOTOCTI Mapy BijJ MOYATKOBOTO TUCKY

Do, MITA Bosnoricts, %
1 2 3 4 5
Lo U2 2,3 6,0 9,9 14,0
14 0.0 2,0 5.7 9,5 13,6
L3 0.0 1,7 5,3 9,1 13,1
1.2 0 1,5 4,9 8,6 12,6
L1 0.0 1,3 4,5 8,2 12,1
1.0 0.0 11 4,0 7,6 11,5
0.9 0.0 0,9 3,5 7,1 10,9
2:8 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 17 5.0 8.5

Tabnuus 1 mokasye e eKTUBHICT Ta HAAIHHICT pOOOTH TYPOIHU PU
PI3HUX MOYATKOBUX TUCKaxX mapu. Tak, po ot 1,5 no 1 mIla yHemoxmuBitoe
poOOTY TypOiHM MPU TAKUX TUCKAX, TOMY III0 OCTaHHI CTYIEHI MPAIIO0Th
Ha mapi, BoJIoricTh skoi Oinbma 3a 12%. Pexum po ot 1 mo 0,8 mlla no3-
BOJISIE BUKOPUCTOBYBATH TaKHK MOYATKOBHH THCK IPH SIKOMY BOJIOTICTb
MeHblIe yeM 12%, ane nmpu X TUCKax Mapu Bce OJHO OCTaHHI CTyIeHi
MPAIOITh Ha BOJIOTOCTI OJNM3BKIN JI0 KPUTUYHOI, IO JIy’KE€ HEraTHBHO
BIUTMBAE HA HAIINHICTD TypOiHu. Pexxum po ot 0,7 o 0,6 mIla mokaszye
HaAMOLIBII BIIANI PEKUMHU pOOOTH TypOiHU.

Ha puc. 4 noka3aHo KpuBi 3MiHH BOJIOTOCTi IO CTYIEHSX THUCKY 3a-
JISKHO BiJl TUCKY Mapy Ha BXoAi B TypOiHy. ['opu3oHTanbHa JiHifA, sSKa
nmpoBeeHa Ha piBHi 12% BosiorocTi, BU3HaYa€e 001acTh HEAOMYCTHMHUX pe-
XKHUMiB poOoTH. BepTukanbHa yepBOHA JiHis MOKa3ye HAROLIbII e eKTHB-
HUI peKUM poOOTH, HE 3BaKAIOUM Ha Te, O OCTAHHS CTYIMIHb MPAIIOE
MPH BOJIOTOCT ONMU3BKIH 10 KpUTHYHOI. [IpSIMOKYTHHKOM BHUALIEHA 30HA
HEJIOMYCTUMHX PESKUMIB pOOOTH TYpOiHH.

MosxHa npuiimaTu [1-3], 1110 K.K.J1. 11a0ii TypOuHi, 110 TPaIoe B 00-
JIacTi BOJIOTO1 MapH, BU3HAYAETHCS 110 HopMyti

ng? :ngi _Z_Drl _(:p _E.’yg’
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n .
ze N, K.K.J. CTyIIEHH HA IIEPErPETOM Mape;
€, TIOTEPU DHEPTUH B CTYNIEHU OT NEPEOXJIANKICHHS;

€, MOTepH YHEPrUH HA Pa3HOH Kallellb;
&y, TOTEPH SHEPrUH Ha yJap Kallelb O JONATKY.

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

OpHaK 3 ONEPEAHBOr0 aHaJIi3y (JIUB. pUc. 7.5) BUIUIMBAE, 1O MPU Ta-
KOMY THCKY Ha OCTaHHIiX CTYIEHSX BOJOTiCTh mapu mnepesuinye 10%, mo
ONMM3BKO 10 TPAHUYHO AOMYCTUMOro cTymeHs BojorocTi (12%). Takum
YMHOM, HAHOUIBII MPUHHATHUI PeKHM poOOTH BIiNNOBiga€ THUCKY HapH
0,6+0,7 MIla, npu sxomy 3HIkeHHS BigHocHoro KKJI He mepeBuirye
0,5%. B Toli ke yac icTOTHO 30UTBIIYETHCS IOBTOBIUHICTD TypOiHH. AHa-
JIOT1YHO TIOMepenHiM TabauIi i pUCYHKY 3a3Ha4eHO HEIOMyCTHMI mapa-
METpH POOOTH, 3€NIEHOI0 3aJIMBKOI0 — HAHOUIBII CIIPUSATINBI.

16,0
14,0
//

12,0 =
= 100 1] 5 cryne
5 10 = e 5, CTYNEHD
[= L~ |
§ 8,0 4 ctyneHb
£ "
2 60 - - | 3 cTyneHb
o0 ¥ /

4,0 e ) CTYNEHD

20 \ w1 CTYNEHB

0,0 —l—JJ"

,5 06 07 08 09 10 1,1 1,2 1,3 1,4 15 1,6
Po, MIMA

Puc. 4 KpuBi 3MiHM BOJIOTOCTI O CTYIIEHAX THUCKY 3aJIEKHO BiJl THCKY ITapy Ha
BXO/Ii B TypOiHYy
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Tabnuu 2 3anexnicts BiqaocHoro KKJI Bij moyaTKkoBOro TUCKY mapu

po, MITA Tois %
I8 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
T]uf' %
70,00 \-.,\
N
69,50
\\
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 BigHocHOr0o KK/ TypOiHU Bij MOYaTKOBOTO
TUCKY TIapu
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BucnoBku

PesynbpTaTi mpoBeneHOro aHaii3y BILIMBY MMOYaTKOBOI'O THCKY Mapa B
OCTaHHIX MIA0JAX BIAXHOMAPOBUX CYAHOBHX TYpOiH JO3BOISIOTH YHUK-
HYTHU HECTIPUSATIMBHUX (3 TOUKHU 30pY KiHIIEBOI BOJIOTOCTi) PeKHUMIB POOOTH
1 TUM CaMHM MiJBUINUTH IX €KOHOMIYHICTh 1 epo3iiiHy HaJiliHicTh. Hali-
OLIBII EKOHOMIYHUH PEKUM POOOTH JUIs YTHITI3ALIHUX MApOBUX TYpPOiH,
[0 BUKOPUCTOBYIOTh HU3bKOIOTEHIIIMHE TEIJIO BiIIpallbOBaHUX Ta3iB,
TOOTO MPALIOIOTh Ha BOJIOTiH Mapi 31 3HAYHUM CTYIIEHEM BOJIOTOCTI € pe-
UM 3 THCKOM Tapu Ha BXoli B TypOiny 06mu3sko 0,7 MIla. 30inbieHHs
TUCKY BeJie 10 ICTOTHOTO MiABHIIEHHS BojiorocTi i 3umwkenHs KK/ gepes
BOJIOTiCTh MapH. 3HKeHHs TUCcKy MeHIie 0,6 MIa icToTHO mo3HayaeThest
Ha KK/I Typ6inu, 10 TOro * MBUAKO 3MEHIITYETHCS HAsIBHUN TeIlIONepe-
naJi, o poOUTh 3aCTOCYBaHHS YTHIII3aliiHOT TYpOIHH HEIOIUIEHUM.

TyT He po3rIIsiAaBcs BIUIMB [TOYaTKOBOI TeMIepaTypu 1o Ha BOJIOTICTh
napu. Y sKocTi popaxyHKoBoi Oyna obpana 75=300 C, ik MaKCUMaIbHO
JOCSDKHA Ha BUXOJI 3 YTUJII3aliiHOrO KOTa. 3MEHbBIICHHS TeMITepaTypH
napy Ha BXoJi B TypOiHy MPHUBOAMUTH JO 3MEHIICHHS PO3TAlIOBYBAHOTO
Termionepenaaa Typoinu i camxkennro ii KKJI, a Tak camo /10 30UIbIIICHHS
BOJIOTOCTI ITapH 3a TypOiHOIO.
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Harionansauii yaiBepcuTer «O1echbka MOPChKa aKaaeMisy

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 operation.
Scrubber modeling is divided into several local models. A separate model
is considered modeling gas flows in a vortex scrubber element.

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

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

The experimental stand includes: a vortex element 50 mm; plate sec-
tion 80 mm; flow simulation cylinder & 80 mm, long 150 mm. To sim-
ulate 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 includes
the following steps: the creation of a solid model; setting boundary condi-
tions; definition of restrictions; the task of air flow at the entrance and exit;
gas flow analysis (velocity and pressure); visualization of simulation re-
sults.

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

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-
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.
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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 BaKJIMBUMHI HAYKOBHMH Ta
npakTuyanMu 3aBaanasaMu. Cydacui Bumoru Jlogatky VI 1o koHBeHIii
MARPOL, 3 MeTo10 3aXKMCTy HaBKOJIHUIIHBOTO CEPEIOBUINA Bijl BUKHUJIIB
cipku (SOx), BCTAaHOBJIIOIOTH 3arajibHe OOMEKEHHS MaKCHUMAaJIbHOTO BMi-
cTy cipku B manuBi (1% Bij 3aranpHOil Baru). B SKOCTI anbTepHATHBH MO-
’KHa 3aCTOCYBAaTH CUCTEMY OUHMIIEHHS BUXJIOMHMX ra3iB AJIsl 3HUKESHHS 3a-
TaJlbHOTO BUKUAY OKCHJIB CIPKH JOMOMDKHUM 1 TOIOBHUM MPOITYJILCHB-
HUMU JIBUTYHAMHU CYJICH, IO IMiJPaXxOBYEThCSA K CyMapHa Maca BHKHIY
OKCHJIIB Cipku [1].

AHnani3 nocaimxkennb i myomaikaniii. [IpoBigHUMEU BUpOOHUKAMU Cy/-
HoBux auryHiB (MAN Diesel, Wirtsild Ta iH.) B IKOCTi cCTaHIapTH30Ba-
HO1, 0a30BOT CUCTEMM OYHMCTKHM BHKHJIB JABUTYHIB BiJf SOyx peKOMEHIy-
€THCS CUCTEMa OUMIICHHS B SIKiii BUKOPUCTAHUH TOJHUNA OXOJO/PKYBaIh-
HUH ckpyOep 3 mpoTuTedieto [2-4].

Jlo mepeBar moioro ckpyoepa Ciiiji BiTHECTH: IPOCTOTY KOHCTPYKIIi,
HeBeJMKa TiApaBIiYHUH Omip, HaAIHHICTE NpH eKcruTyaTtanii. Hemomikamu
IUX anapatiB € TPOMI3JKICTh, Maja MUTOMa MPOAYKTUBHICTh, HEOOXiI-
HICTh 3a0€3MECUYCHHS YUCTOTH BUXIJHOI IIPOMHUBHOI BOJH [5].

JIJisl TOMIIIIIEHHST TEXHOJIOT1] OYMINECHHS PEKOMEHIYETHCSI BUKOPHC-
TaHHs koMOiHOBaHuX ckpyoOepiB (Hybrid Scrubber System) [6], B sikux B
OJIHOMY arapati peami3yroTbCs MOCHIJOBHO «IIPOMHUBHHI» 1 «HacaaKo-
BHif» CIIocoOU ouuIiieHHs ra3y Bij SOx.

3 IOCBiy eKCILTyaTallii HacaJKoBUX CKpyOepiB [7], BiloMo, 1110 iX He-
JIOJTIKaMU € 3a0MBaHHS KaHAJIIB MIX €JIEMEHTaMU HACAJIKU, 10 Pi3KO 30i-
JIBIIIYE TiApaBIIYHIMA OMip QLIBTPYIOUOro mapy i 3HMKYE MPOILYKTUBHICTD
amapary.
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s 3a0e3nieueHHst CTaOUIBHOTO TiAPABIIIYHOIO OMOPY HACAIKH 3a-
MPOMOHOBaHA KOHCTPYKIIis BUXPOBOI TApiIKH [8], IKy MOKHA BUKOPUCTO-
BYBaTH B KOMOIHOBaHUX «MOPCHKUX» CKpyOepax sl OUMIICHHS BUXJIOI-
HUX Ta31B CYAHOBUX ABUTYHIB Bix SOx.

OnHak MPOEKTYBaHHS HOBHUX TEXHIYHO CKIIQJHUX MPHCTPOIB cydac-
HUX CYZIHOBHX JIBUTYHIB 00 CYJJHOBUX CHCTEM HEMOXKJIMBO 0€3 BUKOPHC-
TaHHsI IPOrPaMHOro 3a0e3MeueHHs SKe JO3BOJISIE TPOBECTH MOACIBHI PO-
3paxyHKH Ta ONTUMi3alilo 00JIaHaHHS, 0 PO3POOISETHCS.

OnHuM 3 HalOUIBII MONIMPEHHUX MPOTrpaM JO3BOJSIOTH MPOBOIUTH
KOMIT'IOTEpHE MOJICIIIOBAHHS 1 aHAITI3 TeUild PIIUHH B TPUBUMIPHHX MOJIE-
JSIX TIPHCTPOiB € mporpamuuii komruieke SolidWorks 3 nomatkom Flow
Simulation [9].

MeTor0 podOTH € JOCIIIPKEHHSI KOHCTPYKIlii BUXPOBOT'O ClIEMEHTA
ckpybepa mnuisixom cTBopeHHA 3a gomomoror SolidWorks ta Flow
Simulation [9] TpuBUMIpHOI TBEpIO-TiILHOI MOAETI 1 KOMIT IOTEpHE MO-
JIeTIIOBaHHsI Teviid ra3y B HiM.

BukyianeHHsi 0CHOBHOT0 MaTepiany pociimkenns. Jns iHTeHcudi-
Karii mporecy ourctku BUKUAiB SOy BiJI CyTHOBHX JBHUTYHIB 3aIIpOIIOHO-
BaHa KOHCTPYKIIisi KOMOiHOBaHOro ckpyOepa (puc. 1).

[Mpuntun poboTu KOMOIHOBAHOTO CKpyOepa MoJsirae B HACTYITHOMY
(puc. 1): 3a0pyaHeHU Ta3, 10 BUAAISETHCS BiJ] CYJIHOBUX JIBUTYHIB HaI-
XOAUTH B | CTymiHb OYHMCTKY - OMHIA cKpyOep (e pearye 3 piguHOI0), Mi-
CIISl 4OT'O Ta3 MPOXOANTH yepe3 Il cTymiHbp 04rCTKY - HacaIKOBHI CKpyOep
3 BUXPOBOIO TapUJIKOI0. 3aCTOCYBaHHS BUXPOBOI TAPUJIKK J03BOJISIE 3a0€3-
neuyuTH cTabiibHy poboTy 000X CTyIEHIB amapary 3 NOCTIHHUM TipaBli-
YHHM OIOpPOM, BUKIIIOUMTH 3a0WBaHHS HACAJKH, YIPaBISTH PEXHUMOM
ourcTky Ha II-ro cTymnens (IUIsIXOM peryatoBaHHs KiTbKOCTI 3pOLTYBaHOIO
PiIVHM i CTYIIEHEM 3aKpy4dyBaHHS IOTOKIB, IO IPOXOASTH Yepe3 BUXPOBY
TapiIKy).

CrJ1aHICTh KOHCTPYKIIii KOMOIHOBaHOTO CKpyOepa 3yMOBIIIOE CKJIA/I-
HICTb KOMIT IOTEpPHOT'O MOJENIOBAaHHS TiAPOAMHAMIYHUX PEXUMIB HOTO
pobotu. KommiekcHe MoentoBaHHs Tediil ra3y (B OfHINA Moiesi) Takoro
amapaTy BUMara€ 3Ha4HOI MOTY>KHOCTI «KOMITFOTEPHUX PECypCiB» 1 uacy
JUTIs1 31IICHEHHS po3paxyHKiB. ToMy JUIs cripoIIeHHs MOAENi palioHATBHO
BHUKOPHUCTOBYIOUH KiOEpHETHUHUH MiIXiJ] 10 pO3POOKH XiMiKO-TEXHOJIOT'1-
YHOI armapaTypH 3arpornoHoBanuii B [10] po30utu Mojens anapaTy Ha psi
JIOKAJIbHUX MOAEIbHUX OJIOKIB.
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Puc. 1. IIpuniumoBa cxema KOMOIHOBaHOTO CKpyOepa 3 BUXPOBOIO TapiJi-
KOIO.

Komm’toTepHe MoaentoBaHHsI KOHCTPYKTUBHOTO BUKOHAHHS Ta TiIpo-
JMHAMIYHOTO PSKUMY poOOTH KOMOIHOBAHOTO CKpyOepa 3 BUXPOBOIO Ta-
PUIKOIO BKIIIOYAE HACTYITHI MO/IENbHI OJI0KH:

1. CTBOpEHHS TBEPAO-TUTLHUX MOJIENEH eJIeMEHTIB amnapary.

2. CTBOpEHHS TBEPIO-TUILHOI «30MpaHHsD) anapary.

3. MopnentoBaHHS TiAPOAWHAMIKH 3aBUXpYyBayiB BUXpoBOi Tapiiku [I-
ro CTyIeHs ckpyoepa.

4. MopaentoBaHHS IUTBHOCTI 3pOIIEHHS [-T0 cTymeHs - monoro ckpy-
Oepa.

5. MonentoBaHHS TiIPOIMHAMIKKA BXiJHOTO MaTpyOKa 3a0pyJHEHOr0
rasy.

6. MonentoBanHs GiUIbTpaii TBEpANX YACTHHOK Yepe3 PIAMHHUHN [Iap
BUXPOBHI TapiJiKu.

7. Bizyanizauis Tediil B «300p1i» anapary.
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Posainenns Mozeni Ha psijt mepepaxoBaHUX OJIOKIB JIO3BOJISIE 3pOOUTH
okpemuii anani3 pobory I ta Il cTyneni ckpydepa, mpuioMy aHalti3 Tipo-
JMHAMIYHUX PEKHUMIB MOKHA TIPOBOJIUTH B Mipy CTBOPEHHSI TBEPAO-TiIb-
HUX MOJICJICH CIEMEHTIB amapary.

Ha niepriiomy erarmi mojienitoBanHst OyJia CTBOPEHA TBEPIO-TUIbHA MO-
nenb (300pKa) BUXPOBUIT TapiIKK 3 3aBUXpIOBAYaMu (puc. 2).

V.

A s

i )

N
eu
=4
o

Puc. 2. Tlepepi3 BUXpOBOi Tapiiku KOMOIHOBaHOTO CKpyOepa.

Tapinka ckpybepa MicTUTb 163 BUXPOBHX €l1€MEHTA, SIKi IPEICTaBIIS-
I0Th COOOI0 aKCiaJdbHO-TOMATKOBUI 3aBUXpyBay 3i CHeliallbHUM BifOiii-
HUM JIMCKOM BCEPEJIMHI SKOr0 BUKOHAHI OTBOpH (pHucC. 3).

Pobora BUXpOBOTO efeMeHTa MOJIArae B HACTYIMHOMY: 3a0pyJHEHUI
ra3 HaJIXOIUTh 3HU3Y anapaTy, HOTPAIUISE B 3aBUXPYBay, JI€ 3aKPyIy€eThCSI
1 Tede B3ZIOBXK CTilKK BinoOiiiHMKa (puc. 3). 3BepXy Ha TapiIKy HAAXOAUTh
3poinyBaiibHa piguHa (puc. 1). 3a paxyHOK B3aeMOIii IOTOKY 3a0pyiHe-
HOT'O TIOBITPS 1 3pOIIYBaJIbHOI PIAMHU HA IOBEPXHI TAPLIKHA YTBOPIOETHCS
NiHHUK QUTBTPYIOUUil Wap, Yepe3 KU MPOXOJHUTh T'a3 1 OUNIIAETHCS Bij
TBEPJANX YACTHUHOK 1 OKCUJIIB CIPKH.
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Puc. 3. [lepepi3 TBEPAO-TIIHHOI MOJIEIT BUXPOBOTO €JIEMEHTA.

OnHuM 3 OCHOBHUX ()aKTOpiB, IO BILUIMBAIOTH Ha IIUTBHICTH 1 TIOpHUC-
TICTB MiHY € CTYMIiHb 3aKPYYyBaHH: Ta30BOT0 MOTOKY IO TPOXOIUTH KPi3h
3aBiXpyBayi.

MogaenroBaHHS pPyXy Ta3y B BHXPOBOMY €JIE€MEHTi MPOBOJIMBCS OK-
pEMO B MPOIECI YUCIOBOIO EKCIEPUMEHTY BU3HAUYAIMCS PalliOHAIbHI
KyTH yCTaHOBKH, KiTBKICTh JIONATEH aKCialbHO-JIOMAaTKOBHX 3aBUXPYBa-
4iB (puc. 40) Ta BUCOTY YCTaHOBKHU BifAOiIfHOTO JHCKA.

Jnst peanizallii TaKOTO YKCIOBOTO EKCIIEPUMEHTY OyB CTBOPEHHUH Bi-
PTyallbHUI eKCrIepUMEHTaIBHIH cTeH (puc. 4a), sIKKi BKIIIOYaB: BUXPO-
Buii enemedT J 50 MM (1); ainsHKy Tapinku & 80 M (2); numiHAp Moje-
JIIOBaHHS TIOTOKY sy 80 MM, noBxkuHO0 150 MM (3).

Jnst MonenmoBaHHSL 00EpTaHHS MOTOKY CTEHJI BKIIIOYAB CIELiaTbHUN
ENIEMEHT «30Ha 00epTaHHs», 10 J03BOJISIE 3MIHIOBATH IIBHIKICTH 00ep-
TaHHS TIOTOKY B 3aBHXpIoBaui (puc. 46).

ANTOpUTM MOZIENIOBaHHS Tedii ra3y B BUXPOBOMY €IEMEHTI BKIIIOUAE
HACTYITHI €Taly: CTBOPSHHS TBEPAO-TUILHOI MOJIEII; 3aBIaHHS TPAHUYHUX
YMOB; BU3HAUYEHHS 0OMEKEHb; 3aBJaHHs BUTPAT MOBITPsI HA BXOA1 Ta BU-
XO71i; aHami3 nepediry ra3y (IBUAKICTH 1 TUCK); Bi3yali3alis pe3yabTaTiB
MOJIETTIOBAHHSI.
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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.
Pesynbrati mocmimkeHs (puc. 5) po3noniieHHs IBUAKOCTEH MoKasy-

10Th, 110 3aBUXPYBay 3a0e31euye BHCOKY CTYIiHb 3aKpY4yBaHHS MIOTOKY
ra3y HaBKOJIO CTiikH BigOiifHOTO mucka (puc. 5a). Y ueHtpi BigbiliHOTO
JIICKa 1 B MOPO)KHUHAX OTBOPIB B CTIHIIi CIOCTEPIratoThCsl 30HM 3HUKEHUX
HIBHJIKOCTEH ra3y (puc. 56), M0 CIIpHs€ «BTATYBAHHIO» PIMHH 3 TIOBEPXHI
BifOiifHOTO JHcKa 1 mojmayy ii 3aKpy4eHHui MoTiK, TOOTO 3a0e3MeuyeThCs
BHYTPILIHS UUPKYJSALIS PIANHU 3 YTBOPEHHSIM CTIHKOTO MiHHOTO MIapy.
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a) 0)

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

Bizyanizarist po3noainy TUCKIB (puc. 6) pu nepediry rasy yepes Bu-
XpOBHUH eJIeMEHT MoKa3aja, 0 PO3MOILTI TUCKIB Y BHXPOBOMY €IIEMEHTI B
OCHOBHOMY TOBTOPIOIOTH TPAEKTOPIi JIIHIM CTpyMy OTpHUMaHi IpH JAOCIi-
JOKEHHI IIBUAKOCTI pyXy Tasy. Y 30Hi BiOiHOro Jqucka (ITicis 3aBUXpY-
Baya) CIOCTEPIraeThCsl 3HMDKCHUIM THUCK, IO MOSICHIOETHCS OLIBII BUCO-
KHMH IBUIKOCTSIMH 1 TypOYJICHTHICTIO T€Uill Ha 1[Il JUISHIIL.
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129245.02
120808.41
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103835.19
9545558
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7862536

70188.74
Fressure [Pa]

Flow Trajectories 2

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

Bucnosku

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

2. Po3po0bneHo KOHCTPYKIIIO BipTYaldbHOTO EKCIIEPUMEHTAILHOTO
CTEHJy JJO3BOJISIE NOCHIPKYBAaTH Tedii razy uepe3 BUXPOBHH eleMEHT 3
ypaxyBaHHSIM 00epTaHHS MOTOKY Taszy.

3. UncroBe MOAeTIOBaHHs JIiHIM CTpyMy IIBHAKOCTI TOKA3aj0 HasB-
HICTb 30HU 3aKpY4yBaHHS MOTOKY ra3y HaBKOJIO CTIMKH BiOIHOTO AUCKa,
MiHIMaJIbHI IBHUJKOCTI ra3y CHOCTEPIraloThCs HaJl BIOIMHUM JIUCKOM Ta
crelialbHOMY KaHami Juisd 3a0e3meyeHHs BHYTPIIIHBOI HUPKYIALIl pi-
JIMHU.
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4. AHaui3 emop TUCKY B €KCIIEpUMEHTAIBHOMY CTEH]Ii TO3BOJIUB BU-
3HAUUTH XapaKTep PO3MOALTY THCKIB, 3HUKCHUN TUCK CIIOCTEPIraEThCs B
30H1 MiBUIIEHOT TypOyJi3allii MoTOKiB.

5. Pe3ynbraTl IpOBEACHOTO JOCHIIPKEHHS PO3MOITY MIBHIKOCTEH 1
THUCKIB B BUXPOBOMY €JI€MEHTI1 JJO3BOJISIOTH MEPENTH IO TOCHTiHKEHHS Ha-
CTYITHUX MOJICITIOIOTH OJIOKIB KOMOIHOBAHOTO CKpyOepa.

3akiHyeHHS

Po3pobiiena TBep0-TiIbHA MOJIENB OyJle BUKOPUCTaHA, SIK €IEMEHT
30ipKH, IPH CTBOPEHHI MOJIeNli KOMOIHOBaHOTO CKpyOepa Ui OUWIIEHHS
BHKH/JIIB CyTHOBHX JIBUTYHIB BiJl cIOiIyK SOx.

Po3pobnena Mozens BUXPOBOTO €J1eMEHTa 1 BIpTyalbHUI eKcriepuMe-
HTaJILHUN CTEH]] MOXKYTb OyTH BUKOPHCTaH1 IIPH MPOBEICHHI HAYKOBO-/10-
CIIIHUX, JMCEPTAliiHUX POOIT MaricTpaHTiB, acHipaHTIB, HAYKOBHX IIpa-
LIBHUKIB sl TOPIBHSUTBHOI OIIHKK €()eKTUBHOCTI 3aKPYYEHUX MOTOKIB,
JOCITIKEHHS PO3NOUTY MIBHIKOCTEH 1 THCKIB.
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borau B.M., [loBunenko FO.M.
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. IlIupoke BUKOpUCTaHHS aJbTePHATHBHUX EHPTETHYHHX Pecy-
PCIB 1 HU3BKOSKICHUX COPTIB MaJIMB HAPTOBOTO MOXOJKEHHS, MOPSIA 3 Mi-
JIBUIIEHHSIM €KOHOMIYHOCTI, BUMAara€ 3Ha4HOro 30UIbIIEHHS HaIIHHOCTI
JAB3, mo SABIAETHCS BAXIMBUM HANPSIMKOM IOJIMIIEHHS BUKOPHCTAHHS
¢oTYy 1 CyZAHOPEMOHTHHUX MiJIPUEMCTB.

OnHOYacHO 3 OCBOEHHSAM JM3€J1iB HOBUX MOKOJIiHb, OCOOIHMBY 3HAYH-
MICTh 3/100yBa€ MiJIBUILCHHS TEXHIKO-CKOHOMIUHUX MTOKa3HUKIB YMCIICH-
HOT'O TApKy CYAHOBHUX ABHUTYHIB IIUIIXOM 301UIbIICHHS e()eKTHBHOCTI CHC-
TeM, sIKi 3a0€3MeuyroTh iX po0OoTy.

Bigomo, 1o 11i MOKa3HUKH i BUTPATH Ha OOCIYTOBYBaHHS IU3EIiB Y
MepIy 4epry 3ajexaTh BiJl IpaIe3aaTHOCTI IUIIHIPOMOPIIHEBOI IPyIu
(I1I"), TobTO By3na, SIKU € HAMOUTbII HABAHTAXKEHUM 1 BU3HAYAE TEX-
HiKO-eKOHOMI4YH1 TIoka3Huku podotu B3 [1]. ToMy, cTBOpeHHS HOBHX
MOKOJIiHBL 200 MOJIEpHI3aIlisl ICHYFOUUX JTU3EITiB, 30UIBIICHHS iX ITOTYXHO-
CTi ¥ MiABUILEHHS EKOHOMIYHOCTI CYNPOBOKYEThCS HEOOXiTHICTIO MOC-
TIHOTO MOLIYKY MOXKIIUBOCTEN 3HM>KEHHsI 3HOCiB neraieit LI, B mepury
Yepry HUISIXOM BJIOCKOHAJIEHHS MPOLecy MaIleHHs.

OnHUM 3 NepCIeKTUBHUX UIAXIB MiABHIEHHS e(eKTHBHOCTI OpraHi-
3aii mporecy maineHHs jgeraneit LI1I € 3acTocyBaHHS HOBUX CHCTEM 3
SNIEKTPOHHUM PETYJIIOBaHHSAM MOAayi MacTuia i KepyBaHHSIM pOOOTOIO
CHCTEMH 32 JIOTIOMOTOI0 MEePCOHANBHUX KOMII ' toTepiB. OHaK CTBOPEHHS
i IMPOKE BUKOPHCTAHHSI TAKHX CUCTEM 0OMEKY€ETHCS MaJIOK0 BUBYEHICTIO
X e()eKTHBHOCTI i CyNepewuBICTIO ICHYIOUHX JaHHUX MPO iXHIO eKCIITya-
TaliiHy HAJIHHICTb.

ExcrnnyataniiHumu BUITpoOyBaHHSMH MiATBEPHKEHO, IO BAOCKOHA-
JICHHSI TIPOIIECIB 1 CHCTEM JI030BAaHOI MMO/aui MacThiIa € e)eKTUBHUM Ha-
MPSIMKOM ITiABHIIICHHS! eKOHOMIYHUX MTOKAa3HUKIB poboTH cyaHoBux J(B3.

Ananiz ny6Jikauiii mo Temi gocaimkenns. 3niiicHenHs 6e3nepeps-
HOT 3aMiHM MaCTHJIA, IO BiJIPaItOBao, CBIKOIO TOPIIi€Et0, 1 MiATpUMKa
BJIACTMBOCTEH MACJSHOI IUTIBKK Ha J3epKaji IMIIHPa MOXKIMBO IIPH pe-
TYJSIpHIN, PIBHOMIPHIM 1 OJTHOYACHIM TMOJa4i MacTUIa Yepe3 MaCTUIbHI
otBOpH [2,3].

VY BigoMuX TyOpUKaTOPHHUX CHCTEMaX MMo/iavya BiIMipsHOI IITYyH)KepOoM
nopIii MacTuia B IITYHEPH OAHOTO LWITIHApA BiIOyBa€eThCs B Pi3Hi mepi-
oM Yacy i 11 BeIMYMHA CTAHOBUTH YChOT'O JIUIIIE KiJTbKa KyOIYHUX MiJiMe-
TpiB. Kpim Toro, mepioq Mi>k BOMa HarHITATbHUMH XOJaMH ILTyHXKepa
TyOpHKaTOpa, 3aJISKHO BiJl KOHCTPYKIil HOro mprBoja (TUIY IBUTYHA),
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CTaHOBHTb BiJ IBOX JI0 BOCbMH 00€pTiB KOMiHYacToro Baja. OpranizyBaTu
B JIaHUX YMOBaXx IMpPOIIEC PEryaspHOro, a TUM Oiibllle piBHOMIPHOTO BHU-
XO/1y MacTHJIa B IMITIHAP ABUT'YHA ICHYIOUMMH MaCTHJIBHUMH IPUCTPOSIMH
JIOCUTh CKJIaaHO [4].

Posrnsnatoun cucremy B LIJIOMY, CIiJl 3a3HAYMTH BIIIMIHHOCTI KOHC-
TPYKTHBHOTO BUKOHAHHS HE TUTbKH JTyOpUKATOPIB, aie i iHIuX ii eneme-
HTiB. Hanpukian, Ha ABUryHax, 110 epeOyBaroTh B EKCILIyaTallil, MOXKHA
3ycTpiTu Oe3niv BapiaHTIB KOMOIHAIIIT IITYIEPiB 1 KaHATIB Y CTIiHI[i BTYJIKH
HWTIHIPA, MO BiPI3HIIOTHCS OCHOBHHMH I'€OMETPUYHHMH XapaKTepHUC-
TUKaMH B JICCATKH pa3iB [5].

VY pe3ynbTaTi MPOBEICHUX BUNIPOOYBaHb [6,7] OyJIO BCTAHOBJICHO, 1110
yIOCKOHAJICHI CUCTEMH MaleHHS MOJIMIIYIOTh CTaH IHIIiHIPO-MOPIIHE-
BOI Ipynu ¥ MarOTh MOXJIMBICTH IMiJBUIICHHS CKOHOMIYHUX MTOKa3HHKIB
po0OTH IBUTYHIB TIO BUTpaTi Aoporux Mactui. OgHaK, SK MOKasaia eKc-
TuTyaTtallisi JBUTYHIB, 3aCTOCYBaHHS MOJICPHI30BaHMX CHCTEM HE BHYEp-
M0 BCi MOXKIIMBOCTI MOJIMIIIEHHS PO3MOALTY i e(eKTUBHOCTI BUKOPHUC-
TaHHS MacCTHUIL.

st HaitOunbn popcoBaHUX IU3eNiB (0OCOOIMBO OCTAHHIX BHITYCKiB),
y SKHX THTOMI BUTPATH LUWIIHIAPOBUX MACTHJI JIeXaTb y mexax 1-1,5
r/KBT'T., pO3KpUTTS IMUTIHAPIB MpoBoAuThCs uepe3 10-15 twuc. romuw,
MPUYOMY YacTO i3 3aMiHOI0 BCHOTO KOMILIEKTY Killellb depe3 iX 3HOCH i
MOJIOMKH [8].

[Tpu cyyacHux rabapuTax AW3ENiB €EMHICTh HarHITAIBHOIO MACTHJIO-
MPOBOJIY B COTHI pa3 MepeBHUIIye 00CIT MACTHIIA TIOJJaBAaHOTO 33 OJTUH XiJ|
ruryrkepa. Aje i us nopuis B 10 - 30 pa3 6inbiie Tiel, sy ( mpu po3mo-
BCIO/PKEHHMX MUTOMKX BHTpaTax) MOTPiOHO 0yi10 O monaBaTH Ha KOXKHOMY
xozai nopiHs. [IpupoaHo, 0 B TAKMX YMOBax MMojiaya MacTHiia Ha mepe-
MHUYKY MDXK MEPIIAM 1 JPYTUM KUTBISIMH, i3 3a3HAYEHOI0 PETYISPHICTIO,
3IiicHeHOT OyTH He MOXe.

OnHak Bce 3pocTarodi MUIIHAPOBI MOTYXHOCTI 1 BUKOPUCTAHHS B CY-
YaCHUX JAW3ENAX BHCOKOB'SI3KUX CIPYMCTHX TaJMB 3HAYHO MOTIPUIYIOThH
YMOBH MallleHHsI TepTHOBOI MapH KiNbLIe-BTYJKa. Y IBOMY 3B'SI3Ky 0C00-
JIUBE 3HaYCHHS HAOyBalOTh MUTAHHS OpraHi3ailii skicnoro marienns LI,
IO € OJHUM 3 OCHOBHHX KPHTEpIiB, SIKi BU3HAYAIOTh HAIIIHICTh i JJOBTO-
Biynicte MOJI. Hanuilinicts i nmoBropiunicte podoru LTI He Bu3Haua-
€TBCSl TUTBKM ONTHMAJIBHUM BHOOPOM COPTY MacTHia i HOro J03yBaHHS
JUIT KOHKPETHOTO COPTY IaJiiBa, CYyTTEBO BAXKJIMBO 3HATH ©()CKTUBHICTh
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BHUKOPHUCTaHHS MMOJAHOTO B IHJIIHJP MacTHJIa, BUBYATH AUHAMIKY SIBHIL,
0 BiIOYBaIOThCSA B KaHAJIaX CHCTEMH, SKi BILIMBAIOTh HA JIHCHUN MO-
MEHT BUTIKaHHs HOro y HHITHIP 1 e)eKTUBHICTh PO3MOTY 1O OBEPXHI
HUTIHIPOBOT BTYJIKH.

B cydacnux /IB3 Mae miciie HepiBHOMIpHICTh MpoIecy Moaayi Mac-
THJIa 10 poO0Y0i MOBEPXHI MUIIHIPOBOI BTYJIKH, KA BUHUKAE 3 TIPUUINH
IMIYJIBCHOI TMOJIa4i MacTWia NIPY HATrHITaHHI Horo jyOpukaropom. lle
MPHU3BOAUTH A0 3aBHILEHOI KUILKOCTI MacTHJIa Ha TIOYaTKy IUKITY MacTH-
JIOIO/1a4i 1 HEIOCTATHIN WOro KUIBKOCTI B KIHIII I[HOTO IHKITY, IO TTi/IBH-
IIy€ BIPOTiHICTh 3aBUIICHUX 3HOCIB Aeranei L7 1 panToBuX 3ymuHOK
neuryHa [9,10]. Takum 4yWHOM, aKTyaJdbHUM € 3aBJIaHHS BCTAHOBJICHHS
BILIMBY MapaMeTpiB poOOTH CHCTEMH MaIlleHHS! Ha TOBIOBIUHICTb poOOTH
neraneit LI cyaHoBoro ABUryHa.

MeTo10 D0CTiIzKeHHsI € BH3HAYCHHS TiAPaBIIYHUX XapaKTEPUCTHK
npouecy marienns aeranedt LI cynmnosux /IB3 Ta BUB4YeHHS XapakTepy
Pyxy poO0OYOi PiIMHYU B JIyOPHKATOPHIM CUCTEMI.

Pe3yabTaTu nociaigkeHb. 3 MOMEHTY BBEACHHS B EKCILTyaTallilo
neuryHiB RTA Ha HUX 3acTocoByBasiacsl CHCTEMa MalleHHS [MIIHAPIB,
OaraTo B YOMy aHaJOri4Ha Tiif, sIKa BUKOPHUCTOBYBAJIACh Ha JBUTYHAX
RND. IlinBeneHHs mactuia A0 MITYIEPIB B TAKUX CUCTEMax 3iHCHIO-
€THCS 32 JIOMTOMOTOI0 JTyOpPHKATOpiB, 1110 MalOTh MEXaHIYHUI MPUBi.

Li cucTemMu MarOTh HEBEJTUKI BIZIMIHHOCTI Bijl TIONIEPEIHIX, OJHAK HE
3aBk]u Mo3uTHBHI. Hanpuknan, kianaH 13 nmepeMilieHo Ha MaKCUMaJTbHE
BiJUIaJICHHS BiJ| A3epKajia IUIIHPA, 10 SK MPABUJIO MOTIPIIYE MPOIIeC Ma-
cruiononavi. Kpim Toro, sik mokasyTh JOCTKEHHS [4] akyMyasTop y
TaKOMY BHKOHAHHI JaJIeKUH BiJ JOCKOHAIOCTI. Taki KOHCTPYKTHBHI OCO-
OIMBOCTI 1aHOT CHCTEMU O€3CYMHIBHO BIUIMBAIOTh Ha MPOI[EC MACTHIIONO-
Jladi i BUMaraloTh YBa)KHOTO BUBUCHHS.

Sk moka3ye aHaji3 cCUCTEM MallleHHs wiiHApiB aBuryHiB RTA, 1o
nepeOyBaroTh B eKCIUTyaTallii, pO3BUTOK iX 3 MOYATKy BHITYCKY ¥ JOTemep
MICTUB B c00i Kiibka etamiB. [lepmmii etan - cuctema MarieHHs (puc. 1),
HarHiTaJbHa YacTHHA AKOI CKIAaJa€eThbes 3 JIyOpHKaTopa 3 MeXaHIYHUM
MPHUBOJIOM, KOPOTKUX IITYLIEPIB 31 CTPMKHAMH (KJIanaH Ha BXOJIi B IITY-
1ep), aKyMyJIATOPIB THCKY ¥ MOXWJIMX BUXIJHUX KaHAJIB Y CTIHII IIMJIiH-
JpOBOI BTYJIKU, IPUUOMY PO3TAIlyBaHHS BUXIIHUX KaHAJIB 1 MaCTHIIOPO-
3MOJTBHUX KaHABOK Ha JI3epKaji BTYJIKH OAHOPsAHE (OTHOpPsIIHA TyOpu-
KaTOpHA CUCTEMa 3 aKyMYJIIOBAHHSIM THCKY MacTHIIA).
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ABTOpaMHU TMPOBEJCHI JOCIIHKCHHS CHUCTEMHU MAIICHHS IMJIIHIPIB
CTOCOBHO J10 iBUTYHIB RTA B yMOBax, 1110 BiJIIIOBiat0Th il pOOOTI Ha JIBU-
I'yHI i3 4aCTOTOI 00epTaHHs KojiHuatoro Bayia 60 - 200 xB-1. Bennunna
IMITyJIbCY THCKY TIPH CTUCKaHHI 3afaBainacs B mexax 0,8 — 1,5 MIla, a Ha
postmpenHi - 2,5-3,0 MIla. Xin miyHxepa TyOpukaTopa 3MiHIOBABCS BiJ
3 o 10 mM. BrimuB TemnepaTypu MacTuiia B JTyOpHKaTOpi BUBYABCS JUIS
nianasony 20-40°C, a B mrytepi - 60-120°C.

BunpoOyBaHHs 1i€i cucTeMH, SIKi BKIIOYQJIM Bi3yallbHi cIlocTepe-
YKEHHSI, [TOKa3alli, 0 Ha TOCTIHHOMY peXXuMi poOOTH IBUTYHA BECh Mac-
TUJIOMIABOJAINIMN KaHAT NPAKTUYHO IMOCTIHHO 3allOBHEHHH MAaCTHJIOM.
Jana oOcTaBUHA MOSCHIOETHCS aKYMYJTIOBaHHSM TOPIii MacTHIIA i BUXO-
JIOM 11 B IITYLIEp MPOTATOM YChOT'O MEPioly MiXK HarHITaAJIbHUMHU XOIaMH
IUIyHXKepa JIyOpuKaTopa, a TAKOXK reOMETPIEI0 3aKJIallaHHOI TOPOKHUHH.

- -

t

\

9 12 11
Puc.1. CknanoBi ryopukaropHoi cucremu aBuryHiB RTA: 1-kpumika
aKyMyJaTopa; 2-py>KUHA; 3-MOpIIcHb; 4-HaKHUHA raiika; S-MeMOpaHa;
6-KopIyc akymyJsiTopa; 7-raiika mryiepa; 8-3ariylika; 9-nmpokiajka;
10-nmntinapoBa Brynka; 11-kopmyc mrynepa; 12-cTprkens; 13-KynbKoBHi
Kjanas; 14-npyxuHa KianaHa.

Ha nocriliHoMy pexxumi poOOTH ABUTYHA B Pe3yJbTaTi 3allOBHEHHS
BCHOT0 KaHaJly MacTHJIOM BUXiJ HOro 3a 3pi3 OTBOPY Bij3HauaBcs 0e3
CTPYMHHHOT'O BUTIKaHHS B MOPOXHHWHY HUJIIHIpPA 3 BIAPUBOM Bia 13ep-
Kaja. Buxig macTuia Ha J3epKajio HWITiHApa BinOyBaeThCcs PErysipHO,
MUHAIOYH MacTUIIOPO3NOILUIbHI KaHAaBKH, JIBiYi HA KO)KHOMY 00€pTi IBU-
ryHa. OZHaK IPOTATOM MepIKX 3-X 00epTiB, IO CIIAYIOTH 38 HATHITAIIb-
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HUM XOJIOM IITyH)Kepa JIyOpruKaTopa, mojada MacTHia 31 iCHIOEThCS Bifl-
HOCHO BEJIMKUMU TIOPIIISMH, 1110 MiIHIMAIOTHCS HaJ J3EPKAJIOM IMIIIHApA
Ha BIZICTaHb 710 5 MM (puc.2).

Ha nactynaux obepTax 10 4eproporo podo4oro xoay IuryHxepa iy-
OpHuKaTopa BeIWYHMHA MOPIIi i BHCOTAa MACISHOTO BalIMKa CYTTEBO 3MEH-
myetbescs. OcipuiorpadgyBaHHs TPOIECY aKyMYJISTOPHOI MaCTHIIONO-
Jadi CyNpOBOKYBAJIOCS PEECTPAIiEld X0y IUIyHXepa JyOpukaTopa
(Xm), xoxy xnanana mrynepa (Xk), Tucky rasis (Pr), MoMeHTy BUXOIY
Mactuia Ha a3epkaiio (M), oniaku yacy (T), BiqMiTKH BEpXHBOT MEpTBOI
touku (BMT), xony memOpanu akymyssitopa (Xm).

Puc.2. Kinokaapu mactuiiononadi

[puknan ociuaorpaMu MbOro MPOIECY HA MOCTIHHOMY PEeXHUMI po-
60TH JBUI'YHA, IPH YACTOTi 0OepTaHHs KoniHyaToro Bana 105 xB™', xoni
TUTYH>Kepa 7 MM, Temreparypi Mactuna B mrynepi 80°C HaBeneHuil Ha
puc.3. 3 ocuuiIorpaMu BUIJIMBAE, 110 3aMI0OBHEHHS aKyMYJIIOI0UO01 TOpPOXK-
HUHH BiI0yBa€ThCS OJJHOUACHO 3 HATHITAIBHUM XO/IOM ILTyHXKepa JTyOpH-
Katopa (XI), a pO3BaHTAKEHHSI aKyMYJsITOpa 3IHCHIOETHCS MPOTATOM
YChOr'0 TIEPioly Yacy J0 YepProBOro pododyoro Xoay IryHxepa.

[epioau BUXOMY MacTHIa Ha JI3epkaiio mutiHapa (MB) 30iratothes 3
nepiofiaMu BiIKPUTTS 3BOPOTHOIO KiiamaHa Inrynepa (Xk), mo MmoscHIo-
€THCS JIOCKOHAJIOK KOHCTPYKITIED 3aKJIaNaHHOI MOPOKHUHU. BuTikaHHsS
MacTuja 3 aKyMyJIsITOpa B IITYLEp i BUXiJ MOro Ha J3epKajio MUITiHApa
BiIOYBa€THCSI PErYISAPHO, JIBiYi HA KOXKHOMY 00€pTi ABHTYHA.

CyMilIeHHs] OCHIIIOTpaMH 3 PyXOM TOPLIHS JO3BOJISIE BU3HAYUTH Y
K1 TIepioin ¥ Ha AKi MOBEpXHi BiIOYBa€ThCS MoJjaua MacTuia. Y mepiii
¢ha3zi BUTIKaHHS 3/11HCHIOETHCS, KOJTM HUYKHE TOPIIHEBE Kijblle IepedyBae
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Puc.3. Octmorpama nporiecy MacTHiIonoaagi

Pa3zom 3 TuM pozmonin mopuii MacTuiIa K 0 OAHOMMEHHHX (Qasax,
Tak i 110 00epTax XapakTepU3yEThCs 3HAUHOK HEPIBHOMIPHICTIO. Bumipom
BUTPATH MacTWJIa Ha PI3HUX PEeXHMax pPoOOTH JBUTyHA OYyJIO BCTaHOB-
JIEHO, IO B TIEepILiil 3 po3risaHYTHX (a3 3ailcHIoeThCs ToAaya Big 30% 1o
35% wmactuna, a B apyruii - 70%, To0TO IpH pyci MOPIIHS HIDKYE MacTH-
JILHUX OTBOPIB HAJXOIWTh B 2 pa3u OUIbIIE MacTHJIA, YAM IIiJ KUTbIIS.
Crig mpunycKaTty, 1o MPpH BUCXIJIHOMY XO/Ii MOPIIHS 115l YaCTUHA MOPIIii
MiAXOIUTIOETHCS KUTBISIMH W PO3TIOIUIAETHCS IIEPEBaXKHO B PaliOHi OTBOPIB
1 BepXHiil YaCTHHI BTYJIKH.

IMogaua 30-35% mactuia, mo 3aMUIIHIACS 3IIHCHIOETHCS HATPUKIHIT
CTHCKaHHS H MpHUIajae Ha paifioH TPOHKA, IO BU3HAYAE HOTO PO3IOJILT MO
MOBEPXHI BTYJIKH 5IKa IepedyBae HIDKYE 1Mosica MaCTHIIBHUX OTBOPIB 1 cTa-
HOBUTH 70% ILJIOIII BCHOTO JI3epKaa.

[pencraBnenuit Jyis 1aHOI CUCTEMHM MACTHJIONOJAYl PO3MOJUT BH-
TpaTH MacTwia 1o (a3ax 3aJMIIAEThCS MPAKTUYHO, HE3MIHHUM Ha BCIiX
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peKUMax poOOTH JBUTYHA, TOMY IO BU3HAYAETHCS MOCTIHHOK TPHBAi-
CTIO TIepioAy MK iMImylbcamu THCKY Ta3iB P i P, (puc.3), a Takox moc-
TIHHOIO BEJIMYMHOIO iX CITIBBIIHOIICHHS, 1110 OOYMOBIIIOETLCS PIBHEM PO-
3TallyBaHHA MOsiCa MACTUIIBHUX OTBOPIB.

Buxin mactuna 3a 3pi3 KaHaly KOHIEHTPOBAHUMU TOPLISIMH TIPH BU-
CXiIHOMY pyci OPIIHS HaBiTh Oe3 ABHIIA "BUKHIY", MPUBOAUTH IO 3Y-
CTpiui ii 3 O1YHOFO MOBEPXHEIO FOJIOBKH MOPIIIHS, TEMIIEpaTypa SKOi mepe-
Buirye 400°C, i yTBOpEeHHIO Ha Hill TOPIKOK Harapy, puc.4.

Jlokamizamiss Harapy Ha OiYHIM MOBEpXHi MOPIIHS HAMPOTH KaHAIiB
MaIIeHHS CYMPOBOUKYETHCS, K MPABHUIO, HACTYITHUM 3allOBHEHHSM 3a-
30py MiX TOJIOBKOIO i A3€PKAIOM, 1110 IPUBOIUTH A0 PYHHYBaHHS Macs-
HOI IJTIBKH # MiIBULIEHOMY 3HOLIYBAHHIO BTYJIKH Y BEPTHKAIBHIX HATIPSI-
MKaXx, 10 MPOXOJISTh Yepe3 TOUKH MalleHHSI.

Kpim Toro, npu xo/i mopiHs Bropy JOPiKKK Harapy, o MaroTh ¢o-
pMy KJIMHA, OPIEHTYIOTHh IUTMH MacTHia MO iXHiX OIYHHMX CTOpPOHAax, MIO
301IBIIYyE IUISIX 1 9ac pyXy MacTuiia 1o rapsdiil noBepxHi nopmHs. [Ipu
3aBHIICHUX JO3YBaHHSX II€ MOXE MPHBOAWUTH JI0 MOBHOTO 3aKOKCOBY-
BaHHS 3a30pY HaJ MEPIIUM KOMIIPECITHUM KibIIEM, a TAKOX 3HAYHOI 1H-
TeHcu(iKalii 3arabHOTO MPOLecy HarapoyTBOPEHH: i 3HOIIYBaHHSI B 11~
JHJPI.

[Ticns MpOXOMKEHHS OCTaHHIM MOPIIHEBUM KiNBLIEM MAaCTHIIBHHX
OTBOpPIB TOCTYMAIOUUil BallUK MacTHJa MOXKE 3allOBHIOBATH 3a30p MiXK
TPOHKOM 1 J3epKaJIOM IHJIiHApa. BpaxoByloun 3HauHy JOBKHUHY TPOHKA
i reoMeTpito ioro nmoBepxHi ("3e0py"), MOKHa BBa)kaTH, IO OAHA Yac-
THHA i€ mop1ii Oy e BAKOPUCTOBYBATHCS 10 MPU3HAYCHHIO, a 1HIIA - CTi-
KaTH 110 J3epKally HWIIHpa B HANpsMKY BikoH. Lle Oyne TpuBaTu 10 me-
PEKPUTTS HHXKHIM KiJIbIIeM (TIpHU pyci MOPIIHS BHU3) MACTHIILHUX OTBOPIB.

[Tpu oMy 3Ha4HA YacTUHA MACTHJIA, IO CTIKae€ BHU3, Oyze, Oe3cyM-
HIBHO, CKHJATHCS KUIBISIMH Y BiKHA, MiAMOPIIHEBY TOPOKHUHA H Moma-
JaTH B PECHBEP MPOAYBHOro moBiTpst. OTXe, BUXiJ MacTUIa B IHIIHAP
30cepeKEeHUMH TIOPIisSIMU Ha Mepimux odeprax ABUTYHA MICIs HarHiTa-
JBHOTO X0y TUTyHXepa JIyOpuKaTopa MPUBOJUTH HE TUTBKK 0 HOro He-
palioHaTbHOrO BUKOPUCTAHHS, aje i JO TOTIpIIeHHs CTaHy JAeTalei
LIIIT.

Ha ocrannix obeprax HHUKIY MacTHJIONOAAYl KUTBKICTh MOAAHOTO Y
JBUTYH IUJIIHIPOBOrO MacTUIa Oyjie MiHIMAJIbHUM 1, HallIMOBIpHilIle, He-
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Puc.4. CtaH ronoBku nopurHs:
JI0 YCTaHOBKHY Ha JABHTYH () 1 miciist po3KpuTTs (0)

JIOCTAaTHIM A7l 3a0e31eueHHsT HOpMallbHIX YMOB POOOTH Mapu TepTs "Ki-
nbie-BTyNnKa". Y Outbliii Mipi me Oyne MposBISITUCS B HUKHIN YacTUHI
BTYJIKH, SKIIO BPaXxOBYBaTH TAKOXK TEPepO3MOIiI MacThiIa 1o ¢aszax.

Jlokanizallis HATUpaHb HAa HIKHIM YaCcTUHI J3epKajia IWIiHpa HaJl Bi-
KHaMU ¥ HIDKHIM 9acTHHI TPOHKA € O3HaKaMH, IO BKa3ylOTh Ha HEIONIK
MacTHJjIa Ha IIUX MOBEPXHsAX. IMOBIpHO, TOMY, OCTAaHHIM YacOM Ha ABUTY-
Hax RTA 3acTOCOBYIOTH TOIATKOBO APYTHI psl MAIICHHS.

BcranoBiieHy B pe3yibTaTi IOCTIDKEHb HEPIBHOMIPHICTH TIOAAYi MO
o0epTax MO)KHA TOSICHUTH TaKHb YMHOM: B ICHYFOUOI KOHCTPYKIIi cuc-
TEMH aKyMyJIOIoua MOPOXHHMHA MiJKII0YEHA 0 HArHITAIBHOTO TPaKTy
napajienbHO U 3'€lHaHa 31 ITYHEpOM 3a JIOTIOMOT00 KaHaly, IO Ma€ BiJl-
HOCHO BEJIMKHI MPOXiTHUHA nepeTrH. To0To, mojaya MacTuia 3 HarHiTa-
JBHOTO TPAKTy B ITYLIEP 1 B aKyMYJIATOP BiIOYBAETHCS OJHOYACHO.

OCKiTbKY HarHITAIBHUH XiJ] IUTYH)Kepa MOYMHAETHCS B MOMEHT POCTY
IMITYJIbCY IPOTUTHCKY P2, KOMM 3BOpOTHUI KJlamaH 3aKpUTHA, a IPy>KUHA
MeMOpaHu akyMyJsTopa repedyBae, MPakTUYHO, Y BUTLHOMY CTaHi, TO Ma-
CTHJIO, HAJIXOSIYM B OOMEKEHHI 00CST Mi>K 3BOPOTHHM KJIaraHOM 1 MeM-
Opanoto, Oyzie 3alIOBHIOBATH aKyMYITIOI0UY TIOPOKHUHY, (pHUC.5).

[Tpu maginHi THCKY 3 60Ky HuiHApa npubausao a0 0,25 Mlla Bigk-
pHUBA€ETHCS 3BOPOTHUH KiamaH (XK) i IOYMHAETHCS BUTIKAHHS MacTHiIa 31
mrynepa. OqHaK, BpaxoBylO4M He3HAUYHUI Yac i TpHUBaroue repeMilieHHs
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Puc.5. Iepiox HamoBHEHHS aKkyMyIsiTopa (Xm)

ruryrskepa (XI1), MOJKHa TPUITYCKaTH, 110 BigOyIeThes MO IOTOKY Ma-
cTriia Ha ABi ckinanosi. OnHa yacTHHA Mopuii Oyae HaIXOMUTH B aKyMy-
JIATOP, a IHIIA - Ha J3epKaJIo IWIIHIIpA.

Taxum unHOM, TIPH 3iHCHEHH] TTyHKEePOM HarHITAJILHOTO XOJLy CIIO-
4aTKy BilOyBa€eThCcS aKyMYJIFOBaHHS JESIKOI KUIBKOCTI MacTHIIa MijJ MeM-
OpaHo¥0, a TOTIM, IPH MaJ[iHHI TUCKY ra3iB, OJHOYACHHUI BUXIiJ OHi€T ya-
CTHHH TIOPLii MaCTHJIa B aKyMYJIIOI0OUY IOPOKHUHY, @ 1HIIOL - Y IAJTHID,
MUHAIOUU aKyMYJISTOP.

Buxin mactuna 31 mrynepa (MB) mig Ii€f0 HarHITATBHOTO X0y ILTY-
HXepa JTyOpHukaTtopa 0OyMOBIIIOE TIOAa4Yy HOro 3a 3pi3 MacTUJIBHOTO Ka-
HaJy KOHIICHTPOBAHOO MOPITIEIO (IUB. puC.2).

VY pe3ynbTaTi IOCTIIPKEHb BCTAHOBJICHO, IO MIBUJIKICTh BUTIKAHHS
MacTuia B nuitiHApy ABUryHiB RTA npu po3risHyTii KOHCTPYKIIii HarHi-
TaJbHOIO TPAKTy cuctemu nepepuinye 1,0 M/c (puc.6). [Ipu nbomy Tpae-
KTOpis MOBOTY MacTHIIa 3a MeXi KaHaiy, nocsirae 15-20 MM i Ginb1ie.

[pu 3aBepiIeHH] MIYH)XEPOM HATHITaHHSA, IPYKHUHA MeMOpaHu Oy1ie
MaKCHUMaJIbHO CTHCHYTA, IO 3aJISKUTH BiJl 3HAYCHHS MPOTUTUCKY Ta3iB, i
3Ha4YHa YaCTHHA IIMKJIOBOI OPIIi MacThIa 3alIOBHUTH aKyMYJISITOD.
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Puc.6. l1IBunKOCTI BUTIKAHHS MAacCTWIIA HA PI3HUX PEXKUMax poOOTH JBUT'YHA:
1-n=90x8";2-n=110x8"'; 3-n=134 xp"'; 4 - =168 xB™';

BHaciiok 10CHTh BEIMKOTO MPOXIAHOTO MEPETUHY KaHay, 3 €JIHY-
I090T0 aKyMYJTIOI04Y MTOPOXHHUHY 31 IITYIIEPOM, Mi>k MeMOpaHoto i 3BO-
POTHHM KJ1anaHoM OyJie MiATPUMYBATUCS AEIKUN THCK, [0 BU3HAYAETHCS
3yCUJUISIM CTHUCKaHHS NPYXHHU akymynaropa. Ha HacTymHux obeprax,
MpY MaJ{iHHI TUCKY 3 OOKY IWITIHJpA JI0 BEIMYUHU MEHIIOI, HIXK TUCK Ma-
cTuja B IITyLepi (ToOTo 3a paxyHOK nepenajy TUCKY), Oyie BinoyBaTucs
BIZIKPUTTSI 3BOPOTHOTrO KiianaHa (XK), BUTIKaHHS MacTiia B iHap (MB)
1 4aCTKOBE PO3BaHTaKEHHSI AKyMYJIIOI0UOT MOPOKHIHH (XM).

Cain 3a3Ha4nTH, 1110 HAHOLIBIIE TepeMilleHHs] MEMOpaHu aKyMyJIsi-
TOpa, a OTKe, 1 OlNTbIIa BUTpaTa MacThIa BiIOYBa€ThCs Ha MEPIINX TPHOX
- YOTUPHOX 00epTax LHKITY, IO MOSICHIOETHCS MaKCUMaIBbHUM 3YCHILISM
CTHCKaHHS NPY>KUHH B 1IeH 11epio]1 yacy i Oe3repekoJHIM BUXOA0M Ma-
CTHJIa 3 aKyMYJTIOI0UO0i MOPOKHUHHM y IITYIIEP, 3 HACTYITHUM BUXO/IOM Ha
J3epKao.

Y wmipy ocnabiieHHs] 3yCHIUIsS CTHCKaHHS NpYyxXHHH (Bix o0epTy 10
00epTy) BeMYMHA TEPEMIIEHHsT MEeMOpaHu 3MEHIIYEThCs. BinmoBigHo
Oy/ie 3MEHIyBaTUCs 1 KUTBKICTh MacTHIIA, 10 BUTICHIETHCS aKyMYyJIATO-
powM (puc.7).
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Puc.7. OcranHii nepioj HUKITy MacTHJIONOAAYI

VY pe3ysnbTaTi Ha OCTaHHIX 00epTax HUKIY MacTUIIONOJaui BUTpaTa
MacThJjIa JOCSTHE MiHIMaJIbHUX 3Ha4Y€Hb, a aKyMYJIIOI04a TTIOPO>)KHUHA BHU-
SIBUTHCS pO3BaHTakeHOor0. [Ipu 31ilficHeHH] TUTyH)KepOM 4eproBoro HarHi-
TaJIBHOTO XOJy MPOIEC 3aMIOBHEHHS i PO3BaHTaXXEHHS aKyMyJsiTopa To-
BTOPHUTHCS.

Ha pexxumax 3HWKEHHS TIOTY)KHOCTI BiJI3HA4aJocsi CTPYMHHHE BHTi-
KaHHsI MacTuiIa (puc.8) 3a MeKi MaCTHIILHOTO OTBOPY 13 TPAEKTOPIEO, 110
JOCATAE JICKUTBKOX JECATKIB MUTIMETPIB, MO W OOYMOBIIIOE HOro TOMa-
JaHHS Ha TONIIBKY MOpIIHs. Takuii XxapakTep BUTIKaHHS € HACTIZKOM 3Me-
HIICHHSI TIPOTUTHCKY Ta3iB 3 OOKy IMJIIHAPA 1 PiI3KUM PO3BaHTAKEHHIM
aKyMyJIsITOpa.

[TigBUIIEHHS MOTY>KHOCT1 JABUTYHA ¥ BiJIOBIHE I[bOMY 30LIBIICHHS
THCKY Ta3iB, 110 MPOTUIIIOTh BUTIKAHHIO MAacTWJIa B HUJIIHJpP, CYIPOBO-
JDKYBAJIOCS TIOSIBOIO TEPiOJIiB MOMOBHEHHS aKyMYJIOI0UY0i MOPOKHUHH,
MPOTATOM SIKMX CIIOCTEpIragucs MepepBy B MoAadi MacTuia.

OTxe, pu MaHEBpYBaHHI CyJHOM (LIBapTyBaHHSI, MPOXij y3KOCTEH
i1.1.) ymoBu marienns aeraneit LI apurynie RT A MoxyTh noripirysa-
THUCHL.
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Puc.8. Kinokaipu niporiecy BUTIKaHHSI MacTHIIa

BuchHosku

BukoHaHi eKcriepuMeHTalIbHI JOCIIHKCHHS aKyMYJISTOPHOI CUCTEMHU
MAaIlEHHS O3BOJUIN BCTAHOBHMTH ii OCHOBHI HEIOJIKH, 0 SIKUX BiIHO-
CSITBCS:

- 3HauHa (1o 50%) HepiBHOMIPHICTH BUTPATH MacTHia Mo odeprax
MPOTATOM YCHOTO IEPioly MAcTUJIONOAadl Ha MOCTIHHOMY pPEKHUMi po-
0OTH JIBUTYHA;

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

- TICPEPBU B M0/Ia4i MaCcTHIa HA J3EPKAJIO IIUJIIHJIPA MPH ITiIBUIICHHI
MOTYXXHOCT1 JBUTYHA;

- He3aJOBUIBHUI PO3MOIIT MACTHIIA TIO OKPYKHOCTI IIMJIIHIPOBOT BTY-
JIKY, BHACJTIZIOK 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-mapaMerpuuHoi ontuMizanii Powell'64 3a-
CTOCOBaHMIA B 3a/1a4aX CUHXPOHI3AIlil JAHUX MOHITOPUHTY pOOOYOro Mpo-
1ecy cynHOBUX au3eniB. HaBeneHi mpukiaay MOIMyKy TI00aJbHOTO MiHi-
MyMYy TecToBOi QpyHKIiT PozenOpoka.

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 mpodjemu. MOHITOpHHT poOOYOro mpo-
IIECY CYAHOBUX JHU3ENB B KIHIIEBOMY MiJICYMKY 3BOJIUTHCS 0 3ajaui
OUKITIYHOTO aHalli3y HIUKAaTOpPHUX JAiarpam B poOouux muiiHapax [1].
[Tpu upomy moBHHHA OyTH BUpilIeHa 3a]jaua CHHXPOHI3allii JaHHUX - Iepe-
KJIaJ1 JiarpaM THCKY 3 QYHKIiH yacy B QyHKIIi BiJ KyTa IOBOPOTY KOJiH-
yacroro Bana ([1KB) [2,3]. [lnst ysBieHHS 1HAMKATOPHHX JiarpaM y BH-
risiai P (V), P (¢) a6o T (S) 3anexxkHOCTEH HEOOX1AHO MaTH SIKOMOTa OLTbII
TOYHY BiMOBIAHICTH MK THCKaMu B IputiHapi i kyramu [1IKB. [lns nporo
BHKOPHCTOBYIOTHCS JIATYMKU Ha MaXOBHUKY JABUTYHA (pick-up sensors [4]),
skl BUMIiproroTh (pazy [IKB cHHXpOHHO 3 JaTdyMKamMH THCKY B HHJIHAIPI.
Jaii, 3Har0u¥ TeOMETPiro MIIIIHIPA 1 KPUBOLIMITHO IIATYHHOT'0 MEXaHi3My
(KIIM), BinOyBaeThcs nepepaxyHnok [1KB B oOcsirun HaamopurHeBoro npo-
ctopy [3].

[Ipobnema nonsarae B ToMy, o anapatHe Bu3HadeHHS Qa3 [IKB 3a
JOnoMoroto pick-up sensors, HaaamITOBAHUX B CTATHII, MATHME TOXUOKH
mij] yac poOOTH JABUTYHA ITiJ] HaBaHTaxxeHHIM. OCHOBHI CKJIJIOBI 1i€T MO~
XHOKM HACTYITHI:
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- Bubipka mikpomopToB KIIIM npu 3HaK03MiHHOMY HaBaHTaXKEHHi;

- KpYTHJIBbHI KOJIMBaHHS 1 CKpyYyBaHHS KOJIHYACTOr'O Baa;

- XBIJIBOBI e€(DEKTH 1 3aTprMKa CUTHAITy TUCKY MPH MPUTOJi IM NIISIXY
BiJl YMOBHOI'O LIEHTPY KamepH 3TOpSHHS 10 MeMOpaHH JaT4yMKa B pasi
BHUMIPIOBaHHS TUCKY Yepe3 KaHaj IHANKaTOPHOTO KpaHa.

OcranHs ckiiaoBa Moxe Oytu nyxke icrorHoro (mo 8° I[IKB Ha ce-
penabooboporaux CO/L 1 no 12° [IKB Ha BuCOK000OpOTHHX qu3eisx) [5].
A B 3B'SI3Ky 3 THM, III0 BCi IEPEHOCHI CUCTEMH MOHITOPUHTY BUKOPUCTO-
BYIOTh CaMe Iiel Croci0 BUMIpPIOBAaHHS THCKY 1 II€ € 3BHYAHOI0 MPaKTH-
KOIO 1HJIII[IPOBaHisl CYJIHOBUX JM3EJIiB, MOXKHA CMUTUBO MPUITYCTUTH, 110
BUKOpHUCTaHHS pick-up sensors Juisi MEpeHOCHUX CHCTEM B3aralli Hemo-
uinbHo. [Tpobnemy MpONOHYEThCS BUPIIIMTH JOMOMOTOK0 aHAITHYHOTO
METOJIy CHHXPOHI3allii, 110 BKIto4Yae po3paxyHok BMT i 6a3yeThcst Ha 3a-
CTOCYBaHHi Oe3rpaieHTHOH n-nmapaMeTpuydHoi ontumizamii Powell'64.

CtaH npodemMu. AHaji3 OCTaHHIX JIOCII/PKEHb 1 MyOJTiKaIliid mokasye
B IIEpILLY YEPry, L0 3aBJaHHs BU3HAUYEHHs noslokeHHd BMT € BaxinBoro
CKJIaJIOBOIO MOHITOPUHTY poO0YOIo MpoIiecy, OCKIIBKH BiJl TOYHOCTI 11 pi-
HICHHS ICTOTHO 3aJIEXUTh PO3PAaXYHKOBE 3HAUCHHS CEpEAHBOr0 1HUKATO-
PHOTO THCKY 1 iHIMKATOPHOI MOTY)KHOCTI HWIiHApa. Y 3arajJbHOMY BHU-
TISAL 3aJIeKHICTh TOXMOKM pO3paxyHKY 1HJMKATOPHOI MOTY)KHOCTI Bif
noxuOku BMT nokaszana B po6oti M. Tazerout - Ha KOXKEH TpajaycC MOXH-
OKH OBOIUTHCS 10 9% PO3paxyHKOBOIO 3HAUEHHS MOTYKHOCTI [6].

TepMoarHaMiUHI METOOM PO3PaxyHKY 1 KOPWUTYBaHHSA MOJOKEHHS
BMT npennoxuom B podotax [5, 6]. BoHu 3acHoBaHi, 30kpemMa, Ha Po3-
paxyHKy EHTpOMii IpH BiJOMHX 3HAa4EHHSX TUCKY B HIIiHApi. KomeHTy-
10YM iX, MOXHa BiJ[3HAYMTH, [0 HASBHICTh NU(PPOBUX 1 aHAJIOTOBHX IITY-
MiB IIpY BUMIPIOBAHHI TUCKY B HWTIHAPI MOKE 3HAYHO 3HU3UTH TOUYHICTh
CKJIQJIHUX PO3paxyHKiB. YUucellbHEe BU3HAYCHHS MEPIIOi, a THM OUIbIIe
Jpyroi MOXiHOT He Ma€e CeHCy 0e3 creliabHOT 00POOKH BUXITHUX JTAHUX
(mampuknan, LowPass FFT Filter [7]).

LikaBa BIacTUBICTb IHIUKATOPHOI Jdiarpamu, TOYHIlIe i mepoi mo-
XiHO1, MoKa3aHo B poOoTi [8]. 3 ypaxyBaHHSM MpPUIYLIEHb, TPUAHATHX
Ha MPAKTHIII, MOKa3aHO, [0 B TOYI[I MAKCUMAJIBHOI MIBUKOCTI POCTY TH-
CKy Ha JUISHI[I CTHCHEHHS 00CAT I[MITIHJpa JOPIBHIOE

__ Py
PV PV
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TakuM 4rMHOM, OOCST IWIIHIpPA HaJ MOPIIHEM Y 3a3HA4YeHId TOYIIi
MOKE OyTH pO3paxoBaHUH 3a JIOMIOMOI'OI0 BiJTOMUX I'E€OMETPUYHUX PO3Mi-
piB mmiiHapa i 3HavyeHs P (9) i P '(9), oTpumanux 3 iHAMKATOPHOI aiar-
pamu. [ani moxxe OyTH BU3HAUYeHHMH 0OCAT KaMepH CTHCHEHHS 1 MoJo-
sxkeraHst BMT, sik 3amporionoBano B [9, 10]. IapHuii TeopeTudnmii BUCHO-
BOK JIaHOTO IMOJIOKEHHS, Ha KaJlb, TAKOXK CKJIAJHO BUKOPHUCTOBYBAaTH Ha
npaktuni, T. K. TouHicTh po3paxyHKy 00CATy KaMepH CTUCHEHHS 1 TI0JI0-
sxkeHHss BMT CHIIbHO 3aJ1KUTh BiJl IIyMiB 3aIMCAHOI JiarpaMu TUCKY. 3a-
crocyBaHHs LowPass ¢inbprpa [7] HEoOXimHO OOIpYHTOBYBATH ISl KOXK-
HOTI'0 KOHKPETHOTO BUTIAJIKY, 3 OTJISIy Ha TapaMeTpy aHaJIOro-u(poBoro
MepeTBOPEHHS, TUCKPETHICTh 1 aHAJIOrOB1 IIYMH NMPH BUMipIOBaHHI TUCKY
B poOOYMX IIIIIHAPAxX 3a JONOMOIOI0 AaTYHKIB Pi3HUX QipM.

MeToro naHoi myostikaiii € anai3 pieHHs 3a1a4i Bu3HaueHHss BMT
3a JIOTMIOMOT'OF0 MOJIENTIOBaHHS KPUBOI IIBUAKOCTI cTucHeHHs. [1pu anamizi
BHUKOPUCTOBYETHCS YacTHHA JAHUX IHAWKATOPHOI AiarpaMu A0 TOYaTKy
3TOpSIHHS, 32 SIKMMH BH3Ha4aloThecs koediuientn mozpeni P '(¢). IIpu
BOMY MIHIMI3yIOThCS (PYHKI[IOHAH, CKJIQJICH] BiIOBITHO 0 BUMOT Me-
Tony HaiimeHmux kBagpatis (MHK):

inci[P’((pi)—P’[]z — min;

i=l1

12
F= Y o; [P’((pi) /P, —1]2 — min,
i=[1
ne 11, 12 - kop/ioHM MOJIENIOBAHHS, SKi BU3HAYAIOTHCS BiJl MOYATKY CTHC-
HEHHS JI0 OYaTKy 3ropsiHHS; P' 1 - 3HaUeHHS NepIIrX NOXiJHUX, OTpUMaHi
3a JJONOMOT'00 METO/IiB YMCENBHOTO Jr(epeHIiIoBaHHS 1HANKATOPHOT Ji-
arpam; ci - BaroBi yHkIii.

Minimizanito 3a3Ha4eHOro (HYHKI[IOHATY MPOIOHYETHCS TPOBECTH 3a
JIOIIOMOT'O0 MeTOoTy Oe3rpaaienTHoM MiHimizaiii Powell'64 [11, 12]. Tlei
METO/1 103BOJISIE BUBHAYUTH MiHIMYM HENiHIHHOT QyHKIIT N-3MiHHUX LIS
XOM YCHIIIHHX TOIIYKIB Y3A0BX CHUCTEMH CIIONYYeHUX HampsmkiB [11].
Meron Powell'64 He BUKOpUCTOBYE MOXiAHUX JUIS 3J1MCHEHHS MOUIYKY,
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IO BEJILMHU 3pYYHO B MPAKTUYHUX po3paxyHKax. Kpim Toro, BiH € edek-
THBHUM HE TUTBKH I KBaJAPATHUYHUX (PYHKIIIN, ajie 1 I HeMIHIHHUX Nn-
napaMeTpuyHuX QYHKI[IH 3arajJbHOTO BUTIISY.
Hpuxnaxg Buxopucrannsa Mmeroxy Powell'64 na tectosiii pyHkmii
[NokaxkeMo criodaTKy poOOTy HENIHIHHOTO METOMy N-MapaMeTPUIHOL
Oe3rpaziieHTHOM MiHiIMi3allii 1o 3B's13aHuX HanpsMkamu Powell'64 Ha npu-
knazi TectoBoi pynkmii PozenOpoka [11]:

Z(xl,xz)leO(x1 —x22)2 +(1—x1)2

Binoma HemiHiliHa nBONapamerpuyHoro ¢yHkiis PozeHOpoka yacto
BHUKOPHUCTOBYETHCS ISl TECTYBaHHS METOAIB MiHIMi3allii B 3B'3Ky 3 1i cIie-
uudignoro Gopmoro. Ii nerko yssutu BisyanbHo (puc. 1) - BoHa sIBISE CO-
60K BUrHYTHH 5P 3 KPYTUMH CXUJIAMHU 1 10BruM cnabo MiHJIMBUX KPUBO-
niniitauM gaoM. Ii MiniMym (Z = 0) 3HaxomuThes B Toumi [x1 =1, x2 = 1].

Fle Run Opfions Help

ROSENBROCK FUNCTION - Taz  vars 1ed

T

Tha Rosenbrock function in 2D optimisation

0 =

= points and labeic
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Puc. 1. [omyk minimymy ¢yHkuii Pozen6poka [11] 3a nomomororo metoxy Powell'64
(xomist expaHy iHTepdeiicy TecroBoro [10)

Crenndika momyky MiHiMmymy ¢yHKLii PozeHOpoka momnsirae B ToMy,
IO SIKIIO 3a/1aTH MOYaTKOBY TOUKY Momyky [x1 = -2, x2 = 2] (Z = 3609),
sIKa BITHOCHO TOYKH MiHIMYMY 3HaXOANThCA 3 IHIIOTO OOKY KPUBOIUHEH-
HOTO SIpy, TO METOJ| MiHiMi3aIlil TOBUHEH OOINTH BCi KPUBOJIHIAHE JHO
¢GyHKLIT 1 BURTH Ha TOYKY TI00aIbHOr0 MiHiIMyMy. Bin Toro, HacKinmbku
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IBHJIKO Oyie 3HalaeHni MiHiMyM ¢yHKLIT Po3eHOpoka 3 He3py4JHOIO 1mo-
YaTKOBOI TOYKH MOIIYKY [X1 = -2, x2 = 2], 3aJeXKUTh CPEKTUBHICTh TOTO
YM 1HIIOTO METOAy MiHiMi3amii. BpaxoByeThcst 3araibpHa KiIbKIiCTh iTepa-
il MeTOAY 1 KUIBKICTh pO3paxyHKiB camoi QyHKIii PozenOpoka.

Bukopucranus nos'szanux [11, 12] HanpsMKiB MOMYKYy € epeKTUB-
HUM aJTOPUTMOM JUTSL KBaJpAaTHUYHHUX N-IApaMeTpUYHUX (QYHKIIH i, Bia-
MOBiIHO, /Ui BUpimeHHs 3aBaanb MHK. Y crerianbHiii itepartypi 3 aHa-
JIi3y MeToiB MiHiMi3arllii [11] 3a3HadeHo, 10 ps rPalieHTHUX METO/IIB,
30KpeMa METOJ] HAaHIIBUALIOTO CIYCKY, BUSIBISAETHCS Hee()eKTUBHUM IS
JesKuX KBaapaTHuHux QyHkuid. Hanpukman, B JaHoMy BUTIAIKY, IPH TIO-
YaTKOBIH TOYIIl MOLTYKY

[X1 = -2, x2 = 2], rpaJliecHTHI METOAX MOXYTh BUPOOJISATH BEIHKY Ki-
JIBKICTh 00umciieHb (DyHKIT Po3eHOpoka, BU3HAYAIOYHM JIOKAJIbHI MiHi-
MYMH MK OIYHUMH CXHJIAMHU SIPY 1 TIPH [BOMY MOBUIBHO PyXalO4HCh B
CTOpPOHY TJ100aJIbHOr0 MiHIMYMY. 3acTocoByBaHMi B MeToai Powell'64 a-
TOPUTM MOIIYKY MO 3B'S3aHUX HANpsIMKaMW MO30aBIEHUI LLOTO HEIO-
JiKy. 3 KOXKHOTO JIOKaJIbHOTO MiHIMYMY Ha HaCTYIHiH iTepallii, mpu HeoO-
X1THOCTI, BiOyBa€ThCs MOBOPOT Oceil B CrOMydeHUX Hampsmkax [12], i
pyX B Oik T7100aBbHOTO MiHIMYMY BiOYyBa€ThCS BETHMKHMMH KPOKaMH 10
nny spy gyskuii (puc. 2). [okpokoswuii anroputm Merony Powell'64 omnu-
cauuii B [11].

Y paniii nyOmikamii BUKOPHCTOBYETBCS MOAM(IKAIig MeToxy
Powell'64, sixa nepenbauae BUKOPUCTAHHS METOY «30J0TOTO MEPETUHY
(GM) [11] npu nomyky JIoKaJbHUX MiHIMYMiB

B HampsIMKy oceli. B opuriHainbHOMY METO/1 BUKOPHUCTOBYETHCS I1O-
HIYK MiHIMyMY B OCBOBHX HalpsiMKax 3a JIOMOMOI'00 KBaJIpaTHYHOI (yH-
kuii [12]. BusBuiocs, mo eQekTUBHICTh METOAY «30JI0TOTO MEPETUHY»
BHUIIIE, HK Y METOAY TOCIIiJOBHOTO PO3MO/LTY HABIILI, 1 ICTOTHO TIepeBe-
pirye edheKTHBHICTh MOMYKY HemochigoBHUMH Metomamu [11]. Tlomyk
GM 3acHoBaHUi Ha Po30UTTI Biapi3ka mpsiMoi Ha aBi yactuHu, O1 i D2,
MPH [IbOMY BiJIHOIIEHHS JIOBXHHU BChOTO BiJpi3Ka JI0 OUTBIIOI YaCTUHU
JIOPiBHIOE BiJHOIIEHHIO OLTBIIOT YaCTHHH 10 MEHIOi. Bigpizku npormop-
miiini unciaaM didonayui:

A5l
¢ 2

~0,62; ~0,38 ¢ +¢>=1.

»_3-45
® 2
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Puc. 2. Etanu nomyky ¢yHknii Posenopoka [11] B paiioHi Touka MiHi-
MyMYy (Komist ekpaHy iHTepdeiicy TectoBoro [10)

Ha nmymky aBTOpiB, BUKOPHCTAHHS METOIY «30JOTOTO TEPETHHY»
OutbI eeKTUBHO Uil HENiHIMHWUX (PYHKIIH 3arajJbHOTO BHTIISALY, IUISA
SKHX PO3PAXYHOK 3a JOMOMOTOI0 OPUTIHANBHOrO anroputMmy [12] yactro
MPHU3BOAUTE JI0 TIEPEMIOBHEHHS PETICTPiB MaMm'sITi KOMI'IOTepa, M0 BUMa-
ra€e HeOOXiTHOIrO CIEIiaIbHOr0 KOHTPOITIO.

B nanomy BUNaaKy KUTBKICTh 3arajbHUX iTepaiiil MpH MOLIYKY MiHi-
MyMy QyHKIii PozeHOpoKa 3 MOBOpPOTOM OcCeli B CIIOMYYEHUX HANPsSMKaX
cxiano 31 (muB. Puc. 2). Ha puc. 2 BuaHo, mo meron Powell'64 Bxe Ha
JpYTHid iTepallii IBUIKO BU3HAYAE TIOJOXKEHHS JTHA sIpy QYHKUIT 1 MOTiM
3IIMCHIOE BENWKI epeKTHBHI KPOKH B OiK TI00aIbHOTO MiHIMyMY IO JHY
spy (puc. 3). [lopiBHsIbHHI aHAI3 METOAIB N-TIapaMeTPUYHOI HEMiHIHHOT
MiHimi3aiii, HaBeneHuit B [11], mokasye, mo meroa Powell'64 € HaiiOinbi
e(peKTHBHUM METO/IOM TIOIIYKY MiHIMyMiB N-MIapaMeTPUIHUX HETIHIHHIX
(GyHKIIH 3aranbHOrO BUTIISIYy 0€3 BUKOPUCTAHHS MOXiTHUX.

VY 3arajgbHOMY BUTIQJIKY IPaIi€HTHI METO/IU JAF0Th BEJIUKY IIBUIKICTh
MOLIYKY, aje HeoOXiJHICTh 3aBAaHHs MPUBATHHUX MOXiJAHUX 3a TapamerT-
paMu TMOIIYKY YCKJIaJIHIOE ONTHUMI3AI[IHUX 331324 1 MOXKE CIIYKUTH TIPH-
YHHOIO TPYIHOBHUSBIISIEMUX MTOMHUIIOK.
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Haiivacrinie MUHUMU3UPYeMOro (pyHKIiOHAI SBJSE COOOK0 CKIaJHY
HEJTHIMHY (YHKI[IO 3arajJibHOTO BUTJISAY a00 € pe3ybTaToM POOOTH aji-
TOPUTMY 31 CKJIaJIHOI0 YMOBHO 3MIHIOETBCS CTPYKTYpolo. B 1ipomy Buma-
JKY JUTSL TIOUIYKY MiHIMyMY Takoro (pyHKIioHamy 3aJaloThCsl TpaHHYHI
YMOBH TI0 HE3aJIGKHUM 3MIHHUM, B paMKaX SKHX IOBUHEH OyTH 3Haiine-
HUH MiHIMyM. BukopucTaHHS mepmux, a THM Oilblie APYTHX MOXiTHUX
M0 HE3aJKHUM 3MIHHUM YacTO BUSIBIISIETHCS HE3PYYHUM JJIsl JOCIiIHU-
KiB, T.K. B OUTBIIIOCTI BUNIAIKIB JOCTITHUKH MOU(DIKYIOTh CBIif aJITOPUTM,
1 ynceNbHy HAOJIMKEHHS TOX1THUX YCKIIAJHIOE MPOIEC JOCITIKEHb, OY-
JyqH JHKEpeIoM TPYAHOBHSBIISIEMUX TOMUIIOK. BukopucTaHHs *k anropu-
™y Powell'64 He moB's13aHe 3 MOXITHUMH 1 Ma€e e)eKTHBHICT, SIKa HE TMO-
CTyMaeThCs rpafieHTHUM MeToaam [11, 12].

Busnayennsa BMT 3a gomomoror piBHAHHA P'(¢)=0. Buxopucro-
BYETBCS TOHM (axT, MO MPU BiICYTHOCTI 3TOPSIHHA B IMJTIHPI MIBHJIKICTD
3minu THCKY B BMT nopiBHIOE HYJIO [S], 32 BUpaxyBaHHSM TEPMOJNHA-
MIYHOI 3MIIEHHS, MOB'I3aHOT0 3 TEPENayeio TEIia B CTIHKU HUJIIHIpA
(puc. 3) [3, 10]:

P
d(jmz(); p:o—dq)r =po=0.
3 ypaxyBaHHSIM TepMOJUHaMIdHOI (pazoBoro 3cyBy B BMT (¢ = 0)
O=-05¢,.

Toni BUpa3 Jyist MBUAKOCTI 3MiHU TUCKY Ha JUISHI[ CTUCHEHHS MOYKHA
3alucaTy K

are,, 1 dr,
— =R =2, (1)
de v de

ne P, — THCK Ha TOYaTKy CTUCHEHHS; Vg = V(D»&DT

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

06C${1", OHI/IcyBaHI/Iﬁ TOBHUM XOJOM ITOPIITHSA; I/C — o0csr KaMepu CTUCHCHH;

— 00'eM HMITiHApA:

Ay =Ryp /Ly, =S/2L,, — BinHowenHs pajiyca KpUBOIINIIA 10 AOBXHHH
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maTyHa; Va - 00'eM IIIiHApa Ha MOYaTKy CTUCHEHHS; nl - MOKa3HUK TMOJIT-
pOIK CTHCHEHHSL.

Crank angle [°]

Puc. 3. Monentosanns dP /d@ na pinsuui crucHenns: P, — THCK noda-

TKY 3TOpSHHS; P, — THCK B KiHIIi CTHCHEHHS; P, — MAKCHMAJIbHMI{ TUCK 3TOPSHHS
nanuBa; P, — THCK B Toumi 36° 3a BMT

[Ticns HeckIaTHUX MEepeTBOPEeHb MpaBa yacTUHA piBHAHHA (1) mepe-
TBOPIOETHCS B HENMiHIIHE TpaHCIIEHAEHTHE PiBHAHHS moa0 KyTa [TKB:

dpP,, 0 1 . Ay Sing cos
Leom __py iy, 0,50 sing+ ~wSMQP COSQP )

de Vo J1-22sin @

JilicHui1 KOpiHb PiBHAHHS (2) BU3HAUAECTHCS 32 JOMOMOTOI0 YHCENb-
Horo merony (Hampukian, BISECT [11]) B mianma3oni Mix abciuccaMu
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MakcumyMmiB P '(¢) Ha minsHkax ctuckyBaHHS 1 3ropsuHHS ([P'maxl, P"-
max2], puc. 4) . Leii kopiHb sBIsiEe cOO0I0 po3paxyHKoBe 3HadeHHs BMT.
VY npoueci po3paxyHky anroputm Powell'64 BuUKOpHuCTOBY€EThCS ABIi:
CIOYaTKy ISl OMIePEAHbOI OLiHKY monokeHHst BMT 3a gomomoroto cu-
HYCOIAaJIbHOI MOJIENi, ITOTIM OCTATOYHUN PO3PAXyHOK MUITXOM MOZCIIO-
BaHHS IIBUJKOCTI 3MiHM THCKY. MeTon Powell'64 BUKOPUCTOBYETHCS LTS
MiHiMi3amii GyHKIIOHATY, 3aMMcaHoro BiAmoBiaHo 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 npeacrasnenuii rpadik mIBHIKOCTI 3MiHM THUCKY, OTpHMa-
HUH 32 JOMOMOT'0I0 METO/IIB YHCENbHOro AndepeHitoBaHHs KpuBoi P(p)
. Ha rpadiky apyroi noxianoi (puc. 5) moka3ani KOHTPOJIbHI TOYKH, L0
BHU3HAYAIOTh MoJokeHHs: BMT (Touka m), a TaKOXK TPaHWYHI TOUKU IS
noOy0BH JiHIHHOT i cHHYCHOI Mozieneil. B okpemux BHMaakax MOUIyK KO-
edimienTiB Mozeni (1) 3pyuHille TPOBOAUTH HUISXOM MOMIYKY MiHIMyMY
apyroi moxiauoi P"().

Jnst BUMaAKy aHaji3y JOBUIBHOTO PSAIY 3HAY€Hb THUCKY, A€ MPEACTaB-
JIeH1 KiJbKa MOCHIb 3aMMCaHuX B MaM'siTb POOOYMX LMKIIIB, MOMEPETHIO

OliHKY 3HaueHb BMT (Touka m) KO>KHOTO MKy 3py4Hillle IPOBOIUTH IO~
2

P — min (puc. 4).

LIyKOM JIOKaJIbHUX MIHIMYMIB ——

Kpim Toro, mpu po3paxyHKy momnepeaHboi CHHXPOHi3allii, B CHHYCOi-
JalbHOI 1 THIHHOT MOZIENISIX BUKOPHCTOBYIOTHCS KOOpAMHATH TOUOK B i C,

ne B=P' _ ,aC=PF

i koopAMHATH PO3PaXOBYIOTHCS SIK MO3UTHBHI KOPiHHS HENHIMHOTO
2
PIBHSHHS y =0, e obnacTh BU3HAUYCHHS KOPEHIB

max *

7=

ge[2n—Ag,2n+Ag], ne Ap <20° IIKB.
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P, MPa dP/dFi
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Puc. 4. I'padixu p(@), p'(¢), p"(¢p) CTUCHEHHS-PO3IMIUPEH: HK],?’,

UH25/34

Jlnst BU3HAYEHHs J1iBOT MEXi B TIONEPETHBOI CHHXPOHI3allil 0 CHHY-
COiIaJIbHOT MOJIENi BUKOPHUCTOBYETHCA JIiBa KOOPAMHATA MAKCUMYMY APY-

roi moxigHoi. Y bOMY BUIAJIKy IPOBOAUTHLCS MOIIYK JIOKAJIBHOTO MaKCH-
’p
MyMy 7o — min Ha 00JacTi BU3HAYEHHS 3HA4YEHb KYTIB ¢:

9 e[2n-Ag, 27], rae Ap < 30° ITKB.

B kiHIIeBOMY MiJICYMKY YTOYHIOBAJIMNCS YHCENbHI 3HaYeHHs Koediie-
utis dP,, /d(p, po3paxoBaHi MO 3alMCaHUM TOYKaM IUISHKH KPHBOI
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HIBHJIKOCT1 3MIiHHM THCKY /IO ITOYATKY 3TOpSIHHS, 1 yTOYHIOBAJIOCS CIpaB-
xHe 3HadeHHs1 BMT K KyT, IpH SIKOMY IIBUAKICTh 3MiHU THCKY IOPIBHIOE
HYIIIO

Ipuxnax pimenns 3axavi BusHavennss BMT 3a nonomoror me-
Toxy Powell'64. Busnauenns nonoxenns BMT 3a nornomororo Mozesto-
BaHHS KpUBOI IIBUIKOCTI CTUCHEHH P '(() 1 momanporo BUpilieHHs pi-
BHsHHS P' (¢) = 0 €, Ha TyMKy aBTOpiB, HAOUTBII e)EKTUBHIM Ha TIpaK-
THI[ METOAOM.

Jlnst BUpilIeHHs 3aBAaHHS BUKOPUCTOBYETHCS TOM (haxT, IO MPH Bij-
CYTHOCTI 3TOPSIHHS B IMJIIHpPI IBUAKICTH 3MiHH THCKY B BMT nopiBaioe
Hyito. [{uposi 1 aHANOTOBI IIIyMH B BUXITHUX JAHUX YCKIIAJIHIOIOTH MO-
JICITIOBAHHSI JUISHKA CTUCHEHHS Ha IHJMKATOPHOI Jiarpami, ajie 1e 3a-
BJIAHHS BUPILIYETHCS 3a JOMOMOTro0, Hampukian, Butterworth LowPass
FFT Filter [7].

heo 5 P S 400 = @

s5 153
i A

Pressure [bar]
sanpeauag

: ] S i 3 i ;
-150 -100 -50 0, E[l‘_ 100 150
Crank angl§ [Hegrbe] -

Puc. 5. ITnpukatopna miarpama P (@) i momerni P ', P" cepenapo000poT-
Horo auzenst Yanmar 6EY 18ALW (komist ekpany TectoBoro 110)

Ha puc. 5. npeacraBieHo BupilieHHs 3aBaHHs Bu3HayeHHss BMT Bu-
[IEBKAa3aHUM alTOPUTMOM JUI CYAHOBOT'O CEPElTHbOOOOPOTHUX AM3ENS
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Yanmar 6EY18ALW. I[louaTok 3ropsiHHS NajliBa B JAHOMY BUIIAJKY - JIO
BMT, i nieit BUNaj0K CKIaHIMIMEI IS PO3PaxyHKY, HDK BUIAJIOK 3 pO3pa-
XYHKOM MaiooO0pOTHUX JM3EINiB 3 Mi3HIM YIPUCKYyBaHHSM NajinBa. [HTep-
BaJI MOZICNIOBAHHSI KPUBOI CTUCHEHHS: BiJl MOYAaTKy CTUCHEHHS (3aKpHUTTSI
knananiB MI'P) no mouaTky BopckyBaHHs nanuBa B minap. ®azy nova-
TKy 3ropsiHsi Pc' Oys10 6 3py4HO po3riisaaTy B SKOCTI paBoi Mexi, T.K. J1ist
IBOr0 JIOCTATHHO HASIBHOCTI Jiniie camoi giarpamu P(@) [13]. OnHak sikino
PO3IIISIATH MPaBY MEXY K a3y mo4aTKy 3ropsiHHS, TO B JUISHKY MoJe-
JIIOBAaHHS MTOTpATISiE YacTHHA JAHUX ITICIs YIPHCKYBaHHs NaJliBa, SKi BKe
He YSIBIISIIOTH COOOI0 TIOJITPOINM CTHCHEHHS BHACIIIOK BUITAPOBYBAHHSI T1a-
JIMBa, BiIOOPY Ha 1€ YaCTHHH €HEeprii i YaCTKOBOTO 3HMKEHHS THCKY B I[H-
niuapi [14].

[Ipu BUKOpHCTaHHI METOAIB BiOPOMIarHOCTUKH MATMBHOI anapaTypu
BHUCOKOI'O THCKY MOKHA BH3HAYUTH (ha3y MOYaTKy BIOPCKYBaHHs MaJifBa B
mtiHap [5]. Y BCiX iHIMX BUMAAKax HEOOXiJHO BPaxOBYBAaTH 3aTPUMKY
caMo3aliMaHHs TalnBa i 3pyIyBaTH Ha HEl IPaBy MEXY MOJICITIOBaHHS KpH-
BOi CTHCHEHHS I1I0JI0 TOYKH To4aTKy 3ropsiaas (Pc', puc. 5).

BucHoBok. AnropuT™ MporpaMHOi CHHXpOHi3allii JaHuX poOoYoro
rporiecy OyB po3po0JieHHH 1 BIiepIiie 3aCTOCOBAHMI B IIEPEHOCHUX CHCTE-
Max DEPAS 2.34 [5]. Ocranns Moaudikalis airopuTMy 3aCTOCOBYETHCS
B cucremax DEPAS D4.0HT i orpumana Ha3By PLS-anropurm (Phaseless
Synchronization algorithm).

V Bcix BHIaKax, ¢ TPOBOAMBCS MOUIYK JIOKAJTbHUX MIiHIMYMIB 1 Ma-
KCUMYMIB HENiHITHUX (QYHKIIH BiX IBOX i Olnble 3MIHHUX, BHKOPUCTO-
BYBABCsI METO]] MiHiMi3allii 10 3B'13aHUX HAPSIMKAMH, 1[0 HE BAKOPHUCTO-
Bye noxifHi - Mmerox Powell'64. MeToy BUSBUBCS CTIIKUM HaBITh ISl BU-
naaky 7% «3alIyMIICHOCTI» JaHuX OUTMM HIyMoM (OLiHKa PiBHS HIyMiB
JUIsl TaHKUX, OTpuMaHux cuctemoro D4.0H «kopucHwmii curHan / mym» ori-
HioeThes B 3%) [5, 13]. He3paxkarouu Ha Te, 1110, 110 CyTi, MeTo Powell'64
- [Ie METO/I MOIIYKY 3 YMOBHHMM 3aKiHUEHHSIM iTepalliid, Baanocs copmy-
JIOBATH TaKi TIOYAaTKOBI YMOBH, MPH SIKUX 3arajbHUI 4ac BUKOHAHHS 3a-
BJIAaHHSI CMHXPOHI3aIlll BUSBHJIOCSA MPUHHATHO MajauM (OJAMHHMIN Mijice-
KyH[) 1151 OUIBIIOCTI Cy4acHUX KOHTPOJIEPIB.

Hakonuaenuit 1ocBi poOoTH B 00J1aCTi MOHITOPUHTY POOOYOT0 TIPO-
1ecy CYAHOBHX IH3€NiB J03BOJISIE CTBEPIKYBATH HACTYIHE: BUKOPHC-
tanus PLS-anroputmy npu mpaktuunomy iHginipoBanis CABC 6Ginbir
MepEeBakHO 3 TAKUX MIPKyBaHb:
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1) aBTomMaTuuHul 001K moxubok BuzHaueHHs BMT (ycraHoBka ¢a-
30BOT0 JaTYMKa 1 MapKyBaHHS MaXxOBHKa BHKOHYETHbCS Ha 3YIMHHEHOMY
neuryHi. [lig yac poboru nuzens BMT 3minryeTbes depe3 CKpydyBaHHS
KOJIIHYaCTOr 0 Bajia, MPONOPLiHHO HABaHTAKEHHIO 30UIBIIYETHCS Ha aJie-
KHX BiJl MaxoBHKa LWIIHApAX; Yepe3 KPYTHIBHUX KOJNMBaHB; 33a30piB B
KIIIM Ta iHmmx GaxTopis, SKi HEMOXKIUBO BPaxyBaTH B «CTaTHII):

- PLS-anropuT™ aBTOMaTH4YHO BPAaXOBY€E BIUIMB CKPYYyBaHHS KOJIiH-
4acToro BaJia Ha HAaBaHTaKEHOMY JIBUTYHI;

- PLS-anroputm aBTOMaTHYHO BPaXOBYE BILJIMB HEBIIMOBIJHOCTI MK
cnpaBxHiM ctanoM BMT i1 MapkyBaHHSI HA MaxOBHKY, 110 BAHUKA€ BHA-
CITIZIOK MOJKJIMBOT HETOYHOIO MapKyBaHHs MaxXOBHKa, BIUIMBY 3a30piB B
neransax KIIM i iHmmx excrutyatamifHux (akTopis;

- PLS-anropuT™ aBTOMAaTHYHO BPaxOBY€ BIUIMB KIHLIEBOI IIBHIKOCTI
MPOXO/KEHHS XBWJII THCKY B KaHali iHIMKATOPHOrO KpaHa (Bi Kamepu
3TOPSIHHS 10 MEMOpaHU IaTYMKa THUCKY);

2) MOXKIIMBICTh BUPOOJIATH iHAILIpOBaHie 0€3 MmonepenHboi MiaroTo-
BKH JIBUTYHa (I1i1 yac poOOTH 3 CUCTEMaMH MOHITOPUHTY pOOOYOro mpo-
1ecy, 10 BUKOPUCTOBYIOTh anapaTHy CHHXPOHI3allilo, HalOUIbII TPyAO-
MICTKa 1 TpHBaJia YaCTHHA HAJAIITyBaHHS CUCTEMH - YCTAaHOBKa ()a3oBOro
JaT4rKa i MapKyBaHHSI MaXxOBHKa):

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

- 3acrocyBanHs PLS-anroputmy 03BOJIsSE€ BUPOOIISITH iHAIIPOBaHIE
au3enst 6e3nocepe]HbO B Mpolieci Horo ekcryaTanii 6e3 IpuMycoBOro
3MIHU peXXUMY Horo poOoTH i 6e3 creniaabHOI MiATOTOBKH, sIKa He0OXiHa
MIPH arapaTHOi CHHXPOHI3alil JaHHX;

- PLS-anroput™m J103BOJIsIE CTBOPUTH YHIBEPCAIBbHY MIEPEHOCHY MaJIO-
rabapuTHY CUCTEMY IiarHOCTHYHOT'O KOHTPOJIIO POOOYOTro MpoIiecy TpaH-
cnoptHux ausenis [1, 5, 13].
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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 inte-
gral 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, sci-
entists drew attention to a significant decline in the early 80-ies. The gen-
eral 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 refrigera-
tion agents for comparison, selected refrigerants of different groups and
compositions are selected. Thus, the selected R22, R134A are single-com-
ponent, 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 affect the ef-
ficiency, performance and design characteristics of the RP. Widespread
use in refrigeration technology have found fluorochloro-carbon refriger-
ants, possessing the necessary thermodynamic and thermophysical quali-
ties. Properties of the refrigerants depend on the structure of the molecule
of matter, the ratio of fluorine, chlorine and hydrogen 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 refrigeration
equipment.

However, for the preliminary assessment of the feasibility of both ret-
rofit 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 HaHOUIBII aKTyaTbHUX Yy Tally3l TPAHCIIOPTHUX XOJOHITb-
HUX YCTaHOBOK € MUTAHHS 3aCTOCYBaHHS XOJIOJ0AreHTIB, 1110 BiINOBiIa-
I0Th Cy4YaCHHM €KOJIOTTYHUM BUMOTaM.

CyTTeBHI KPOK JI0 3aXUCTY 030HOBOTO Mapy 3emiii OyB 3pobieHuH B
xoBTHI 1987 p. B MoHpeaii, jae 36 kpain nianucanmu [Iporokon mo pe-
YOBMHAX, 1110 PYHHYIOTh O30HOBUH 1Iap. YKpaiHa npueananacsa 10 Mos-
peanibebkoro npotokony B 1988 porri. L{s mixHapomHa yromga nepeada-
YaJia 3aMOPOKYBaHHS BUPOOHUIITBA M'SITH HAMOUIBII BUKOPUCTOBYBAHUX
XONOJ0ATeHTiB Ha 6a3i rajsoreHn3oBanux Byrinesodis (XDVY). Ix Bupo6-
HUIITBO MaJio cKopoTuTucs Ha 20 %, a 1o 1998 p. - Ha 30 %. o uepBHA
1995 Monpeaiibchbkuii MpoTOKON mianucanu Onu3bko 150 kpaiH, a Ha
I0BUIEHHIN MOHpeaJbeKii 3ycTpiui y BepecHi 1997 p. Takux kpain Oyno
Bxke 163

VY mucromani 1992 poky B Konenrareni Oymnu npuidHATI HOBi Hompa-
BKH, BiIMOBIJHO /0 AKHUX 3'SIBHJIACS BUMOTa MPO MOETANHE BUBEICHHS 3
BUPOOHUIITBA METUIIOpOMITY i rigpoxsopdTop-Byriesonis ( [ XDB ).

CporojiHi HaOLIBII PO3MOBCIOJKCHHUM XOJOAUIBHUM areHTOM,
SIKUH MiJJIATae oJaIbIIii 3aMiHi € xoiogoareHT R134A. VY 3B'a3ky 3 UM
AKTyaJIbHOIO CTa€ HEOOXIJIHICTh JOCIIDKCHHS HOBUX XOJIOJOAreHTIB, iX
BJIACTUBOCTEH Ta X BIUIMBY Ha eKCITyaTaliliHi MOKa3HUKH XOJIOAMIbHUX
ycTaHoBOK (XV).

ANbTepHATHBHI XOJIOI0AareHTH TpynH riapodTopByriaeoais (I'®B)
MalOTh PI3HOMAHITHUM XIMIYHHN CKIaj, (i3MYHi BIACTUBOCTI Ta TEPMO-
JTMHaMIuHI 0co0MBOCTI. TOMY JUIsS JOCITIIKEHHS MOXIJIMBOCTI 3aMiHH XO-
JofoareHTy abo Horo BUKOPHCTaHHS Yy HOBOMY OONagHaHHI HEOOXimHO
3'ACyBaTH SIK BIUIMBAE Ha EKCIUTyaTalliifHi MOKa3HUKA XY 3aCTOCYBaHHS
KOHKPETHOTO XOJIOI0areHTy.
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Buoip xnagoareHTiB /151 CyTHOBOI X0J10JHJIbHOI yCTAHOBKH.

st BUOOPY XONOI0ATeHTIB, sIKi OyAyTh MOPIBHIOBATHCS PO3TISTHEMO
Kiacudikamio aqpTepHATHBHUX XonopoareHTiB.(Mai.1). [{ns HaiGuIbII
MMOBHOT'O aHaJIi3y B aCOPTUMEHTI Cy4aCHUX XOJOAMILHUX areHTIB JJIs M0-
PIBHSHHS 00MpaeMO XOJOJOAreHTH PI3HHUX TPyl Ta ckiafiB. Tak oOpaHi
R22, R134A - omnokommnonentHi, a R407C, R410A - cymimni. R22 mic-
Utk XJiop, R134A, R410A, R407C, R404A-x10py HE MICTATS.

OCHOBHMMH YMHHHUKAMH, 1[0 BU3HAYAIOTh BUOIP XOJIOI0areHTY, 0€3-
YMOBHO, € HOro TEpMOJMHAMIYHI Ta TEIUIO(I3UUHI XapaKTePHUCTUKH.
Bonu BrumMBaioTh Ha e)EeKTUBHICTD, eKCIUTyaTalliiiHi MOKa3HUKH 1 KOHC-
TpykTHBHI XapakTepucTuku XY. Lupoke 3acTocyBaHHS B XOJOIMIBHIH
TeXHIli 3HANIUM TOPXIOPBYTIIIENEB] XONO0A0areHTH, 10 BOJIOIIOTh He-
00XiAHMMH TEPMOANHAMIYHUMH 1 TEMNIO(I3UYHUMU IKOCTAMU. BiacTuBo-
CTi XOJIOI0AreHTIiB 3aJieXaTh Bil CTPYKTYPU MOJIEKYJIH PEYOBHUHH, CITiB-
BiJTHOILIEHHS MOJIEKYN (PTOpY, XJIOpY 1 BOAHIO B HOTO CKIIa .

Omxe yci BUOpaHi XOJIOJOAT€HTH MOXYTb BHKOPHCTOBYBATHCS SK
aNbTepPHATUBHI 11t R22 .

PosristHemMo yci 00paHi X0M010areHT! 3a iX OCHOBHUMH XapaKTepHucC-
TUKaMH, B3aEMOJII€I0 3 MACTHJIAMH , MaTepiajamMu , PiI3MIHUMH BJIACTHBO-
CTAMMU.

XonmomoarenT R134A - CF3-CFH; — TerpadToperaH, riagpodpTop-By-
rinenese 3'eqnanng (HFC). R134A mae HynboBUil 030HOPYHHYIOUHI TIO-
teHiias (ODP = 0). R134A € ineaabHUM XOJIOJ0AaTSHTOM JUI POOOTH B
yYMOBaX BUCOKHX TeMIIepaTyp KumiHHs i konaeHcamii. R134A - ne 6ecripu-
MICHHI XOJI0/I0areHT, IKUH Ma€ HyJIbOBE TeMIIepaTypHe «KOB3aHHs». [1pu
po6oTti R134A 3aBxau BUKOPHCTOBYIOThCS TIOmieipHi MacTuia .

XononoareHT R134A HerokcuuHUil i He 3aliMaeThCS Y BCHOMY Jliara-
30H1 TeMIlepaTyp ekcrutyaTamii. [IpoTe npu nmonaganHi MOBITPS B CUCTEMY
1 CTHCHEHHI MOXKYTh YTBOpPIOBAaTHCS Topioui cymimmi. He ciig 3minryBatu
R134A 3 iHbIIMMYU XOJI0JJ0ATCHTAMH, TAK SIK YTBOPIOETHCS a3€0TPOITHA CY-
mirr, [Tap R134A po3kiianaerbes mij BIUIMBOM TONTYM'Sl 3 YTBOPEHHSIM OT-
PYWHHX CIIOJIYK.
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ANBTEPHATHEHI XOIOT0ATEHTH

IMpomiEmi(TIepexiTH) XOION0ATEHTH XonogoareHTH AN cepedHEO- Ta J0E-
TOCTPOKOEHX MEPCIEETHE

HCFC -gacTE0EO Mic- HFC-He wic- Besrancigsi
TATE XIOP TATE XIOPY
Oamoxn- Cynimi Trmae Cyeimi Omro- Cyini
MIIOHEH- EOMIIO- EOM-
R22 Ha R134A RAD4A NH; R&00DA
R123 Dazi R125 B507 E220 R290
R124 R22 R32 I'pyma R1270 R723
R142b R143A R407 R&00DA
R410A

Puc.1. Ormsin anbTepHATUBHUX XOJIOIOATCHTIB

Uepes 3HauHMid noTeHuian riodansHoro norertinas GWP pekomen-
nyeThest 3acTocoByBaTd R134A B repMeTHYHUX XONOAMIBHUX CHCTEMaXx.
Brumne R134A na napuukoBuii epext B 1300 pazi cunbHime, Hix y CO.

st pobotr 3 xomogoareHToM R134A pekoMeHayIOThCS TIUTBKH MOTi-
edipHi X0omoAMIBHI MacTHIIA, AKiI XapaKTepU3YIOThCS MiABUILEHOIO Tirpo-
ckormivHicTIo. R134A mupoko BHKOPUCTOBYIOTH B SIKOCTI OCHOBHOI 3a-
MiHu R22 mis xonoauibHOro 00MaiHaAHHS, 1O MPAIIOE B CEPEIHBOTEM-
nepatypHoMy jaiama3oni. R134A cymicHUI 3 HU3KOIO YIIUTBHIOIOYHX Ma-
TepialiB, 30KpeMa 3 MPOKJIaJAKaMu, 3pO0JICHUMHU 3 TaKUX MaTepiaiiB, sIK
«byna-H», «xaltnanon 48», «<Heonpen», «Hopzaen», a Takox 3 IIJIaHTaMH,
($yTypOBaHHMMH HEHIOHOM.

AnbTepHaTHBHI 0araTOKOMIIOHEHTHI XonojoareHTd rpynu [DY
R407C ta R410A

Xononoarent R407C mae HynbOBUN 030HOPYWHYHOUMIA MOTEH-IIiaJ
(ODP = 0), norentian riodansHoro norermninas (GWP) nopisaioe 1600.

R407C - ue 3eorponna cymim rpynu ['®B (23% R32 + 25% R125 +
52% R134a), remnepaTypHe KOB3aHHS cTaHOBHUTH 01u3bK0 6K. R407C mo-
TpiOHO 3ampaBIIsATH B CUCTEMY B piMHHIN (a3i. BukopucroBytoThcs mo-
mieipHi MacTHma.
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R407C nmouiabHO 3aCTOCOBYBATH MPH 3aMiH1 JJIsl XJIAJA0HY 22, peTpo-
¢iTi Ta B HOBOMY 00JIaIHAHHI.

[MonioHo xomomoarenty R22, R407C Bonojie Manow TOKCHYHICTIO,
XIMIYHO CTAOUTLHUH 1 HETOPIOYHUH.

XononoarenT R410A - 1ie azeorponHa cymin, 1o cKiagaeTbest 3 R32
i R125, mo mMaroTh OJIHAKOBY MMUTOMY Bary MacOBHX 4acToK - 1o 50%.

[epeBaror ¢peony R410A € te, 1110 *o0/HA 3 PEUOBHUH, 1110 BXOSThH
JI0 MOro CKJiajly, HE pyHHYE 0O30HOBUM 1Iap.

3acTocyBaHHS aHOT'O XOJIOAOATE€HTY BiIPI3HAETHCS BUCOKOIO MUTO-
MOIO XOJIOJIONPOAYKTUBHICTIO, BHACIIIOK YOTO CTa€ peasbHUM 3MEH-
LICHHS pO3MIpiB TPYOONPOBO/IB, TEMI0-0OMIHHUKIB 1 T.JI.

Temmepatypa xianony R410A He 3MIHIOETBCS IPH TIepexoax 3 ofl-
Hiel as3u B iHnry. HaBiTh SIKIIO cTaBCs BUTIK CyMIlIi 3 CUCTEMH, CKIIaL il
3aJIMIIAETHCS HE3MIHHUM. 3aMiHa XJ1aJIOHy € EKOHOMIYHO BHTIHOI, OCKi-
JIbKA KOHTYpP CUCTEMH HEOOX1JIHO 3aIIOBHUTH JIUIIIC YaCTKOBO.

Taxk camo, sik i xsiagon R407C, R410A He po3uMHSETCS y MiHEPAJIb-
HOMY MAacTHIIi i mOTpeOye 3acTocyBaHHs MoJieipHOro CHHTETHYHOTO Ma-
cTHIA.

AHaui3 ekcIUTlyaTanilHMX NOKAa3HUKIB XO0JIOAWIBHOI yCTa-
HOBKH IIPH 3aCTOCYBaHHI a/IbTePHAaTUBHUX X0JI0A40areHTiB.

Jns aHamiza ekcIulyaTalifiHUX MMOKa3HUKIB OylM MPUHHATH PEKUMHU
paboTu CyIHOBOI XOJIONMJIBHOI YCTAHOBKH MPH TEMIIepaTypax BUIApIO-
BanHs Bix -30°C 10 + 5°C, 110 0XOMIt0e HAWOUTBIIT MOXJIMBI €KCILTyaTa-
uiiiHi pexxumu. [1oka3HUKK XONOMMIIBHOI YCTaHOBKH OyNlH pa3paxoBaHi
st xonomoareHTiB R22, R134A, R410A, R407C. [us mocmimKeHHS
3MIHU EKCIUTyaTallifHUX MOKa3HUKIB XY, o0MpaeMo HACTYIHI HaOLIbII
XapaKkTepHi TePMOAMHAMIUHI BIACTHBOCTI Ta eKCIUTyaTaliliHi MOKa3HUKH:

~-TUCKH KOH/ICHCAIlii Ta BUMIAPIOBAHHS P, Poun

-JificHa MacoBa 1ojauda komipecopa Gy ;

-aniabaTHa(TEOpETHYHA) ,IHAUKATOpHA, ePEeKTUBHA TOTY)KHOCTI Ta
MOTY>KHICTh Ha BTy €IeKTPOABUTYHA Ny N;, Ne Newo. ;

-IHMKAaTOPHUMA,MeXaHIYHU,epeKTUBHUI Ta enexTpuu-Huit KK #;
sHu, e, Neno.s

-TEOPETUYHUH, e)EeKTUBHHUN Ta ENEeKTPUUYHUIN XOJIOAWIbHI Koedilie-
HTH Ep, Ee, Een-
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Po3risiHyBIIM pe3ynbTaTi pO3paxyHKiB MapaMeTpiB X0JI0I0areHTiB Y
BY3JIOBHX TOYKaX MOXHA MMOOYIYBaTH TIiCTOrpaMy THUCKiB KOHJIEHCAIIil Ta
BHITapIOBaHHS ( MaJL. 2)

XononoareHT R-410A Mae 3HAYHO BHINMK Yy TOPIBHAHHI 3 1HIIMMH
XOJIOJI0AaTeHTAMU THCK KOHJIeHcallll, sikuii popisHioe 1.87 MIla i Bumuit
3a TUCK KoHJeHcalil R22 y 1.57 pa3u. 3 ricrorpaMu BHIHO,IIO X0JI00a-
renT R134A nouinbHO 3acTOCOBYBAaTH MpW OUTBII HU3BKUX THCKax, a
R410A - npu GinbII BUCOKHX, TOMY KOHCTPYKTHBHO XOJOAWJIbHE 001a]-
HaHHst Ha R410A Oyze cyTTeBO Bigpi3HATHCA.

R407C-mae mHaiiOuIpin HaOMMKEHE 3HAYEHHS I[IOKA3HUKIB 10
R22,Tomy 11€¥i X0nm00areHT - rapHuid BUOIp IS peTpodiTy.

MopiBHAHHA TUCKIB KOHAEeHcauil
Ta BUNapoByBaHHA

2

1,8

1,6

1,4

1,2
1
0,8
0,6
0,4
0,2
) § . :

THCK KonpeHcauii Pk MMa

R22 R134a R410A R407c
=Pk 1,19 0,77 1,873 1,28
= Psun 0,2 0,106 0,327 0,185

Maun 2 Tucku KoHAEHcalil Ta BUNAPIOBAHHS

[IpoanamnizyBaBiM pe3yslbTaTH PO3PaxyHKiB,TOOYAOBAaHO TiCTOTr-
pamu, SIKi HarJsJHO UTIOCTPYIOTh 3MIHY TaKUX MMOKa3HHKIB,IK MacoBa TO-
nava komrpecopa (Main.3),aaiabatHa, iHAUKATOpHA e(DEKTUBHA Ta EJICKT-
puuHa notyxHocTi (man.4 ), KK(man 5).

Po3spaxoBaHi 3Ha4eHHsI CBiT4aTh MPO HACTYITHI 3MiHM EKCILTyaTalin-
HUX TIOKa3HUKIB ( MOpiBHAHO 3 6a30BHM XonogoareHToM R22) : macoa
nosavya komripecopa Ha R134A 30inpmumnacs va 8,5%, R407C na 2,1%,a
Ha R410A-3menmmnacs Ha 4,2%; ajmiabatHa notykHIcTh Ha R134A 3me-
Himacs Ha 5,1% 1 30uteimnacs Ha 3,7% ta 5,9% npu podoti Ha R410A
ta R407C BigmoBiAHO;MOTYKHICTh Ha Bally eNeKTpoABUTYHa s R134A
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3menmmaacs Ha 4,3% ,ans R410A 36inemuiacs Ha 3,1%,m1s1 R407¢ 36i-

neimmnacs Ha 5.9%.Takox maemo Heznaune 3mentenas KK/ ams R134A
ta 30inbmenns KK/ st R410A ta R407C.

[iicHa macoBa nogaya komnpecopa
Pi3HUX XONOA0areHTiB

BR22

K=}
[=)
o
o

BR134a

o
(e}
=
o

0,046 1 R410A

o
[e=]
=
o

B R407c
XonopoareHt

AiicHa macosa nogaua
KomMnpecopa G, Krfcek

Man.3 JlilicHa MacoBa Iojjada KoMIpecopa

[pu anamizi 6epemMo A0 yBaru i iHmi GakTopyu: HACKUTBKH JAJIeKO Bij
KPUTUYHOI TOUKH PEaTi30BaHMIA XOJIOAMILHUHN 1K (11 BIUIMBAE HA BiJl-
HOILIGHHS MMPUXOBAHOI TEIJIOTH MapOyTBOPEHHS JIO MATOMOI TEIIIOEMHO-
CT1 PiIMHM TIPHU MOCTIHHOMY THCKY), HAXWJI KPUBUX HACHYEHHS DiJIMHU 1
napa, 3a SKAM BH3HAYalOTh PE3yJbTAaTHUBHICTH IEPErpiBy, MEPEOXO0JIO-
JDKCHHS 1 ipocentoBanHs. Ha HaXuil KpUBUX 1CTOTHO BILTUBAE MOJIBHA Te-
IJIOEMHICTB.
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MopiBHAHHA NOTY>XHOCTEM

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

= Na
2,500

= Ni

NotyxHicm KBT

2,000 = Ne

m Nen.a.
1,500 A
1,000
0,500

0,000

R134a

R410A

R407c
XonopoareHTt

Mau.4 TTopiBHSHHS ITOTYXKHOCTEH

Ha mantonky 6 nokasani giarpamu T - s juist R22 1 #ioro 3amicHUKIB,
3aBASKM SIKUM MOKHO TIPOBECTH SKICHY OIlIHKY BIUIUBY TEPMOJHU-
HaMIYHUX BJIACTHUBOCTEH Ha XONOMMIbHUI KoedimieHT. KpuBi HacHueHHS
MoKa3aHi K 0e3p03MipHI BETUYMHY, 1110 MAIOTh OJHAKOBY IIMPUHY JIBO-
(aszHoro kymosia (To0To, A1 HacU4YeHOI piaunu s= 0, VI HACHYEHOT apu
s= 1). 3 rpadiky BuIHO, IO KpUTHYHA Temneparypa s R134A Buie,
uik g R22,a st R410A ta R407C 3HaunHO HIBKYA.

[Ipu omHaKOBUX TeMIIepaTypax KHUITIHHS | KOHJIGHCAIIIl IIUKJI, 1110 BH-
kopuctoBye R134A, 3HaxX0quThCs Jalli BiJi KpUTUYHOI TOYKH, HIK UK
Ha R22, i Habararo umxue, Hix mukiad Ha R410A 1 R407C.
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MopisBHaHHA KK/

0,900
0,800
0,700
0,600

>*= 0,500

- hi
0,400 hi

= hm
0,300 = ne

0,200
0,100

0,000

XonopoareHTt

Maun.5 TopiBustaHs KK/
Ha He3BopoTHICTH MpoIeciB IpOCETOBaHHS 1 IEperpiBy napu BIUIM-

Ba€ HaXWJI KPUBUX HACWYCHHs. BTpaTu BiJ HE3BOPOTHOCTI 3HAYHO BHIIIE
mo0IM3y KPUTUYHOI TOYKH, JI€ JTiHIT HACHYCHHS TIOCTYITOBO CTAF0Th OUIBIIT
MoJI0ruMu, Gopmytoun qBoda3HUI KO

Kputnuna temnepatypa R410A ta R407C nHmxkue, Hix y R22. 3 miei
MPUYMHYU, HE3BOPOTHICTh Yepe3 MeperpiB mapu i HE3BOPOTHICTh, BUKJIH-
KaHa JipocceroBaHHsAM, HaiiBuia juist R410A, morim ams R407C i Haid-
menma a1 R134A .

JocninuBimm xonoauabHi KoedillieHTH,MOKHA 3pOOUTH BUCHOBOK,IIIO
caMe TaK SK XOJIOMJIbHA MaIllMHA, Kpallli OKa3HUKK OyJie MaTH YCTaHO-
BKa Ha xojojoarenti R-134A. XononunbHuit koedimient Ha R134A Ginb-

mmid HDK Ha R22 3a po3paxyHKamMH TpH OJHAKOBHX YyMOBax Ha
4,5%.(Man.7).
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105

R134a

920

75

60

Temneparypa °C

45

30

15

0 0,2 0,4 0.6 0.8 i

BiaHocHa eHTponin

Man.6 Jliarpamu xomomoarenTiB R22, R134A, R410A, R407C

MopiBHAHHA XON0AUIBHUX
KoediuyieHTIiB
4,000
3,500
5
L 3,000
3
2 2,500
=
S 2,000
5
S 1,500
g
5 1,000
>
0,500
0,000
ET en en.en.
mR22 3,300 2,113 1,742
mR134a 3,477 2,208 1,820
W R410A 3,182 2,048 1,689
mR407c 3,115 2,012 1,659

Maun.7 XonoannbHi KoediieHTH
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KoMnuiekcHa oniHka 3aCTOCYBAHHS X0J10I0areHTIB B CYyJHOBHX
XOJ0AUJIbHUX YCTAHOBKAX

Korken 3 mocmipKyBaHUX X0JIOJ0AT€HTIB PO3TIIIAETHCS K allbTepHA-
TUBHUM 10 R22 , ajle He MOXXHA OJTHO3HAYHO BU3HAYUTH, 1[0 OJUH 3 XOJI0-
J0areHTiB Kpaluii 3a iHIi, OCKITBKH XOJI0A0areHTH Pi3Hi 3a CBOEIO MUTO-
MO0 XOJIOJIOTIPOTYKTHBHICTIO, KOS(II[IEHTOM TEIUIOBIaui, THCKOM KOH-
JeHcalil.

Amnasiz OTpUMaHHUX JITaHHUX J03BOJISAE C(HOPMYIIOBATH HACTYITHI 3a-
rajbHI MOJOKEHHS:

- B iopiBHsAHHI 3 R22 xonopoarent R407C poOuTh 3HAYHO MEHILIHIA
HIKIUTMBHH BIUIMB Ha HABKOJMIIHE CepeNOBHIIE (3HAUYEHHS MOTEHINaly
rnobansHoro notemtinag GWP y R407C maiixe take x, sk 1 y R22, no-
TeHmian pyiiHyBaHHs 030Hy ODP nopiBHIOE HymI0);

- TIpH OUIBII HU3BKIN TeMIlepaTypi HarHiTaHHS 1 TPOXH OLTBII BUCO-
KOMY THCKY HarHiTaHHsi eHepreTuuHa edektuBHicTh R407C Gnusbka 10
eHeprernyHoi epekTuBHOCTI R22;

- TIpY HU3BKOTEMIIEPAaTyPHOMY OXOJIOJKEHHI CITiji O4IKYBaTH 3HaYHE
najiHasg  xonoxonpoayktuBHocTti R407C BHACHIIOK BHUCOKOTO BMICTY
R134A.

- xonopoareHT R 407C € HaHOLIBII TPOCTHM 1 ICIICBUM 3aMIHHUKOM
R 22 3i cxokumy TepMOAWHAMIYHUMH XapaKTepHC-THKAMH, IO BiAIOBi-
JIaf0Th 32 XOJIOAONPOAYKTUBHICTE KOMIIPE-cOpa, OTKE, 1 BChOI'0 arperary.

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

- BOJIOJIi€ MEHIIIOI0 MTUTOMOIO XOJIOJONPOIYKTUBHICTIO B MIOPiBHSHHI
3 R22, omke nmoTpiOHa Oiibla KUTBKICTh XOIOA0AreHTy, KOMIIPECop Oiib-
1I0ro po3Mipy abo 3 OUIBIIOI0 YaCTOTOI 00EpTaHHS POTOPa;

- XapaKTepHU3yeEThCsl BITHOCHO HU3bKMMH 3HAYEHHSMH aOCOIFOTHUX
POOOYMX TUCKIB;

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

.R134A € ineanbHUM X0J070aTr€HTOM JUIsl pOOOTH B YMOBaX BUCOKHX
TeMIIepaTyp KHUITIHHS 1 KOHAeHCaIlii.

VY cpemHbOTEMIEpPaTypHUX XONIOIMIBHUX YCTAaHOBKaxX 1 cHUCTeMax
KOHJIUIIIOHYBaHHS TIOBITPsl XOJNOAMIbHUH KoedimieHT R134A piBHHi KO-
edimienty st R22 a6o Bunmii. Omke R134A —€ BranmMm ajibTepHATHB-
HUM 3aMiHHUKOM it R22.
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R134A € wuucTolO OJHOPIMTHOK PEYOBHHOIW (TeTpadTOpeTaH -
CF2HCF3). Onnak R134A Bumarae cremiajibHUX KOHCTPYKTUBHUX JIO-
OIpalloBaHb KOMIIPECOpa, IO B pe3yJbTaTi MPU3BOAUTE JI0 30UIBIICHHS
BapTOCTi MamMHK. 3 iHBIMOro 60Ky, R134A xapakrepusyeTbes IyxKe BU-
COKOIO XOJIOJMIIbHOIO €EeKTHBHICTIO, HU3bKHUMHU 3HAYEHHAMH POO0UYOro
THUCKY, HAHIKYUM 3 YCiX MepepaxoBaHUX BUIIE TiAPOQTOPBYIIIEIIB MO-
TEHI[IAJIOM TJI00aJILHOTO MOTEIUTIHHS Ta THIIMMU IepeBaraMu.

R404A - 11e cymilir, X0JI010areHT BBEICHHUM B SKCILTyaTaIlil0 Ha IToYa-
TKy 1992 p i Bizomuii mig npoMHUCcIOBUM HaiiMeHyBaHHsM "Suva" HP62
(DuPont). s cymim abcomtotHo He MicTuTh Xiopy (ODP = 0) i Tomy
MOX€ PO3TIISAaTUCS B KOCTI anbTepHaTuBu R22. Tpuane fioro 3acrocy-
BaHHS [T0KA3aJI0 XOPOLIi pe3yIbTaTH.

[Hmi cymimi peanizoByBanucs min HaiimeHyBaHHsIMH "Forane" FX70
(Atofina) 1 "Genetron" AZ50 (AlliedSignal) abo "Solkane" 507 (Solvay).
Y nomenknatypi ASHRAE xonogoarent HP62 knacudikoBan sik R404A.

OCHOBHI KOMIIOHEHTH BiJHOCSTHCS [I0 TPYIHU TiApO(TOPBYTIIEMiB,
npudoMy R143A BimHOCHTBCS 10 KaTeropii JierkozaiMucTUX. 3aiimmc-
TICTh, TAK CaMO sIK 1 IPOOJIeMH, MOB'A3aHI 3 MOXJIMBUMU BUTOKaMHU, ede-
KTUBHO HEUTPAJI3YEThCS 3aBISIKH MOEAHAHHIO 3 BITHOCHO BUCOKHM BMiC-
ToMm R125.

Oco0JIMBICTIO BCIX TPHOX IHIPEIEHTIB € HAA3BUYAHHO HU3bKUH ITOKa-
3HMK a/1ia0aTUYHOTO CTUCHEHHS, 1110 BUPAXKAEThCS B aHAJIOTTYHIM a00 Ha-
BiTh OUIBII HU3BKIH TeMIepaTypi HarHiTaHHA B nopiBHsAHHI 3 R22. Tomy
e(peKTUBHICTh 3aCTOCYBaHHS OJAHOCTYMIHYATUX KOMIIPECOPIB MPH HU3b-
KHX TEeMIlepaTypax BUIIapOBYBaHHS TapaHTOBaHA.

3aBasgKku oaHAKOBUM ToukaM KuimiHHSA R143A 1 R125 1 BigHOCHO Ma-
nomy Bmicty R134A TemneparypHe KOB3aHHs TPHKOMIIOHEHTHOI CyMili
R404A B momupeHux 00JaCcTAX 3aCTOCYBAHHS MEHIIE OJHOTO Tpajayca
Kenbgina. Tomy noBezinka 1iei cymini B TEIUIOOOMIHHUKAX MaJlo Biapis-
HSIETHCS BiJI MOBEIHKM a3€0TPOITHUX PEUOBHH.

OTtpumaHi pe3yapTaTd PO3paxyHKiB TEPMOJMHAMIYHUX MTOKa3HHUKIB €
3aJIOBUTLHUMU.

3aneKHO Bii yMOB eKCIUTyaTallii 3a0e3MeuyoThCsl MiABUIICHHS X0J10-
JONPOIYKTUBHOCTI Ha 4 ... 5% 1 3HIDKEHHSI TeMIlepaTypH HarHITaHHS B
Komrpecopi 10 8% B TOPIBHSHHI 3 aHAJOTIYHUMHU XapaKTEPUCTHKAMU
R22.
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3HaYHUM HEJONIKOM € BHCOKE 3HAYEHHsI MOTEHIialy TI00ajJbHOro
norerwtinas GWP, sxuit cknagae mig R404A 3300 ta BUCOKI 3HAYEHHS
JUMCHOT MacoOBOI 10/1aui Ta MOTYKHOCT1 Ha BaJly €JIEKTPOJABUTYHA.

Hns ekcrutyaranii R 410A xapakTtepHi gyxe BUCOKUE TuUCK(HA 57%
Bulle, HiK Y R22), HU3bKa KpUTHYHA TemIiepaTypa i BUCOKa 00'eMHa XO-
JIOJIOTIPOYKTHBHICTB(Ha 49,6% Oinbine, Hik y R22), iioro Mo>kHa BUKO-
PHUCTOBYBAaTH TUIBKH B CIICIiaJIbHO PO3pOOJIIEHMX HOBHX arperarax. Bu-
COKa TMMUTOMa XOJOIONPOAYKTUBHICTh JI03BOJISIE BUKOPHC-TOBYBATH KOM-
MPecop MEHLIOT 0 THIIOPO3MIpy a00 3 MEHIIOK HIBUJIKICTIO 00epPTaHHS Po-
TOpAa.

Posrasimatoun R410A six 3aminy anst R22, cnig npuiimMatu 10 yBaru
CYTTEBI BIIMIHHOCTI B TEPMOJMHAMIYHUX BJIACUTHUBOCTSIX (HAIIPHKIIAJ, Y
MacoBiii Ta 00’€MHIlM BHTpaTi, B IUIBHOCTI mapiB).Tak macoBa mojpaya
R410A menma 3a macoBy nmopauy R22 na 4,2% a 00’emMHa oaya MeHIIIa
Ha 33,8%.

OOrpyHTYBaHHSI JOIUILHOCTI BUKOPUCTAHHS KOHKPETHOTO XOJIOJIH-
JLHOTO areHTy 06a3yeThesl Ha MOPIBHAJILHOMY aHai31 €HepreTHIHUX Xapa-
KTEPUCTHK, (PI3UYHMX BIACTUBOCTEH Ta EKOHOMIYHIN CKIIaJIOBiH.

OnHak B HUHIIMIHIA Yac HE BH3HAYEHO KOMIUIEKCHOI'O ITOKA3HHUKA,
SIKUI OM JI03BOJIMB OIIHUTH JOIUIBHICTh BUKOPUCTAHHS KOHKPETHHUX XO-
JIOMJIBHUX areHTIB 3 ypaxXyBaHHIM SIK X TEPMOJMHAMIYHUX BJIaCTUBOC-
Tel, TaK 1 eKOJIOTTYHUX (DAKTOPIB.

B sKOCTi OCHOBHOrO TOKa3HUKA, KW XapaKTEepU3ye EHEpreTHYHY
e EKTUBHICTh BUKOPUCTAHHS XOJIOJMIILHOTO areHTY JAOIIBHO BU3HAYNTH
xonoauibHuH KoedilieHT € OCHOBHUMU MOKa3HUKAMH, 1110 BU3HAYAIOTh
€KOJIOTTYHICTh XOJIOJIMJILHOTO areHTy Ha HUHIIIHIN Yac BU3HAHHI: TIOTEH-
uian pyitnyBanaa o3oHy (ODP) ta morenmian rino0aibHOrO MOTEMITiHHS
(GWP), siki BUKOPUCTOBYIOTBCSI JIsl aHATI3Y €KOJIOTIUHOT JOIIIBHOCTI BU-
KOPUCTaHHS XOJOAUIBHOTO areHTy.

J171s1 oJIeTeH s polecy IEPBUHHOTO BUOOPY XOJIOJHIBHOTO are-
HTY MOXJIMBO 3aIIPOIIOHYBATH BBEJCHHS KOMILICKCHOIO TTOKa3HUKA, STKUH
Oy/ie BpaxoByBaTH BUIlIE BKa3aHi mapaMerpu. Buxonsuu 3 Toro, mo mis
e()EKTUBHOTO BUKOPUCTAHHS XOJIOIMJILHOTO 00JIaTHAHHS HEOOX1THO, 11100
XOJIONMUIBHUHE KoedimieHT OyB sikomora BUIuWi, a mapamerpu ODP Ta
GWP MiHiMaIbHI, MOKJIMBO BUKOPUCTAHHS (hOpMyIIH :



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 67

Ko &
GWP* ODP

JI1st po3paxyHKy KOMILTIEKCHOTO ITOKa3HHMKa JOILTEHO BBECTH HACTY-
-3
nHi ymosu . ODP,= ODP + 1, GWP , = GWP * 10

Bucnorok

J171s1 OLliHKH Ter1oBo1 e)eKTUBHOCTI MOXKJIIMBO BUKOPUCTOBYBATH Jii-
CHHMI XONOAMIBHUN KOE(IIi€HT Ta AIHCHUN eNeKTPUIHUHA XOIOJMIbHIHA
koedinieHTH. [ OLIHKK €HepreTHYHMX 3aTpaT Ha eKCIUIyaTallilo BUKO-
PHUCTOBYETHCS MOKa3HUK e(hEeKTHBHOI ITOTYKHOCTI KOMITpecopa.

[Mo 3a3HavYeHNM TOKA3HUKAM aHalli3 pe3yibTaTiB PO3paxyHKiB TOKa-
3y€ HACTYIIHE:

Ipu Temnepatypi Bunapiopanns £y = -25 °C Haii6iiblue 3HaUYEHHS XO-
JIOJMITBHOTO KoedinieHTy xapaktepHe it R410A ta R404A, a Haii0i-
neira notyra KM xapaktepHa miast R410A, nHatimenmia s R404A.

TakuM YUHOM I TeMIIEpaTyp KUMiHHS 6;1u3bkux 10 -25 °C, ans Ho-
BUX XOJIOJWJIBHIX YCTaHOBOK 0€3yMOBHO MOYKHA PEKOMEHAYBAaTH ISl BU-
kopuctanHsi R404A, ane y BUMaJIKy MpoOBEIEHHS 3aMiHU XOJIOAWIBHOTO
areHTa B YCTAHOBIII, SKa BXK€ HaXO/IWJIACh Y €KCILTyaTallii, Ma€ CEHC BUKO-
PUCTaHHS XOJIOMUIBHOTO areHTa R134 A, y 3B 3Ky 31 CIIPOIIEHOIO TPOIIe-
JYpOIO 3aMiHH XOJIOJMIILHOTO areHTa.

IIpu TemnepaTypax BUIApIOBaHHS, sKi MepeBHILyIOTH -15°C , Mok-
JIUBO PEKOMEHTyBaTH JI0 BUKOPUCTaHHS XonoauiasHuil areHnT R407C, oco-
61uBo B iHTepBani Temnepatyp -15 + -10°C , onHak npu oMy He0OXiIHO
BpaxoBYBaTH HAasiBHICTh TAaKOI'O SIBHILA, SK TEMIIEPATYpPHHUN TIalif, KUt
BHIIE HIX Y XOJIONUIbHOTrO arenta R410A.

B poboti HaBeneHi nomepenHi pekomenaanii. Tomy B mijomy, npu
aHaJIi31i HeOOXiIHO TaKOXK BPaXOBYBaTH TUCKH y BHUMAPHUKAX Ta KOHJICH-
caTopax, BapTiCTh CaMiX XOJIOMJIBHUX areHTIB Ta BAPTICTh XOJOAMILHOTO
o0naHaHHS.

OpHaK 1151 IONEePEeNHBOI OLIHKM MOXIIMBOCTEH TMPOBEICHHS K PET-
podiry, Tak i po3poOKK PEKOMEHIAIIIH 10 MPOSKTYBAHHIO HOBUX YCTAaHO-
BOK HABEJICHUH MIJIXiJl NPUHHATHUIN Ta MOXKE PEKOMEHIyBaTHUCh .
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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 includes
active oxygen containing groups and modified with salts of light metals.
In studies, the following ratios of additive and base fuel were selected:
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 uniform level of
additive dissolution in the fuel. The temperature of the gases 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 individual cylinders from its
average value for all cylinders of a diesel engine. This ensures the equali-
zation of the heat load across all cylinders of a diesel engine and also re-
duces the thermal stress arising in it. It was also found that when using fuel
additives it is possible to achieve a reduction in the specific effective fuel
consumption from 2.54 to 6.46 % (depending on the mode of operation of
the diesel). The maximum increase in fuel efficiency occurs in the range
of 50...60 % of the diesel load — regimes characterized by the greatest op-
erational period of work, as well as increased thermal stress. As a result of
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the research, it was shown that the additive concentration in the fuel has
an optimal value, is determined experimentally and depends on the char-
acteristics of the diesel and the fuel used.

KuroueBsble ciioBa: cy0BOI 1U3€Nb, TEMIOBask HAPSHKEHHOCTD M-
3¢J14, TeMHepaTypa BI)IHyCKHI)IX ra30B, TOIIJIMBHbLIC HpI/IcaZ[KI/I, yZ[CHI)HI)H\/‘I
3¢ hexkTUBHBII pacxo]l TOIIHBA

KarouoBi cioBa: cyTHOBUHN IH3eNb, TEIUIOBA HANIPYKEHICTh TU3E,
TeMIiepaTtypa BUIIYCKHHUX Ta3iB, MaJHBHI MPHCAAKH, MUTOMa e(EeKTHBHA
BUTpATa MaJnBa

Keywords: marine diesel, thermal diesel tension, exhaust gas temper-
ature, fuel additives, specific fuel oil consumption

IMocTranoBka nmpodiaemu B 3arajbHOMYy BUTAsi. [leperBopenHs no-
TEHIIHHOI eHeprii najnBa B KOPUCHY POOOTY, IO BiAOYyBaEThCS B ABUTYHI
BHYTPILIHBOTO 3rOpsiHHSA ([[B3), CYypOBOIKYETHCS TEIIOBUMHU BTPaTaMHU.
B cydacHMX CyAHOBHX IHU3eNsiX KOPUCHO BHKOPUCTOBYETHCS JIHIIE
45...50% Big TEII0BOI eHEprii, 10 MiIBOAUTHCS B MIIIHJIP 3 MaIHBOM.
[Hma yactiHa TEIIIOBOT eHeprii, ofep:KyBaHol NpH 3rOpsSHHI NaJluBa, He
3a0e3neuye OTpUMaHHs eeKTHBHOI MOTYKHOCTI, IPY LIOMY OCHOBHHUH i1
MOTIK BTPa4yaeThCsl 3 BHIMYCKHUMH ra3amu. lle mpu3BOIUTH 10 BUHHK-
HEHHS TEIJIOBOT HANPYXEHOCTI B €lIeMEHTaxX IUIIIHIPONOPUIHEBOT TPYIH
1 ra30BUITYCKHOI crcTeMu au3eis. [1iABUIIeHHS TeMIepaTypy BUITyCKHUX
ra3iB BHILE JOIMTyCTUMHX 3HA4€Hb, a00 HEMPHUITYCTUME HEY3TOJDKEHICTD i1
BEJIMYMHU TI0 OKPEMHUX IMJIHIPAX ITU3elsi MOXKe MPU3BECTH JI0 MiJABHIIE-
HUX TEIUIOBMX HaBaHTaXEHb, IS 3HIDKEHHS PiBHS SIKUX HEOOXiHO 3MEH-
LIYBAaTH NUKJIOBY MMOJIavy IMaJNBa, 3HIWKYIOUH, THM CaMUM, e)eKTHBHY IO~
TYXHICTb N3EIS.

[MizBuIIEHHIO TEMIIEpaTypy BUITYCKHUX Tra3iB (i IOB’s3aHOI 3 HEIO Te-
TUTOBOIO HATPYXEHICTIO) MOYKE TAKOXK CIPHUSITH HENpaBUIbHE PETrYIo-
BaHHS 200 MOTIPUIEHHS TEXHIYHOTO CTaHy NAJIMBHOI arapaTypd BUCOKOTO
THUCKY, a TAKOXX €KCIUTyaTalliiiHi BIaCTHBOCTI MajKBa, M0 BIUIMBAIOTh HA
TEeMIIepaTypy caMo3aiiMaHHs Ta Tepioj] 3aTPUMKH 3aliMaHHs. J[s mosmin-
IIICHHS SIKOCT1 3rOPSIHHS MaJIMBa BOHO IIJUIATAE MOMEPEIHINA MiATOTOBII,
MY [IbOMY 3 TIAJIMBA HE TUTbKW BUJAIISIOTHCSA MEXaHIUHI JOMIIIKY 1 BOJIa,
a i 3MIHIOIOTbCS HOTO PEOJIOTIYHI XapaKTePUCTUKH (B’ S3KIiCTh 1 TYCTHHA),
a TakoX (32 PaxyHOK XiMiuHOi OOpOOKH) aKTHBYIOTHCS MIXXMOJIEKYIISPHI
3B’SA3KH.
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Po3BUTOK cydacHOI Teopii i MPaKTHKK TEXHIYHOI eKCILTyaTallii MOpCh-
KOT'0 1 piYKOBOT0 ()JIOTY HEMOXIJIMBO 0€3 BUKOPUCTAHHS Cy4acHUX HaHO-
TEXHOJIOT'1H, J03BOJISIOTh BUPILIYBaTH 3aBJIaHHS ONTHUMI3allii TernaoeHep-
TeTHYHUX TPOLIECiB, 110 BiOYBalOTHCS B CYIHOBUX €HEPreTUYHHX yCTa-
HoBkax (CEVY) [1].

AHani3 ocTaHHix aociaimxkensb i myOaikaniii. [Tanuso, sike HaIXO-
JIUTh Ha CYJTHO B SIKOCTI JpKepesia eHeprii, mijyiarae o0poOIi Ta miAroToBIl
MPOTATOM YChOT'O OKHTTEBOTO» LUKITY — BiJl 3HAXOMKEHHS B BAHTAXKHHUX
TaHKax (Jie BOHO B 3aJIKHOCTI BiJl aBTOHOMHOCTI TUTaBaHHS Cy/IHA 30epi-
raeThCs B IEKUTBKOX JTHIB JIO MiCsIIs), JI0 TAJTUBHOI ariapaTypy BUCOKOTO
THUCKY (sIKa 3a0e3Meuye Horo BIOPCKYBaHHs B HMITIHAP au3ers). [lutanns,
MOB’s13aHi 3 TEXHOJIOTIEI0 00pOOKY ManuBa HAWOUIBII TOIIUPEHUMHU METO-
JIaMu — ceraparii€ro, QuUIbTpalli€ro, MmiirpiBoM, a TaKoX 3 BH3HAUYCHHSIM
SHEepreTHYHHUX BUTPAT Ha iX MPOBEJCHHS, pO3IIAaIncs B podori [2]. Po-
6ota [3] mpucBsYeHA BUBYCHHIO aJbTEPHATHBHOTO METOAY — yIbTPa3By-
KOBOI KaBiTaliHoi 00poOku naymBa. Cepes aabTepHATHBHUX METOIIB 00-
pOOKH MajuBa iCHYIOTh TaKOX TakKi, SIKi IPYHTYIOTHCSI Ha BHKOPUCTAaHHI
MarHiTHUX 1 €ICKTPUYHMX TIOJIB, a TAKOXK TIPOMHAMIYHUX BILTUBIB [4].
XimiuHa 0OpoOKa MajvBa MUITXOM BUKOPHCTAHHS MaJMBHHUX MPUCAT0K
BHBYAacs B J0CiipkeHHi [S]. PesynbraTu, siki Oy mpu mbOMY OTpH-
MaHi, BM3HA4YaJld BILIUB MPHUCAJOK JIO NaJMBa Ha CKOHOMIYHI Ta €KO-
JIOT1YH1 MOKAa3HUKH POOOTH AM3eNs 1 Oyjr BUKOHAHI JUISl OKPEMHX BH/IIB
XIMIYHHUX TpoAyKTiB. ToMy mopamnbie BUBUEHHs XiMiUYHOI 00poOKH ma-
JIMBa, OMIMPEHHS IIUX JOCTIPKEHb Ha OUTBII MIMPOKUI CIIEKTP XiMIYHUX
npenapaTiB, BU3HAUYEHHS BIUTUBY XiMi4HOi OOpOOKHM MajMBa Ha MPOIEC
HOro 3TrOpsiHHSI 1 TEMJIOBY HANPY>KEHICTh EEMEHTIB AM3ENs, a TaKoX
HaJaHHS pPEKOMEHMallid, MiATBEPPKEHNX eKCIIepUMEHTAIbHUMH JI0-
CI/DKEHHSMH, € aKTyaJbHHM 3aBJaHHAM JJIsI Takoro HayKOBOT'O
HaTPSAMKY, SIK PIYKOBUH Ta MOPCBKUI TPaHCIIOPT.

IMocTanoBka 3aBaanus. Ha nanuii MOMEHT KOHCTPYKTHUBHE 1 TEXHO-
JIOTIYHE BUKOHAHHS CyHOBHX JIB3 10CSrio cBOET JOCKOHAIOCTI, 10 3a-
Oesneduye MiHIMaJlbHI IMTOMI BUTPATH TajMBa JAHWX THUIIB TEIUIOBHX
JBUTYHIB B TOPIBHSHHI 3 IHIIMMHU (MapOBHMH KOTJIaMH Ta Ta30BUMH
Typbinamu). ToMy BHKOpPHCTaHHS MPUCAJIOK 10 TallBa BBAXKAETHCS OJI-
HUM 13 NUIAXIB MMIBUIICHHS MaJIMBHOI EKOHOMIYHOCTI TU3ENTiB. Y 3B’SI3KYy
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3 UM METOIO JOCTiKeHHs1 Oy10 BU3HAUCHHS BIUTMBY MAJTMBHUX MpHCa-
JOK Ha TEIUIOBY HANPYXEHICTb CYAHOBOTO JHU3ENs, a TaKOX Ha €KO-
HOMIYHICTh HOTO pOOOTH.

Buknan ocHoBHOro MaTepianay gociaimkenHs. Bukopucranus ximi-
YHOT 00pOOKH MaNMBa MPU3BOIUTH JI0 MOJIMIIIEHHS eKCIUTyaTaliiiHUX BIia-
CTHBOCTEH MaJIBa 332 paXyHOK 3HWKEHHS BUIIAPOBYBAHOCTI, 3MEHILICHHS
YTBOPEHHS OMaJiB, 30UIBIICHHS TOBHOTH 3TOPSHHS. 3aCTOCYBaHHS Maju-
BHHX TPUCAJ0K OCOOJMBO aKTyaJbHO JUIS JIOIOMIKHHX JBUTYHIB, SIKi €
MPUBOJIAMH €NIEKTPUYHUX TeHepaTopiB. [laHi THITM JBUTYHIB XapaKTepH-
3ye mifBHIIeHA (B MOPIBHSIHHI 3 TOJIOBHUMH JIBUTYHaMH) 4acToTa o0ep-
TaHHS KOJIIHYACTOr0 BaJia, a TAKOX Oe3repepBHa poOOTa B CKJIaJli CyTHO-
BOI eNIEKTpOCTaHIii (K Ha XOJOBUX, TaK 1 HA CTOSHKOBUX PEKUMax eKc-
rtyartanii cynaa). [leprre (migBHIeHa 4acTOTa) CKOPOUYE Yac BIOPCKY-
BaHHS NaJiMBa, Apyre (poOOTa MiJl Yac CTOSHOK B aKBATOPii MOPCHKHUX TOP-
TiB) HaKJIaJa€ JOAATKOBI BUMOTH 100 3a0€3ICUSHHSI €KOJIOTTYHUX TTOKa-
3HUKIB pOOOTH JABUTYHIB [6].

JocniKeHHsT TPOBOIWINCS HA CyJHOBOMY YOTHPUTAKTHOMY JAW3ENi
6N21L Yanmar, 3 HACTYITHUMHM OCHOBHUMH XapaKTePUCTUKAMU:

* niametp nmiriHapa — 210 MMm;

* Xig mopmmHs — 290 Mwm;

* yacTOTa 0OepTaHHs KOJiHYacToro Bana — 720 xa~' (06/xB);
* KUTbKICTh IUJIHJPIB — 6;

* HOMiHQJIbHA TTOTYXHICTh — 680 KBT.

Jo cknany CEY BXoauiio Tpy Ha3BaHUX JTU3€I, 1110 BUKOPHCTOBYBa-
Jmcs sIK Au3enb-reHepaTtopiB. Lle mo3Bonmio nBa au3enst BUKOPHCTOBY-
BaTH [T IPOBEJCHHS eKCIIEPUMEHTIB, a OMH 3aJIMIIATH B SIKOCTI «KOHT-
ponbHOro». CXema MaiuBHOI CHCTEMH JU3eNiB HaBeneHa Ha puc. 1. [Tamm-
BHA cHcTeMa «KOHTponbHOTO» Au3ens (KJ) He 3a3nana moxepHizartii. [1a-
JIMBHA CUCTEeMa «eKcnepuMeHTanbHux» au3senis (EJl) Oyna moobnaaHana
BUTpaTOMIpoM 6 i go3aTopoMm npucanku 7. Taka opranizamis nmogadi npu-
CaJIKi B TMAJMBHY CUCTEMY 3a0e3ledyBalia HeoOXiJHY TUCIIEPCito 1 piBHO-
MipHUH piBeHb ii pO3YNHEHHS B MaJMBI.

Pexumu poOOTH CYHOBOT €IEKTPOCTAaHIIIl XapaKTEePU3YIOThCS Pi3HO-
MaHITHICTIO 3MiHHM HaBaHTa)keHHs [7], 3HaueHHs skoi aus ganoi CEY ko-
nuBanucs B niana3oHi Big 180...200 kBT (konu B ekcrutyaTarlii 3HaX0/Iu-
Becst oauH 3 auzeniB) A0 1500...1600 kBT (komu ekcruryaTyBaucs Tpy Au-
3€J151, 10 MPAIOIOTh B MAPAJICIbHOMY PESXKHMI).
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Puc. 1. CynoBa manuBHa cucrema ((hparMeHr):
1 — mu3enp; 2 — ra30TypOOKOMIIpecop; 3 — HACOC, MO MiIKaYye MaauBo; 4 —
NaNMBHAN QisbTp rpy0oi OYMCTKH; 5 — BUTpTaHA LIUCTEPHA;
6 — BUTpaTOMip; 7 — A03aTOP MPHUCATKH

V pasi, Koy An3eni NpamroBaii B MapajielbHOMY PeKUMI 3 OyAb-sIKO1
3i cxem migkmouenns: KJ-EJI, KI-EJI-EJl, EJI-EJl, HaBaHTa)keHHS Ha
KokeH 3 Hux craHoBmiia Ne=300...600 kBt i minTpuMyBaiacs Ha OJHAKO-
BOMY piBHi 3 BimxuieHHsM 110 kBr.

[Iporarom BchOro yacy MpOBENEHHS EKCIIEPUMEHTY 3I1HCHIOBABCS
KOHTPOJIb 4Yacy poOOTH 1 eKCIUTyaTaliiHOTO HaBaHTAXXEHHS Ha IM3Ei.
J7ist nocsITHEHHsT pIBHOMIPHOT'O PO3MOJILTY Yacy poOOTH AU3ENIB, IBUTYHH
MOCHIIOBHO TepeBoamincs B pexxuM stand-by. Hlmsxom mepemigkiro-
YEeHHS CIIOKMBAUiB €HEepTii HEYy3rOHKEHICTh OTYKHOCTI TN3elb-TeHepa-
TOpIB, Ha SKUX BiOyBaJIUCS TOCTIIKEHHS, HE niepeBuinyBaio 10 kBr, o
JUISl TAKMX €HEProEMHUX 00’ €KTiB MOKHA BB)KaTH HE3HAYHUM BiJXUIJICH-
HSIM, @ YMOBH iX poOOTH iJeHTHYHUMH. EKCIITyaTalisi JBUTYHIB IPOBOIH-
Jlacsl Ha OJTHOMY 1 ToMY % copTi nanusa. [Ipu nboMy 3aco0u aBTOMAaTH4-
HOT'O KOHTPOJIO MIATPUMYBJIM B’SI3KICTh MajKMBa HE3MIHHOIO MPOTITOM
yChOTO EeKCIIEPUMEHTY. [AeHTHYHHMH MiATPUMYBABCS COPT MHPKYJIs-
HiifHOrO Macia, mo 3abe3nedye peKMMHU 3MalllyBaHHS 1 HOro eKcruTyaTa-
LiliHI XapaKTEepUCTUKH, a TAKOXK TEMIEpaTypyd B KOHTYPi OXOJOKEHHS
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npicHoo Bojoro [8]. [lani 3axoaM J03BOJIMIIM BBaXKaTu, 10 BUKOHAHHS
EKCIIEPUMEHTY MPOBOJIMIIOCS B OJJHAKOBUX YMOBAX.

S KpuTepiil TEemIoBOi HANMPYKEHOCT1 ra30BUIMTYCKHOI CUCTEMH MIPHIA-
Manacsi TeMIlepaTypyd BHITYCKHHX Ta3iB Tepel] Ta30TypOOHarHerayeMm.
Kpim Toro B mporieci eKcriepuMeHTy BH3HaYaBcs MUTOMa e)eKTHBHA BUT-
pata nmanusa [9].

PiBeHb m03yBaHHS MPUCAJOK BAapIIOETHCS B IIMPOKUX MEXKaXx i 3aie-
KUTb BiJ IPU3HAYEHHS MPUCAAKH 1 XapaKTEPUCTUK MAIMBHOI CUCTEMH, B
SKii BOHa BHKOPUCTOBYEThCA. [Ipucanku, siki BBOIATHCS B MAJIWBHI 1HU-
CTepHU ab0 OKpeMi JUISHKYA MaJIMBHUX MaricTpajied s 0i0JIOriyHoro
BILIMBY Ha MajuBO abo JUIA 3HMKEHHS T1ApaBIiuHUX BTPAT, TO3YIOTHCS B
cuiBBigaomenHi  1:8000...1:12500. Ilpucanku, 1m0 3a0e3Me4YyrOTh
MOJIMIIEHHS MPOLECy 3TOPSIHHS MajiBa, BBOAATHCS B HOTO MalUBHY CH-
cremy B nponopuii 1:1000...1:8000. I B Tomy, 1 B iHIIOMY BUNIAAKY JI0-
3yBaHHS MO)KE€ 3MIHIOBATHCS B 3aJISKHOCTI BiJi KOHCTPYKIIi ABHUTYHA,
eKCIUTyaTaliiHOro CTaHy MAJIMBHOI CUCTEMH, PiBHS 3a0pyIHEHHS MMajiBa
B IIMCTEPHAX, CIEMEHTAPHOI0 CKJIa/y MajuBa (B 3aJIGKHOCTI Bil BMICTY
JOMIIIOK BaHa/il0, HATPIIO 1 cipkn). ONTUMAIBHUH Aiana30H J03YBaHHS
MPHUCAAKA BU3HAYAETHCS EKCIIEPUMEHTAILHO, B 3B’S3KY 3 IIMM IPH JI0-
CITIJDKCHHSX BUOMpAIHMCS TaKi CIIBBITHOIICHHS TPUCaKK 1 6a30BOro mna-
suBa — 1:2000, 1:4000, 1:6000 i 1:8000. «KoHTpOIBHUID» TU3ETH EKCILTY-
aTyBaBCs Ha MaIMBI 0€3 MPHUCAKH, 8 «EKCIIEPUMEHTAIbHI» — Ha MaJINBI 3
KoHueHTpauieto npucaaku 1:2000 i 1:6000 (mepuii uka BUIPOOYBaHb),
IICJISE YO0 Ha MaJIWBI 3 KOHIIeHTpatieto npucanku 1:4000 i 1:8000.

TemmnepaTypa ra3is Ha BUXOJIi 3 I[MITIH/Pa JBUTYHA € OJIHIEIO 3 XapakK-
TEPUCTUK, IO BU3HAYAIOTH SIK SIKICTh MPOTiIKaHHS POOOYOro MUKIY, TaK i
CTYIIHb TEIUIOBOI HANPY>KEHOCTI jAeraiei ausens. HalOimemn vacro ii
BHUMIpIOIOTh B BUITYCKHHMI MaricTpaii mepen razorypOoHarneradem. Ha
pHc. 2 ToKa3aHi 3aJeKHOCTI YCepeIHEeHOl MO BCIM IIIIIHAPaM TeMIlepa-
Typu ra3iB Ha BUXOAI 3 Ju3ens tr Bij HOro BIJIHOCHOI IMOTYXHOCTI
Ne/Nenom aj1st pi3sHHX yMOB iX eKcIlTyaTamii (TUIbKM Ha MaiuBi 1 Ha ma-
JIUBI 3 PI3HOIO KOHIICHTPAIIIEIO IPUCAJIKH).
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t, =407°C

390 —

385

— 380 —

Puc. 2. 3anexxHocTi cepeHbOi TeMIlepaTypH BiJIXiJHHUX Ta3iB fr 1O M-
siHgpam qusens 6N21L 11t «kKOHTPOIBEHOTO» AN3ENs 1 «eKCIIepUMEHTab-
HUX» JAW3EINIB, 10 NPAIIOIOTh Ha NMAINBI 3 KOHLEHTPAIi€l0 Tprucaaku: 1 —
1:2000, 2 — 1:4000, 3 — 1:6000, 4 — 1:8000

Sk BUIHO 3 pHUC. 2, BUKOPUCTAHHS MPUCAIOK JI0 TTAJTHUBA CIIPUSE 3HU-
JKESHHIO TEMITEpPaTypHy ras3iB Ha BUXOJl 3 U3, 10 CBLIYUTH PO OLILII
MOBHE 3rOPSIHHS MaJIMBa 1 MAKCUMAaJIbHE BUKOPUCTAHHS TEIUIOBOI eHEpril
rasziB B numinapi. [Ipu npomy MiHIMaabHY TeMIlepaTypy BUIIYCKHHX Ta3iB
[ =383°C 3a0e3nevyBaio BUKOPUCTaHHsI TTaJINBa 3 KOHIIEHTPALI€I0 TIpH-
caaku 1:6000. [Ipu xoHnenTpanii npucaaku B manuei 1:2000 cnocrepira-
Jlacsi MakCHMajbHa (JUISl «CKCIIEPUMEHTAIbHUX)» JHU3EIiB) TeMIIepaTypu

max
BUITYCKHHX Ta3IB 1" =397°C, onHak ii Benm4nHa OyJia MeHIle Temriepa-

Typu tr=407°C Ha «KOHTpOIBHOMY» Au3eni. CepenHe 3HaUEHHs TIPU BU-

. . . cep
KOPUCTAaHHI NaJIMBa 3 P13HOKO KOHICHTPAII€IO MMPpUCAAKU CTAHOBHUIIO tr

=391°C. HaBeneni pe3ynbraTi Oynu OTpUMaHi MpH €PEeKTUBHOI MOTYX-
HocTi Jjm3ens 530 kBr, mo y BIIHOCHMX BEIMYMHAX CKJIQJIAJI0
Ne/Nenom=78 %.

Jnst cymHOBHX AW3ENIB MPH OLIHII PiBHS TEMJIOBOI HAMPYKEHOCTI
BYIMBUM TaKOX € CTYIIHb HEY3TOJKEHOCTI TeMIepaTypy BHITYCKHUX
ra3iB 110 OKpeMUX HWITiHApaX. BiAXuieHHs TeMnepaTypy BUITYCKHHX Ia3iB
OJTHOTO 3 MWJIIHJIPIB BiJI CEPEIHBOI0 3HAYCHHS 110 BCIX IMIIIHAPAX TU3EIIS
MOX€E CBIIYHTH MPO HEMPaBHIBLHOMY PETYJIOBaHHI a00 MOTipIIEHHI TeX-
HIYHOTO CTaHy MAJMBHOI anapaTypy BHcokoro TUcKy. Llle ogHiero mpuuu-
HOIO TiIBUIIEHOTO HEY3TOJDKEHOCTI TEeMIepaTypH BIIXiAHHUX ras3iB IO
HWITIHAPaX AU3es MOKe OyTH TOTIpIIEHHS MPOLECY CYMIIOyTBOPEHHS 1
3ropstHHsl manuBa. [Ipu mpoBeneHHI eKClepUMEHTIB Oyio BHU3HAYEHO
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MEHIIE BiIXWJIEHHS TEMIIepaTypH BHITYCKHUX Ta3iB M0 HMIIHAPAX AU3ENS
BiJ floro ycepeqHeHOro 3HaYeHHs MPH BUKOPUCTaHHI MPHUCAAKU IO Ta-
nBa. JIst «<KOHTPOJIBLHOT0» Tu3els (Y 3HaYeHHi BiJTHOCHOT MOTY>KHOCT1

nu3ens Ne/Nenom=78 %) npu BelU4YHUHI Leen —407°C 1eit mapameTp CKiaB
At =12°C, Af;p =]13°C.

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

.t , At At
TypH BUIIYCKHUX ra3iB P =397° C BigxuieHHs ckinamu P =10°C, =~ cp
=12°C. Ins au3ens mpu BUKOPUCTAHHI MalvBa 3 KOHIEHTPALIEIO MpH-
canku 1:6000 npu cepenHbOMY 3HAYEHHI TEMIIEPATypU BHUITYCKHUX Ta3iB

Leen 3830 BIJIXHMJICHHSI CKJIAJIH Aleoy =5°C, Aleey =7°C (puc. 3).

[Momanpir ToCHiKEHHsT BAUKOHYBAIMCS HA TAJIMBI 3 KOHIICHTPAIIIE0
npucaaku 1:2000 1 1:6000. ki, sk Oys0 moka3zaHo BHILE, 3a0e3eUyBaid
MaKCHUMaJIbHy 1 MiHIMaJbHY TEIUIOBY HAIPYKEHICTh B €JIeMEHTax ra3o-
BUITYCKHOi cucTeMH. [Ipu 1pOMY pPEKUMH NPOBEACHHS JOCTIIKEHb
BapiroBasicsa B Mexax 52...88 % Bin HOMiHAIBHOI TOTYXHOCTI. OTpUMaHi
MpH I[bOMY pe3yJIbTaTH MOKa3aHi Ha puc. 4 1 CBiTYATh MPO MPUHLUIIOBY
3HMKEHHI TEeMJIOBOI HANPYXEHOCTi (TeMIepaTypy BUITyCKHHX Ta3iB) MpH
BHUKOPHUCTaHHI MAINBa 3 MpHUCaAKor0. Jliana3oH 3HIKEHHS CepeTHbOT TEM-
nepaTypy BHITyCKHUX Tra3iB cTaHOBHUTH 4,1...8,2% B 3ane:xHOCTI Bix pe-
KUMY pOOOTH JTH3EIS.

[MapanenpHO 3 BU3HAUCHHSIM BIUIMBY MAJIMBHHUX MTPUCAIOK HA TEIIJIOBY
HaNPYXEHICTh Ta30BUITYCKHOI CHUCTEMH BHKOHAIUCS JOCHIIKEHHS iX
BILJIMBY Ha €KOHOMIYHICTh poOOTH au3ers. [Ipu mbomMy B SIKOCTI KpUTEPIiIO
npuiiManacst muToMa eeKTHBHA BUTpaTa MajuBa be, 3HAUCHHS SKOTO B
r/(kBT-rom) BU3HaYaNOCs BIAMOBIHO 0 PEKOMEH Ialliil Au3eneOyaiBHOMY
¢dipmu [9]. Byno BCTaHOBJICGHO, 1110 BUKOPUCTAHHS NAJIMBA 3 MPUCAIKOIO
CHpUsi€ 3HWKECHHIO JIAHOTO MTOKa3HUKA Y BChOMY Jlialta30Hi eKCILTyaTalii-
HUX HaBaHTaXXeHb (puc. 5).
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Puc. 3. Hey3romkeHicTb TeMIepaTypy BUIIYCKHUX T'a3iB #; MO IMJIIH/-
pam auzens 6N21L npu pi3sHHX yMOBaX NPOBE/ICHHS EKCIIEPUMEHTY:
a) pobota ju3ens 0e3 BUKOPUCTAHHS ITATUBHOT TIPUCATTKH;
6), 6) pobOTa qU3ENs 3 BUKOPUCTAHHSIM MTAJTMBHOI MIPUCAIKH 3 KOHIICHTPAIIIEI0
1:2000 1 1:6000 BixnoBixHO

70 %0 90 N

Puc. 4. 3HmKeHHs TeMIlepaTypy BUITYCKHHX Ta3iB £ IO IHTIHAPAX Cy-
nHOBOTO Jtu3enst 6N2 1L npu pisHUX 3HAYEHHSIX HOT'O BiHOCHOI MOTYXHOCTI

N, e/ enom:
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1 — KKOHTPONBHUID) JU3eNb (0€3 BUKOPUCTAHHS MATUBHOI TIPUCAJIKH);
2, 3 — «eKCIepUMEHTAIbHI» An3eni (MPH BUKOPUCTAHHI MTATUBHOI IPHCAIKH 3
koHUeHTpauiero 1:2000 i 1:6000 BigmoixHO)

b,
"
kBT-roj
203 1
3
0

—
200 |—|
195
190
185

5 60 70 80 90 e v
Nepom
Puc. 5. 3mina nmuTomoi eheKTHBHOI BUTPATH MajInBa b, CyTHOBOTO JH-
3enst 6N21L npu pi3HMX 3HAYEHHAX HOro BimHOCHOT HOTYKHOCTI Ne/Nenom:
1 — «KOHTpONBEHUIY An3enb (0e3 BUKOPUCTaHHS ITaIMBHOI IIPHCA/IKN);
2, 3 — «eKCIepUMEeHTaIbHI» U3eli (IIpY BUKOPHCTaHHI MaJMBHOI IPUCAIKH 3
koHUeHTpauiero 1:2000 i 1:6000 BigmoixHO)

ExcriepuMeHTalIbHO OTPUMaHI PE3yJIbTaTH, 1110 MiATBEPIKYIOTh 3HU-
JKEHHSI TUTOMOT ©()EKTUBHOI BUTPATH MaJIMBa NIPYU BUKOPUCTAHHI TaJIUB-
HUX TPHUCAJIOK, CBIMYATh MPO IHTEHCU(IKAIID TPOIECY CyMIllIOyTBO-
peHHsl 1 3ropsHHS nanuea. Lle mpu3BoIUTH 10 OUIBII TOBHOTO BUKOPH-
CTaHHS OT0 TEIJIOTBOPHOI 3[aATHOCTI Ta 3HMXKEHHS KUIBKOCTI MajuBa, 110
JIOTOpsI€ HAa XO/Ii PO3IIMPEHHS 1 B BUITYCKHOMY KosiekTopi. [Ipu npomy Bin-
3HAYUMO, IO IS Pi3HOT KOHI[EHTpAIlil MpUCcaaKku B 0a30BOMY TMaJIKBI CIIO-
CTepiraeThCs Pi3HUH BeTHMYMHA 3HIKEHHSI TUTOMOI eeKTUBHOI BUTpATH
najuBa. Ha Halll morssig 11e mosICHIOEThCSI TUM, 1110 YacTHHA BUILHUX pa-
JIMKAJTIB MPUCAJIKU 3TUIIAETHCSA HE3a[ITHUMH B PO3PUBI BHYTPIIIIHBO MO-
JIEKYJISIPHUX 3B'SI3KiB MAJIMBA 1 aKTUBALlii 10r0 TOPIOYUX CKIIAJJOBUX.

BucHoBKH i mepcneKTHBH MOAAIBLINUX JOCHIIMKEHb. 3HUKEHHS
PiBHS TEMJIOBOI HAMPYKEHOCTI eleMenTiB cyaHoBoro /IB3 moxe Oytu no-
CSATHYTO 32 PaXyHOK ONTUMi3allii i BIOCKOHAJIIEHHSI IPOLIECY 3rOpsIHHS Ta-
JIUBA, 0 MOXKHA 3a0€3MEUUTH UIIXOM BUKOPUCTAHHS MIPHUCAJIOK JIO Ta-
JMBa.
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OtpuMaHi pe3yabTaTH JIOCTIKEHb JIO3BOJIIOTH 3pOOUTH HACTYITHI
BHCHOBKU.

1. [Tpu BUKOpUCTaHHI MAJTUBHUX MPUCAIOK, KOHIISHTPAIIiS SIKUX B Ta-
Bl Moke BapiroBatucs B Mexax 1:8000...1:2000, 3abe3neuyeTbcs 3HU-
KEHHSI TeMIlepaTypHy ra3iB mepen razorypOoHarneradem Ha 4,1...8,2 %,
110 MPU3BOJIUTS JI0 3HUKECHHS TEILIOBOT HarnpyxeHocti aeraneit LI i ra-
30BUITYCKHOI CHCTEMU JIU3EJIS.

2. Ilpu BUKOpHCTaHHI TpUCAJOK J0 HayiuBa Ha 46,2...58,3 % 3HU-
JKYETHCS HEY3I'O/DKCHICTh 3HAUYCHHS TEMIIEpaTypH BUIIYCKHUX Tra3iB I10
OKpEeMUX IWITIHJpax Bij 1 cepenHboro 3nadyeHHs. Lle 3a0e3neuye BupiB-
HIOBaHHSI TEIJIOBOT'0 HABAHTAXKEHHS 10 BCIX LMJIIHApaX JAM3ENS 1 TAKOXK
3MEHIIIY€E TEIJIOBY HANPYKEHICTh, IKa BUHUKAE B HHOMY.

3. BukopucTaHHS PUCAIOK JI0 MaJUBa MPU3BOIUTH JIO ITiIBUIICHHS
MaJMBHOI €KOHOMIYHOCTI CYJTHOBOI'O Ju3ens. BeraHOBIIGHO, 1110 TIPH BH-
KOPUCTaHHI NMAJIMBHUX MPHUCAIOK MOXKIUBO JIOCATTH 3HUKCHHS MUTOMOT
edexTuBHOl BUTpaTH nanusa Bix 2,54 no 6,46 % (B 3aleKHOCTI Big pe-
KUMY poOoTH au3ens). [Ipy 11boMy MakCUMaJIbHE MiABUINECHHS NaJIUBHOT
E€KOHOMIYHOCTI Bifi0yBaeTbcs B jiana3oni 50...60% HaBaHTaXKCHHS -
3€J151, TOOTO PEKUMIB, 0 XapaKTEPU3YIOThCS HAUOUTBIITUM SKCILTyaTaIlii-
HUM I1epiooM poOOTH, a TAKOXK MiABHUILIEHOI TEIIOBOT HAMIPY>KEHICTIO.

4. KoHIeHTpallis MPUCAJIKK B TMajlBl Mae ONTUMAJbHE 3HAYCHHS,
BH3HAYAETHCS CKCIIEPUMEHTANIBHO 1 3aJICKUTh BiJl XapaKTEPUCTUK JIU3EIISA
1 BUKOPHCTOBYBAHOTI'O MajmBa. J{jisi BU3HAYCHHS ONTHMAaIbHOT KOHIIEHTpa-
1ii mpucaaKu HEOOX1IHI JOJAaTKOBI JOCTIIKEHHS, SKi (32 HAABHOCTI PoO-
3p00JIEHOT TEXHOIOTIYHOT KapTH) MOXKYTh OYTH BUKOHAHI CHIJIaMH CYIHO-
BOT'O CKiMaxy.

PosrstayTHii croci6 XiMidHOT 00pOoOKHM MajHBa 3a PaxyHOK BHKOPH-
CTaHHSI IPUCAJIOK, 1110 BKJIFOYAIOTh B CBIf CKJIaJl TOBEPXHEBO-aKTHBHI pe-
YOBUHHU, € MPHUKJIAJIOM BUKOPUCTAHHS HAHOTEXHOJIOTH B CY/IHOBIN eHep-
reTUl.
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Kaiyrin B. M
Harionansauii yaiBepcuTer «O1echka MOPChKa aKaaeMisy

AHAJII3 IOCBIAY EKCILTYATALIT TA MOJINIIEHHS
E®EKTUBHOCTI J1i TA30TYPEOKOMIIPECOPIB
CYJIHOBHUX JIU3EJIB

AHoTanis

HaBeneHo y3arajibHEHHS JOCBiAYy €KCIUTyaTallii CYJAHOBUX JU3EIIiB
BHyTpimHbOro 3ropsuHs (CB3) i ix razorypookommpecopis (I'TK), mo
JI03BOJISIE:

- BUBHAYNTH OCHOBHI IMOKa3HUKH HaifiHocTi CJIB3 1 BCTAHOBUTH 1110
ocHoBHO0 npuunHo0 BiiMoB CJIB3 € momkomkenns ['TK;

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

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

- Haityacrime BigMoBIstoTh Taki By3nmu ['TK sik potop, coruiosi i po-
Ooui JomaTky ra30Boi TypOiHHM, OMOPHI Ta OMOPHO-YMOPHI MiAIIHITHUKH
KOB3aHHSI, BHACIIJIOK PEKUMY «IIOMITaXy» KOMITPECOPY 1 MOpYyIIeHHs 0a-
JaHCYBaHHS POTOPY, IO 00YMOBJIEHO BiIKJIaICHHSAMH Y JIONATKOBHUX ara-
patax TypOiH 1 KOMIIPECOpPiB Ta MOMIKOPKEHHIM OCTaHHIX;

- BU3HAYMTH BIUIUB 3MiH TexHiYHOTO cTany TypOinu ['TK Ha cninbHy
rizpoanHamiuHy xapakrepuctuky poooru ['TK i C/IB3 i Ha BUHUKHEHHS
HecTilikux pexumiB podotu ['TK;

B 1insix 3a0e3neueHHs BUCOKOro piBHS TexHiuHOro crany ['TK B mpo-
neci excruryartanii CJIBC HeoOXiJlHO TOCTIHHO KOHTPOJIIOBATH PiBEHb
BiOpanii I'TK i perynspHO ycyBaTH BHHHKAlO4i BiIKIaJeHHS B TypOiHi
IUISTXOM OYHIIEHHS TTPOTOYHOT YaCTUHU TypOiHH, IO JI03BOJIsE 3a0e3re-
gyBaTH BUCOKY epexTuBHicTh podotu 'TK i C/IB3 y minomy.

Anani3z nokaszuukiB HagiiHocTi CIAB3 i 'TK

B yMmoBax 3pocTaHHS THTOMHX TMOTY)XKHOCTEH TOJNOBHUX 1 JO-
noMibkHUX cyaHoBux au3eniB (C/IB3), B ocHoBHOMY 3a paxyHOK ix ¢op-
CYBaHHS, 1, IOB'SI3aHUM 3 ITUM 30UIbIIEHHSIM MEXaHIYHOIO Ta TEIIOBOTO
HaBaHTaXXEHHs Ha jaetaii mixiHapornopmHeroi rpynu (LIII7), ocobnupe
3Ha4YeHHs! HaOyBae 3a0e3MedYeHHs] BUCOKOTO PIBHA TEXHIYHOI'O CTaHy B



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 82

nmpolieci ekcrtyaTanii By3JiB razorypookomipecopiB (I'TK) i enemenTn
MOBITPSIHO — Fa30BOI0 TPAKTY.

Baratopiunuii mpocein excruryararii C/IB3 3 TypOoHamIyBOM CBij-
YHTH MPO TE, IO B TPOILIECi iX poOOTH BiIOYBAETHCS HEMHHYUE TIOCTYIIOBE
MOTIPIIEHHS TEXHIYHOTO cTany Ta xapakrepuctuk [ 'TK. OcHoBHOO mpu-
yrHOoto 3MiHM xapakrepucTik ['TK e 3aH0C (320pyAHEHHS) MPOTOYHUX Ya-
CTHH TYpOiH 1 KOMIIPECOpIB, 1110 MPU3BOIUTH JI0 3HUKECHHIO 1X eeKTHB-
HOCTI.

Taxum 4MHOM, B TPOLIEC] EKCILTyaTalii CTYIiHb y3TOUKEHOCT] Xapak-
tepuctuk nusens i ['TK, qacTkoBo abo MOBHICTIO MOPYIIYETHCS. Y CBOKO
4yepry BiIKJIaJeHHsS Yy MPOTOUYHill YacTHHI TypOiHH, MOpyLIye ypiBHOBA-
XKEHICThb poTopy, o Moxe BukinukaT BiiMoBu [ TK. Kpim Toro I'TK Bxo0-
JUTh JI0 CKJIaJly TEPMIYHO 1 MEXaHIYHO HABaHTAXXCHUX BY3JIB 1 Jieraneit
JIM3eITiB, 10 BIUIMBAE Ha 1X eKcIiuTyaTtaiiiny Hajiiaicts C/IB3 y mimomy.

JlocmipKkeHHS Ta aHai3 MOKA3HUKIB HAIITHOCTI CyTHOBUX TEXHIYHUX
3aco0iB (CT3) i I'TK, Oynu BUKOHaHI KiacU(iKaIlIiHUM TOBAPUCTBOM

«Lloyd's Register» (LR) [3] i LLIBe icbKMM CTpaxoOBUM TOBApHUCT-

BoM «Swedish Club» (SC) [4, 5] i nosBonse BcranoBuTH 3Ha-
YeHHs! OCHOBHHX ITOKA3HMKIB iXHBOI HAAIHHOCTI Ta BH3HAYUTH OCHOBHI
MPUYHMHY 1X BiJIMOB.

Y tabnuii 1 HaBeAeHO, HAHOUIBII MOIMMPEHHI MOIIKOKEHHS KOH-
crpykruBHux By3miB CJIB3, siki, 3a manumu LR, mpussenu g0 BigMoB
Majo obeproBux auzenis (MO/).

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

. . BingHocHa KinbKiCTh

Bysznu 1 nerani CIAB3 BiAMOB.%

I"azorypbokomnpecopu 18,0
[Mopmi 10,0
Brynku muninapis 9,0
Kominuacri Banu 8,0
[TaTtyHnu 7,0
1ITOKM mopIIHIB 4,0
BiMOBH IHIIMX KOHCTPYKTHBHUX BY3JIiB 44,0
Ycboro 100
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Y Tabnuii 2 HaBEICHO HANOLIBII MOIIUPEHHI MOIIKO/PKCHHS KOH-
CTPYKTHBHHMX BY3JIB JU3eliB, SKi, 32 qanumu SC, TIpU3BEIH J0 BiIMOB
CB3 ycix Tumis.

Tabnuus 2 - OcHoBHi npuunaK BiiMoB CJIB3 ycix tumis, 3a ganumu SC

g}z[[]gaglan BY3JIIB 1 JieTanei KistbKiCTh BIIMOB BlI[H(;(i:;I; ;;E)KICTB
I"azorypbokomnpecopu 145 39,1
B3aemo3anexHi KOMIIOHEHTH* 65 17,6
Brynku muninapis 35 10,3
TTiAIUATHAKY, TIUAKYA BaTiB 17 4,6
Koninuactu Banu 16 43
[Mopmi 11 3,0
OctoB 1 6J191<Ix1 UTIHAPIB, 3 29
AHKEPHI KPITUICHHS ’
Kpetinxondu, mon3yau 7 1,9
BigmoBu 1HIIHNX . 63 17.0
KOHCTPYKTUBHUX BY3JIiB

Ycboro 366 100

* «B3aeMo3alie)kHl KOMIIOHEHTH» - BIJHOCHUTBCS IO JeETajiel Ta
BY3JIiB, fIKi BUKJIMKAIOTh 3aJISKHI BIIIMOBH, TOOTO, BiJIMOBA OJHOrO a0o
JIEK1IBKOX KOMIIOHEHTIB IPU3BOUTH JIO BIZ]MOB 1HIIHUX, IO 3HAXOISATHCS
3 HUMH B TEXHOJIOTIYHOrO B3a€MO3B's13Ky. Hanpukian, npea'siBjieHHs 1Mo-
30BHUX BUMOT TIOB'SI3aHUX 3 YIIKOJDKCHHSIMH KOMITOHCHTIB TIAJIMBHOI CH-
CTeMH, BTYJIOK HWIiHApiB, nopmHiB i ['TK nmpuunHOIO sikKux crtano OyH-
KEpHE IMaJuBO 10 HE BiJINOB1/Ia€ TEXHIYHUM BUMOTaM.

Y tabmungx 3 1 4 HaBeJIeHO, HAHOUIBII TOIIMPEHH] BUAM TONIKO/-
XKeHb KOHCTpYKTHBHUX BY3miB CJIB3, ski, 3a manumu SC, npu3Benu 1o
BimMoB rojioBaux MO/ i cepenuno obeproBux nusenis (COJl) CAB3.

Tabnuns 3 — Haii6insm nommpeHi npuanau BigMoB MO/

. . . . BinHocHa Kinb-
Bysznu 1 nerani CIAB3 KinpkicTh BimMOB KicTb BLIMOB, %
I"a3orypbokomnpecopu 114 42,9
B3aemo3anexHi KOMIOHEHTH 40 15,0
Brynku munisapis 28 10,5
TTiAIAITHAKY, TTUAKYA BaTiB 14 53
PosnoninbHi Baau 12 4.5
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Tabnums 4 — Haii6inem nommpeni npuuuaun Bigmos COJJ

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

Sk 3a3Haueno B Tabimisx 112, ocnopHoro npuunHoo CJIB3 € ['TK,
Ha JIoJto sikux rpurazae Big 18% 10 39% Bij 3araiabHOI KUTBKOCTI BiIMOB
ycix By3JiB Ta komroHeHTiB CJIB3. TakuM 4MHOM, KUTBKICHO, MOIIKOJI-
xenHs [ TK e mepeBaxxnoto nmpuunHoro BiamMoB C/IB3.

Kpim Toro, BinmoBu I'TK 1 3a cykymmHUME BUTpaTaMy € HAiiIOPOXKUIOFO
KaTeropiero 3 Mpea'sBIeHUX MO30BHUX BUMOT [4,5].

3a mannmu LR [3] BcraHOB/IeHA 3a1eKHICTh 3MiHK HafdiitHocTi C/ B3,
mo Bukinkana BizmoBamu [ TK, B 3anmexxHocTi Big Ty aBuryHa. Kinb-
kictb HecnipaBHocTel [ TK, mo npussenu no BigmoB C/IB3, crocoBHO 3a-
rayibHOl KibkocTi BimmoB 1o CIIB3, cknano: 3% /11 BUCOKO 00€pTOBUX
neuryHiB (BO/L), 9% nns COM 1 18% ans MO/,

3a manumu aHanoriuaux Aociimpkenb SC (Taomui 3 14): 29,8% st
CO/, 42,9% s MO/, Le cBigquuts npo Te, mo ['TK, ski BcTaHOBICHI
na CO/l i BO/, 6inbwm HafiiiHi B excrutyaTarii, B mopiBasHHi 3 ['TK Bcra-
HoBIIeHUMH HAa MO/I.

Cepenns TpuBaiicts 6e3BinMoBHOT pobotu ['TK ronoBHUX IBUTYHIB
pi3Ha 1 3aEKUTH Bi SIKOCTI BHTOTOBJIEHHS H yMOB ekciutyararii. Coifg
3a3HAYUTH, 10 poOOTH 3 ycyHeHHs BiqMoB [ TK HOCATh, B OCHOBHOMY,
3aBOJICBKUI XapakTep, IO 3HAYHO YCKIIJHIOE iXHE BUKOHAHHSI.

Haituacrime BiamoBu I'TK tumnie NA i VTR Oynu BukimkaHi mom-
KOJDKEHHSIMHU POTOPIB, BiAMOBIAHO - 18,3% 123,3%. s ['TK tumy NA ix
BiIMOBH OyNM BUKJIMKaHI PyHHYBaHHSMH MiJIIUITHAKIB KOB3aHHS 3 OOKY
Typ6inu -12,1% i komnpecopy - 11,6%. OCHOBHUMH TPUIHHAMH TTOIIKOI-
KEHHSI pOTOpIB 1 pyiHYBaHb MiJIIUIHUKIB € MOPYIICHHs OalaHCyBaHHS
poropa 10 CHPUYMHEHI SKCILTyaTalliiHUMK BIKJIAJICHHIMY Ha POOOYUX
JIONIaTKax, JUCKY TypOiHH, 1 Kojieci komnpecopy. llle onHiero BaxIMBOIO
MPUYMHOIO BUHUKHEHH 3HAYHUX BiOpallifHUX HaBaHTaKeHb 1 HACTYITHUX
ymkopkeHb [ TK € X poOoTa B 30HI HECTIMKMX PEKUMIB — PEKHMI «IIOM-
Maxy» KOMIIPecopy.
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Tabnuust 5 - BigHOCHa KiIBKICTh HECTIPABHOCTEH KOMITOHEHTIB
razorypookomriipecopiB Tuiry NA, romoBHuX jaBorakroBux CJIB3 MAN-

B&W
. BingHocHa KinbKiCTh
KomrmoneHnTH razorypOookoMIipecopiB <o
HecTpaBHOCTEH, %o
T'azomypboxomnpecop 6 360pi, pomop ii Kopny-
CHI KOMNOHeHmu
I"azorypOokomnpecop, K €TMHUI arperar 5,0
Potop razorypbokommpecopy B 300pi 18,3
JlaGipuHTOBI yIIITBHEHHS 8,7
Kommnpecop
[TpuitomHi npucTpoi Ha BCMOKTYBaHHI HOBITPS 2,5
PoGoue xoseco BKIFOYHO 3 JIOMATKOBUMHM ama- 9.3
paramu ’
Typbina
Coru10Bi JIONaTKH TYpOiHN 10,0
PoGoui gomatku TypOiHU 9,3
TTiowunnuxosi 8y3au 1l npucmpoi cucmemu ma-
WjeHHs.
OnopHO-yNOPHUH i JIUITHUK KOB3aHHS 3 OOKY 11.6
KOMIIpECOpy ’
OnopHMiA MiANMITHAK KOB3aHHS 3 00Ky TypOiHH 12,1
CucreMa MalleHHs ITiIIIAITHAKIB 13,2
Yevoeo: 100,0
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Tabnuust 6 - BimHOCHa KiIBKICTh HECTIPABHOCTEH KOMITOHEHTIB
razorypookomipecopiB tumry VTR romosaux norakropux CJIB3 MAN-

B&W
BinnocHa
KomrmoHneHnTH razorypOookoMIipecopiB KUIBKICTD
HECITPaBHOCTEH,
%
T'azomypboxomnpecop 6 360pi, pomop 1i KOpnyCcHi Komno-
HeHmu
I"azorypbokomnpecop, K €TUHUI arperar 6,4
Potop razorypbokommpecopy B 300pi 23,3
JlaGipuHTOBI yIIITbHEHHS 11,1
Komnpecop
[TpuitomMHi npUCTpoi Ha BCMOKTYBaHHI HOBITPSI 3,2
PoOoue xos1eco BKIIFOUHO 3 JIONATKOBUMHU allapaTaMu 11,9
Typbina
Coru10Bi JIONTAaTKH TYpOiHN 12,7
PoGoui nomatku TypOiHU 11,9
TTiowunnuxosi 8y3nu i npUCmMpPol cucmemu MaweHHs.
OnopHO-yHOpHUH MAIWITHAK KOYeHHs 3 00Ky KoMIIpe- 18
copy ’
Cucrema MalleHHS OTIIOPHO-YIIOPHOTO ITiJIIHITHIKA 8.2
BKJIIOYAIOYY HaBilIEHWH HACOC MalIEHHS ’
OnopHUA NI IIIUITHAK KOYeHHs 3 00Ky TypOiHM 2,5
Cucrema MallleHHS OIIOPHOT'O MiIUITHIKA BKIIOUAI0un 70
HaBiIIEHNI HACOC MaIeHHs ’
Yevoeo: 100,0

®opmyBanHs HecTiHKUX pesxknMiB podoTu I'TK i ix ycyHennst

CyMillleHHsI TiAPOJMHAMIYHUX XapaKTEPUCTHUK TOBITPO-Ta30BOI0
tpakty (III'T) nuzens, kommpecopa i TypOiHM BILTMBAE Ha 3a0e3neueHHS
poboru kommpecopy ['TK B 30Hax cTiiikoi poOOTH 3 HAJIKHUM «3a11acoM
cTilikocTi». IXHE pO3y3romkeHHs BUKIMKA€ HECTiHKI PeXHUMU pOOOTH
KOMIIpecopa — «IOMIaK». BUHUKHEHHS «TIOMITa)Ky» MPU3BOIUTH JI0 TO-
PYLIEHHS MOBITPONOCTAYaHHS 1 3rOPSHHS MaJlMBa B LIIIHApPAaX TU3EN,
TOOTO /10 oro BigMoBH. ToMy aHaii3 MPUYMH «IIOMITaXY» i CBOEYAaCHE
Horo monepemKeHHs JO3BOIUTh 3a0e3neunT HaAiiHy poOoTy auzend i
Oe3leKky MoperyIaBaHHs Cy/HA B IJIOMY.
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ToMy akTyaldbHUM € TIPOBEAEHHS IOCHI[UKEHb NPHYMH 3HUKEHHS
piBas npanesnatHocTi ['TK i enementiB III'T, Ta BU3HaueHHS SKICHHX i
KUIBKICHUX B3a€MO3B'S3KIB HECIIPaBHOCTEH 3 MapameTpaMu poOOTH -
3eMiB, po3poOKa peKOMeHAllii 3 3amo0iraHHs 3HIKEHHS PIBHS IMpares-
natHocti ['TK i enementis I1II'T y mpomeci ekcrutyarartii.

Pexxum poboTu xommpecopy B 3arajJbHOMY BHMAAKY BHU3HAYAECTHCS
YMOBaMH Ha BXO[i (THCK i TeMIlepaTypa MOBITps), 4aCTOTOI0 00epTaHHS i
MPOAYKTUBHICTIO. 3aJIKHO BiJl MOEHAHHS IIUX MapaMeTPiB KOMIIPECOP
Oy/e po3BUBATH Ty YW iHIIY CTYIiHb MiJBULIEHHS THCKY, 1 CIIOKUBATH
Pi3HY HOTYXXHICTb.

OmiHKa OCHOBHHX JJAHUX pOOOTH KOMIIpecopa Ha OyIb-IKOMY PeXHMi
BHKOHYETBCS 110 HOI0 XapaKTepUCTHIl (PUCYHOK 1).

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

VY 3aranbHOMY BHIAJKYy, «IOMIIaX» KOMIIPECOpy, IO MpPaIoe y
cxnani C/AB3 cipuuuHS€THCS PO3y3ro/PKEHHIM T1IpOoIHHAMIYHHIX XapakK-
tepuctuk ['TK i [II'T auzens. BHacnigok yTBOpeHHS MPOTUTOKY B po0Oo-
YHMX KaHaJlaX Kojeca KOMIIPecopa, pyx MOBITPs 3MIHIOETHCSI Ha POTHIIEK-
HUH — 3 00Ky HArHITaHHA Ha CTOPOHY BCMOKTYBAHHSI.

[MprurHamMu 11BOTO MOXKE OYTH:

- «TepeKuJaHHS TUPKYISIII»;

- 30utbenHs onopy III'T muzens;

- TIEPEBHIICHHS BUTPATH TOBITPS, IO MOAAETHCS KOMIIPECOPOM B
MOPIBHSIHHI 3 TUM, 1[0 MOXYTh CIIOXKHUTH LIUTIHPH JU3CIS;

- BUHUKHEHHs aBTokonuBaHb B [I['T y 3B'SI3Ky 3 momepeMiHHUM
BIZIKPUTTSIM 1 3aKPHUTTSM BITyCKHUX OpPTaHIB JU3EIs.
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Ty

mdomMn "Ry, NI, (NN, [N . JgNEPNI So— W ! N
1.00
n,kpoﬁ l I

/ N=1.06

CTYNIHb NIABUWEHHA TUCKY (BIAHOCHA)

01 02 03 04 05 06 07 08 09 10 Gs
MOAAYA MOBITPSA (BIAHOCHA) Gg™™® GBP*°

Puc.1. Busnauenns 3anacy criiikocti I'TK Ty NA i CIB3 MAN — B&W

Hapi#iHicTh poOOTH KOMIIpECcOpy B CKJIAJl AU3ENs, PO3TallyBaHHS PO-
3paxyHKOBOI TOYKHU HOTr0 poOOTH 111010 MEXI MOMITa)KHOT 30HH OIIHIOKOTh
koedinienTom 3amnacy criiikocti Kycr. [ix num koedilieHToM po3yMiroTh
BiJJHOILICHHS CTYIEHS MiJIBULIEHHS THCKY TK 10 BUTpaTH moBiTps GB, BU-
3HaYeHUMH TPH OJHAKOBIH YacToTi 00epTaHHs Ha MEXi MOMMAaXY 1 B TO-
YI[i, 0 BIJNIOBIJIa€ PEKUMY CIILILHOI pOOOTH 3 JAU3EIIEM,

GBpo6 koM
Kyct = — 5 — 1)-100%,
GB kP

e : k"™ i GB"M" — cTyniHb MifBUINEHHS THCKY i BUTpaTa HOBITPs
B TOYIII IEPETUHY JIiHIi OCTIMHOT YacTOTH 00epTaHHS KoMIIpecopa (Touka
A’ Ha pUCYHKY 1) 3 MEXEIO TOMITAXKY;
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kP i GBP*° — CTYIiHb MiJIBUILEHHS TUCKY 1 BUTpaTa MOBITPS B TOUII1
CIJIbHOT pOOOTH KOMIIpecopa 3 Anu3eneM (Touka A Ha PUCYHKY 1).

MiniManbpHe 3Ha4eHHs KoedillieHTa 3amacy CTIHKOCTI MPH CaMHX
HECIIPUATIMBUX YMOBaX eKcIulyartallii moBuHEH ckiuaaatu 8%. st aBo-
XTaKTHUX JU3eliB Sulzer Ha HOMIHAILHOMY PEXUMI POOOTH, PEKOMEH-
nyeTbest 3HadeHHS Kyer = 15% [2].

XapakTepHi 03HaKU HECTIHKOT «ITOMITaXKHO» pOOOTH KOMITpecopa —
pi3ki 3ByKOBi ymapu i BiOpamis koprnycy. Excrmyatanis ['TK B «mowm-
MaXkKHil» 30H1 MOKE MIPU3BECTH 0 3a4illaHHs pOTOpa 00 CTaTOp, MOJIOMKH
poOOYMX JIONATOK TypOiHU 1 KOMIIpECOpy, BUXOMY 3 Jiaay MiAIIHITHUKIB.
ToMmy ekcrutyarallisi JBUTYHa Ha TaKOMY PEXHMi, KOIW BUHHKAE «IIOM-
naxk» KOMITpecopy, Hempumyctuma. Ha ocHOBI aHanizy Moka3HHUKIB po-
6otu neuryna i 'TK (Temmeparypa BUIYCKHHX Ta3iB, TUCK HaJIyBYy, 4ya-
crota o0epTaHHs) HEOOXiTHO BCTAHOBUTH MPHUYHHY «IIOMOAXY» 1 yCy-
HYTH 1I.

VY Tux BUNazKax, Koiau (He3Ba)Karouu Ha «IIOMITaK» KOMITPEecopy) He-
MOXIJIMBO 3YIHHHUTH JIBUTYH 200 HaBiTh 3MEHIIMTH YacTOTy HOro obep-
TaHHsI (IPOXOKEHHS CyJJHA B By3bKOCTSIX, IITOPMOBI YMOBH 1 T.11.), HE0O-
X1JTHO MTepenyCcKaTH YaCTHHY TOBITPS [TOB3 JBUT'YHA, PO3BAHTAKYIOUN THM
camum omip [II'T. [yis miei Metn HeoOXiTHO BUAATUTH 3arIyIIKH, SKi 3a-
3BHYAil BCTaHOBJIEHI Ha TMOBITPO30IpHUX MPHUCTPOSAX KOMIPECOpiB, i
BIZIKPUTH KpaHU Ha OXOJIOMKYBadi MOBITPS 1 peCHUBEPi MPOLYBHOTO TO-
BiTps. [Ipu 1iboMy citii cocTepiraTi 3a TeMIepaTypolo BUITYCKHUX Ta3iB
nepes; TypOiHO, 00 BOHA HE MepeBHIuiIa gonycrumy. [lepenyck ya-
CTHHHU TIOBITPS 3a3BUYail T03BOJISIE YCYHYTH «ITOMITAX» KOMIIPECopy i 3a-
Oe3revnTH HaJiiiHy poOOTY Iu3ens.

BucHoBku

Hocsin excrutyatartii C/IB3 cBiguuth, mo nomkomkenHs ['TK e me-
peBaxkHOIO puuuHOIO BimMoB CJIB3 ycix TumiB, Ha AOJIO SIKUX MPHUNATAE
Bix 18% mo 39% Bix 3araiabHOi KinbkocTi BinMoB CJIB3.

Bcranopiiena 3anexHICTh 3MiH Moka3HUKiB HajiiHOocTi CJIB3, ski
cnpuynHeHi nomkomkeHHsamu ['TK, B 3aimexHOCTI Bijg THIY JBUTYHA.
Kinbkicts HecnipaBHocteit I TK, siki npussenu 1o BiamoB C/IB3, ctocoBHO
3aranpHOl KimbkocTi BigmoB mo CJIB3, cknano: 3% mis BOJ, 9% mus
CO/l i mo 43% nns MOJ/I. HaBeneni naHi cBimuuthb npo te, mo [ TK, ski
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BcranosiieHi Ha COJ] 1 BO/I, Ouibin HafiiiHI B eKCIUTyaTallii, B MOPIBHAHHI
3 I'TK BcranoBnennmu Ha MO/I.

Hativacrimie BigmoBu ['TK tumiB NA i VTR Oynu BUKIMKaHO YITKOI-
JKEHHSIMH POTOPIB, BiAOBIIHO - 18,3% 1 23,3%. OCHOBHUMU MPUYMHAMU
YIIKO/DKEHb POTOPIB i pyHHYBaHb MiJIIMITHUKIB € BHHUKHEHHS 3HAYHUX
BiOpaniifHux HaBaHTaxeHb 1 HacTynmHuX BigMoB [ 'TK € ix poGora B pe-
KHUMI «ITOMIAXy» KOMIIPECOpY, a TAKOXK TMOpPYIIeHHs OanaHCyBaHHS Po-
TOPIB IO CIPUYMHEH1 eKCIUTyaTalliiHUMHU BiJKIaJeHHSMH Ha POOOYMX
JonaTKax, TUCKy TypOiHH, 1 KOJIeCi KOMIIpecopy.

BcTaHoBIIEHO MPUYMHA BUHUKHEHHS «ITOMIAXKy» KOMIIPECOpIB, sKi
CIPUYMHEH1 PO3Y3rO/KEHHAM TigponuHaMidyaux xapakrtepuctuk ['TK i
MI'T auzens. HaBeneHo 3axo0au Mo yCyHEHHIO HECTIHKHX PEKHUMIB POOOTH
kommpecopiB ['TK B mporieci excrumyartanii qu3emis.
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HIJIBUIIIEHHA E@EKTUBHOCTI EKCILITY ATAIII
CYJIHOBUX NPUCTPOIB MOPCHKHUX CYJEH

[MigmpuemctBa, 1m0 BUpoOIsoTh cynHoBi npuctpoi (CII), mist nminsu-
HIeHHs e eKTUBHOCTI IX eKCIUTyaTallii MpamorTh Y IBOX HanpsMkax. [le-
PNl HAPSIMOK — TIOB'I3aHUI 3 TH)KEHEPi€lo MTOBEPXHi, APYTHi HAIPSIMOK
— 1€ 3MiHa PEOIOriYHMX XapaKTePUCTHK MACTHJIBHOrO MaTepiany. Ix pi-
LICHHS MiAMOPSIKOBaHI Ha ajjanTalliro poOoTH orop koueHHs y cknani CIT
JUISl 3HVDKEHHS BUTpAT Ha TepTs (CKOPOYEHHS BHTPAT eHeprii) i 3HOCY
OTOp BaJliB (CKOPOYEHHS BUTPAT Ha 0OCIyroByBaHHsI i peMoHT) [1].

EdexTuBHUM CITOCOOOM MiABUINEHHS 3HOCOCTIHKOCTI OTIOp KOYEHHSI €
HaHECeHHs Ha poOoUi MOBEPXHi MUTIBOK HA OCHOB1 ()TOPBMICHHX MOBEPX-
HEBO-aKTHBHHX PEUOBHH B pe3ysibTaTi XxemocopOuii. Brummeom xemocop-
00BaHOI IJTIBKM HAa TPUOOTEXHIUHI POLIECH B Mapax TePTs €:

— CTBOpPEHHS MMO3UTUBHOIO IPATIEHTY MEXaHIYHUX BIaCTHBOCTEH MOBEp-
XHEBOI'0 IIApy MacTHJIa;

— TiBUIIEHA CUJIa OMOPY MPH 3pYIIEHHI B TOBEPXHEBOMY LIapi;

— 3MiHa MMOBEPXHEBOI EHeprii MaTepiany mapH TepTsl.

Hanecenns ¢propBMiCHUX MOBEPXHEBO-aKTHBHUX PEUOBHH Ha TMOBEP-
XHI Mapy TepTs 3AIMCHIOETHCS Pi3HUMHU criocobaMu. B pesynbrari 1160r0
MOJIEKYJI YTBOPIOIOTh Ha WX MIOBEPXHSX CTPYKTYpH JIeHrMiopa, 3 ocsimu
HOPMAaJIbHO CIPSIMOBaHMMH JI0 MOBEPXOHBb TEPTS, IO CIPHUSE YTPUMY-
BaHHIO MaCTHJILHOTO Matepiaiy, Ta CIIy>KUTh po3’€IHYIOUNM IapoOM MiXK
KOHTAaKTYIOUUMH TIOBEPXHAMHU [2].

Mornekyiu XeMOCOpOYIOThCS TiIPO(LUILHO TOISPHOK CTOPOHOI0, a
rinpogoOHa HemonsipHA CTOPOHA 3aJMIIAETHCS HAa MOBEPXHI MOKPUTTS,
ke (POPMYETHCS.

MacTtuio Ha MeTaneBiil MOBepXHi YTBOPIOE PiIKOKPHUCTAIIYHI IIapH,
B SIKHX MOXE YTBOPIOBATHCS TOMEOTpOMNHa abo ITUIaHapHA Opi€HTAllid Ha
CTPYKTYpH MOJieKy1. Kepyroun opieHTaIli€r0 MOJEKYII B PiIKOKPUCTAITIY-
HUH CTPYKTYpi MOKHAa OTpUMAaTH OakaHi TpUOOTEXHIUH1
XapaKTEePUCTUKH.

B sikocTi Takoro opientanta BukopucrtoByBascs 0,5% po3uuH Grop-
Hpenapary THILY 6CDK-180-05. Jlns xepyBaHHA MpoLiecaMu TepTs B
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oropax kouerHs CII Oymna po3po0iieHa HAHOTEXHOJIOTisl HAHECCHHS Ha X
po0boUi MoBepXHi Opi€HTaHTa, MIO JO3BOJIMJIA OTPUMATH B MPUCTIHHOMY
MacJsIHOMY MIapi 3aJaHy CTPYKTYpYy PO3TAlIyBaHHS MOJIEKYJl MacTHiia
(romMeoTporHy).

Lle 103BOJIMIIO 3HM3UTH TOBEPXHEBY SHEPril0 MaTepiajy OIOpH KO-
YeHHS BJBIYl.

Tabnumst 1. BriutuB opieHTanTa Ha moBepxHeBy eHeprito craii [IX15

Bucora Hiamerp | KpaiioBuii | IloBepx-
[MoBepxHs crami KaIoTi, MM | KaIuli, MM | KyT, Tpaja. | HEBa eHep-
1IX15 ris, Jlx/m>

[MoBepxHs 6e3 opienta- | 0,06 3,48 3,704 129,246
HTa
IToBepxHs nokpura | 1,14 2,29 89,873 64,684
OpIEHTAHTOM — TOBIIH-
HOWO 15 HM

[TigBUIIMTH TUTOME HABAaHTAXXCHHS Ha Mapy TepTsA, 3HU3UTH iHTEH-
CUBHICTb 3HOMYBaHHs 710 1,=10"2, IIpyu 1bOMy 3HM3MIACh 00’ €MHA TeM-
nepaTypa onopu koueHHs Ha  15-20 °C B 3a71eKHOCTI BiJl HABAHTAKEHHS
1 criocTepiraeThCs TEHJSHILISI 10 30UTBIIICHHS ITi€T PI3HULIL 3 POCTOM HaBa-
HTaXCHHS, a TAKOXK, 3a()IKCOBAHO 3HIKEHHS IIIyMHOCT1 poOOTH TpHOOCH-
cremu Ha 2-5 n1b [3].

MokHa CTBEpIDKYBAaTH, IO 3aCTOCYBaHHS HAHOTEXHONOTIT Kepy-
BaHHS MPOLECOM TEPTS 32 PaXyHOK 3aCTOCYBaHHsI Opi€HTaHTa MacCTHIIb-
HOI'0 MaTepialy y IOBEpXHEBHX Iapax TpuOOCHCTEM TPU3BOIUTH 10
MIJBUIICHHS HECY4O0i 3JaTHOCTI MAaCTHUJIBHOIO Iapy 3a PaxyHOK yTBO-
PEHHS 33/1aHOI CTPYKTYpPHU, CTBOPEHHS 0ap’€PHOTO MMOKPUTTS 1 yTPUMAaHHS
MacCTHUJIBHOTO MaTepiaiy B 30HI TepTa. [Ipu 1IbOMY MONIMIIYIOTECS YMOBH
po0OTH OIOp KOUEHHS 0COOJIMBO Ha MyCKOBHX 1 MEPEX1THUX peKUMax po-
6otu CII, a Takox, 3a0e3Me4yEThCS 3aXKUCT [TOBEPXOHBb TEPTS BiJl BOJIOTH
(rimpo¢oOHiICTB).
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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 acrodynamics 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 dur-
ing flow past them [2, 5]. This is confirmed by the results of experimental
studies [3], conducted in a wind tunnel and a steam-dynamic pipe.

Analysis of experience in designing and operating ship steam turbines
[1,2,5,6] shows shortcomings in solving individual design problems, 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 determines the effi-
ciency of the entire turbine [7]. A special place in the design 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 de-
sign of the profiles of the working blades of the last steps of ship low-
pressure steam turbines, taking into account the most optimal acrodynamic
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 periph-
eral 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,./0 <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 (c,) 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

1\/12T = —2" (where Wy, - relative flow rate at the exit of the turbine
a

stage, and a - the speed of sound). These conditions impose strict require-

ments on the magnitude of the moment of resistance of the section W and

the section area F of the blade profile. To meet the aecrodynamic 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.
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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) char-
acteristics [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 vibra-
tion reliability [4], and also does not fit into the size of the radial gap be-
tween the rotating disk with the blades and the guide vane. Therefore, 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 reduce
the width of the profile and to ensure compliance with the conditions 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 My, are shown in Fig.3. .The results of an experi-
mental study of the lattice of conventional profiles (3) and biconvex (pro-
files 1, 2, Fig. 2) are presented in Fig. 4, where the dependences of the

coefficient of profile losses zﬂp on the number M, at the exit of the grids

are shown [3]. A comparison of these data shows that lattice 3 (initial pro-
file) 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 Cnp = 3-4%.

¢

2 —o——‘—t-s.___._j

06 0708 09 1 L1 1213 14 My

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

Fig. 2. Variants of the shapes for 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 work-
ing 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 geometric,
aerodynamic and strength characteristics and to increase the efficiency.
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Koszunpkuii C. B., Kipisu C. B., HIgens O. 1.
Harionansauii yaiBepcuTer «O1echbka MOPChKa aKaaeMisy

HNOPIBHSAHHSA E@OEKTUBHOCTI AEMII®EPIB
KPYTUJIBHUX KOJIUBAHb KOJITHYACTOI'O BAJTY
CYJHOBOI'O JU3EJIA ITPU BUKOPUCTAHHI PIJIUH

3 PI3BHUMU PEOJIOI'TYHUMU BJIACTUBOCTAMU

Torsional vibrations of a shaft arise under the influence of
forces and moments that cause its rotary motion. Majority of modern
marine diesel engines are equipped with the damping mechanisms
which contribute to the reduction of the negative effects of high am-
plitude torsional vibrations. A common feature of all existing 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 medium. The
most common fluid used in the viscous torsional vibration 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 vibra-
tion damper that utilizes non-Newtonian fluid. In the framework of
Ostwald power law, it is stated that power of velocity gradient de-
termined 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 the
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higher the amplitude of vibrations and value of flow index the more
effectively they are damped.

Keywords: marine diesel engine, crackshaft, torsional vibra-
tions, fluid damper, non-Newtonian fluid, pseudoplastic fluid, dila-
tant fluids, fluid flow index, rheology.

Bcmyn

OnHiero 3 HaHOLIBII HANPYXXEHUX JAeTalied CyJHOBOI eHepreTHYHOi
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 (hopmyIioro [1]

M, =Tr, (1)

ne r - pagiyc kpuBommmna, T — cymapHa JOTHYHa CHIIa Bill BCIX
KIIIM nuzens.

Jlis1 GaraTounsTiHAPOBOrO ABUIYHA KPYTHHH MoMmeHT M, Ha Bay

JBUTYHA SBJISIE COO0I0 (PYHKIIIIO 3 MEepiofioM, SKHH BH3HAYAETHCS BiHO-
HICHHSIM Tepiofly poO0oYoro HUKIY A0 YMcia HUIHIpIB nuzens. OTxe,
KPYTHHH MOMEHT TIEPIOIUYHO 3MIHIOETBCS, IO 3YMOBIIOE 3MiHY KyTOBOI
HIBHJIKOCTI oOepTaHHs Baiy. BUHHKaro4i KpyTHIIBHI KOIMBaHHS MOXYTh
MPUBOJIUTH JI0 BETUKUX AMHAMIYHUX HAIIPY>KEHb Ta 0 PyHHYBaHHS BaJO-
npoBoy. 3abe3neueHHs Oe3aBapiiiHol poOOTH Baly Ta BAJIOIIPOBOJTY € aK-
TyaJbHOIO 3aJlauelo, sIKii MPUCBSYEHA BeUKa KUIBKICTh POOIT, HAIpH-
kman, [2 -5].

3a3Buyai, JyIsl 3MEHIIEHHS WIKIUIMBOI [ii KPYTUJIBHUX KOJMBaHb, 3a-
CTOCOBYIOTh aHTUBiOpaTop 1 gemndepu [2 - 4]. AHTHBIOpaTOpH MpaIio-
10Th O€3 MOTJIMHAHHS eHeprii Ha iHepIifHOMY MPUHIIMIT, CTBOPIOIOYH pe-
AKTHBHUH MPOTUIICKHO CIIPSIMOBAHUH iHEPUIMHUI MOMEHT, IO 3MEHIITY€E
aMILTITYyIM KOJIMBaHb y BCili cuctemi. Jlemndepu, Ha BiAMiHY Bif aHTiBiO-
paTopiB, YAaCTKOBO TOTJIMHAIOTH CHEPTIiI0 KOJIMBAaHb 3aBJISKH HAsSBHOCTI
MiX MaxOBOI MacOI0 i MATOUMHOO JieMIidepa eIeMEHTIB 3 TepTsaM. IcHye
BEJIMKa KUTBKICTh KOHCTPYKIiH Aemiiepi, M0 BiPI3HIIOTHECS COCOO0M
aMIUTITY/T1 BUHUKAIOUMX KOJuBaHs [1, 4, 5].

upoke nomupeHHs oTpuMaB B’ si3KicTHHI nemiidep (puc. 1) 3aBasku
MPOCTill KOHCTPYKIIi: Y METATiYHHIA KOPITyC BBOAWUTHCS MaxoBa Maca y
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BHIJISIII KUTBIIS, SIKA BUIbHO 00EPTAETHCS BIIHOCHO HHOTO, @ BUTBHUH MPO-
CTip 3aMOBHIOIOTH B’SI3KOIO PiIMHOI0. Y OUIBIIOCTI BUMAIKIB BUKOPUCTO-
BYIOTH BUCOKOB’SI3K1 piINHU — CHJIIKOHH [3, 4].

Ilocmanoexa 3aoaui

Kopmye  Maxosa maca VY mHaiinpocrimoMy BuUIa-
meumndepa JIKY TIPU PO3paxyHKax e(eKTH-
BHOCTI Jemmdepa BBaXKaloTh,
IO piJiiHA € HBIOTOHIBChKA. Y
IIbOMY BHIIaJIKy BHUHHUKAOUa
CHJIa TEPTS, 110 JII€ Ha eJIeMEH-
TapHy IUIOMIAAKY dS Tpomop-
ifHA TPaJi€HTY IIBUJIKOCTI

Blanca dv
pioHHA dFTp = nd_zds . (2)
Puc. 1 — B’sa3kicTHuil nemndep KoediuieHT nponopuiiiHo-

cti ) ([M], kr-m™'-¢™) y wiit popmyii - nuHAMIUHA B'S3KiCTh. Y GilbIIOCTI
TEOPETUYHHUX JIOCTIKEHb TUHAMIYHA B’SI3KICTh BBaXKAE€THCS CTAJIOI Be-
JuuuHOoIO [3 —4].

Mertor0 0CHiIKEeHb Yy AaHiil poOOTi € MOpPiBHSAHHS e)EeKTUBHOCTI Jie-
Mrdepa KpyTUIbHUX KOIMBaHb MPH BUKOPUCTAHHI PIUH 3 PI3HUMH PEo-
JIOTTYHHMU BJIaCTHBOCTSMHU.

Peonozia é’a3kux pioun.

B’s3ki pianHu, 1UIs AKUX 3aKO0H (2) MOPYLIYETHCS, 3BYTHCSI HEHBIOTO-
HIBCBKUMH. [X peornoris 3a10BoIbHAETLCS 3aKoHOM OcTBanbaa [6] Ta onu-
CYETHCSl HETIHIHHUM PiBHSHHAM

n
dF, =-K, Lid as, (3)
dz
ne K, - xoediuieHT KoHcUCTeHLIT (Y IEBHOMY Aiala3oHi rpajieHTa

IIBUAKOCTEH BIH MOXKE BBOKHTHUCS CTAJIUM 1 HAa3WBATUCSA €(PEKTUBHOIO
B’SI3KICTIO), & B Ma€ Ha3By iHAEKCY Tedii, AKHH XapaKTepu3ye CTYIiHb Bi-
JIXUJICHHS BiJl HbIOTOHIBCHKOT MOBEMIHKM). B’s13K1 pinuHu, AJis SKUX 3HA-
YyeHHS n <1 Ha3WBaroTh IICEBAOIJIACTUKAMH, a IS IKUX n>1 — auiaTa-
HTHHMU.
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B’s13kicTh CHIIIKOHOBOI PIAMHU MPH 3MiHI TPai€HTy MIBUIKOCTI 3Mi-
HIOETHCA [5] 32 3aKOHOM

1

N ke dvidz)

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

4)

KWW BU3HAUEHHU eKcriepuMeHTabHO. OCKUIBKH MPH 3pOCTaHHI rpaie-
HTAa IIBUAKOCTI 3MEHIITYEThCS KOSPIIIEHT B’SI3KOCTi, TO BUHUKAIOUa CHJIa
oropy (3) 3MEHIIYEThCSI, TOOTO CHIIIKOHU € TICEBI0IIACTUKAMHU.

Po3spaxyHku cHIIIKOHOBOTO JeMIiidepa 3 BpaxyBaHHIM 3MiHU B’S3KO-
CTi 3a 3aKOHOM (4) mpoBeneno aBTopamu [7]. Y wiit poOOTi mokazaHo, 1110
npu 301TbIIEHH] rpaieHTa IMBUAKOCTI MOMEHT CHIIM TEPTS 3MEHIIY€EThCS
y TIOPIBHSHHI 3 HBIOTOHIBCBHKOIO PiMHOI. OTKe, epEeKTUBHICTh JEMII-
(epa, 3aIIOBHEHOTO CHIIIKOHOM, 3MEHIIYETHCS MPH 3HAYHUX aMILIITyaax
KPYTHJIBHUX KOJHBaHb.

[cHyIOTH AWNaTaHTHI PIAMHU, Ui SIKMX MpH 30UIBIIEHHI TpajlieHTa
IBUAKOCTI iX B’SA3KICTH 30UIbIyeThCs. JunaTantHuit eekT cnocrepira-
€ThCS B TUX MaTepiaiiax [6], B SKUX IIUIBHO PO3MIIIEHI YaCTUHKH TIEpEMi-
[IaHi 3 PIIMHOIO, SIKa 3alIOBHIOE MPOCTip M HUMU. [Ipu mManux rpajieH-
Tax IIBUAKOCTI MDX IIapaMH MaTepiaixy Taka piJjiHa 3[aTHa JIErKo mepe-
TiKaTH, TOMY Ma€ Maiuid KoedilieHT B’ a3kocTi. [Ipu Benukux rpagieHTax
IBUAKOCTI PiIMHA HE BCTUTAE 3aIOBHIOBATH BUILHUI MPOCTIp, 1110 YTBO-
PIOETHCS MIXK pyXOMUMH YaCTUHKAMH, 1 TOMY TEpTS MK YaCTHHKaMH CH-
JILHO 3POCTAE, M0 MPU3BOUTH JI0 CYTTEBOTO 301IBIICHHS B'S3KOCTI.

Po3paxynok Ooemnghepa KpymunbHUX KoOJIUGAHD, 3AN06HE-
HO020 HEHbIOMOHOCHLKOIO PIOUH OO
Kopnyc nemndepa obepraeTses Ta 3AiHCHIOE KPYTHIIBHI KOIMBAHHS pa-
30M 3BajiOM JIBUTyHA. 3aBIIIKM B’SI3KOMY TEpTIO iHEpIliliHa Maca 3axo-
TUTFOETBCSL Ta 3IHCHIOE KPYTHIIBHI KOTMBaHHA. [Toki MOMEHT cuJl iHep1ii,
O Ji€ Ha IHEpIiifHy Macy MEHIIE MOMEHTY CHJI B’SI3KOTO TEpTS,
iHepIIiiiHa Maca Ta KOpITyC 3A1HCHIOE KPYTHIIbHI KOJTMBaHHS SIK OfIHE IIiIe.
SIK TITBKM MOMEHT CHJI iHepIIii cTa€ OUIBIIMM HI)K MOMEHT CHJI B’SI3KOTO
TepTs, iHEpIiliHa Maca TIOBEPTAEThC BIAHOCHO Kopiycy nemidepa. Taki
PYyXH iHepuiHOi MacH BiIHOCHO KOpIYCY emiidepa MOBTOPIOIOTHCS 3 Ya-
CTOTOI0 KPYTWJIBHUX KOJHMBaHb. BWHUKaroumii MOMEHT CHJ B’SI3KOTO
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TEpTs y 3a30pax MiX 1HEpIiIfHOI Macolo Ta KOpIycoM aemidepa CTBO-
PIO€ orip, SKUI TaCUTh BUHUKAIOY1 KPYTHIIBHI KOJIMBAaHHS.
[TpoBenemo po3paxyHKU IS TiapoauHaMIYHOrO aemidepa 3a cxe-
MOI0, fKa 300pakeHa Ha puc. 2: B cepe-
L JWHY Kopryca | BcTaBiieHa BiIbHa Ma-
| XOBa Maca y BHIJIIII KUTbIS 2
7 BHYTPILIHIM pajilycoM T Ta 30BHIlIHIM R
}/ (Bim oci obepranHs), Ta mHUpHHOIO L.
& Mik MaxoBOI MacOK Ta KOPITyCOM
nemridepa iICHYIO HEBEJIMKHIA 3a30p Be-
JUYUHOIO h  MDK  30BHINIHBOIO,
BHYTPIIHBOIO Ta TOPLEBOIO TOBEPX-
HsAMH. Po3paxyeMo MOMEHT, O BHUHH-
Kae y nemndepi, kUil 3alI0BHEHUH He-
HBIOTOHIBCHKOIO PITMHOIO, TP KPYTH-
JBHUX KOJNMBaHHSX.
- 3riiHO O3HAYEHHSI MOMEHTY CHIIN
Ta 3 BpaxyBaHHaM (3), MaeMo

h

—r—r
=

i

Puc. 2. Cxema nemndepa AL

1 — kopriyc; 2— MaxoBa maca, M = J-demp = IpKn N das ,
3 — Bich obepraHHs Baa, 0’ dz

h — BiiCTaHb MK TIOBEPXHIMHU ( 5)

L — mmmpuHa MaxoBoi MacH .
Jie IHTErpyBaHHs IIPOBOAUTHCS I10

eJIEMEHTApHUM TUIOMIAAKaM dS, 1110 3HaXOIAThCS Ha BIJICTaHI P Bix oci
o0epTaHHs.
OCKITBKY TIPU KPYTHIIBHUX KOMTMBAHHSX KyT MOBOPOTY MK KOPITyCOM
Ta MaXOBOK MAacCO 3MIHIOETHCS 32 TAPMOHIUHUM 3aKOHOM
o=@, sinwt,
Je ¢, Ta O — aMIUNTyJla Ta KyTOBa HMIBUJAKICTb KPYTHJIBHUX KOJIH-
BaHb.

BennurHa MIBUAKOCTI MiXK KOPITYCOM Ta MaxOBOKO MAacOK BH3HAaYa-
€ThCA K v =@ - p . Tofi yis rpalieHTa MBUAKOCTI OTPUMYEMO BHpa3

dv _pdo _ po,®

cos ot , 6
dz dz ©)
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Jie BpaxOBaHOo, 110 BiICTaHb A MK MOBEPXHSIMH MaxoBOi MacH Ta KOpIycy
MaJa y TIOpiBHSIHHI 3 po3Mipamu aemrdepa, ToMmy 3amiHeHo dz Ha h.

[MincraBnstoun y popmyny (5) 3HaUeHHS AJIs1 CHITH B’SI3KOCTI Ta 3 Bpa-
XyBaHHIM BUpa3zy (6) OTpUMYEMO

MU)ZKJP‘(%J -cos" t-dS . (7)
s

VY 3BHUaiiHOMY KOHCTPYKTHBHOMY OopMIiIeHHi AeMmidepa € qBi [uTi-
H/pPUYHI NTOBEPXHI BepxHs dS, Ta HIkHA dS, 1 O0KkoBi (TopueBi) dS

MOBEPXHI MK MaxOBOIO Macol0 Ta KOPIYCOM, €JIeMEHTapHi TUIOMAAKH
SIKUX BU3HAYAIOTh SIK

dS, =2nR-dL, dS,=2mr-dL, dS,=4np-dp.
Toni hopmyna (6) st KOKHOT 3 BKa3aHUX MMOBEPXOHbB JIA€

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 " ((p;le cos" wt- 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 BPaxoBy€e MapaMeTpH JeMIpepa Mac BUTIIS
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1
f;n) — Rn+2 L+ I‘n+2 L+ (Rn+3 _rn+3) . (9)
n+3
YcepenHeHHs Ui rapMOHIYHOT QYHKIi1, sika BXOIUTh 10 Gopmynu (7)

nae
<‘cos"-(ot‘ >=i2ﬂcos” (p‘-d(p , (10)
0

0 J103BOJIsIE 3a (hopMyJior0 (8) po3paxyBaTu CepeaHE 3HAYCHHS MO-
MEHTY CHJI ONOpY, WO Ai€ y nemidepi, 3a10BHEHOMY HEHbIOTOHOBCHKOIO
PIAMHOIO.

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

<M,> (o ! f(,,)<‘cos”(ot‘>
<M, > h

(1D

9
Joy < |cosoat| >
ne C = K, /m Bu3Ha4ae cTaly AaHOI HEHBIOTOHOBCHKOI PIIMHY Y 110-

PIBHSHHI 3 B’SI3KICTIO HBIOTOHIBCHKOI PiJHH.

Beenemo BenuuuHy w , sika BU3Ha4Ya€ epeKTUBHICTH JieMIidepa, 3amo-
BHEHOTO HEHBIOTOHOBCHKOIO PIIMHOIO BiJHOCHO aHAJIOTIYHOrO, 3allOBHE-
HOT'O HBIOTOHIBCHKOIO PiINHOIO SIK

1 <M, @)> (90 " f(,,)<‘cos”(ot‘>
C <M (t)> h

EdexTuBHICTD 3a1€XKHUTh Bill iHAEKCY Tedii 72, BETUYUHU 3a30py /i MiXk
KOpPITyCOM Ta MaXxOBOIO Macol0 i HapaMeTpiB KPYTUIbHUX KOJIWBAHb — aM-
IUITYAM @, Ta YaCTOTH @ .

(12)

Jo <|c0soat|> '

[IpoBeaemo po3paxyHku mapamerpa w s gemidepa R = 383 mm, r
=202 MM, L = 125 mm, & = 0,5 mm [8], B3sBIIM XapaKTEepHI 3HAUYCHHS
napameTpiB KpyTWIbHUX KomuBanb [3,8] @,= 8:107 pax, o = 0,5 pan/c
MY PI3HUX 3HAUEHHSX IHJACKCY Teuii n. Pe3ynabTat po3paxyHKiB 3a (op-
MmyJoro (12) maBeneni y Tabin. 1 Ta 300paxeHi Ha puc. 3.
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Tabmuns 1 — po3paxyHOK epeKTUBHOCTI geMIiepa w JIs Pi3HUX 1HICKCIB
Teyii n
n |05 075112515 |1,L75]2,0 |225]25 |2,75]3,0
w 0,78 1086 | 1|120] 1,44 | 1,76 | 2,16 | 2,67 | 3,32 | 4,15 | 5,20

W
6-\0 |

5.0 "'
4.0 /

3.0 %

2.0 //
/

1.0

0.0

0 0.5 1 1.5 2 2.5 3 n

Puc. 3 — 3anexnicts edextuBHOCTI nemmngepa w
BiJI iHJIEKCY Teuii n
Bucnoeku.

3 METOI0 OILIHKH eKCIUTyaTaliifHOl HaAiHOCTI B'A3KICTHUX JeMIi(epiB
KPYTHHX KOJHMBaHb BBEIIEHO MapaMeTp eeKTHBHOCTI, IO 3aJEKHUTh Bij
1HJIeKCY Tedil, BETMYMHH 3a30py MK KOPIIYCOM Ta MaXOBOIO Macor0 JeM-
ndepa, aMILTITyIM 1 YaCTOTH KPYTUIBHUX KOJIMBaHb. B paMkax mopiBHs-
JBHOTO aHali3y e(eKTHUBHOCTI nemrdepa, 3amoBHEHOTO B'S3KMMH Piu-
HaMH 3 PI3HUMHU PEOJIOTTYHIUMH BIACTHBOCTSMH, BCTAHOBJICHO, IO HaM-
OUIBII eeKTUBHOMY TaCiHHIO KPYTHHUX KOJHMBAaHb BiJIOBiIa€ BUKOPHC-
TaHHs JUJIaTaHTHUX PiIUH; TPU [EOMY TpH 30UTbLIEHH] aMILTITY 1 KOJIU-
BaHb Ta BEJIMYMHU 1HJAEKCY Tedil e)eKTUBHICTh JeMIihepa 3pocTae.
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YK 621.426
Marnkesuy /1.B.
Harionansauii yaiBepcuTer «O1echbka MOPChKa aKaaeMisy

MHNOHOBJIEHHS PEOJIOT'TYHUX XAPAKTEPUCTHK
MACTUWJIBHUX 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 diesel
engine of the Mitsubishi company.

With the help of a rotary viscometer it is determined that the boundary
lubricating layers that adhere to the metal surface of the triad of friction of
the crankshaft - the lubricant - the attachments of the bearing, are more
viscous because they have an orientational ordering of the molecules. 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 molecules in the marginal
lubricant layer and correspondingly reduces its viscosity, 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, there-
fore, 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 sur-
factants, it is possible to control the rheological characteristics of the lub-
ricant, 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 bear-
ings of the vessel's medium-rotating diesel engine.

KittouoBi cioBa: CyAHOBUN CepeIHBbO-00EPTOBUI JM3Eib, ITiIIIHUII-
HUKH KPUBOLIWITHO-IIATYHHOTO MEXaHi3MYy, MaCTHJILHHI MaTepial, B s3-
KiCTh MOTOPHOT'O MacTHJIa, PEOJIOTiUHI XapaKTepUCTUKH, TPaHUYHAN Ma-
CTUJIbHHH Iap, PiAKOKPUCTAIIIYHI BIaCTUBOCTI MOTOPHOTO MacTHJIIa

KittoueBblie cioBa: Cy10BOM CPEIHECOOOPOTHBIN JU3EIb, MTOAIIHITHUKA
KPHUBOIIHITHO-IIATYHHOI'O MEXaHU3Ma, CMa30YHbBIM Martepurajl, BA3KOCTb
MOTOPHOT'O MacJa, peoJIOrnYeCKHE XapaKTePUCTUKHU, IPAHUYHBII CMa304-
HBIH CJIOH, )KUJIKOKPUCTAIUNIMYECKUE CBOMCTBA MOTOPHOIO Macia

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

IMocTtanoBka mpobGuemMun y 3araabHomy Buriasigi. Hepin’emHoro
CKJIQJIOBOIO OY/b-SIKOT CY/JIHOBOI €HEPreTHMYHOI YCTAHOBKH € CEPEIHBO-
obeptoBi auzem (COJI). Ha Bcix 0e3 BUHATKY MOPCBKMX CyAHAaX JaHi
THUIH TEIUIOBHX JIBUTYHIB BUKOPUCTOBYIOTBCS SIK DKEPEIIO eJICKTPOCHEPTil
CYAHOBOI enekTpoctaHiii, Ha psani cyaedH COJl, kpiM TOro, BUKOHYIOTh
(GYHKIIT TOTOBHOTO JBUTYHA, MEPENalovy CBOIO MOTYXXHICTh Ha TBUHT.
Bce 1e 3ymMoBIIOE MUJIBHY yBary, sSIKy NPUIUIIIOTH ONTUMI3alil podoTn
cyanoBux COJl Ta ix cucrem. OpHi€ro 3 cucTeM, IO 3a0e3MeuyloTh
HaJiHy eKCIUTyaTalilo CyIHOBUX IM3ETiB (SK TOJOBHHUX, TaK 1 JO-
MOMDKHUX) € cucTeMa 3MaileHHs. J[aHa cucTtemMa MiATPUMYE HAsSBHICTh
MaCTHJIBHOI TUTIBKM B TaKMX BiJIMOBINAJBHKUX MMapaxX TEPTS K KyJIauyKoBa
marba po3nOAUIBPHOIO Baja — POJUK IITOBXaua, MOPIIHEBI KUIbLS —
LNWIIHIPOBA BTYJIKA, BKJIAQJCHB IiIIMITHAKA (paMOBOrO a00 MOTHIIb-
oBoro) — koninvactuii Bai. I1in yac ekcrutyaranii COJ] Hecyua 3aaTHICTE
MaCTHJIBHOI TUTIBKH TOTIPIIYETHCS, 10 HETATHBHO CIIPUSE HA KOHTAKTHY
B3a€EMOJIII0 HAa3BaHUX TMap TEPTs, T4, B CBOIO YEPry, MOXeE MPHUBECTH 10
BUHHUKHEHHIO aBapiiiHoi cUTyarii. ToMy miATpUMKa Mpaie3aaTHOTO
CTaHy Ta ()YHKI[IOHAJTHFHUX BIACTUBOCTEH MACTUIIBHOTO MaTepiaity,
KM pO3MOIiJIsiE KOHTAKTYIOU1 IOBEPXHI, € aKTYaJIbHUM 3aBJIaHHIM
, BUPIIICHHS SKOTO 3a0e3Mevye HaJiiiHy poOOTy CYHOBUX JIU3EIIIB.
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AHaJi3 oCTaHHIX JocaizkeHb Ta MyOJikamiii. OCHOBHUMH pPEXH-
MaMH TepTs 1 OB’ A3aHOT'0 3 HUM 3MaIleHHS € T1IpOoJANHAMIYHUM i TpaHu-
yauid. Pobota Tprubo-cronydeHs po3noALIbHOTO Basia BiIOYBaEThCS B pe-
XKHUMI TPaHUYHOTO TepTA. JlaHuii peXuM TaKoX XapaKTepHUN YIS LUITiH-
npo-nopiiHeBoi rpynu cyaHoBux COJl. He nquBnsuuchk Ha mparHeHHs 3a-
0e3MevnTH TiApOIMHAMIYHHN PEXKUM 3MaIeHHS IPU POOOTI MiAIUITHUAKIB
KOB3aHHS CYJHOBUX JIU3EIIiB, IPOIIEC 3MAIIICHHS [IUX BY3JIiB BiIOYBa€ThCSA
B YMOBax I'paHUYHOrO TepTs. Lle 0OyMOBIIOETECA PAOM MPUYUH, OCHO-
BHA 3 SIKWX — MiHIMi3allisg 3a30py B Mapi TepTs Bal — BKIAACHb JUIs 3a0e3-
nedeHHs 11 critikoi pobotu. Kpim Toro, B mpoiieci eKciuyarailii Ha moBep-
XHSIX HA3BaHOI MapH BiI0YBAIOTHCS YTBOPEHHS OKHMCIIIB 1 BiAKJIaACHHS Ha-
rapy, 110 TaKOX CIPHSE 3MEHIICHHIO 3230y 1 Mepexoy 3 TiaApoauHaMiy-
HOT'O B PEXXHM 3MILIAHOTO 1 TpaHu4HOro TepTa. [IuTaHHsIM 3a0e3neueHHS
HEOOXiIHOT'0 PEeKUMY 3MalleHHs B Mapax TepTs CyJHOBUX JTU3EIiB PO3T-
nsiAanuck B pobori [ 1], ne Oyiio Bu3HaUeHO edeKT cTpaTudikamii B’ 13K0CTi
MPH TPAHUYHOMY TepTi. 3aBIISIKU AOCTIHKEHHSM, PE3yIbTaTH SIKUX BHKJIA-
JIeH1 B po0oTi [2], Oys10 BCTAHOBJICHO Jialla30H 3MiH B’SI3KOCTI MOTOPHOT'O
MacTujIa Ipy 301TbLIEHH] MOTYKHOCTI cyaHOBOrO Anu3ens. [Ipu upomy Te-
XHOJIOT'isI MITPUMKH B’SI3KOCT1 B HEOOXITHMX MEXaX MOTpeOye J10AaTKO-
BOT'O BUBYCHHS Ta JIOCIIKEHHSI.

IMocranoBka 3aBaanHs. Pobora MOTOpHOro MacTuia, 1o 3abde3re-
4qy€e peKUMH TEPTS Ta OXOJIOIKEHHS €IIEMEHTIB CyJHOBUX TU3EIiB, CYIPO-
BOJDKYETHCS 3MIHOIO HOro Ppi3MyHMX i XiMIiYHUX BiacTuBocTel. Kpim Toro,
MPH I[LOMY 3MIHIOIOTHCS 1 HOrO PeoJIOTIuHI XapaKTePUCTUKH, 1 B MepIIy
4epry B’s3KicTb. MeToro poboTh Oyno BH3HAYSHHS MOKIIMBOCTI yIpaB-
JHHS PEOJOTTYHUMH XapaKTepUCTHKaMHU MOTOPHUX MAacTWJI, IO BUKOPU-
CTOBYIOTBCSI B IMPKYJBILIHHUX CHCTEMAaX 3MalleHHs CyIHOBUX TU3EIB, a
TaKOXK BUBYCHHS PEOJIOTIYHHMX OCOOJMBOCTEH MOTOPHOI'O MacTHia, 5K
3HAaXOAUTHCS Y BY3bKOMY 3a30pi [TapH TEPTs BaJl — BKJIAJACHb MiAIIUITHAKA.

Buknan ocHoBHOro Marepiany nociaigkenHs. butbiiicts aucnepc-
HUX CHUCTEM (10 SIKMX BiTHOCSTHCS 1 MOTOPHI MacThiIa) Ma€ aHOMaJIbHUI
XapakTep B’SI3KOCTi, TOOTO BOHH HE MiAKOPAIOTHCS 3aKOHY HbroToHa mIst
TaK 3BaHUX ICTHHHO-B’SI3KMX (HBIOTOHIBCHKHX) PiguH. B’s3KicTh Takux
cucrteM € (QyHKIiEr0 Hanpyru, a0o 3cyBy. OCHOBHOI MPUYUHOIO aHOMa-
JILHOT B I3KOCTI € MPOCTOPOBA CTPYKTYpa, 10 BUHUKAE MTPH B3AEMOIIT Ua-
CTHHOK AMCIEPCHOI (a3 Mixk co0ot0. 3a cBOIM pEONOTiYHMMHU XapaKTe-
PUCTHKAMH CTPYKTYPOBaHI CHUCTEMHU 3aWMalOTh MPOMDKHE TOJ0XKEHHS
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MDK PiJHHaMH 1 TBEpIUMH TUIaMH 1 MalOTh BJIACTHBOCTI PiIKUX KpHCTa-
miB. Jlo moxiOHUX cHCTeM MOXHa BiIHECTH CTPYKTYpOBaHI TOHKI HIapH
MacCTHJIBHOTO MaTepially, [0 3HaXOAUTHCS Y By3bKOMY 3a30pi METaJIeBUX
nap TepTs BTYyJIKa — HOPLIEHb 1 0COOIMBO BaJl — BKJIaJieHb. HasiBHICTH mpo-
CTOPOBOI CTPYKTYpPHU HAJIa€ IUM CUCTEMaM CBOEPIJIHI MEXaHIUHI BJIACTH-
BOCTI: IPYXXHICTh, MI[JHICTh, MJIACTUYHY B’SI3KICTb.

Heoanopa3oBo 3a3Havasnocs, M0 XapaKTEPUCTUKUA TOHKHUX MacTHIIb-
HUX IIapiB, M0 YTBOPIOIOTHCS B yMOBAaX TPAHUYHOrO TEPTsl, 3aJIeKATh HE
TINBKH BiJl CTPYKTYPHOTO CTaHy MacTHIIa, ajie i Bij il TBep0i MOBEpXHi,
o003y KO BOHH 3HAXOJSThCSI.

YTBOpeHH: M0oOIM3y TBEpAOi MOBEPXHi (0COOIMBO METAIEBOI) CTPYK-
TypOBaHUX PIAKOKPUCTAIIYHUX MIAPIB 3 aHI30METPUIHOIO (YOPMOIO MOJIe-
KyJl IPU3BOJUTD JI0 TIOMITHOI BiIMIHHOCT1 (Di3MYHUX BIIACTHBOCTEH TOH-
KHX TIPOLIAPKiB PIIUHM BiX iX BIAacTHBOCTEH B «00’eMHOI» ¢a3i. s Ta-
KHX IMIapiB B’A3KICTh B TPAHUYHOMY MIApi BiIPi3HAETHCSA BiJ B’ S3KOCTi
«00’eMHOI» piguHU. [loMiTHA CTpyKTypHa HEOAHOPIAHICTH TPAHUYHUX
MaCTWJIBHUX IapiB, BU3HAUAIOYM HEHBIOTOHIBCHKIll XapakTep B’sA3KOi Te-
4ii, 3HAYHUM YMHOM BIUIMBAE HA JUCUTIATHBHI BJaCTHBOCTI MaCTUIBHOTO
Marepiany, 0cOOJUBO B TPHOO-BY3JIax, IO MPALIOKTh B PEKUMI IpaHUY-
HOTO 1 3MimaHoro Tepts [3].

HocnimxenHs mpoBoAuKcs it MotopHoro mactiina MLC30 dipmu
Castrol, 1o Ma€e Taki OCHOBHI XapaKTEPUCTHKH:

ryctuna — 897 kr/m’;

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

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

3arayibHe Jy’xkHe uncio — 12 MrKOH/T;

knac SAE — 30

1 BUKOPUCTOBYETHCS B IMPKYJISLIHHOI CUCTEMi CyTHOBOT'O JTU3EIs
S6A2 ¢ipmu Mitsubishi (puc. 1). [logauy macTuia 10 By3JiB TepTs JTH-
3ens 1 3a0€31meuyroTh JIBa MaCTUIIBHHUX Hacoca S5 i 6, OJIUH 3 SKUX € HaBi-
IeHUM. MacThII0 10 HaCOCIB HaIXOAUTh 3 CTIYHO-ITUPKYIISIIIIHHOT IIUCTe-
pHU 2
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Puc. 1. Cucrema 3mamieHHs cyaHoBoro au3eis S6A2 dipmu Mitsubishi:
1 — mu3enp; 2 — CTIYHO-IUPKYJIAIIHA [IUCTEPHA; 3 — OXOJIOKYBaY;

4 — MarHiTHUH QINBTP; 5 — HaBilIEHWH MacTWIBHUNA HAacoC; 6 — MacTHILHUH
HACcOoC 3 eJIEKTPUYHKUM TPUBOJIOM; 7 — IEpEeNyCKHHUI KJIallaH 0XO0JI0/PKyBaya;
8 — mepenyckHMH KilanaH Hacoca; 9 — QiabTp, KU CaMOOUYHIIAETHCS ;
10 — dinpTp; 11 — Hacoc cemapaTopa; 12 — miairpisay; 13 — cenaparop

4yepe3 MarHiTHuil QinbTp 4. B 3a1eKHOCTI Bijl TOJIOKEHHS MEpeIycK-
HOT'O KJanaH § MacTHiIo Moxe abo MoBepTaTUCs B CHCTEMY, a00 Hampas-
JIATUCS JI0 au3ento (depe3 QiIbTp, KU CAaMOOYHIIAETHCS 9 1 OXOJIOIKY-
Bay 3). Temneparypa MacTuia, Mo HAAXOAUTH O JU3EII0, PEryIIOEThCS
HUISIXOM 3MiHH MTOJIOKEHHS TepenyCcKHoro kianaHa 7. Juzens 3a0e3neue-
HUI aBTOHOMHOIO CHCTEMOIO cenapallii MacTHJIa, 10 CKIaJaeThCs 3 cera-
patopa 13, migirpiBaya 12 i Hacoca 11. Mactuio B cucteMy cemaparii mo-
crynae uepe3 ¢piabTp 10.

B pesynbTaTi mpoBeneHNUX IOCHIKEHb OYyJIO BCTaHOBIICHO 3aJI€XK-
HICTb B’SI3KOCTI Bi/l HIBUJKOCTI 3CYBY (pHC. 2), siKa MiITBEPANIA «HEHBIO-
TOHIBCBKIil1» XapakTep MOBEIHKA MaCTUIIBHOTO MaTepiany y By3bKOMY 3a-
30pi mapu TepTs Baj — BKIaeHb miamunHuka. Kpim Toro, pe3yabraTty, o
Oynu OTpUMaHi MATBEPIUIIN TBEPAXKEHHS, BUCIIOBJIEHE B [4], IpoO Te, 110
TpaHUYHI MaCTHJIBHI IIApH, SKi IPUISTal0Th 1O MeTajieBol HOBEPXHi Tpi-
aay TepTs, OUThII B’SI3Ki 1 BOJNIOJIIOTH OPIEHTAIIITHOIO BIIOPSAKOBAHICTIO
MOJIEKYI.
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Puc. 2. 3anexnicts B’s13k0octi MoTopHoro mactuna MLC30 ¢ipmu Castrol Big
LIBHKOCTI 3CyBY NPH TOBIIMHI MacTHIBHOIO mapy 20 MKM

ExcnnyaTaiiiss MOTOpHOTO MacTHjia B AW3EN BiIOYBaE€ThCS TPUBAIUI
nepioJ1 9acy, MPOTSToM SKOTO HOro peosyoriuHi XapakTepUCTUKU MOCTIHHO
3MIHIOIOThCS. 3aBJaHHS iX BIJHOBJICHHSA, 1 OCOOJIMBO YIPaBIiHHS HUMH, €
AKTyaJIbHUM 1 CIIpUSE MiJBUILCHHIO HAJIMHOCTI pOOOTH KOMILICKCY M-
3elb — MOTOpHE MacTHJIO — MacTHIIbHA cucTema. [l BU3HaYeHHs TUHA-
MiKH{ 3MiHH B’SI3KOCTi B TIpOLIeCi eKCITyaTallii MOTOPHOTro MacTuia ii Bu-
Mip BHKOHYBABCS 3 PI3HHM 4acOBHM iHTepBasioM. [Ipu npomMy BUMipIoBa-
yacs siK «00’€MHay, TaK 1 KIPUCTIHHAY B’A3KICTh BiiOpaHux mpoob. B 060x
BHITaJIKaX 30UTBIICHHSI B I3KOCTI HOCUJIO EKCIIOHCHTHUM XapakTep i npe-
cTaBlieHO Ha puc.3. SIk BUTUIMBAE 3 pUC. 2, 30UTBIIEHHS IBUIKOCTI 3CYBY
(ToOTO YacToTH 00EpTaHHS KOJIHYACTOrO Baja IU3eNs) MPU3BOIUTDH IO
3HMKEHHS B SI3KOCTI MOTOPHOI'0 MacTuiia. B oMy nposiBisieThes Hera-
THUBHA BJIACTUBICTh «HEHBIOTOHIBCHKOT'0» XapaKTepy MOBEIIHKH MaCTUIb-
HOTr'O MaTepially B 30Hi TepTs (B’A3KiCTh IPaHUYHOTO MAaCTHJIBHOTO IIApy
3aJIeXUTD Bijl WIBUAKOCTI 3¢yBY). [linTpuManHs 3ajaHOr0O piBHS B’ S3KOCTI
MOXJINBO 3A1HCHUTH pi3HUMH criocobamu. J{Jst CyTHOBHX yMOB HaiOmbII
ONTHUMAaJbHUMHU € BHKOPUCTAHHS ONTHMAJILHOTO JIOJMBAHHS MacTHia B
CHCTEMY 1 3aCTOCYBaHHS TIOBEPXHEBO-aKTUBHUX PEUOBHH.

v, ¢cCm

/}//‘*
120 /
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100 /,

50 100 150t wac
Puc. 3. 3mina B’s3x0cTi MoTOpHOTO Mactiiia MLC30 ¢ipmu Castrol B iporieci
EKCILTyaTallil:

90
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1 — «00’eMHay B'SI3KICTh; 2 — «IIPUCTIHHA» B’SA3KICTh MPH IIBUAKOCTI 3¢yBY 125
C—l

Jns miaTBEepKEHHST BUCIOBJICHWX MpUIyHIeHb OyB NpOBENEHHI
HACTYIMHUH eKcrepuMeHT. BumpoOyBaHHsSM OynM TinmaHi TpH AHM3ENS
S6A2 ¢ipmu Mitsubishi, 1m0 BXOISTh 0 CKJIay JOMOMIXHOI CyJIHOBOL
SHepreTuYHol ycTaHOBKU. KoXeH Iu3enb MaB CBOIO aBTOHOMHY CHCTEMY
3MaIlEHHSI, 1110 J03BOJISII0O BUKOHYBATH JOCIIDKEHHS HOro podoTH 3 pi3-
HUM MaCTWJIBHUM MatepiajoM. TexHIYHMN cTaH BCiX Au3eliB OyB i/IeH-
TUYHUM, OKPIM TOTO, YMOBH €KCIITyaTallii T03BOJISIIIH 3pO0OUTH OHOYACHY
3aMiHy BChOT'O MacTHJIa, IO 3HAXOAUTHCS B X MACTHUIIBLHOI CHCTEMI.

[epmmii au3enb OyB «KOHTPOIBHUMY 1 ITICIIS 3aMiHM MacTHjIa B HOro
CUCTEMI IHIIUX TEXHIYHUX 3aXOJIB 3 HUM HE IIPOBOJIUIIOCS 1 BIAMOBIIHO
70 BUMOT 3aBOJly-BUTOTOBIIIOBaYa MOTO EKCIUTyaTallist 3JifiCHIOBaacs
npotaroM 150 roaus pobotu 6e3 MPOMI)XHOTO IONIOBHEHHS MacTHIIA B CH-
cTeMi. 3a IIe Mepioj eKCIUIyaTallil piBeHb MacTHJIa B KapTepi Ju3ens He
3HMKYBABCS HU)KUE TPAHHYHO JIOMYCTUMOTO.

MacTtuibHa cucTeMa Jpyroro Au3ess OMOBHIOBAIACs CBIKUM MacCTH-
JoM 4depe3 KokHi 10 roanH poOOTH A0 BEpXHBOI'O PIBHS, IO PEKOMEH-
NyeThcsl B KapTepi ausens. Llei mepion nonoBHeHHs 0yj10 BU3HAYEHO B
SIKOCTi ONTHMaJIbHOTO MIPH MPOBEICHHI ONEpeIHIX eKCIIEPUMEHTIB 3 BUB-
YEeHHS PEONIOTIYHUX XapaKTEePUCTUK JaHOT0 MaCTHIILHOTO MaTepiaiy.

MacTtuipHa cucTeMa TPEThOro TU3ENs CIIOYaTKy 3aloBHIOBAIACS Ma-
CTUJIOM 3 TIOBEPXHEBO-aKTHUBHOIO TPHUCAIKOI0, MI0 MICTHUTH B CBOEMY
ckiazi coni miai. KpiM toro, uepe3 koxHi 10 ronuH poOOTH MOMOBHEHHS
MaCTHJIbHOI CHCTEMHU JAHOTO THU3eNs 3/IHICHIOBAJIOCh MACTHUIIOM 3 TAKOO
K KOHIIEHTPAIII€I0 TTOBEPXHEBO-aKTUBHOIO MPHUCAJKH, SIK 1 B 3araJIbHOMY
00csi31 cucteMu.

Jiist MakCUMaTbHOT KOPEKTHOCT1 ITPOBEICHOT 0 EKCIIEPUMEHTY BCi TPU
nu3erst nepedyBalii B eKCIUTyaTallii MpakTHYHO OAHAKOBY KUIBKICTh Yacy,
MpH HOMY BiXWJICHHS B BEJIMUMHI HABAHT)KEHHS Ha JAM3EN1 HE TIepeBU-
1ryBaio 7%. 3 orisly Ha eHEPrOEMHICTh JTU3EIIB, @ TAKOXK 3 ypaxXyBaHHSIM
00CATy MacTHJIBHOI CHCTEMHU 1 TPHBAJOCTI EKCIIEPUMEHTY, PE3yJIbTaTH,
110 OyJIM OTPUMAaHI aJICKBaTHO BioOpaXkasy MPOIECH 3MIHU PEOIOTTUHUX
XapaKTePUCTUK MOTOPHOT'O MacTHIIA.

3 00csATy MACTHIILHOI CHCTEMH JTU3elTiB MPOBOJUBCS BiaOip mpob ue-
pe3 pi3Hi MPOMKKH Yacy. [ 0loBHUM napaMerpom, sIKUH Hiuiaras BUMIpY,
Oyna B’s13KicTh MOTOpHOro Mactuna. [Ipu npomy, ii BUMIp B CyJHOBHX
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YMOBax MPOBOMBCS 3a JOMOMOrO0 INTATHOI CYTHOBHI €KcIpec-iadopa-
¢ipmu  UNITOR. TakuM 4YHHOM BHMiprOBasacs
«00’eMHa» B’S3KiCTh. BUMIiproBaHHSI «IIPHCTIHHOI» B’S3KOCTI BUKOHYBa-

Topii

JIOCS Ha eKCTIEpUMEHTAIIbHINM YCTaHOBII B HAYKOBii j1abopaTopii.

Viscomar

Pe3ynbTaTi ekcriepuMeHTaNbHUX J0CTIKeHb HaBeieH] B Tab:. 1 1 Ha

puc. 4.

Tabnumst 1. 3MiHa B’SI3KOCTI MOTOPHOTI'O MAacTHIIA B IPOIIEC] eKCIUTyaTalii

XapaKTepI/ICTI/IKa MacCTUJIBHOI CUCTEMU

UYac ekcruryaTarii, TOJMHU

0 [ 50 | 100 | 150
B’s13kicTh MacTMIa B BEIMKOMY 00CsI31
PoGota B mtaTHOMY pexumi 107 122 125 128
[TonoBuenns yepes 10 roxun poboru 107 113 116 118
[omoBHeHHs vepe3 10 roauH pobotH i J0- 107 | 110.5 112 113
0aBKa MOBEPXHEBO-aKTHBHOIO MPUCAKH
B’s13kicTh MacTHIa B TPAaHUYHOMY Iapi
PoGora B mtatHOMY pexumi 117 125 128 131
[Tonosuenns yepe3 10 roxun poboru 117 121 122 123
16_IOHOBHeHH$I yepe3 10 rogun poboTH i 10- 126 126 127 128
aBKa IIOBEPXHEBO-aKTUBHOIO NPUCAIKU
v, cCr v, cCT
i
120 = 130 ; ]
i =
3
g R P
10 120 V
100 10
50 100 150 Ly 0 50 100 150 £,

Puc. 4. 3mina B’I3K0CTi MacTHiIa B POIEC eKCILTyaTallii

a)

0)

a) «00’eMHa» B’SI3KiCTh; 0) «IIPUCTIHHA» B’ SI3KICTB!
1 — poboTa MacTHIIBHOI CHCTEMH B IITATHOMY PEXHMi; 2 — IIOMTOBHEHHS MAaCTH-
npHOT cuctemu uepe3 10 rognH podoTy; 3 — MOMOBHEHHSI MaCTHIBHOI CHCTEMHU

yepe3 10 rogun poOoTH i 100aBKa MOBEPXHEBO-aKTUBHOIO ITPHUCAIKU
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Binpm HaoYHO Tpolec 3MiHHM B’S3KOCTI MPOLTIOCTPOBAHUN Ha
puc. 5, e ToKa3aHi CTaTHYHI XapaKTEPUCTHKHU B’S3KOCTI B MOYaT-
KOBUH 1 KIHIIEBUI MOMEHT POOOTH JJISl PO3TIITHYTUX BHUILE YMOB PO-
00TH TU3elIs 1 HOTO MacTUIIBHOI CUCTEMHU.

v, cCT

130
\ N

0 150 0 150 0 150 0 150 0 150 0 150 ¢y
i i I '

Av,

120

110

Puc.5. 3miHa B’S3K0CTI MacTUiIa B ITPOLIECT eKCILTyaTaril

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

I — pobora MacTHIBHOI CHCTEMH B IITaTHOMY pexuMi; 11 — mormoBHeHHs Mac-
THIIBHOI cuctemu depe3 10 rogus pobotu; 111 — monoBHEHHS! MACTHIIBHOI CHC-
TEMHU YCPE3 10 TOJJUH pO6OTI/I i I[O6aBKa TMOBEPXHCBO-AKTUBHOIO IPUCAJIKH

Peonoriuni xapakTeprcTUKN MacTHIIa Y BETMKOMY 00Cs3i 1 B TpaHuy-
HOMY 3MalllyBaJbHOMY ILIapi BiIPi3HAIOTHCS OAMH Bix ogHOro. Tak, B’s3-
KiCTh MacTWJIa B TPAaHUYHOMY IIapi Vrp (TOOTO B 3a30pi Basl — BKJIAJICHB)
Mae OiIblle 3HaUeHHs, HiX B 00CsI31 Vos. BHKOpHCTaHHS MOBEPXHEBO-aK-
TUBHUX PEUOBWH MPHU3BOAUTH 10 30UIBIICHHS B’A3KOCTI B TPaHUYHOMY
3ManryBasibHOMY Imapi. Citigg MaTi Ha yBas3i, 10 B JaHOMY BHUIAJKY BilOy-
BA€THCA «IIPUPOILEHHS» B’S3KOCTI B TPAHUYHOMY MIapi Avyp, sSIKE SKICHO
BiZpi3HAETHCS Bif 30ibIIEHHS 00’ €MHOT B’s13K0CTi. B taHOMY BuIaKy Bi-
nOyBa€eThCs 30UIBIICHHS CTYIEHS BIOPSAKOBAHOCTI MOJIEKYS B TpaHHY-
HoMy miapi. l{e mpu3BOAUTE 10 MiABUINEHHS TiAPOAMHAMIYHOI MIITHOCTI
MOTOPHOTO MacTHJIa, o 3a0e3Medye rpaHuIHUN PEXUM TEPTH.

BucHOBKH Ta mepcneKkTUBI MOJANBIINX TOCTIKEHb, AHATIZYIOUH
HaBeJIeH1 pe3yJIbTaTH MOXHA 3pOOUTH HACTYITHI BUCHOBKH.

1. B’s13KicTh MOTOPHOT'O MacTHJIa, 10 3HAXOAUTHCA Y BY3bKOMY 3a30pi
Mapu TepTs BaJl — BKJIA/ICHb MiIMIMITHUKA 1 3a0e31euye TPaHUYHUH PeXUM
TEpTS, 3aJISKUTH BiJl IIBUJIKOCTI 3CyBY, TOOTO MPOSIBIISIE «HEHBIOTOHIBCh-
Kil» XapakTep Tedii.



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 118

2. J1y11 MOTOpHOT'0 MacTHjIa HEOOXiTHO PO3PI3HATH B A3KICTh B BEH-
KoMy o0csi3i («00’eMHY» B’SI3KiCTh) i B’SI3KICTh B NPUCTIHHOMY MIapi
(«mpuCTiHHY» B’A3KICTB), sIKa Ma€ OUTbIIIE 3HAUCHHS, L0 TOSICHIOETHCSI BH-
HUKHEHHSAM OpPIEHTAIIMHOT BIOPSAKOBAHOCTI MOJICKYJ B TPAaHUYHOMY
3MalllyBaJIbHOMY IIapi.

3. B mporieci ekcruyaraitii MacTuiIa B IUPKYJISIIIHHOT cucTeMi Bif0y-
Ba€ETHCS 3pOCTAHHS 3HAYCHD K «00’€MHOI», TaK 1 «IIPUCTIHHOI» B’A3KOCTI,
IO MOSCHIOETHCSI OKUCIICHHSAM MacTUJIa 1 MONaJaHHsSIM B HBOT'O HE3ropi-
JIUX BYTJICBOJIHIB.

4. 30UIbIIICHHS TEPIOJMYHOCT] TIOMIOBHEHHSI MACJSHOI CHUCTEMH CBi-
JKUM MacJiOM, a TAKOXK BBEJICHHS B MACJIO TIOBEPXHEBO-aKTHBHUX KOMIIO-
HEHTIB YMOBUILHIOE MPOIIEC MiJBUILIEHHS HOTO B’ A3KOCTI.

5. HInsixoM onTuMizanii IHTEHCUBHOCTI MTOMOBHEHHS [IUPKYJISAIIHHOT
MaCTHJIBHOI CHCTEMH, a TaKOX 3a PaXyHOK BUKOPHUCTAHHS IOBEPXHEBO-
AKTUBHUX PCYOBHH, MOXKJIMBO YIPABJISITH PEOJIOTIYHUMU XapaKTEPUCTH-
KaMH MacTHJIa, [0 MPU3BOUTH JIO ITiIBUILCHHS HaIHHOCTI POOOTH CY/I-
HOBOT'O JTH3€JISI.

CBoeyacHe MOHOBJICHHS PEONOTIYHHUX XapaKTEPUCTHUK MACTHIBLHHUX
MaTepialgiB CyJAHOBUX JHU3ENB CHPHsE TMJBHUIICHHIO iX HAaJIIHHOCTI.
BusHavyeHHs HallOLIBII ONTUMAILHIX TEPMiHIB TIOMOBHEHHS CHCTEM 3Ma-
IIICHHS] MACTUJIOM 3aJIGKHTh BiJl XapaKTEPUCTHK Ta PEKHUMIB pOOOTH CY/I-
HOBOT'O JTU3€JIs, HOr0 TEXHIYHOTO CTaHy, a TAKOXK CKCILTyaTalliiHUX BJa-
CTHBOCTEH SIK MacTHJIa, TaK 1 MajuBa, ki MPU IIbOMY BUKOPUCTOBYIOTHCS,
Ta MOXKe OyTH 3pO0JICHO 3a Pe3y/IbTaTaMU JUHAMIKH 3MIHH B’SI3KOCTI MO-
TOPHOTO MacTHJIa, IO 3a0e3Meuye rpaHuYHIN, a00 TiApoIuHAMIYHHIA pe-
JKUM 3MallCHHS.
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Opechka HallioOHaJIbHA aKaIeMisl XapuoOBUX TEXHOJOTIH

AHAJII3 BIIVIMBY TEMIIEPATYPH KHUIITHHSA
XOJIOAUJIIBHOI'O ATEHTA HA EHEPI'OCITIOKUBAHHSI
XOJOANUJBHOI'O OBJIATHAHHS

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 (re-
frigeration equipment of the comfort or technological air conditioning sys-
tem, as well as refrigeration equipment of provision chambers) it is neces-
sary 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 op-
erating 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 mi-
nus 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 consumed 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 accepta-
ble low level.

Key words: refrigeration unit, refrigerating agent, compressor, boiling
temperature, condensation.

TenpmeHIlis OCTaHHIX POKIB J0 MiJBUIICHHS IIiH HA €HEproHocii (ma-
JIMBO) Ma€ CTIHKUHN XapakTep, TOMY 3HIKEHHSI BUTPATH NTAJIMBA HA CyJHAX
€ aKTyaJIbHUM 3aBJaHHsIM. OJTHUM 13 C1TIOCOO1B 3HUKCHHS CIIOKUBAHHS T1a-
JMBa Ha CY/HI € 3HMKEHHS €HepPrOHABaHTAXKEHOCTI JM3EIb-TeHEepaTopPiB
32 paxyHOK 3HIDKEHHS EHEProCIOKHUBAHHS CYTHOBHUM XOJIOJMIBHUM
o0naiHaHHSIM.

OCHOBHHM 3aBJIaHHSIM €KCILTyaTallil XOJOJHILHOr0 00IaJHaHHS € 3a-
Oe3reueHHs Oe3MeuHol Ta HaJiiHOT poOOTH O0JIaIHAHHS JUIS TT1ITPUMKH
TEXHOJIOTTYHUX PEXUMIB— TEMIIEpaTypH, BIIHOCHOI BOJIOrOCTi, a TpHU
HEOOXiIHOCTI XIMIYHOTO CKJIaay MOBITPSI MPU MiHIMaJbHHUX €HEPreTHY-
HUX BUTpaTax. OCHOBHOIO YACTHHOIO BUTPAT y cO0iBApPTOCTI BUPOOICHHS
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XOJIONlYy CYIHOBUH YCTAaHOBKOIO € BUTPATH Ha CIIOKUBAHY €JIEKTPOCHEPTII0
1 eKcIuTyaTaliitHi MaTepiaim.

OnrtrumankHa poOOTa B CTAIOMY PEKUMI XOJIOAUIBHOT YCTAHOBKH 3a-
Oe3IevyeThes MATPUMKOIO HaAyKOBO OOIPYHTOBAHOI Pi3HHUII TEMIIEpaTyp
MIX CEPEIOBUILAMH B TEIIOOOMIHHUX arapaTax—KOHJIEHCATOPI 1 0X0JI0I-
KYIOUUX MPHUIaAaX, IeperpiBOM napa B 0XOJ0KYBAIBHHUX MPHIAAAX XO-
JIOAMTIBHOT YCTAaHOBKM Ta TIEPEOXONIOKEHHS PIIKOTO XOJIOAUIBHOTO
areHTa rnepej peryaioloYiM BEHTHIIEM, MaJTIMH TipaBIiYHUMHU ONOPaMU
TpyOONpPOBOIiB Ta apMaTypH, CTAOLIHLHOIO POOOTOIO MACIISTHOI CUCTEMH Ta
iH.

3HHM3UTH CIIOKUBAHHS ENEKTPOCHEPril XOJIOJHIBHOI YCTaHOBKOO
MOXJINBO BUKOPHCTOBYIOUH BHYTPIIIHI PE3EPBU CaMoi XOIOJHIBHOI ycTa-
HoBKH. [lepir 3a Bce 11 eKOHOMIUHOT 1 O€31eYHOT pOOOTH XOJIOUIIEHOTO
oOJlaHaHHs Ha CyqaHI 1e O0OJaJHaHHSA IOBUHHO OYTH IPaBHIBHO
migidpaHo Ta YKOMIUIETOBAHO CYyYaCHHMH CHCTEMaMHM YIpaBIiHHS Ta 3a-
XHcTy. MOHTaX, MycKO-HANATYBallbHI pOOOTH, BUMTPOOYBAaHHS CHCTEM
Ha MIIHICTh 1 HIUIBHICTH, 3alpaBKa MAacjiOM 1 XOJIOIUJIbHHM areHTOM,
HACTpOMKa MPUIAAIB 3aXHCTy 1 YIPaBIiHHSA, BUBII XOJOJMIBHOI yCTa-
HOBKH Ha pOOOYMI PEXHMM MOBHHHI BUKOHYBAaTHCSI BUCOKOKBati(ikoBa-
HUMH QaxiBIsIM, IO 3a0€3MEUUTh POOOTY 00JIaJHAHHS B ONTHMAIEHOMY
PEKHIMI.

OnTuManbHUA peXUM POOOTH CYJHOBOI XOJIONMIBHOI YCTAHOBKU—TIE
PEXUM TPH SKOMY BUTPATH €IEKTPOCHEPTil XOJOJUIBHOK YCTaHOBKOIO
MiHIMaJIbHI, Tpu 3a0e3Me4YeHH] HAJIMHOCTI, JOBIOBIYHOCTI 1 OC3MeKH.
ExoHoMiuHMI pexXUM POOOTH XOJIOIUIBHOI YCTAHOBKH Oyje 3a0e3medy-
BaTHUCS 32 YMOBH MIATPUMKHU TEMITEPaTypH KUITIHHS XOJIOJMIILHOTO areHTa
Ha MaKCHMaJIbHO BUCOKOMY PiBHI, a TeMIIepaTypH KOHJIEHCAllil - Ha MOX-
JMBO HU3BbKOMY piBHI. Hiok4e HaBeneHi pekoMeHJ0BaHi repernaiy Temie-
paTyp MK CepeJOBUIIIAMM B TEIUIOOOMIHHUX amapaTax, a TaKoX JesKi
HIII TapaMeTpy OTpUMaHi Ha MifcTaBi 0araToOpivHOrO TOCBIAY EKCILTya-
Tallii XOJIOAUILHUX MAIIIHMH 1 YCTAaHOBOK.
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Tabnumgt 1. PekomMenioBaHi pi3HUII TeMIIEpaTyp MiX MOBITPSIM OXOJIOIKYEMOTO
TIPUMIIIEHHS 1 KHIUISTYUM XOJIOJIMIIBHUM areHTOM B OXOJIOJPKYIOUOMY TIpHJIaIi:

PexomMenjoBaHi 3HaYEHHSI TOBHOT'O TEMIIEpaTypHOTO Ha-
Tun oxomo- nopy A©°C st miATPUMKN HEOOX1/1HOT BiZTHOCHOT BOJIOTO-
JOKYIOUOTO cti oBiTpst HR% B oxonomkyBansHuX 00'ekTax
npuIay
Big 90 10 95 | Bix 85 10 90 | Bix 80 no85 | Bixg 75 mo 80
% % % %
3 NpUMYCOBUM 3+5 5+7 7+9 9+11
001yBOM
3 IpUpOHOIO
KOHBEKIIIEIO 8+10 10+12 1215 15+20
Huspkoremre- 30epiranHs  ymako- 30epiranHs ynaxkoBa-
patypHHHl pe- | BaHUX IPOAYKTIB HUX TPOJYKTIB
UM 30epi-
TaHHs
3 NpUMYCOBUM
001yBOM 5+6 7+8

PexoMenoBani pi3HHIII TeMIIEpaTyp B KOHJEHCATOPAX:

* MK TEMIIepaTypor0 KOHJEHCALl i TeMIIepaTyporo HaBKOJIUIIHBOT'O
cepeloBHIIa B MOBITPIHUX KOHJIeHcaTopax - 10 + 15° C;

* MDXK TEMIIEPaTypPOI KOHJICHCAIIIl i TeMIIepaTypOrO BOJH, 10 BUXO-
JUTH 3 KOHJeHcaropa - 4 + 6° C;

* MK TeMIEpaTyporo BOAH, L0 BUXOAUTH 3 KOHAEHCATOpa 1 BXOIUTH
70 HBOTO - 2 + 4°C, mpu 060poTHOMY BogonoctadanHi i - 4 + 8°C (mo 15°C
B pa3i BUKOPUCTAHHS IPOTOYHOI BOJIH).

Ox0m0KeHHsI IPOMDKHOTO TEIUIOHOCIS Y BUMIAPHUKY Ma€ JOTPUMY-
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;

e 1 +2°C - mns xmagoHoBOI XomoamibHoI Mamuau 3 PTO;
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e 1 +2°C - s XJIaJI0HOBOT XOJIOAMIBHOI MAIIUHK 3 €JIEKTPOHHUM
TPB;

 He MeHure 7°C s XJagoHoBo1 XonoauiabHOi Mamman 6e3 PTO 3
MexaHiyauM TPB.

[NeperpiB X0IOAUIBHOTO areHTa BiJl €1EKTPOABUTYHA B TEPMETUIHUX
1 0e3-calbHUKOBUX KOMITPECOpax He TIOBUHEH nepeBuiryBatu - 10 + 15°C.

Tuck Maciia IOBUHEH OyTH:

* B [TOPITHEBHX KOMITPECOpax BHIIE TUCKY BCMOKTYBaHHS HE MEHIIIE
Hixk Ha | + 4 kre/cm?;

* B TBUHTOBHX KOMIIpECOpax BHIIE THUCKY KoHaeHcamii Ha 1 + 3
Kre/cM?,

ITpu Bukopucranni mexaniunux TPB mepenaa Tucky Ha perysmioro-
YOMY BEHTHWJII IOBUHEH CKJIaJIaTH:

* He MeHIIIe 5 Kre/cM, uist xiaajgoHa R134A;

* He meHte 8 = 10 kre/cm? st xmazoniB R404A, R507Araim. moi6-
HUX.

[MocTiitHUM MapamMeTpoM MpH poOOTi XOIOAUIBLHOI YCTAHOBKHU € TEM-
nepaTypa OXO0JI0JKYBaHOTO 00'€KTa, sika MOBUHHA MiITPUMYBaTHUCS Ha 3a-
JAaHOMY PiBHI B 3aJI©KHOCTI Bil MPU3HAYECHHS XONOAMIBHOI yCTAaHOBKHU Ta
BIIMIOBiIHO 710 TEXHONOTiUHOI KapTh. Taki poboui mapaMerpH siK TerIoBe
HaBaHTAXXCHHS HA OXOJIOJKYIOUI TPWJIaJId Ta BiJINOBIIHO HAa KOMIIpE-
copHe O0najHaHHS, KOHAECHCATOp Ta iHIII JIOMOMIDXKHI €IeMEeHTH XOJo-
JITBHOT YCTAaHOBKH 3MIHIOIOTHCS TIPOTIroM joou. Lle 00yMoBieHO nepinn
3a BCcE 3MIHOIO TEMIIepaTypy HaBKOJUIIHBOTO CEPEAOBHUINA, KYIbTYpOIO
eKCIuTyaTarlii 00JaIHaHHS Ta IHIIUMH TPHYUHAMH.

3HMKEHHSI €HEPrOCIIOKUBAHHS XOJIOIMILHUM OOJNaJHAHHSAM MOXKE
WTH AekinbkoMa nuisixam. [lepi 3a Bce 32 paXyHOK MAaKCUMAaJbHOTO 3HU-
KEHHSI TEIUIONPHUILIMBIB B OXOJOKYBaHHH OO'€KT HUISXOM YCYHEHHS
TEIJIOBHX MICTKIB B TEMJIOOOMIHHOMY OOJIaJHAHHI i OrOpPOIKYBaIbHHUX
KOHCTPYKIIisIX, MiJCOCY TEIJIOro MOBITPs 3 HABKOJIUIIHBOTO CEPElOBHIIA,
YCYHEHHSI BIUTUBY IPOMEHHCTUX TETUIONPHUILINBIB.

TemnepaTypa KOHEHCAIIT 1 BIAMOBIIHUH il TUCK 3aJIeKaTh BiJl TEM-
nepaTypy HaBKOJIHMIIHBOTO CEPEIOBHIIA, BIUIMBATH Ha SIKY MH MTPAKTUYHO
HE MOKEMO.

TeruioBe HaBaHTaXCHHS Ha OXOJIOKYFOUI Tpuiiaau (TIOBITPOOX OO0
JKyBaui a00 0X0JIO/PKYIOU1 OaTapei) mepeaaeThcs KOHBEKTUBHO 1 3a paxy-
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HOK KOHJICHCAIil BOASIHOI mapu 3 noBiTps. KiIbKiCTh TEIIOTH, 1110 TIepe-
JAETHCS OJHUM KUTIOrpaMoM MapH Mpw ii koHaeHcallii qopisHioe 2300 k][x
(mpu 0°C) 1 2835 k/Ix mpu 3amopokyBaHHi. {7151 3MEHIIEHHS! TETIOBOT'O
HABaHTa)XEHHS HA OXOJIO/PKYIOUi MPUJIAJIH 32 PaXyHOK KOHJIEHCAIlii BOIsI-
HOI Mapy TEXHOJIOTaMH PEKOMEHJ0BaHO MiATPUMYBATH MiHIMAJILHUH TeM-
nepaTypHUil Hamip B OXOJIO/PKYBaJIbHUX MPHIIaIaX.

BrummB Temnepatypu KUTiHHS XOJOJMIBHOTO areHTa i eeKTUBHICTD
BUKOPUCTaHHSI TIOBEPXHI IMOBITPOOXOJOMKYBaya pPO3TISIHEMO Ha MpH-
KJIaJ[l MPOBEJICHOT'0 EKCIIEPUMEHTY Ha pealibHill XOJIOMUIbHIN YCTaHOBIII,
IO Tpalioe Ha xaanoHi R- 507A npu pisHUX TeMIiepaTypax KUIiHHS XO-
JIOAMIILHOTO areHTa.

Hwxue HaBeneHi mapaMeTp oTpuMaHi Ipy BUIPOOYBaHH1 XOJIOJHITb-
HOi ycTaHOBKH, a Ha aiarpami d—h (puc. 1) mokasaHni npouecu oOpoOKu
MOBITPS B MOBITPOOXOJIOKYBAYI.

1 BapiaHT.

Temmepatypa HaBKOIHUIIHBOTO CepenoBuIla tokp.cp= 22,60C;
BijHOCHA BOJIOTICTh HABKOJIUIIIHBOTO CEPEOBUINA QOKP.cp= 45%;
CepenHs TeMIepaTypa KUIiHHS XOJIOAMIBHOTO arenrta to =—20C;
CepenHs TeMIepaTypa KOHISHCAIIl XONOAUIBHOTO arenTa tk = 40,80C;
TemmnepaTypa Ha kepyrouoMy 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 HaBKOJIHUIIIHBOTO CepeqoBuIla tokp.cp= 22,60C
BijHOCHA BOJIOTICTh HABKOJIUIIIHBOTO CEPEIOBUINA QOKP.cp= 45%;
CepenHs TeMIepaTypa KUAIMiHHS XOJIOJMUIBHOrO arenra to = —70C;
BijHOCHA 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 MoBiTps Ha BXOJi Y BUMAapHUK 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%
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CepenHs TemIiepaTypa MOBITPsS. B OXOJIOKYBaHOMY ITPUMIIIIEHH] tBO3.=—
0,920C

Amnasiz oTpUMaHUX Pe3yJbTaTiB MOKa3ye, MO MPH MMiBUILEHHI TeM-
nepaTypy KHIIIHHS XOJOAMJIBHOrO arenrta Big minyc 7°C mo minyc 2°C
KUTBKICTh OCLIO1 Ha TIOBITPOOXOJIO/KYBay BOJIOTH 3MEHIYEThCs Ha 33%.

[pu niaBUIIEHH] TeMIepaTypy KUMIHHS XOIOJUIBHOIO areHTa aBTo-
MaTHYHO:

- 30UIBLIYETHCS TMHTOMA XOJOAOHMPOAYKTUBHICTH XOJIOIMIBHOTO
areHTa, 1110 J03BOJISIE 3SMEHIIUTH HOTO MacoBY BUTpATY;

- 3MEHIIIY€EThCSI MUTOMUM 0OCST TTapy Ha BCMOKTYBaHHI B KOMIIPECOp,
IO T03BOJISIE 3MEHIIUTH 00CSAT, ONMMCYBAHUI MOPIIHIMH KOMITPECOpa;

- 3HIDKYETHCS CTYIIHb CTUCHEHHSI XOJIOIUIFHOTO areHTa—BiJI-

MIOBIJTHO 1 3aTpaTH €HEeprii Ha CTUCHEHHS XOJOMIILHOTO areHTa;
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Puc. 1 I1porecu 00poOKM MOBITPS B MOBITPOOXOIOKYBaU1
ne: 1 + 2—Tipu Temnepatypi KHIiHHS XOJIOAMWIBHOro areHra to = -2°C,
3 =+ 4—nipu TemriepaTypi KUITIHHS XOJIIOIMIBHOr0 areHra to = -7°C



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 127

Hamu mpoBeneHi TeopeTHyHi po3paxyHKH eQeKTHBHOI MOTYKHOCTI
SNIEKTPOJIBUTYHA KOMIIpECOpa XOJOAMIBHOI YCTaHOBKH XOJIOIOMPOAYK-
tuBHicTIO 50 kBT, 1110 Mpaitoe Ha xmagoHi R- 507A npu pisHuUX Temnepa-
Typax kuniaas (Big—15 g0 0°C) i pikcoBaHHUX TeMIepaTypax KOHIeHcaIil
tk, siki 3a¢ikcoBaHi Ha piBHi 35, 40, 45 1 50°C.

OO0OpoOka pe3ysnbTaTiB PO3paxyHKiB MOKa3aja, M0 MiIBHILCHHS TEM-
nepaTypy KHITIHHSL XOJOJMJILHOTO areHTa IJisi CepelHE TeMIlepaTypHUX
XOJOJWILHUX YCTaHOBOK Bij MiHyc 15°C no 0°C 3HmXKye BUTpaTy XOJ0-
JITBHOTO areHTa 1o (5,5 + 6,6)%, npu miBUIICHH] TUTOMOI XOJIOA0IPO-
JYKTUBHOCT1 XOJIOMJIBHOTO areHta 10(6,73 + 9,8)% (puc. 2), uio B CBOIO
4epry BeJe 10 3HIKEHHS eeKTUBHOI MOTY>KHOCT1 CITOKMBAHOI EJIEKTPO-
JIBUTYHOM Kommpecopa 110 30% (puc. 3), B 3aJIeKHOCTI BiJI CTyIIEHs TiIBU-
LICHHS TEMIIEPAaTypH KUITIHHS XOJOAWIBHOTO areHTa.

30UIbIICHHS MTEPEOXONOMKEHHSI XOJIOAWIBHOTO areHTa Mepes pery-
JIOIOYMM BEHTWJIEM TaKOX J03BOJISIE 3HU3UTH BUTpPATH Ha CIIOKUBAHY
eleKTpoeHeprito. TeopeTnyHi po3paxyHKH MOKa3yIOTh, 110 JOJIaTKOBE Tie-
PEOXONOHKEHHS XONOIMIBHOTO areHTa Ha 50C 3HMKY€ CIOXKHMBaHY IMOT-
Y)KHICTh XOJOAWIBHOI YCTAHOBKH Ha 6 + 9% B 3aJIeKHOCTI Bi Temrmepa-
TypH KOHJIEHCallii XOIOJMIILHOTO areHTa.

e onuH NUIAX 3HUKEHHS! €HEPrOCIIOKUBAHHS XOIOIMIEHUM 001a1-
HaHHSIM — [Ie 30UIbIIEHHST aKTHBHOI poO0Y0i MOBEPXHI OXOJNOHKYIOUHX
MpHUJIaJIiB YCTAHOBKH.
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Puc.2 3mina nuTomMoi XonoaonpoayKTuBHOCTI Gpeony R 507A B iHTepBani Te-
mnepatyp kuminas (0 + -15)°C npu pizHUX (DiKCOBaHHX TeMIepaTypax KOHIEH-
cartii.
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Puc.3. 3miHa cOXMBaHOI MOTYKHOCTI (CYHIJIBHI JIiHIT) 1 TEIUIOTH KOHICHCAIIT
(TIyHKTHPHI JIiHiT) XOJOAWIHHOTO arperaTy XoIoA0npOayKTUBHICTEI050 KBT. mpu
3MiHI TeMIepaTypHu KHITiHHs xonoquisHoro arenta R-507A Big 0°C mo miHyc
15°C.

30uIbIIyBaTH aKTHBHY POOOYY MOBEPXHIO OXONOHKYIOUHUX NPUiIaIiB
MOXKHA 332 PaXyHOK YCTaHOBKH JIOJJATKOBHX peOep 3 OOKy IMOBITps, 3a
YMOBH POOOTH OXOJOMKYIOUOT'0 PUIIaTy 3 MiHIMAIBHOIO PI3HULICIO TEM-
nepaTyp MiX TEMIIepaTypolO MOBITPsI 1 TEMIIEpaTyporo KUIIIHHS XOJIOIH-
npHOro arenta. [Ipu Manoi pi3HUII TemmepaTyp 3HHXKYEThCS iIHTECHCHB-
HICTh BUTAJaHHS BOJIOTY Ha OXOJIO/DKYIOU] MpUIaan U 30UIBIITYEThCS Tie-
pioJ MiX BHJQJICHHSIM I1HEIO 3 TIOBEPXHI MOBITPOOXOIOPKYBaYiB, ab0 0a-
Tapei.

30uIbIIEHHS] aKTUBHOT p000Y0i MOBEPXHI OXOJIOKYIOUHX TPUIIaIiB
MOXJINBO BUKOHATH 32 PaXyHOK OLIbII TOBHOTO 3aII0BHEHHSI TOBITPOOXO-
JIOJDKYBada, a00 OXOJIOKYIOUOT OaTapel KUILITYMM XOJIOAUILHUM arcH-
ToMm. Jlns peanizalii Takoro crioco0y MiIBHIEHHS aKTUBHOI po00U0l 110-
BEPXHI OXOJOMKYIOUMX MPWIAZIB, Tpaloouux ¢ Mexaniunum TPB, no-
CTaTHBO YCTAHOBUTH KOXKHOMY OXOJIO/KYIHOUOMY TpWIIay 1HIWBITyasb-
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HUH peKynepaTUBHUM TEIUIOOOMIHHUK, B SIKOMY OyJle BUKOHYBAaTHCH I1e-
perpiB napu, HeoOxigHu# g podoru TPB, npu npomy Tepmobanon TPB
HeoOximHo 3akpinmutu micns PTO mo xomy pyxy mapu XoJOAWIBHOTO
areHTa.

BukopucTtaHHSl €IeKTPOHHHX CHCTEM YIPABIIHHS XOJOAWIBHOIO
YCTAHOBKOIO 3 elleKTpoHHUMHU TPB no3Bonisie mpaiioBaTH OXOJIOIKYIO-
YUM TpHUiiaaM 3 neperpisom napu B Hux a0 2°C, 3amicts 7 + 100C npu
POOOTi 3 MEXaHIYHUMH PETYITIOIOUUMH BEHTUIISIMU, YUM 3a0€31eUy€eThCs
OUIBII MOBHE 3allOBHEHHS OXOJIO/DKYIOUMX TNPWIATB KUIUITYHM XOJO-
JTUIIEHUM areHTOM.

O6uaBa cmocoOu 30UTBIIEHHS aKTHBHOI MOBEPXHI OXONOHKYIOUHX
MpUJaiB BUMAararoTh HasBHOCTI B YCTAHOBIII BHUCOKOE(EKTHBHUX CYy-
YacHUX MPHJIaAiB KOHTPOIIIO 1 yIpaBIiHHS, MPaBUIBHOTO HAJAIITYBAHHS
1 BUCOKOKBaUTi(DiIKOBAHOTO OOCIyrOBYBaHHSI.

BusHavyanpHuM (akTOpoM iHTeHCH(iKaLil MpoIeciB TEmo i Macooo-
MiHy B MOBITPOOXOJOKyBauax € KoeillieHT TertoBigaadi o 3 60Ky mo-
BITpS, 10 MOTPeOY€E MPUIUIATH yBary po3noAisly MOBITpsi, IO MPOXOIUTh
4epe3 MoBiTpooxoioKyBad. Ha HaBeneHiit gpororpadii (puc.4) BuaHO K
PO3IOIUISIOTHCS TOTOKH MOBITPS PH MPOXOPKEHHI Yepe3 TeMI000MiHHY
MOBEPXHIO.

Puc.4. Posmoziin iHEI0 B MOBITPOOXOIO/KYBaU1
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Micust iHTeHCHBHO MOKPUTI 1HEEM XapaKTepH3YIOTh MiJBUILEHY iHTe-
HCHBHICTh pOOOTH MOBEPXHi MOBITPOOXOJIOKYBa4a Micisl po3Mep3aHHs
(BUIaNeHHs 1HEl0) 1 3MEHIIEHHS i€l MOBEPXHI 3 aKTHMBHOI pOOOTH MiCIIs
3aKyTOpPKU MPOXiAHOTO MEPETUHY OCUIMM 1HEEM. .

InTrencudikyBaTn Koeili€HT TEMIOBiAIa4i OXOJOKYBAILHIX CHC-
TEM MOKHA IIUIIXOM:

—MIBUIICHHS BUAKOCTI TIOBITPs, 1110 OMUBAE TEIUIOOOMIHHY MOBEP-
XHIO;

—IUIAXOM TEePETBOPeHHS (DOpMU TOBEpPXHI pedep 1 TerI00OMiHHUX
Tpy0;

—301NIBIICHHSIM TEMIIEPATYPHOTO HATIOPY;

—3a JIONOMOT'0I0 3MEHIIIEHHS TOBIMHHM 1HEI0 Ha TEIT000MiHHOT TIOBe-
PXHi,

—IUIIXOM ONTHUMI3allii UKJIIB BiITaBaHHS JILOIY, 1[0 OCIB HA TEIJIO0-
OMIHHUKY;

— pIBHOMIpHOTO PO3MOALUTY MOBITPSHOTO MOTOKY MO "KHBOMY Mepe-
TUHY" TEMI000OMIHHOT MOBEPXHi.

BUCHOBKU
JU7ist 3HUKEHHST eHEePrOoCIIOKUBAHHS XOJIOMIIBHUM 00JIaIHAaHHSIM He-
00XigHO eeKTUBHIIIE eKCITyaTyBaTH TEIIOOOMiHHI amapaTH Ta TpH-
Ja]M 32 paXyHOK:
*  30uIbLIeHHS KoedillieHTa TEMIOBiIa4i B BUlIapHUKax 3 OOKY 1Oo-
BITpS;
*  30UIBLICHHS CTYIEHS 3allOBHEHHSI OXOJIOKYIOUOT0 TPy Pif-
KHUM XOJIOJIMIILHUM areHTOM;
*  pIBHOMIpHOI'O PO3IIOALTY MOBITPSIHOTO TIOTOKY 1O ">KHBOMY Tiepe-
TUHY" 0XOJOKYIOUOT0 MPUIAIY;
*  CBOEYACHOI'O BUAAJCHHS CIBIIOIO Ha OXOJO/UKYIOUMH TpHIIajd
iHelo,
*  TaKOX MiATPUMYBATH TEMIIEpaTypy KOHJIEHCAIlil XOJIOANIBHOTO
areHTa Ha JONYCTHMOMY HH3bKOMY PiBHi;
*  MiJABHILIECHHS TEMIEPaTypH KUIIHHS XOJOAMIBHOTO areHTy B BU-
MapHUKax;
*  YCTAaHOBKU Cy4YacCHHX CHUCTEM YIPaBIiHHS Ta iX KBaJi(iKOBaHOT'O
HaJIaro/KEeHHSI.
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YK 621.432
Carin C.B.
Harionansauii yaiBepcuTer «O1echbka MOPChKa aKaaeMisy

SHMKEHHSI EHEPTETUYHUX BTPAT B NPENU3IMHUAX
MMAPAX 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 equip-
ment of marine diesel engines, which ensures minimal energy losses in the
tribological system of the plunger - fuel - hub of the high pressure 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; determination 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 adsorbed
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 results in a
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~1.5-fold increase in the thickness of the boundary layer of the fuel, which
contributes to an increase in the elastic properties and proppant 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) results in a 24.0...44.6%
reduction in the wear of the plungers.

KuioueBrblie c¢j10Ba: CynoBOi AM3€Nb, TOIUIUBHBIA HACOC BBICOKOTO
JaBJICHUA, I'paHH‘IHLIﬁ cloi TOILIMBA, 3MKWJIaM, SHEPIETUYCCKUC IMOTCPH,
M3HOC TUTyHXepa TOIIMBHOTO HAacoca

Kuio4oBi cjoBa: cyqHOBUI Au3eNb, MaJUBHUNA HACOC BHCOKOTO TH-
CKy, TPQaHMYHHH IIap ManuBa, emijiaM, CHEepreTUdHi BTPaTH, 3HOC ITyH-
’Kepa MaJIMBHOTO Hacoca

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

IMocTanoBka npodJemMu B 3araibHoMY BUTIsAL. PoOoTta Oyab-skux
MeXaHi3MiB, 10 3AIMCHIOIOTH MOCTYNAIBHUM abo obepTaibHU pyX, Bil-
OyBa€eThCs 3 HEMUHYYHMH BTPATAMH ITOTYKHOCTI 1 KOpHCHOT eHeprii. 3 Me-
TOIO MiHIMi3allii HUX BTPAT KOHTAKTYIOTh JeTali NOAUISIOTHCS IapoM pi-
IWHY, 110 3a0e3neuye MacTHIbHUH edekT. [Ipn npoMy B 3aleKHOCTI Bif
3a30py MK KOHTAKTYIOUMMH JICTAJISIMM Ta YMOBAaMH iX PoOOTH 3abe3rie-
9yeThCs TIAPOANHAMIUHMIA a00 IpaHUYHHIA PEXUM 3MalleHHs. B ymoBax
TPAaHUYHOTO 3MalleHHs (200 TPaHUYHOrO TEPTs) KOHTAKTYIOUi NOBEPXHI
PO3iIeHI TOHKUM HIapOM 3Ma3ye PiluHM, sKa 3aBASKH CBOI IPY>KHO-JIe-
MIT()YIOYHMM BJIACTHBOCTSIM 3a0e3Meuye Mpaie3laTHICTh By3ia TepTs. On-
HUM 3 TPUOO-BY3IIiB, IO MPAIIOIOTh B PEKUMI IPAaHHYHOTO TEPTS, € Tpe-
nu3iiHa mapa IUTYH)Kep-BTYJIKAa IMajJMBHOTO HACOCA BHCOKOT'O THCKY
(ITHBT) nBuryna BHyTpimHboOro 3ropssaus (AB3) [1].

TpuBana ekcrutyartalisi CyAHOBHX JHM3ETiB 03 CYTTEBUX 3MiH MOKa3-
HUKIB po00OYOro mporecy B OUTbILII Mipi 3aJIKUTh BiJl CTaHy MaJHBHUX
HacoCiB 1 POPCYHOK, HAIMHICTE POOOTH SKUX BHU3HAYAETHCS TPHOO-TEX-
HIYHUMH TIOKa3HUKaMH — SIKICTEO BUTOTOBJICHHS 1 CTAaHOM MpenH3iiHUX
nap. [ToripienHs ctaHy nNpeuu3iiHOI mMapy TUTyH)KEP-BTYIIKa TPU3BOTUTh
710 TIOTIpILIEHHSI MPOIecy CTUCHEHHS 1 BIOPCKYBaHHs anuBa. Kpim Toro,
MpH I[bOMY MOPYIIYEThCS CUHXpOHi3alis pyxy miyHxkepa [THBT i xony
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MOPIIIHS JU3EIs, 110 TPU3BOIUTH JI0 BIIXMIICHh B 3aKOHI 10J1a4i IMajiuBa.
[Ile omHMM HaCHiAKOM TOTIPIIEHHS TEXHIYHOTO CTaHy MPENU3iiHUX map
[THBT € BUHMKHEHHS MPOTIKaHHS MaJMBa 1 3MEHIIEHHS HOT0 HUKIOBOL
nojaui.

AHaJi3 ocTaHHIX J0C/iIKeHb i myOJikauniil. B cygacaux cyn-
HoBux JIB3 Tuck, mo crBoproetscst [IHBT, gocsrae 180...200 MIla, m1o
MOXIIMBO 3a0€3MeUNTH MPU BHUCOKIH SIKOCTI Mpenu3iiHol mapu BTyJIKa-
Iyrkep. B Takux ymoBax TpuOoJoriuHa cucTeMa IUTYH)Kep-TIajHBO-
BTYJIKa MPALIOE B PSKUMI IPAaHUYHOTO TEPTS, a MAIUBO, 10 BXOJHUTH JI0
CKJIaJly 1Ii€i cucTeMHU, BUKOHYE (YHKIIT MacTHILHOTO MaTepiany. Y Jo-
CIIIJDKCHHSIX, BAKOHAHUX B [2], 3a3Hauasocs, 1110 Cy/IHOBI NaJIMBa, K1 Xa-
PaKTepHU3yIOThCS OLTBII BUCOKOIO MaCTHIILHOIO 3/1aTHICTIO, 320€3e4YIOTh
MEHIIII BTpaTH SHEPTii Ha MO0IAHHS CHJI TEPTS, 10 ISl TAJIMBHOI anapa-
TypH BUCOKOI'O THCKY BIIITOBIZA€ MIATPUMII HEOOX1THOTO 3HAUCHHS [TUK-
JIOBOT 1ojiavi nanvea. B skocTi MeTOly MiIBUILICHHS TIPY>KHO-EMIT(YIO-
YHMX BJIACTHBOCTEH MajiiBa MPOMOHYBAJIOCS BHKOPUCTAHHS PEryJSPHOrO
Mikpopenbedy Ha nosepxHi uryrxkepiB [IHBT [3], mpote mis uporo mo-
TpiOHO HE TUIBKM MPOBEACHHS OAATKOBUX PO3PaxyHKiB, a i cremiaasHa
amaparypa, a TaKoX CTal[iOHapHI yMOBH BUKOHAHHS TEXHOJIOTTYHUX OIIe-
paiiii 31 3MiHH IPOQIITIO TUTYHXKEPIB.

ITocranoBKa 3aBAaHHA. 3 OrJIsay Ha BHKIAACHE, METOIO JO-
CIIIJDKEHHsI OyJIO BU3HAUEHHS Croco0y 0OpOOKM KOHTAKTYHOUUX MOBEp-
XOHb AJTUBHOI aniapaTypy BUCOKOT'0 TUCKY CYIHOBHX JIU3ENIB, IPH IKOMY
3a0e3MevyIOThCsl MiHIMaJIbHI BTpaTH eHeprii B TpUOONOriyHol cucTeMmi
tyrkep-nanuBo-srynaka [IHBT npu ogHovacHii migTpuMIi 3aJaHUX TO-
TYXHUX XapakTtepuctuk JIBC.

Buknan ocnoBHOro marepiany gocaimkenns. [Ipu rpannuHOMYy Te-
pTi (200 rpaHUYHOMY 3MalleHH1) OJJHIEI0 3 TOJIOBHUX XapaKTEPUCTHK Ma-
CTUJIBHOTO Mapy (sSIKuit (OpMyeThCS 3aBISKH OPIEHTAIIITHOT BITOPSIKOBA-
HOCTI MOJIEKYJ) € Horo ToBIIWHA. [1iIBUIIICHHS TOBIIMHHU OPIEHTAIIMHO
BIIOPS,IKOBAHOT'O TPAHWYHOIO MIapy 3ade3neuye OUIbIly MIl[HICTh MacTH-
JILHOI TUTIBKY, 3HW)KYIOUH, TAKAM YHHOM, KOS(IIIEHT TEPTS B TPUOO-CIIO-
nmyqeHHi. J{i1st 301bIIeHHS TOBIIMHY TPAHUYHUX IIAPiB, IO YTBOPIOIOTHCS
BYIJICBOJHUMH PiIMHAMH (TIAJIMBOM 1 MACTHIIOM), BUKOPHUCTOBYIOTH CIIe-
HianbHi moBepxHeBo-akTHBHI peuoBuHU (I[TAP) abo mpucanku, siki 3 piz-
HOIO KOHIICHTPAIII€I0 JI0JIal0Th B 0a30Bi manuBa abo mactuia [4]. Y pasi,
KOJIM TPaHUYHHMU IIap yTBOPIOETHCS MAJMBOM Ha TMOBEPXHI IIIYHXKepa
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[MTHBT, nanuii BapiaHT HEMPUUHATHUHN, OCKUILKU NP OyAb-sKili KOHIICH-
Tpallil MprCcaioK 30UIBIIYEThCS IUKIIOBA MOJIa4a 1, BIIIOBIIHO, Yac BIIOP-
ckyBaHHs1. KpiM TOro, ik mpaBuiio, IpHCcaaKy, 0 BBOISTHCS, MAIOTh Bap-
TICTb, sIKa TIEPEBUIIYE BapTICTh K MacTHJa, Tak i manuBa. [Ipu BuKopwuc-
taHHi [TAP B nupkynsmiiHuX cucTeMax 3MallyBaHHs iX (QyHKIIOHATIbHI
BJIACTUBOCTI BUKOPUCTOBYIOTHCSI TPUBAINH TIEpioj Yacy 1 MOKYTh BiZJHO-
BIIFOBATHUCS B TIpoiieci ekcruyaTailii. [IAP, siki 1onaHi B maiuBo, 3roparoTh
B nuitiHapi. ToMy a1t manuB BUKOPUCTOBYIOThCS TTAP, mo akTuByIOTH
MPOIIEC 3rOpsiHHSA, a 3acTocyBaHHs [IAP, 1110 cripusitoTh 3011bIIEHHIO TOB-
HIMHU TPAaHUYHOTO LIApy MaiiBa, Kl 3HAXOJUTHCS B TPUOO-CIIOMYydEHHI
TUTYH)KEP-BTYJIKA € HEOUUILHUM 1€ i 3 piHaHCOBOI TOUKH 30pYy.

Jnst mpenn3iiHuX map MajuBHOI anapaTypy BUCOKOTO THCKY SIK Me-
TOJ, 11O CIPHSE 3HWKEHHIO 3HOCY iX KOHTAKTYIOUHX MOBEPXOHb, MOXKE
OyTH peKOMEHJJ0BaHO BHKOPUCTaHHS emiiaMiB. SIk pobode cepemoBuiie
JUTSl TIpOLIeCY BUKOPHUCTaHHSA eMijlaMiB IIMPOKOTO MOUMIMPEHHS Ha0yiH po-
3unHH nepdropromniedipkicaoru 3arainpHoro Burisiny Rf=COOH (Rf - pa-
JMKall, Mo MICTUTh QTop) B xyagoHax. [Ipu BUKOpUCTaHHI emijlamMiB Ha
MOBEPXHI TBEPJOTO Tila YTBOPIOETHCS TUTIBKA TOBIIMHOIO 10 30 HM, fKa
He BIUTMBAE Ha JMCIOKAIIHY CTPYKTYPY 1 TBEpPIICTh MeTaly, a ii moBep-
XHEBA €HEPTisd 3aJIeKUTh BiJl BUIY eMijlaMa 1 He 3aJIeKHUTh BiJ emiyiamye-
Moro martepiany. OcHOBHA (DYHKIIiS €MIAMY€EMOTO Iapy MOJIATaE B yTpH-
MaHHI MACTHJILHOTO MaTepialy B 30HI TepTs €HEpreTHYHUM Oap’epoM Ha
KOpJIOH1 «MeTan-eniiamy. Lle mocsraeTbes 3a paxyHOK 301UIbIIEHHS Kpa-
HOBHX KyTiB 3MOYYBaHHS PiJMHHM, IO 3HAXOAUTHCS OUIS MOBEPXHI Me-
Tajy, IOKPUTOrO apoM eriiama (puc. 1), a TAKOXK 3a paXyHOK Mepecpsi-
MOBAHOCTI BEKTOpa Jiii CHJIM MOBEPXHEBOr0 HATATY pinuHu. [Ipu mpomy
30UIBIIYETHCS TOBIIMHA TPAaHUYHOTO MACTUJIBHOIO MIapy i #oro Hecy4a
3IATHICTb.

a)
Puc. 1. KpatioBuii KyT 3MO4yBaHHS 1 HAIIPSIMOK BEKTOpa CHIIU ITOBEPXHE-
BOTO HATATY PiMHU: a) NaJIMBO Ha IMOBEPXHI MeTally; 0) MajiuBO Ha MOBEPXHI eITi-
Jlama; B) NaJIMBO HA KOPJOHI MeTal-emnijgaM; 0 — KpaHoBUI KyT 3MOUYBaHHS; Fy,
F. — civ moBEepXHEBOI'0 HATATY HAa METAJIi 1 eMijaMi, BiJIIOBITHO
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3acTocyBaHHS METOAY BUKOPUCTaHHS eMiIaMiB I TPeru3iiHol
napu miyHxkep-Brysika [IHBT, He orpumano mmpokoro mommvpeHHs B
elIeMEHTaX CyJHOBMX TEXHIYHMX 3ac00iB. Lle, B ToMy uuci, MoB’s3aHo 3
KOHCEPBAaTUBHICTIO CYZIHOBOI EHEPreTUKH SIK HAYKH 1 IParHeHHsIM CYIHO-
BOT'O EKiNaky YHUKHYTH JOJIATKOBUX PU3UKIB, IO BAHUKAIOTh PH BIIPO-
BaJDKCHHI IHHOBAIIHHUX 111eil. OCOOIUBO 1€ CTOCYEThCS TAKUX Bi/IMOBiIa-
JBHUX BY3JIB, SIK MAJMBHA anapaTypa BHCOKOro THcKy. OqHaK, IpH sKic-
HUX TONEPEHIX TOCTIKEHHX, a TAKOX MPU TOTPUMaHHI TEXHOJIOT1] Ha-
HECEHH:I elilaMiB Ha MOBEPXHi eJIeMEHTIB MaJIMBHOI anapaTypy BUCOKOTO
THUCKY, MOJIUBO CTBOPHTH YMOBH, 110 CHPHUSIOTH iIBUILEHHIO 1X eKCILTY-
aTalifHUX XapaKTePUCTHK 1 EKOHOMIYHOCTI poOOTH au3emiB [5].

JocnijpkeHHs, M0 BU3HAYEHHIO BIUIMBY OpPraHIYHUX TMOKPUTTIB Ha
eHepreTnyHy eeKTHUBHICTh Mpenun3iiHol napu miyHxep-BTynka [THBT,
BHUKOHYBAJINCS B HACTYIHIN MOCIiIOBHOCTI:

* p0o3pO0Ka TEXHOJIOTIi HAHECEHHSI eIiIaMiB Ha MOBEPXHI IITYHXXepiB
[THBT;

* BU3HAYCHHS TOBIIMHU HAHOIIAPIB €IijamMy, aJcopOOBaHOTO HA Me-
TaJeBiil MOBEpXHi;

* BUBYCHHS BIUIMBY HAaHOLIAPIB €MiJlaMy Ha YTBOPEHHS T'PaHUYHOTO
miapy rnajmBa;

* BU3HAUCHHS TPUOO-TEXHIYHUX XapaKTEPUCTHK TPUOOIOTIUHOI chc-
TEeMU ILIyH)Kep-nanuBo-Bryika [THBT.

IIpu npoBeneHHI eKCIEpUMEHTIB Oy/liM BHKOPUCTaHI HACTYIHI erli-
namu Polisam-05, Polisam-20MCK i Akwaline, 110 MatoTh MakCUMaJIbHY
Temmnepartypy ekcrryaTamnii 450°C i 1omyckaloTh KOPOTKOYAaCHY eKCILTya-
tanito 10 temmneparypu 700°C. TexHosoris HAaHECEHHS eijlaMiB Ha TTOBe-
pxuto mnywxkepa [THBT nomsrana B HactynHoMy. CriouaTKy THOBEpXHi
OYMIIAIIUCS Bii CTOPOHHIX JoMimok. Jlami mpoBomuiocs iX 3HEKHPEHHS
B 030HOOe3neuHoMy xmanoHe-116 (CyFg) muisixom 06’eMHOTO 3aHYpEHHS
3 OAANBINUM BUCYIIyBaHHAM. [1iciist bOro mpu TemrepaTypi HaBKOJIHILI-
HBOTO CEPEIOBHUIA MPOBOIUIIOCS OE3MOCepPEeIHhO HAHECEHHS CMiJIaMiB
LUISIXOM 3aHYPEHHS TUTyHXKEPiB.

JAnst BU3HA4YEHHS TOBLIMHM APy emijiaMy, M0 aJIcOpOyeThCs Ha TO-
BepxHi uryrxkepa [THBT, 1 ToBUIMHY rpaHUYHOTO MACTHIIBLHOTO HIAPY Ma-
JIMBA, 1110 YTBOPIOETHCS HA MOBEPXHI MeTaly, SIKAH MOKPUTHIHA eiIaMoM,
MPOBOJIMJIKCS TIOTIEPE/HI J1a00paTOPHI AOCIIPKEHHS. SIK aHaIOoT TOBEpXHI
TUTYH)KEpa BHKOPUCTOBYBajlacsd BiAMOJIpOBaHA MeTalieBa MOBEPXHS
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(crans HIX15), sika 1uisxoM 00’€MHOr0 3aHYPEHHSI TIOKPUBAJIACs MapoM
eninamy. Yac nepeOyBaHHS cTaleBUil MOBEpXHi B 00Cs31 emijiaMmy Bapiro-
Bajiocst B Aiana3oHi 2...10 XB, MiCNIsA 4Oro MOBEPXHI BUCYLIYBAJIUCS TPH
temnepatypi 20°C. TOBIIMHN TAKUM YHHOM aJICOPOOBAHOT0 HA METAJICBIH
MOBEPXHI Iapy elijlaMa BU3HA4aJlacsi Ha EIIICOMETPIYHOI YCTaHOBIII,
MIPUHIIMIIOBA CXeMa KOl IIoKa3aHa Ha puc. 2.

Enincomerpist € oAHUM 3 HaHOLIBII MOMMPEHUX METOAIB BU3HAYCHHS
TOBILMHH TLTIBOK (IIPO30PUX JJIsl ONTHYHOTO BUIPOMIHIOBAHHS) 33 JJOMO-
MOTOF0 aHaJIi3y KyTiB BIIOMTTS CBITJIa BiJl YMCTOI MOBEPXHI 1 BiJl MOBEPXHI
3 HAaHECEHUM MOKPHUTTAM. Pe3ynbpTaT, oTpruMaHi Ipy BUMIpIOBaHHI, HaBe-
JeHi B Ta0m. 1.

Jliniiino EnintHuno
NOASAPU3OBAHE NOUIAPH3OBAHE
CRITITO, IO 30HYE CRITIO, 1110

AHANIZYCThCA
Jxepeno

: Amanizarop
cBiTIA

Pinma, fxa
DOCILIKYETBCS
[ |
) \ Meranesa

TIOBCPXHS

Puc. 2. [IpuHimnoBa cxema eirncoMeTpiyHol YCTaHOBKH

Tab6mnus 1. Pe3ynpTaTi o BU3HAUEHHIO a7cOPOOBaHOI TOBIIMHU
mapy eniiamy

Yac 3Haxomkendst Meta- | ToBuiuHa ajcopOOBAHOrO APy emijgaMa, i, MM
JICBOL TOBCPXHL B PO3THHI 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 IMoKa3aHa Ha puc. 3.
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b, am

I5F

2 4 6 8 10 fxe
Puc. 3. 3anexHIiCTh TOBIIMHYU OPraHivHOI IUTIBKY BiJ Yacy 3HAXO/PKEHHS Me-
TaJICBO1 IIOBPEXH1 B PI3HUX CIIJIaMax:
1 — Polisam-05; 2 —Polisam-20MCK; 3 — Akwaline

Sk BugHO 3 HaBeneHUX nanux (Tadm. 1. 1 puc. 3), micas 6...10 xB 3Ha-
XOJPKEHHSI METAJICBOT MOBEPXHI B PO3UUHI €MiIaMy TOBIIMHA aJCOPOITii-
HOI OpraHiyHOl IUTIBKA Ha MeTaJleBiil TOBEpXHi cTabLIi3yeThCs 1 A Pi3-
HUX 3pa3KiB KOJHMBAEThCA B jaiana3oni A=12,5...18,7 um. Bukopucranus
elijiaMiB CIpUsi€ YTBOPEHHIO IPaHUYHUX MACTHIIFHUX IIAPiB MiIBUIICHOT
(Y nopiBHsIHHI 3 TIOBEpXHEIO, Ha SIKy HE HAHOCHJIMCH CMUJIaMi) TOBIIUHH.
Cxema yTBOpPEHHSI TPAaHMYHUX IAPIB PU HAHECEHHI Ha METAJICBY IOBEP-
XHIO (PTOPOPTaHIYHUX CIOTYK MOKa3aHa Ha puc. 4, a BU3HAYCHHS iX TOB-

IMHA MOKE OyTH BUKOHAHO CITIOCOOOM ejrircomeTpii (auB. puc. 2).

By < 000000000 00000
N NV I/2Z = . 00000000000000000000000000000

L S
a) 6)

Puc. 4. yTBOpeHHH TpaHUYHOI'0O MaCTUWJIBHOT'O 1Iapy Ha pi3HI/IX MOBEPXHAX!
a) 0e3 BUKOPHCTAHHS emijiaMy; B) IPH BUKOPHUCTAHHSI eMijlamy

Pe3ynbraTi 1aHuX €KCIIEpUMEHTIB HABEICHI HA pUC. S5, JIe i o3Ha-
yeHHsM BII MaeThcs Ha yBa3i 6e3nocepeiHS TOBIIMHA TPAHUYHOTO 1Iapy
«9IHMCTOTr0» Ba)KKOTO IMAJIMBa, II0 YTBOPIOETHCS HA METANEBil OBEPXHI, a
nig mudpamu 1, 2, 3 — TOBIIMHA MPaHUYHOTO IIAPy BaXKKOTO MajnBa, M0
YTBOPIOETHCS Ha Till K€ MOBEPXHIi MpH ii MOKPHUTTI mWapoM eminamy. Sk
BUIUIMBAE 3 HABEACHUX PE3yJbTaTiB, BUKOPUCTAHHS emiiaMiB 3a0e3nedye
1,47...1,52 xpaTHe 301IbIlIEHHS TOBIIMHA TPAHUYHOTO APy MaJHBa.
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57
MEM|

6
TN moKpHUTTA

Puc. 5. 3miHa TOBIIMHYU rpaHUYHOTO APy NaJMBa MIPU HAHECEHHI eriiamMiB
Ha MeTaJieBy noBepxHio: BII — BincyTHIiCTh MOKpUTTS (Oe31ocepe/iHs TOB-
IIMHA TPAaHUYHOTO Iapy Bakkoro nanusa); 1 — Polisam-05; 2 — Polisam-

20MCK; 3 — Akwaline

Eneprernyna eeKTHBHICTh OyAb-KO1 TPHOOIOTIYHOT CHCTEMH OIli-
HIOETHCSL BEIMYMHOIO BTPAT, A0 SKUX BIJHOCSTHCS: BTPATH €HEprii Ha Te-
pTs (BU3HaYeHi KoeillieHTOM TepTs) 1 BTpaTH MaTepially B pe3ylbTari
pYHHYBaHHS TIOBEPXOHBb TepTs (BU3HAYEHI IHTEHCHBHICTIO 3HOLITYBaHHS).
Tomy, mojaibIi JOCTIKEHHS PO3TIIIHYTOrO CIIOCO0Y 3HUKEHHSI SHEpre-
TUYHUX BTPAT MpPU TEPTi 32 PaXyHOK KEPYBaHHS CTPYKTYPOIO MacTHIIb-
HOT'O Iapy MajiBa MOJSraiy y BU3HAYEHHI 3HOCY MOBEPXOHb MITYH)KEPiB
SK1 OyJIH TIOKPUTH IApOM eIijiamy, a TAaKOX THX, 10 3HaXOSTHCS B 3BU-
yaitHoMy cTaHi. JlOCIiPKeHHST BUKOHYBAJIUCS Ha CYJIHOBOMY nu3eni 61,18
MAN-Diesel. Ha myrkepa [THBT, mio 3abe3neuyroTs mojavy najivBa B
numiHApy NeNe 1 1 4, He HAHOCHITUCS APH erinaMy. SIK TIOKPUTTS MOBe-
PXOHb TIYH)KEPiB BHKOPHUCTOBYBaJiacsi GpTopopraHiuHi pinuau Polisam-
20MCK (sixa Hanocunach Ha ruryrkepa [IHBT NoNe 2 1 5) i Akwaline (sxa
HaHocuiach Ha rryrkepa [THBT NoeNe 3 i 6). 3rigHo 3 monepeaHiMu aoc-
JIJDKEHHSIMHU, BUKOPUCTAHHS IIUX EMiJIaMiB CIpUs€ YTBOPEHHIO Opi€HTa-
UifHO BMIOPSAKOBAHMX TPaHMYHHUX INApiB HAHOLIBIIOI TOBIIMHH (ITUB.
puc. 4).

Uepes npomikkH vacy, mo Bianorigamu 380, 820, 1210, 1640 1 2180
rOJMHAM POOOTH JM3elis (TPUBATICTh SKUX OOYMOBIIOBAIACS YMOBAMHU
eKCIUTyaTallii, 110 JO3BOJISIOTh BUKOHATH 3YIHHKY JM3ENs 1 peBi3ito HOro
[THBT) BukoHyBanocsi BH3HAYEHHS IUIONII 3HOCY MOBEPXHI TUIYH)KEPiB
(sIK 31 IIapoM emnisiaMmy, Tak 1 TaKHX, M0 MPaIo0Th 0€3 HAHECEHHS OO
nokpHTTs). [1icist 4oro oTpriMaHi 3HaUSHHS U1l KOKHOI TPYIH ILTYHKEPiB
YCEePEIHIOBAIINCS, a IU3€/1 3HOBY BBOJIMIIUCS B EKCIUTyaTAIIMHUN PEXKUM
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poboTu. PesynpTati nocnimkeHp HaBeleHi B Ta0M. 2 1 y3aranbHeHi y BU-
IS HOMOTpaMH Ha puc. 6.

Tabnuugt 2. Pesynprati BuMiproBaHHs 3Hocy mryHkepis ITHBT

Yac poborn TTnonta 3HOCY IOBEPXHi IUTYHXKEpa, MM
IJIyHXepa, ro- 0e3 HaHECEHHS 3 HAHECCHHSIM IapiB ermijiaMmy
JIUHH ernuamy Polisam-20MCK Akwaline
380 129 98 94
820 153 103 99
1210 181 113 116
1640 209 121 126
2180 224 124 128
I
MM2
200 —
1 1
150

100
2 2
50
0 500 1000 1500 2000 f,ron

Puc. 6. 3anexnicts 3H0cy /s urymkepiB [THBT Bix wacy pobotu ¢ cyqHOBOTO
musens 6118 MAN-Diesel:

— IS TUTyH>Kepa 0e3 BUKOPHCTaHHS eriiamy;

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

— TS TUTyH>)Kepa 3 HaHECEeHUM IapoM emilamy Akwaline

[Tpu npoBenenHi ekcriepuMenTiB yepe3 KoxkHi 100 roauH pobotu mpo-
BOJIMJIOCS MEPI0MYHE IHAMIMIOBaHHS au3ens. [Ipu oMy IUITIHIpH 3 OJ1-
HOoTUITHUM cTanoM myHxepiB [IHBT (6e3 Bukopucranus emninamy, 3 Ha-
HeceHUM mapoM eninamy Polisam-20MCK, 3 HaHeceHUM L1apom emninamy
Akwaline) o 4ep3i BiAKJIFOUAIKCS 1 110 3MiHI YaCTOTH OOEPTaHHS BHKO-
HyBaJIacs OIIHKA PO3IOJLTY HaBaHTAXCHHS I10 IWITIHpax au3ens. B pe-
3ynbTatTi OyJIo BCTAHOBJICHO, IO TPH 3MiHI CTaHy MOBEPXOHb ILTYH)KEPiB
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32 PaxyHOK BUKOPHCTAHHS CITUJIaMiB HaBAaHTAXKEHHS Ha Pi3HI MIJIIHAPU
JU3eIs He 3MIHIOEThCSL.

PesynbTaTi BUMiprOBaHb HaBeIEHI Ha pUC. 6, 3 IKOTO BUILTHBAE, IO
peaizaiis B TpaHUYHUX IIapax MajruBa OPiEHTOBAHOI CTPYKTYPH MOJIEKYIT
1 ynpaBmiHHS HOTO TOBIIMHOIO 32 PAXYHOK JOJAaTKOBOTO HAHECEHHS elTi-
JaMiB Ha NPeNn3iiiHi MOBEPXHi JO3BOJISE B 3HAYHINH Mipi 3HU3UTH 3HOIILY-
BaHHS TyHkepHuX nap [THBT, migBummBmm, TAKMM YMHOM, HaJIHHICT
1 IOBroBiYHICTH pOOOTH AAHOTO By3Ja JU3eNsl. 3MEHIICHHS 3HOCY Tpeln-
3iliHOT mapu TepTs miayHxkep — Bryaka [IHBT Takox cBimuuTh Npo 3HU-
JKEHHSI SHEPreTUYHUX BUTPAT Ha 3a0€3MEUCHHS POOOTH IUX EIEMEHTIB 1
MiATBEPIKYE ePEeKTUBHICTh 3aCTOCYBaHHS METOAY BUKOPUCTAHHS erijia-
MIB.

BucHoBKH i mepcneKTHBY NOJANBIINX A0CTiTKeHb. [IpoBeneni 1o-
CJIIJDKEHHS 1 OTPUMaHI pe3yJIbTaTH J03BOJISIOTH 3pOOUTH HACTYITHI BUCHO-
BKH.

ExcnnyaTanis TpubonoriuyHoi cucrem rryrkep-BTynka [IHBT BinOy-
BA€THCA B PEKMMI IPaHUYHOTO TEPTA, a LIap MajKBa, 0 PO3JIUILE iX Mo-
BEPXHi, BUKOHY€ (YHKIIii MACTHJILHOTO MaTepiaiy.

Jnst mpenun3iiHoi mapy NalIMBHOI anapaTypy BUCOKOTO THCKY ILTyH-
Kep-BTYJIKa SIK METOI, IO CIPHSIE 3HNKEHHIO KOHTAKTHUX HAaBaHTaXKEHb,
SKI BUHHKAIOTh Ha X MOBEPXHAX, MOXe OyTH BUKOPHCTAHO HaHECEHHS
ernijamiB.

ToBumHa mapy eniamy Ha moepxHi TuryHxkepiB [THBT cknamae
12,5...18,7 1M, a 4ac, HeoOXiqHui s fioro ancopOirii He nepeBuiye 10
XB.

Hanomap eminamiB, HaHeCEHUI Ha MeTaJIeBy MOBEPXHIO, TPU3BOANTH
10 ~1,5-kpaTHoro 30UIbIIEHHS] TOBIIMHU IPaHUYHOTO [Iapy HajiBa, MIo
CTIpUSIE MiIBUIIEHHIO MPY>KHUX BIACTHBOCTEH 1 pO3KITIHIIOYOTO TUCKY Ta-
JIMBa, IO PO3AUISLE Mpenu3iiiny napy BTynka-urymxkep [THBT.

HanecenHns opraHiyHMX TMOKPHUTTIB Ha MOBEPXHI MPEUU3idHHUX map
[MTHBT cnpusie migBUILEHHIO eHEPTeTHYHOI e() eKTHBHOCTI TaHO1 TpUOOoIIO-
riuHO1 cucTemu, 1o (B 3aJIGKHOCTI B yacy ekcruryaraitii JIB3) Bu3naua-
etbest B 24,0...44,6%-My 3HIKEHHI 3HOCY TUTYHIKEPiB.

Hanecenns emninamMiB BiTHOCHTBCS JI0 KaTEropii Cy4acHUX HAHOTEXHO-
JIOTIYHUX METOJIiB, BUMAra€e MONepeHIX JOCTIKEHb M0/I0 BUSHAUCHHS
ONTHMAaJILHUX BHJIIB OPTaHIYHUX MMOKPUTTIB 1 yacy iXx HaHECEHHS Ha Ipe-
IM31HHI TTOBEPXHI, ajie IPH I[bOMY HE BUKJIMKAE JIOJJATKOBUX TPYIOBUTPAT
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MpH HOro BUKOPUCTaHHI Ha PIYKOBUX 1 MOPCHKUX CyJHAX, IMiBHUILYE CHe-
preTuuHy e eKTUBHICTh TpuOomorivHnX cucreMm JIB3 1 Moke BpaxoByBa-
THUCS TIpH PO3poOIli MeToAUKK Bu3HaYeHHs mapamerpiB CEY [6].
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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 regulation of
cylinder lubrication is presented, depending on the diagnostic data of their
operable condition when the ring moves along the bushing windows. Iden-
tification was carried out by ranking by reliability levels, depending 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 pressure from the thick-
ness of the oil film on the surface of the cast-iron piston ring. It is estab-
lished that the technical condition of the piston rings is determined by the
method of ranking by reliability levels, which are diagnosed by the fre-
quency of the acoustic signal from the piston ring as it moves along the
sleeve windows in the following sequence: reliable level, partially reliable
level, pre-emergency level (boundary friction mode with partial adhesion
grasping of piston rings and crosspieces of the cylinder bushing), emer-
gency 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 varies
exponentially according to its thickness and excludes contact between con-
jugated 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 constructed 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, an-
isotropic properties.

IHocTanoBka nmpodaemu.

OpraHni3altisi eKCIuTyaTallii Cy4aCHUX CyJTHOBHX MaJIOOOEPTOBHX J[BH-
ryHiB (MOJI) BuMarae BIIOCKOHAJICHHSI YIPABIIHHS MPOIECAMU 3Ma-
mieHHs nuninaponopinHeBoi rpynu (LII) 1 3axucty Big aBapiiHUX CUTY-
ariii [ 1-3]. [Tomomka kijienb ABUTYHIB (JOPCOBAHOTO PsiLy, € HAHOUIBIII Ya-
CTOI0 TIPUYUHOIO iX (DYHKIIIOHAIBLHOI BiMOBH, OJHAK, MPUYUHH I[HOTO
SIBHIIA JI0 TENEPIiIHBOr0 Yacy HeJOCTaTHLO BUBYEHI [ 1,4].

HoBuMm HarnpsiMKoM TiABUINECHHS HAIHHOCTI 1 EKOHOMIYHOT e)eKTHB-
HOCTi CYIHOBHX JIBUTYHIB BHYTPIIIHBOT'O 3rOPSIHHS TPAHCIIOPTHUX CyJCH
€ CTBOPEHHS 1 OpraHi3allisi eKCIuTyaTallii CHCTeM 3MalllyBaHHsI, 00y 10Ba-
HUX Ha BUKOPUCTaHHI PIIKOKPUCTAJIIYHOIO CTaHY MacTHJIBHUX MaTepia-
JIiB B TOHKHX TUTiBKaX. B po0oTi [S] TeopeTrdHo 00rpyHTOBaHA i €KCIIepH-
MEHTAIBHO MiATBEp/UKEHA TMEPCIEeKTUBHICTh IBOrO HAIMPSIMKY JOCIHi-
JokeHb. OIHaK BUKOPUCTAHHS IIHOTO SBUIIA JUTSl TT1IBUIIICHHS HAIIHOCTI
JBUTYHIB 1 OTIEpe/PKEHHsI aBapiiHUX CHTYaIliil BiJ] MOJIOMKH TOPIIHEBUX
KiJlellb, paHille He AOCIiKyBaBcs yepes BiICYTHICTh AaHUX MPO aHi30T-
POITHI BJACTHBOCTI TOHKHMX IUTIBOK MACTHJIA, 10 BUHUKAIOTh TIPU TOTIp-
LICHH1 YMOB 3Ma3yBaHHSI.

JlitepaTypuuii anaii3 [3-6] mokasas, 110 HA CYy4acHUX CyJaX HpPOBO-
JUTHCS. MOHITOPHUHT CTaHy i BUKOHAHHS (PYHKI[iHl OKpEMHUMH Bi/MOBi b~
uumu getansmu LI, CreiaapbHuil MBUAKOAIIOYHI aTUNK, BCTAHOBJIC-
HUU BUIIE MPOAYBHUX BIKOH Ha IWIIHAPUYHIA BTYJII ABUTYHA, BUMIPIOE
YacTOTy 1 aMIUTITYAy aKyCTHYHHX KOJMBaHb, 10 BAHUKAIOTH TPH MPOXO-
JOKEHHI KUTBIIS TIOB3 JaTYMKA 10 CYIUTBHINM OBEPXHI BTYJIKH 1 MipOAMHA-
MIYHUX YMOBH 3MAallIeHHs. 3a IIMMHU JaHUMH BCTAHOBJIIOETHCS Mpale3/1aT-
HUH CTaH CHONTYYEHHS «KUTbIIE-BTYIIKaY.

OnHak, mpy MalIUX MMBHIKOCTSAX PyXy IMOPIIHS, B MOMEHT IIPOXO-
JDKEHHS TPOJYBHUX BiKOH BTYJIOK, YMOBHM 3MallleHHS MOTIPIIYIOTbCS Ye-
pe3 MPOAYBKY 1 peKUM 3MallleHHs BJKe He € TiipoAnHaMiyHuM. ToBIIMHA
TUTIBKH 3MEHIIYETHCSI, B TOHKOMY 3MalllyBaJbHOMY Iapi BHHUKAIOTH aHi-
30TPOIHI BJIACTUBOCTI, 10 3MIHIOIOTh IPUPOIY B3aEMOIIT MapU «KLUIbIIE-
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BTYJIKa» 3aBASKH Jii pACKINHIOIOYOr0 TUCKY, SKHI TEPEeIIKOPKA€ BHHUK-
HEHHIO a/Ire31ifHOr0 KOHTAKTY.
Brepiiie ekcriepuMeHTa bHI 1aH1 BJIACTUBOCTEH I[UX ILTIBOK OTPUMaHi
B pobotax aBTopiB [7-10]. BcTaHOBIICHHS 3a]€KHOCTI PO3KIMHIOKYOTO
TUCKY B TUTIBKaxX MJIIHIPOBOTO Maciia Bij X TOBIIMHM HA METaJIEBUX MO-
BEPXHSX, SIKI BAKOPUCTOBYIOTHCS B JM3e/1e0yyBaHHI, JO3BOIMIO PO3PO-
Ooutu MeToj 1 croci0 igeHTH(iIKaIii mpare3aTHOro CTaHy MOPIIHEBOrO
KUTBI IPpU MaJMX mBUAKOCTX [7,11]. Lle 1ano MoxIIMBICTh KOPUTYBATH
3MaIlSHHSIM WIHPIB 3a JaHUMU ieHTU(DIKaIlii, 3 METOFO ITiJIBUIIICHHS Ha-
niiinocrti By3na LI 1 monepemkenns aBapiiiHoi cutyanii. Taxi 3aBraHHs
paHiliie He JOCIIHKYBAJIUCS 1 CTaBJIATLCS BIIEpIIE, TOMY POOOTa € aKTya-
JBHOIO.
Merta cTatTi - po3poOka cxeMu KepyBaHHs 3MaIlleHHSM IIIiHAPIB
MO/ 3 ypaxyBaHHsIM ineHTH}IKAI] TEXHIYHOTO CTaHy MOPIIHEBUX Ki-
JIellb TIpH iX pyci B3JOBXK MPOAYBHHUX BiKOH BTYJIKH LWIIIH/DA.
Buxaaaka ocHOBHOro Matepiady.
Y poborax [6-9] Brepiiie eKCriepuMeHTAIbHO BCTAHOBJICHO, 1110 PO3K-
JIMHIOIOYMI TUCK B TUTIBKAX IMUIIHPOBOrO Maciia Ha CTAJICBHX 1 YaBYHHUX
MoBepxHsIX BigmosigaroTs obnacti P (h)> 0, ToOTO B TOHKOMY 11api Mac-
THJIa 3 aHI30TPOITHUMH BJIACTUBOCTSIMH BUHHMKAE CHJIA, CIPSIMOBAHA B IPO-
TUJCKHUHN OIK TUCKY KUIbIIS HA BTYJIKY.
Ha puc.1 npuBenena, orpuMaHa aBTopamH, 3aJIeKHICTh PO3KINHIOO-
YOro THCKY BiJl TOBIIMHM MACIISTHOI TUTIBKM Ha MOBEPXHI YaBYHHOT'O TIOP-
IIHEBOro Kibll [10].
VY 11ux poboTax BCTAHOBJICHO:
e 3MiHa packiuHuBatomiero tucky P (h) muiniampoBoro Macna Ha
CTaJsIX 1 yaByHaX HOCSITh EKCIIOHEHTHHH XapaKTep;

®  MaKCUMAaJIbHUH PO3KJIMHIOKYNHI THUCK, 1110 BUHUKAE B TOHKIH ILTi-
BIIl IIMJIIHAPOBOTO MaCTHJIA JIJIsl YaBYHHOTO KUTbLS JOPiBHIOE [1s
= 140 xIIa;

e MiHiMaJIbHA TOBIIMHA TUTIBOK, TIPH SIKi PO3KIMHIOIOYUHA THCK J0-

csira€ MakCUMyMYy JUIS BCIiX JOCITI/DKEHUX MatepiaiiB JISKUTh B
inrepsaini 140 ~ 160 am
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Puc. 1. 3MiHa pacKIIMHMBAIOIIETO THUCKY B TOHKIM IUTIBII MacTia
ENERGOL ClO 50M Ha yaBYHOM IOPIITHEBOMY KUIBIIl B 3aJI€KHOCTI BiJ TOB-
IIWHU IJI1BKH.

e Mpame3aTHUH CTaH MOPIIHEBOro Kilblls 30epiraeThes B mporeci
CaMOpETYJIIOBaHHS PACKIIMHUBAIOIIETO TUCKY B TOHKIH ILTIBIT, 1110
3MIHIOETBCS TI0 €KCIOHEHIIIATbHOMY 3aKOHY B 3aJIGKHOCTI Bif ii
TOBIMHM 1 BUKITIOYAE€ KOHTAKT MK CIOJyYEHHMH MOBEPXHIMH
npH ii 3HaueHHI moHax 140 HM.

InenTudikaiii curaaty Bij BiOpaiifiHOro 1aT4rKa, BCTAHOBJICHOTO Ha
UWTIHAPUYHOI BTYJIII MPH MPOXOIXKEHHI KUTbI[EM MPOILYBHHUX BiKOH I[HITi-
Hapa MO/I, npy Manux MBHIKOCTIX pyXy MOPIIHS, AOCTIKEHa B poOOTi
[11]. Po3pobiieno MeTo imeHTH (KAl 1 CIOCiO JiarHOCTUKKH TEXHIYHOTO
CTaHy MOPIIHEBHUX Kilelb MaJOOOOPOTHUX IU3ENs MO0 YacTOTi aKyCTH-
HOT'O CHTHAITy MiJl 4ac pyXy Kilelb Y3A0BXK MPOAYBHUX BIKOH BTYJIKH.

Bnepiie BcTaHOBIIEHO, 1110:

- HaJiifHUH piBeHb TEXHIYHOT'O CTaHy MOPIIHEBOTO KiJbIls 30epira-
€TBCSL B MPOLIECI CAMOPEryIIOBaHHS PACKIMHUBAIOMIETO0 TUCKY B TOHKIH
TUTIBI, 1110 3MIHIOETHCS 110 €KCIIOHEHIIIaIbHOMY 3aKOHY B 3aJI&KHOCTI Bij
ii TOBIIMHY 1 BUKIIFOUAE€ KOHTAKT MiXK CHONYYEHHMH TOBEPXHSAMH IpH il
3HaveHHi moHaz 140 uwm;

- 4aCTKOBO HAJiWHUI piBeHb TEXHIYHOI'O CTAHY MOPIIHEBOI'O KiNbLS
XapaKTePU3YEThCS TPOLIECOM CaMOPETyIIOBaHHS PACKIMHUBAIOIIETO TH-
CKYy, IIPH HASIBHOCTI B CIIOJIy4CHHI JUISTHOK, Ha SKMX MAaCTHJIO BiJICYTHE, B
pe3ybTaTI YOTo MOBEPXHI 30IMKYIOTHCS Ha BeHUnHy MeHie 140 HM;
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- TiepeaBapiitHOMY PiBEHb TEXHIYHOTO CTaHY TOPIITHEBOrO KiIbIS Bi-
IMOBIIa€ PEKUMY 3MAIlleHHS, MPU SIKOMY 30UIBIIYETHCS TUIOIIA CIIONY-
YeHHs], Ha SKi BiICyTHE MAacTHIIO, IO BUKJIMKAE PEXUM IPAHUYHOTO Te-
PTSI 3 YACTKOBUM aJre3iiHUM CXOIUTIOBAHHSIM MOPIIHEBUX KiJIelb 1 repe-
MUYOK BTYJIKH LHJIIHIpPa, 30JIMKEHHIO TIOBEPXOHb Ha BEIHYMHY MEHIIIE
140HM 1 MOJATBIIOTO 30UTBIIICHHS YaCTOTH aKyCTHYHOTO CUTHAITY

- aBapiHHUI piBEHb TEXHIYHOTO CTaHY MOPIIHEBOTO Kijblsd BilOyBa-
€THCS TIPH BIJICYTHOCTI 3MAaIlleHHs! HA BEJIMKIHM TUIOIII CHIONTy4YeHHS, 30711-
KEHHIO TIOBEPXOHB 10 h = 0 HM, IpH SKOMY peali3yeThCs PEXUM CYXOr0
TEpTs, U0 MPUBOAMTH JI0 MOJTOMKH TOPIIHEBUX KiJellb;

I'pannunwmii i nonepeKyBaIbHUI PiBHI BU3HAYAIMCS Ha MMiICTaB1 eKC-
MEepUMEHTAIBHIX BUITPOOYBaHb HA MOJIETISIX TEPTSI PETYNIOBAHHSIM MacTH-
JpHOrO Matepiany [12]. Cxema ycTaHOBKH JUIsl BIOPOAKYCTHYHOI'O JIiarHO-
CTHKH TEXHIYHOT'O CTaHy MOPIIHEBOTO Kb IUIIXOM BUMIpPIOBaHHS Ya-
CTOTH aKyCTUYHUX KOJMBaHb OC3I10CEPEHBO Ha CY IHI, HaBeIeHa B poOOTi
[11].

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

Yacrora nmonag 500 'y BimnoBizae rpannyHoMy piBHIO. [Ipn oMy
BiOyBa€eThCsl HEOOOPOTHA AECTPYKIisS MOPUIHEBOTO Kilbls. Bupobis-
€THCSl CHTHAJI HA aBapiiiHy 3yIHHKY JBUTYHA.

Ha mincraBi nux JaHuX moOyaoBaHa JiarHOCTHYHA MOJCIbh TEXHIU-
HOT'O CTaHy MOPIIHEBUX Kielb MPH pealti3allil KBa3ikKpUCTaIiYHUX BJIAC-
THUBOCTEH MacTHJILHUX MaTepiajliB mpeacrasieHa Ha puc. 2 [10].

[
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Puc. 2. JliarHocTHYHa MOJIETh TEXHIYHOTO CTaHYy HMOPLIHEBUX KiJIelb
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TakuM yuHOM, cucTeMa 3a0e3leyye MOHITOPHHI TEXHIYHOI'O CTaHy
MOPIIHEBIX KiJIellb B MOMEHTH MPOXOIXKEHHSI POJAYBHUX BiKOH MPH TOTi-
pILIEHHI yMOB 3Ma3yBaHHS.

OTpumaHi HaMH E€KCIEPUMEHTAIbHI Pe3yabTaTH MOHITOPHHTY B3ae-
Mol ciony4yeHux moBepxonb LI mpu Mamux MIBUIKOCTAX PYXY JA03BO-
JIUJIA BUPILIATH 3aBJaHHS YIIPABIiHHIM MIPOLIECOM 3MAalleHHS HIIIHADPIB
cXema SIKOTo, 3 ypaxyBaHHSIM JaHUX PO TEXHIYHUH CTaH MOPIIHEBUX Ki-
Jiellb TPU MTPOXOPKEHHI MPOIYBHUX BIKOH BTYJIOK LIMJIIHAPIB, MPEICTaB-
JieHa Ha puc.3.

|
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| |
| 048'eKT ynpasTiHa I
|
| q .l
| JaTunk Ly
— ™  Bryaxa—xizsue [T
Bes 3011B- - M e
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AEMTYVH 1000
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Puc.3. Cxema ympaBiinas MactwioM tiapiB MO/] 3 ypaxyBaHHAM 1i-
arHOCTHKH TEXHIYHOTO CTaHy MOPIIHEBUX KiJIELb MPH IX PyCi B3JIOBX MPOIYB-
HUX BIKOH BTYJIKH IMJIIH/PA.
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BucHosku

VY poboti mpeacTaBieHo HOBE BUPILIEHHS TPOOJIEMH TTiABHILCHHS Ha-
JIHHOCTI CYZIHOBOTO IHU3ENs MUIXOM IMOINEPEIKEHHS TOJIOMKH MOpPIITHE-
BHUX KiJIellb 328 PaXyHOK pETyJIIOBaHHs 3MalleHHIM HUIIHAPIB B 3aI€KHO-
CT1 BiJ] JaHMX JIIArHOCTHUKH iX TEXHIYHOI'O CTaHy IPH MPOXOKEHHI MPO-
JTYBHUX BIKOH.

HaykoBuii pe3ynbTaT poOOTH MOJSTaE B TOMY, IO TEXHIYHUN CTaH
MOPITHEBUX KiJiellb 1MeHTU(IKYEThCI METOJOM paHKHpPYBaHHS 3a piB-
HSIMU HAJIHOCTI, SIKi JIarHOCTYIOTHCSI 110 YACTOTI aKyCTHYHOTO CUTHAITY
BiJl MOPITHEBOTO KBS IPH HOT'O PYCi B3/I0BXK BIKOH BTYJIKH, B TaKiii MO-
CITIIOBHOCTI:

* HaJ[ITHWUH piBEHb (CIPaBHUI TEXHIYHUHN CTaH KiJIElb) - IHTEpBa aKy-
ctruaHuX yactoT 2 + 200 I'm;

* YACTKOBO HAJIMHUIN piBeHb (BiACYTHICTH IUIIBKM HA OKPEMHUX Tepe-
MHUYKax BIKOH BTYJIOK) - iHTepBas akycTHuHNX yactoT 200 + 3000 1;

* TiepeaBapiiHUN piBeHb (PEKUM TPAHUYHOTO TEPTS 3 YACTKOBHM a/l-
re31HUM CXOIJTIOBAHHSIM MOPIIHEBUX KiTElb 1 IEPEMUYOK BTYIKH IIHITi-
H7pa) - iHTepBat akycTuuHuX yactot 300 + 5000 1;

* aBapiliHUI piBeHB (CTaH CyXOro TEPTSA MOPIIHEBHUX Kilelb, 0 MPH-
BOJIUTH JI0 1X TIOJIOMKH) -aKyCTH4Ha yacToTa Oinbi 5000 .

Hageneni pe3ynbpTaTH MalOTh ICTOTHY IPAaKTHYHY 3HAYMMICTh, TaK K
JIO3BOJISIFOTH TIIBUIUTH TIPAIE3AaTHICTh TMOPIIHEBUX KUTEIh IUITIHIPO-
MOPIITHEBOT IPYIH CYJHOBOTO IU3EJIS 1, OTXKE, MIIBUIUTH HaIIHHICTD JIBU-
ryHa.

OTpumaHi pe3ynbTaTH MOXYTh OyTH BHKOpPHCTaHI MpHU po3poOii
CXEMHU YIIPABJIIHHS MaCTHUJIOM HUJIIHAPIB IHITMX MOAUQIKAIliil IBUTYHIB, 3
ypaxyBaHHSIM JIJaHUX MPO TEXHIYHHW CTaH MOPIIHEBHX KiJellb, BUKOPHUC-
TaHi B TAKHUX Taly3siX HAyKH 1 TEXHIKH, SK TEIUIOBI JBUTYHH, TEXHOJOT1]
cyaHOOyIyBaHHS 1 CyTHOPEMOHTY Ta iH.

CIIUCOK BUKOPUCTAHUX JPKEPEJI
1. Bozuunpkwuii 1.B. [IpaktuaHi pekoMeHaallii Mo MacTUIIi CyJHOBUX
nuseni. -Cankr-IlerepOypr, 2005. -135c.
2. Cropoxe B.II. [IpuunHu i 3aKOHOMIPHOCTI TIOCTYIIOBHX BiJIMOB
OCHOBHHUX TPHOOTEXHIYHUX O0'€KTIB €HEPreTHYHOI CUCTEMH CY/AHA 1 Mif-
BHILIEHHS iX pecypcy. - Oxneca, 2001. - 341 c.



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 150

3. Hellingman, G.J. and Barrow, S .: "Shipboard investigations with
Selected Fuels of Tomorrow", CIMAC 1981, Helsinki

4. Neate R.J. and Barrow S .: "SIPWA-A Shipowner's Point of View",
New Sulzer Diesel Ltd, December 1990.

5. XaumamenoB C.A.CoBepiieHCTBOBaHie (yHKIIOHATBHUX BIACTH-
BOCTEH CHCTEM 3MalllyBaHHS CYIHOBHX €HEPreTHYHHX yCTaHOBOK. Jlucc.
JIOKT. TeXH. HayK, - Mukomnais; 1990 -c.672.

6. HoBukoB A.C. KoHTpoIb 1 AiarHOCTHKA TEXHIYHOTO CTaHy Ta30Ty-
p6innux nBuryHis. / A.C. HoBukoB, A.I". [Naiikun, M.M. Cuporin -M .:
Hayxka, 2007. - 469c.

7. Xaamamenos C.A. Y 10CKOHaJEHHS! METOJIB 1IeHTUDIKaLi] TeXHi-
YHOT'0 CTaHy NOpIIHEBUX Kinens cynHoBux MO/I. / C.A. Xaamamenos, /1.
1. CnoGoasiatok // CyaHOBI eHepreTH4HI yCTaHOBKH: 30. Hayd. Tp. - 2011.
- Ne 27. - Opeca: OHMA. - C. 112-122.

8. Cnobonsuiok /1. 1., Xaumamenos C. A. ExcriepuMeHTabHI 130Te-
PMH PacKIMHMBAIOIIET0 THCKY B ITIBKaX IIJIiHIPOBOrO Macia i ix 3acTo-
CyBaHHS ISl MABHINECHHS HaAiHOCTI cyaHoBoro musens. / JI. 1. Cnobo-
ok, C. A. Xanmamenor / / HaykoBo-BupoOHUuuii sxypHai [IpoGiemu
texHiku No2.2011.-C. 136-148.

9. XaumamenoB C.A. [30TepMH pacKIMHUBAIOIIETO TUCKY B CTPYKTY-
POBaHOI IUTIBI IWJIIHIPOBOTO Maciia cyHoBoro ausens. / C.A. XanMmame-
noB, JI.I. Cnobonsutok, A.A. Toprok, K.C. lllakys /. / HaykoBo-BupoO-
Huunit xypraan [Ipobaemu Texniku -Nel.-Opeca: 2011. -C: 90-102

10. Slobodianiuk D.I. Experimental study of the disjoining pressure in
the cylinder oil films on marine diesel engine piston rings. / Slobodianiuk
D.I., Slobodianiuk .M., Kolegaev M.A. // Journal of Polish CIMAC,
Gdansk. 2013. Vol.8, No.1. St. 81-89.

11. Cnobopsurok JI. I. YaockoHaneHHsST METOAWMKH imeHTH]iKamii
cTaHy nopirHeBux kinenb MOJl Ha OCHOBI €KCIIEPUMEHTAIBHOTO JIOCTi-
JUKEeHHs yacTtoTh akyctnyHoro curnany / J1. I. CnoGonsaiok // [poGnemu
TexHikH. - 2012, - Ne 3, - C. 68-75.

12. Cno6onsurok J1. I. [liarHocTiyHa MOJIENb Mpare3aaTHOCTI MOpPIII-
HEBOT'0 KiJIBIISl CyJHOBOI'O IBUT'YHA IIPH pealtizalii aHi30TPOIHUX BIacTH-
BocTeil 3maiyBanbHuX matepianis / Jl. I. CnobonsHiok // CyqHOBI eHep-
TeTHYHI YCTaHOBKH: HayK.-TexH. 30. / OHMA. - Oneca, 2013. - Ne 31. - C.
67-75.



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 151

YK 621.248
ConopnosHikos B.I'.
Harionansauii yaiBepcuTer «O1echbka MOPChKa aKaaeMis»

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 corrosion 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 (sup-
ply system) provides fuel to the cylinder of a diesel engine.

As aresult of the research, it was proposed to repackage the fuel prep-
aration modules. In this case, the option of using ultrasonic fuel processing
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 consid-
ered. A modular scheme was proposed in which there is no fuel separation
unit in the cleaning system, and the preparation system is additionally
equipped with ultrasonic processing and hydrodynamic activation units. It
is shown that additional ultrasonic treatment of fuel primarily improves
the dispersed qualities of the fuel, and the cavitation phenomenon accom-
panying this process leads to additional activation of its hydrocarbon com-
ponents, cleavage of C—S bonds and provides the process of fuel desulfu-
rization.

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 mass
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wear of the upper piston ring were determined. As a result of research, 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 piston rings and
cylinder liners of a diesel engine. In this case, the largest decrease in this
parameter is observed for piston rings, which is especially important given
the importance of this unit in ensuring both the quality of the processes of
compression, combustion and expansion, and the reliability of the piston-
cylinder sleeve interface.

KuroueBble ciioBa: cy0BOH JIM3€lb, CUCTEMA MOJTOTOBKH TOILIHBA,
yIBTPa3ByKOBasi 00pa0OTKa TOILUIMBA, ACCYIb(ypH3aIns TOILIUBA, CEPHU-
CTBIM M3HOC LUJIMHAPOIIOPIIHEBON IPYIIIIbI

KarouoBi cioBa: CygaHOBUH [u3ellb, CUCTEMa IMJrOTOBKH TaJlMBa,
yJIBTPa3ByKOBa 00poOKa majmBa, Necyib(ypusailis MajuBa, CipurCTHIH
3HOC LIJIIHAPONOPLIHEBOI IPYIH

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

ITocTanoBka npo0JieMu B 3arajibHOMY BHIJIsiAi. PoGora cyx-
HOBHX JBHUT'YHIB BHYTPIIIHBOTO 3ropsiHHs ([IB3) 3a0e3neuyerbes pizHUMH
CHUCTEMaMH, CaMOi EHEPro0o30POEHO0, PO3TaTYKEHOI Ta HACUYCHOT 3 STKUX
€ TMaJMBHA cHcTeMa. B maHmii yac icHye TeHJIeHIlisi BUTOTOBJIEHHS CYIHO-
BHX CHCTEM Yy BHIJISIII MOAYJIB, IPU BOMY KOXKE€H MOJYJNb L€l CHCTEMHU
BiZIPI3HSETHCS 32 CBOIM IITLOBUM MPU3HAYEHHSM, 332 CIOCOOOM TIEPETBO-
PEHHS eHeprii, 3a CKJIaJIoM 1 BUKOHYE CTporo mneBHi ¢ynkmii. s 3abe3-
MeYeHHS SKICHOT MaNIWBOIMIATOTOBKH 1 MOAANBIIOr0 e(eKTUBHOT'O BUKOPH-
CTaHHS MaJMBa, HOBOCIOPY/KYBaHI Cy[IHA KOMIUIEKTYIOTHCS CIeliaib-
HMMH CHCTEMAaMH IMIATOTOBKH 1 MOAadyl MajuBa, a MaJuBHI CUCTEMH IU-
3€MiB JII0YMX Cy/IeH MepeodnaTHyIOThCS 3 YpaxyBaHHIM MOXIIMBOCTI 3a-
CTOCYBAHHS CEpeIHbO- 1 BUCOKOB’ SI3KOT'0 TIAJINBA.

AHani3 ocTaHHiX a0c/iaxkeHb i myoJaikauiii. Po3sutok cyuac-
HOI TEXHIYHOI HAYKH CIIPHSIE TOSABI PI3HUX MEXaHI3MiB 1 yCTaHOBOK, (yH-
KIIOHYBaHHS SIKAX B CKJIaJi MaJMBHUX CHCTEM 3a0e3Medye MOJiMIIeHHS
eKCIUTyaTaliiHUX XapaKTepUCTUK naiuBa. OAHOYACHO TIPH [IBOMY YAOC-
KOHAJIIOIOThCSL CITOCOOM MIiATOTOBKU CYITHOBUX TaJlMB, /IO SKHX HacamIle-
pel HalexaTh BUKOPUCTAHHS roMoOreHi3anii [1], 3acTocyBaHHS BOJO-TIa-
JIUBHUX €MYJbCiii [2], BUKOpHCTaHHS Tpucaiok a0 namusa [3]. Ilpu
IOMY CJIiJI 3a3HAaYUTH, 1110 JIaH1 CIIOCOOU TiATOTOBKY ITaJINBA B JaHUH Yac



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 153

3aCTOCOBYETHCS B OCHOBHOMY 3 METOIO 3a0e3eueHHsI eKOJIOTIHHUX Mapa-
METpiB poboTH ausens [4].

ITocranoBKa 3aBAaHHSA. TakuM YMHOM, HE3BAXKAIOUM HA BEIUKY
KUIBKICTh JIOCITI/PK€Hb, BUKOHAHUX K OKPEMHMH BUYCHHUMHU, TaK 1 HAyKO-
BUMH OpraHizamisMu, TepeBakHa OUTBIICT 3 HHUX CTOCYETHCS OI-
THUMIi3allii CTAHIAPTHUX CIIOCOOIB MAJIMBOIIATOTOBKHU. 3 OISy HA BUKJIA-
JieHe, 3aBAaHHS JOCTIDKEHHS TOJNATaI0 B po3po0Ili BapiaHTy MepeKoM-
IJICKTAIlli MOMYJIbHOT CXEMH TMaJIMBHOI CHUCTEMH CYJIHOBOT'O JH3ENs 3
ypaxyBaHHSIM MOXKIIMBOCTI BUKOPHUCTaHHS YJIBTPa3BYKOBOI 00OpOOKHU ma-
JIMBa, a TAKOXK BUBUYECHHS BIUIMBY YJIbTPa3ByKOBOi 0OpOOKH ManBa Ha cip-
YHCTy KOPO3i0 JeTajeil IIiHAPONOPIIHEBOI IPYyIN ANU3EIS.

Bukiax ocHOBHOTo Martepiaay noc/imkeHHs . [Iposeneni 1o-
CJII/DKCHHST BUKOHYBAJIUCS B TAJIMBHIA CHCTEMI CYJIHOBOTO CEPEIHBO-
obeprosoro auzens (CO) S6A2 dipmu «Mitsubishiy», 1110 ckoMmmonoBaHa
3a MOJYJIbHUM NMPHHIUIIOM (puc. 1, a).

MincucTema QuvcTrM Mincvcrema nigroTosku MigoveTema nopavi

MigcucTema ouncTrm

Puc. 1. MoayneHa cxema 1o0y/10BH NaJIMBHOI CHCTEMH CYTHOBOT'O JTU3EIIS:
a) cTaHAapTHa; 0) IPH BUKOPHUCTAHHI YAbTPa3BYKOBOI 0OpOOKH 1 riapoanHaMiy-
HOI aKTHBAIli] MaJIuBa:
1 — BiJICTIHHO-BUTPATHI IMCTEPHU; 2 — HACOCH, IO NEPEKAUYIOTh MaJIHBO;
3 — migirpiBaui manumBa 1-ro crynens; 4 — cenapaTropy najuBa; 5 — BUTpaTHa [H-
CTepHa; 6 — HACOCH, 1110 MiIKAUyIOTh NAINBO; 7 — BUTpATOMip; § — JieaepaTop;
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9 — mupKysaniiai Hacocw; 10 — mixirpiBaui nanusa 2-ro cryneHs; 11 — qaTauk
B’sI3KOCTi; 12 — riipoArHAMiYHUN aKTHBATOp MauBa; 13 — yIpTpa3ByKoBa ycTa-
HOBKa 1-ro crynens; 14 — aBromatuunuii GinbTp; 15 — yIpTpa3ByKoBa ycTaHO-
BKka 2-ro crynens; 16 — [THBT; 17 — dpopcynka

[epmmmii Momynb (cUcTEMa OUYHILIEHHS) 3a0e3Meuye HeoOXiTHMUI CTpy-
KTYpHHH CKJIaJ MaJMBa i BUKOPUCTOBYETHCS SIK B KOMILIEKC] 3 iHIIMMH
MOJYJISIMU TIATOTOBKH CUCTEMH, TaK 1 11 aBTOHOMHOT'O PE&KUMY POOOTH.
B ocTranHbOMY BUMAIKY BiI0OYBAETHCS «BHYTPILIHS MUPKYJISIIis AINBA,
B PE3YJIBTATI SIKOT IOCATAETHCS HEOOXiIHA SIKICTh HOro ouuIeHHs. JlaHui
MOJIYJTb TIATOTOBKH MAJINBA € CAMUM EHEPTOEMHHUM, OCKIJIBKH BKITFOUAE JI0
CBOI'O CKJIaJy TaKi €JIEMEHTH, SIK BiJICTIHHO-BUTPATHI-BUAATKOBI IHCTE-
PHH, HACOCH, IO TIepeKauyloTh MaTHBO, TAJIMBHI MiirpiBadyi i HaJuBHI ce-
napatopu [5].

Hpyruii MogyInb (cHcTeMa MiArOTOBKH) 3a0e3edye OCTaTOuHY Miaro-
TOBKY MaivBa mepes ioro 6e3nocepeHpOr0 MoAaYeI0 B IMITIHIAD JU3Es.
OCHOBHMMH CKJIaJIOBUMH JAHOTO MOAYJISl € HACOCH, IO MiIKA4yIOTh Ma-
JIMBO 1 IUPKYJIALIAHI HACOCH, MiAIrpiBayi manuBa 2-To CTymneHs, GpiibTpa-
HiliHI yCTaHOBKH, aBTOMATHYHI MPHUCTPOI, 10 3a0e3Me4y0Th KOHTPOJIb
CYIUIBHOCTI MOTOKY 1 PEryJIFOBaHHS B’SI3KOCTI mayiuBa. B ganuii Moayiib
TaKOXX BXOJUTH OycTepHA YCTaHOBKA, 32 IOIMIOMOTOIO SIKOT MIATPUMYETHCSI
HEOOXITHUH THCK B CHCTEMIi, a TAKOX JieaepaTop, KUl OUHUIIAE MAJIUBO
BiJI MMOBITPSAHUX 1 ra30BHUX JOMIIIOK. [TamiBo B 1€l MOAYJIb HAJAXOAUTH B
MOMEpEeAHbO MiAIrPITOMY CTaHi, O 3HIKYE BUTPATH €HEPTii Ha HOro mil-
TOTOBKY.

Tperifi Momynb (cUcTeMa 1Mojiavi) ysBiise€ COOOK MAJMBHY CHUCTEMY
BHCOKOTO THCKY 1 3a0e3meuye nogavy najuBa B HWIHAP au3ens. Exepris
B IAHOMY MOJTYJTi BUPOOJIAETHCS CAMUM JIM3ENIEM 1 ITepeaaeThCs 10 MajiBa
4yepe3 KiHeMaTHUHY CXeMy KONIHYacTUH Basl — pO3MOAIIBHUAN Bl — IITO-
Bxa4 naymBHOro Hacoca Bucokoro Tucky (ITHBT). Eneproemuicts qanoro
MPOIECY BITHOCUTHCS JO MEXaHIYHMX BTPAT IU3ENIS 1 MOXKE JOCATaTH
5...7% ¥oro motyxHOCTi. B KkiHIIeBOMY paxyHKY, B JaHOMY MOJIYJIi 3a-
BIIIKYA XIMIYHOI peakilii OKUCIICHHS NaJIiBa KUCHEM TOBITPs MOTEHIliITHA
SHEeprisl aJInBa MePETBOPIOETHCS B TEMJIOBY €HEPTiI0 ra3iB i, B HACHIIAOK,
B KOPUCHY POOOTY MOPIIHS AU3EIA.

B pesynbrati npoBeneHux B AOCTiIKEHb IPOIOHYETHCS TIEPEKOMILIIE-
KTalii MOAYIIB MiArOTOBKH mManuBa. [Ipu 1IbOMy OCHOBHHI aKIEHT CIIpsi-
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MOBYETBCSI Ha BUKOPUCTaHHS YJIbTPa3BYKOBOT OOPOOKH MaiiBa 3 MOMKIIU-
BOIO BIJIMOBOIO Bij| MpPOIlECY celapailii najvBa, sSKHid He TUIbKH BiJHO-
CHUTBCS I0 OIHOTO 3 HAHOUIBII €HEPrOEMHHUX, a M 3HIKYE TEIIIOTBOPHY
3MATHICTh MaliMBa (32 PaXyHOK BiBEIEHHS B IIUIaM TOPIOYHMX CKIIaJ0BUX
nanuBa). 3MiHeHa cucTeMa MaTUBOMIArOTOBKY MOKa3aHa Ha puc. 1, 6, pu
IILOMY B JIaHIi CXeMi BiJICYTHIH By30JI cermapallii majrBa B CHCTEMi O4YH-
LICHHS, a CHUCTeMa MiATOTOBKU JJOAATKOBO YKOMIUIEKTOBaHa OJIOKAMH YITb-
TPa3BYKOBOI MiATOTOBKHU 1-T0 Ta 2-To cTyneHto. KpiM Toro, 010K ynbTpa-
3BYKOBOI MIZATOTOBKH 1-T'0 CTYIIEHIO Mependayae sk 6e3rmocepeiHbo BUKO-
pHUCTaHHSI TPOLIECY YIbTPa3BYKOBOI KaBiTallii, 0 3AiIHCHIOETHCS 3a OO~
MOTI'010 TeHepartopa 13, Tak i TiApoAMHaMIYHy aKTHBAIIiIO, SKY BUKOHYIOTh
B akTuBaTopi 12.

[TomiOHI TUTAaHHS PO3TIANAINCSA, BUBYAIUCS 1 BUKOHYBAJUCS JUIS
JBUTYHIB BITHOCHO HEBHCOKOIO MOTYHOCTI, [0 BHKOPHUCTOBYIOThCS B aB-
TOMOOLTBHOMY 1 3aTI3HUYHOMY TPAaHCIOPTI, 8 TAKOX JJIsl AJIUB 3 Maco-
BHM BMICTOM CipkH 10 1 %. AHaJOrIUHI JOCTIIKEHHS JUIsl CYTHOBOI €He-
PTETHKH, SKa XapaKTEepU3yEThCsS BUCOKOIO arperaTHol MOTY>KHICTIO, HIU-
POKHM CIIEKTPOM BUKOPHCTOBYIOTHCS MAJTHB 1 aBTOHOMHICTIO pOOOTH CY-
JTHOBOI €HEpreTHYHOI YCTAHOBKH MPAaKTUYHO BifcyTHi. KpiM Toro, npu Bu-
3HAa4YCeHH] aKTyaJIbHOCTI MOAIOHUX PO3POOOK JJIsl CHCTEM MAaJHBOIMIArOTO-
BkH [IB3 MOpchKuX CyJeH HEOOXiIHO BpaXxOBYBaTH PiBeHb PU3UKIB MOXK-
JIUBUX BIJIMOB 1 CKJIQJIHICTh BUKOHAHHS TEXHOJIOTIYHUX POOIT y pasi mo-
PYLIEHHS Tpale3JaTHOTo CTaHy By3ja abo eleMeHTa ABHryHa. SIKio Jo-
CTaBKa 3allaCHUX YaCTHH 1 iX 3aMiHa MpH aBapii CTallloHapHUX JBUTYHIB
MOKe OyTH BUKOHAaHA MPOTITOM JCKUILKOX TOAMH, TO JUIS JABUTYHIB, 10
BHUKOPHUCTOBYIOTHCS HA MOPCHKUX CyZIHAX, MOAI0H1 3aX0AH 3 ypaXyBaHHSIM
JAJTBHOCTI 1 aBTOHOMHOCTI IIJIaBaHHS CYJIHA MOXKYTh JIOCSITaTH JCKUTbKOX
necsaTkiB qHiB. CTaTUCTHKA MO3aINTaTHUX CUTYalli, OB I3aHUX 3 aBapi-
SIMU TIaJIUBHUX CHCTEM 1 X €IEMEeHTIB, Ma€ B CBOEMY PO3IIOPSIKEHH1 TaH1
PO BHKOPUCTAHHS MOPCHKUX OYKCHUPIB Ul TPAaHCIOPTYBAHHS aBapiid-
HOT'O CyZIHa B HAHOIMXumii mopT. TakuM YMHOM, BIPOBAKEHHSI TO3UTH-
BHOT'O JIOCBIZy €KCIUIyaTallil CHCTEM JO0AaTKOBOI yJIbTPa3ByKOBOI 00po-
OKM TaJIiBa MOXKE CIPUSATH HE TUIBKU MiJBUINEHHIO €KOHOMIYHOCTI pO-
0O0TH CYJTHOBHX JU3EIIiB, a ¥ HAJIMHOCTI pOOOTH BCHOIO CYJAHOBOTO IIPO-
MyJIbCUBHOTO KOMILIEKCY.
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JonaTkoBa ynbTpa3BykoBa 00po0Ka ManuBa, Iepli 3a Bce, CIpHUsIE To-
JIUMIIEHHIO JIUCIIEPCHUX SKOCTEH NaJiMBa, a SBUIIC KaBiTallii, o CyIpo-
BOJIXKYE IIeH MPOIIeC, MPU3BOIUTH JI0 IOJATKOBOI aKTUBAILIT HOTO BYTJIEBO-
nHEBUX ckiianoBuXx i posmerieHHio C-C i C-S 3B’s3KiB.

Ha npaxTuiii xnacudikyloTh TpH Aiana3oHy yAbTPa3ByKOBOTO MOJIS:
BHCOKi yactotu (2...10 MI'n); cepenni yactoru (300...100 kI'm) i Tpanu-
HnidHUI HU3bKovacToTHUM nmiana3oH (<300 k['1r). BucokodacToTHi nmiana-
30HHM BUKJIMKAIOTh KaBiTallilo, HArPiBaHHS, CTBOPIOIOTH TypOYIEHTHICTD,
CTHUCKAIOTh-PO3PSKAIOTh PIIUHY, PYHHYIOTb MOJIEKYJIH, 3MIHIOIOTH CTPY-
KTypy piauHH. BrcokoyacToTHa yapTpa3ByKkoBa oOpoOKa MajiBa 3acTo-
COBYETBCS JUIsE OOPOOKH BEIMKUX OOCSTIB MAJIKMBAa, BMICT CIPUUCTHX JOMi-
10K B AKUX TepeBuInye 4%. [i BAKOPUCTaHHS XapaKTepHO Ul T0YaTKO-
BOI niepepoOku HadTonmpoaykTiB. HU3pK0YaCTOTHHMIA JTialla30H TAKOXK BH-
KJIIMKa€ KaBiTallil0 B PIIUHH, CTBOPIOE HANPY)KEHHsI PO3TATY, TIPH LLOMY
CTaBHTHCS A0 CIa0KO €HEpreTHIHOr0 BIUIUBY, 10 BUKJIMKAE B OCHOBHOMY
3MiHY BJIaCTHBOCTEH CTPYKTYpHOI pimmHu. Came 1ieil Jiana3oH yabTpas-
BYKOBHUX XBUJIb HAMOLIBII MTOBHO MiXOJUTh JUIE OOPOOKH MajvBa B Cy/I-
HOBHX YMOBaXx.

Sk 3a3Havanocs paHilie, TOCTiHPKEHHS BIUTMBY YIbTPa3BYKOBOI KaBi-
TaliitHo1 00pOoOKH MajrBa Ha CIPUUCTUN 3HOC LIJIIHIPOIOPIIHEBOI TPYITH
(LIIT")  cymuoBoro COJI BukonyBajocs st ausens SO6A2  dipmu
«Mitsubishi» 3 HacTymHUMH XapaKTEpUCTHKAaMH: JliaMeTp IHIiHIpa —
0,15 m; xig mopias — 0,19 M; HOMiHaJIBHA TOTYXHICTH — 360 KBT; wacTora
obepraHHs KojiiHyacToro Bana 1000 06/xs.

HazBani au3eni B KUIBKOCT1 TPHOX IITYK BXOJHIIN IO CKJIay CyJHOBOI
JOTIOMIKHOT €HepreTHYHOi yCTaHOBKH. J{u3erni Manu KOKEeH CBOIO aBTO-
HOMHY CHCTEMY T0/Ia4i MalKBa, 10 AaBaj0 MOXKJIMBICTh MPOBOJUTH J0C-
JIJDKEHHS JJ11 OKPEMOT0 JIU3EJIS 3 TAJTUBOM, SIKi IPOMIIIIM Pi3HI eTaru mij-
roToBku. [lasmBHa crcTeMa OHOTO 3 ABUTYHIB HE Miisraia IepeKoMII-
JIeKTalii 1 eKCcITyaTyBajacs B «IITATHOMY» CTaHi, IIpU IIbOMY JaHUH Ju-
3€J1b MPUHMABCS 33 «KOHTPOJIbHUIY. [TaiMBO 10 TBOX 1HIIMX JU3EITIB MO-
JaBaJiocs Miclist J0JaTKOBOI KaBiTaliiHOT 00pOOKH, [T 40T MajHBHA CH-
cTeMa LUX JIU3eiB Oyna JOYKOMIUIEKTOBaHa MOJIYJIEM YIbTPa3BYKOBOT
KaBitaniiftaoi 00poOku (muB. mo3uii 12, 13, 15 Ha puc. 1, a).

VYnbTpasBykoBa yctaHoBKa 13, 15 ekcrmyaTtyBanacs B pexxumi [=0,4 A
C 3aCTOCYBAaHHSIM MAarHITOCTPUKIIHHOTO BHUIIPOMIHIOBaYa B Jiana3oHi
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20...30 xI'1. dani BennurHu OyJiM BU3HAYCHI K ONITUMAJIBHI TIPU TIOTIepe-
JHIX 71a00paTOPHUX JOCITIKEHHIX 1 3a0e3MeuyBail MaKCUMAJIbHY JIeCy-
ne(ypu3aiito nanuBa. Y MajJvBHINA HUCTEPHI, B AKil BiOyBanacs ynbTpa-
3BYKOBa 00poOKa MaynBa, JO0AaTKOBO BCTAHOBJIFOBABCS JIOMATKOBUM 3Mi-
IIyBay, 110 3a0e31euyBaio OJTHOPIAHICTh MMajiiBa B MOBHOMY 00cs3i. [Tix
Yac TPOBEJCHHS EKCIIEPUMEHTY IH3elli eKCIUTyaTyBalHCs Ha IajHiBi
HFO380 [6].

BusHaveHHs 3HOCY HMJTIHIPOBHUX BTYJIOK BUPOOJISUIOCS B paiioH1 Bep-
XHBOT'O TIOPITHEBOT'0 KUTBI, SIK MICIIs, SIKe HAHOUIBII MiIAEThCS CIpUUC-
TOMY 3HOCY 1 CIpUHCTOI KOPO3ii, a TAKOXK I B IBOX JIOBUILHUX MEPETHHAX
10 JIOBXKUHI BTYJIKH. J1Jis MIIBUIIICHHS TOYHOCTI 1 JIOCTOBIPHOCTI BUMIPIO-
BaHb, BU3HAUCHHS 3HOCY IMJIIHAPOBUX BTYJIOK BHKOHYBaJIOCh METOIIOM
mTy4yHux 6a3 1 MeTomoM obMipy iHauKaTopoMm (3 Tounictio 0,01 mm). Bi-
JIXUJICHHS Y BU3HAYCHHI 3HOCY JIAHUMHU METOJIaMH He NepeBuIilyBaiio 7 %o,
IO MiATBEPHKYBAIO MPAaBHIBHICTH BUMIPIOBAHb.

BusHadyeHHs 3HOCY MOPIIHEBHX KiJlellb BUKOHYBABCS 32 JIOITOMOT OO
3Ba)KyBaHHS Ha eJIeKTpOHHUX Barax mojeni PS3500/C/1, mo MaroTh Taki
OCHOBHI XapaKTepUCTUKH: HaliMEHIIIa TpaHulls 3BaxkyBanHs — 0,5 T; Haii-
OunbIna rpanuis 38axyBanHs — 3500 r; quckperHicts — 0,01 r.

BB kaBiTaniiiHoi 00poOku manuBa Ha cipuucty koposzito LTI
MOKe OyTH IIpOoaHasi30BaHO Ha IPUKJIAl BUBHAYCHHS 3HOCY LIUJIIHAPOBOT
BTYJIKH 1 BEpXHBOTO MOpIIHEBOro Kibls cygHoBoro COI S6A2 dipmu
«Mitsubishi». Pesynbratn BUMiptoBaHHS JIIHIHHOTO 3HOCY IHMJIIHIPOBHX
BTYJIOK /; 1 MACOBOT'0 3HOCY TIOPIIIHEBUX Kijielb /,, HaBelleHi B Ta0u. 1 1 Ha
puc. 2 i 3. [Ipu oMy B Ta0. 11 Ha puc. 2 i 3 mij yMOBaMU eKCILTyaTaIlii
1, 2, 3 posymieTbes: 1 — manuBo 0€3 101aTKOBOT 00pOoOKH (TIpH eKCIuTya-
Tallii CHCTEeMH TTAJIMBOIIIITOTOBKH JIU3EIIS B IITATHOMY» PEKUMI); 2 — Ta-
JIUBO, IO MPOUIILIO TOJIATKOBY KaBiTAIlliftHY 00pOOKY (IIpH J01aTKOBOMY
BHKOPHCTaHHI B CHCTEMI MMAJTUBOITIITOTOBKH TLIBKH YJIBTPa3BYKOBOIO Ka-
BiTaTopa); 3 — MaJMBO, IO MPOWILIO JOAATKOBY KaBiTaliiiHy 00pOOKY
(Ipu BUKOPUCTaHHI yIBTPa3BYKOBOI'O KaBiTaTOPA i JOJATKOBOI [TO/1a4i I10-
BITpA B 30HY KaBiTallii).
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Tab6mn. 1. Pe3ynpraTil 1OCIiAXKEHD 110 BU3HAYEHHIO 3HOCY A€Tajell CyIHOBOro
COJ1 S6A2 npu pi3HUX yMOBax eKCILTyaTarii

YMoBH ekc- Yac ekcruryaTailii, TOJMHH
TuryaTamii 180 390 590 810 1030
3HOC IWTIHIPO- 1 32 39 41 50 57
BO1 BTYJIKH, [p, 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
abus, Iy, T 3 0,41 0,44 | 048 | 0,50 | 0,53
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Puc. 2. Kopoziiiauii 3HOC IFUTIHAPOBUX BTYIIOK cyaHoBoro COJJ
S6A2 dipmu «Mitsubishi» pu pi3HHX yMOBax eKCILTyaTarii
3a oTpMaHNMHU JaHUMH TI00YI0BaHi HoMorpamu (puc. 4 1 5), o xa-
PaKTEpU3YIOTh 3HIXKEHHS 3HOCY PO3TJITHYTUX JeTajlel Py BUKOPUCTAHHI
JOAAaTKOBOI  YNBTPa3BYKOBOi  KaBiTaliiHOI ~ oOpoOkM  mayuBa.
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Puc. 3. Koposiiiauii 3H0C nopiHeBuX Kisenp cyaHoBoro COJJ
S6A2 dipmu «Mitsubishi» pu pi3HHX yMOBax eKCILTyaTarii
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Puc. 4. 3HmKeHHs KOPO31HHOT0 3HOCY WIIHAPOBHUX BTYJIOK () 1 MOPIIHEBHX Ki-
nens (0) cynHoBoro auzenst S6A2 dipmu «Mitsubishi» npu pi3HHX yMOBaX eKc-
IyaTanii
BucHoBKH i TepcneKTHBH NONAJBIIUX OCHiMKeHb., CydacHi
CXEMH MOOYI0BH MAIMBHUX CUCTEM CyTHOBUX JU3€JiB B MOAYJILHOMY Ba-
piaHTi J03BOJISIFOTH TPOBOIUTH MOJICPHI3AIIIIO 1 TEPEKOMILICKTAIIIF0 OKpEe-
Mux MonymiB. [Ipu npomy HalOiMbITy eeKTHBHICTH IPUHOCHTD MEPEKO-
MIUTEKTAIis MOy (CHCTEeMH) MiATOTOBKH. JlogaTKoBe BKIIOUEHHS B LIEH
MOJIYJTb BY3JIiB yABTPa3ByKOBOi 0OPOOKH i TiqpouHaMiYHOT aKTHBAIIii r1a-
nuBa 3a0e3rnedye necyab(ypu3allifo MajauBa, MO0 MPU3BOAWUTH JIO 3HHU-
KEHHS CIPUMCTOr0 3HOCY HMIIHPOIIOPIIHEBOI TPYIH TU3ENs.
[IpoBezeHi excriepuMeHTaNIbHI TOCTIKEHHS CBITUUTH PO TE, 110 J0-
JaTKoBa yJbTpa3ByKoBa OOpoOKa 1 TiIpolMHaMiyHa aKTHBAIlisl BHCO-
KOB’SI3KOT'0 MajiBa (SIKi MOXKIIMBO IPOBOAMTH SIK B TIApasieIbHOMY, TaK i B
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MOCTIZIOBHOMY BapiaHTi) CIPUSIOTh 3HIKEHHIO B 3,2...4,7 pasu cipuuc-
TOr0 3HOCY OPIIHEBUX KIIEIb 1 IIMIIHPOBUX BTYJIOK qu3enst. [Ipu npomy
HalOLIbIIIe 3HIKEHHS LIHOT0 MTapaMeTpa CIIOCTepPiraeThCs sl HOPIIHEBUX
KUJIeIlb, [0 0COOIMBO aKTyaJbHO, BPAXOBYIOUYM BaXKJIMBICTh JJAHOTO By3J1a
B 3a0e3MeueHH] He JIMIIE SIKICHOTO POTiKaHHS MPOIECiB CTUCHEHHS, 3r0-
PSIHHS 1 pO3LIMPEHHS, ale 1 TAKOXK HaAiHHOCTI poOOTH TPHOO-CIIOTyYeHHS
MOPIIEHb-BTYJKA LUTIHApPA.

BukopuctanHsi yabTpa3ByKoBOi 0OpPOOKH SIK albTEpHATUBHOIO CIO-
co0y MiAroTOBKHM MaiMBa BiAMOBia€ cydacHiil Teopii 1 MpaKTUKN TEXHI4-
HOI eKCILTyaTallii MOPChKOTo i piukoBoro ¢uory [7].
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YK 629.12 + 621.69
Terenko B.}O. Kozpminnx M.A.
Harionansauii yaiBepcuTer «O1echbka MOPChKa aKaaeMis»

KOHCTPYKTHUBHI TA EKCILTYATAIIIMHI OCOBJIUBOCTI
nPONYJbCHUBHOI'O KOMIIJVIEKCY LNG TAHKEPIB 3
I'A30ITAJINBHUM OBJIAJITHAHHSM

ANNOTATION

The scince article describes the innovative design and installation fea-
tures of the fuel gas supply system for an LNG carrier, comprising multi-
stage low temperature boil-off fuel gas compressor with driver and auxil-
iary systems, high-pressure piping system and safety features, controls and
instrumentation. The article also extensively describes the operational con-
trol 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 rel-
iquefaction 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 prevail.
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[Tpu TpancnOpTyBaHH1 3piKEHOr0 IPUPOAHOTO ra3y MepeBi3HUK 3TH-
Ka€eThCs 3 YMCICHHUMH TEXHIYHUMH TPYTHOIIAMH, 3yMOBICHUMHU (i3my-
HUMH BJIACTUBOCTSIMH MeTaHy. HeoOXiqHiCTh MiATpUMyBaTH HU3bKY TEM-
neparypy BaHTaxy(-163°C) Ta 3abe3neuyBaTH MOMJIMBICTH BHKOpHC-
taHHs nmapiB LNG B SKOCTi majinBa 3yMOBIIIO€ BCTAHOBJICHHS Ha OOPTY Cy-
JIHA BEJIUKOI KIJIBKOCTI 101aTKOBOro oonaaHanus. CtaTrs MICTUTh CHUCTE-
MaTH30BaHHUK OMKMC BUPOOHUYOTO JOCBiAY POOOTH ra3oBOro 0OIa HAHHS
pizaux tuniB LNG TankepiB. Po3risiHyTi ekcrutyartalliiifi Ta KOHCTPYKTH-
BHI OCOOJIMBOCT1 CYJIHOBUX CHCTEM JiIsl 00poOku mapu metany. Cpopmo-
BaHI BUMOTH JIO0 KOMIUIEKTY €HEPreTHYHOro Ta JOMOMDKHOTO YCTaTKy-
BaHHS SKUH 3a0e3Me4arh HaIHHICTh Ta O0e3leKy poOOTH ra30MalIuBHOIO
obnamgnanHs Ta CII3T (cucrema moBTOpHOTO 3piMXKeHHs Tra3y). Bukonan
OIKC ONTHUMAJbHUX KOMILICKTIB OOJIa{HAHHS ISl MEHEIKMEHTY TapiB
Merany Ha Oopty LNG Ttankepy. O6o3HaueHi ocHOBHiI mpobiemu LNG
¢I10TY K1 JOBEAETHCS BUPIIIUTH y HAOIMKIOMY Mail0yTHHOMY.

Kitouosi cinoBa: LNG Tankep, mponyibCUBHHI KOMILJIEKC, CHCTEMa
peKoHAeHcallii ra3y, razonanuBHe obnagnanssa, ME-GL

Oynkuig pyximuBocti CIIIT TaHKepiB TiCHO TOB'I3aHA 3 BUKOPUCTAH-
HssM BOG(Boil-Off Gas-camocTiliHO yTBOpEHi Iapu BaHTaXy) Ta BUPOO-
HUIITBOM €JICKTPOCHEpPTii. ¥ OUIBIIOCTI BapiaHTIB MOOYIOBU CyJHA -CH-
JIOBI YCTaHOBKH MOXKYTh BHKODHUCTOBYBATH B SIKOCTI TallMBa SIK
HFO(Heavy fuel oil- Baxxki ma3yth) Tak i BOG. Take ob6nanHanss sik 6a-
raTocTyMiHYaCTi HU3bKOTEMIIEpaTypHI KOMITpecopa Ta HaCOCH BHCOKO TH-
CKy razonaiuBHUX cucteM(BctaHoBIIOI0TECs Ha ME-GI ta DFDE cyaax)
gy CII3I" ( BcTanormrooThest Ha Q-Flex Ta Q-Max cyiax) ciokuBae 3Ha-
YHY KUIBKICTh eHeprii. OTke, AOIILHO BBAXKATH, 1110 ITPH aHAJI31 POIy-
JbcUBHOTO KoMIuiekcy LNG TaHKkepiB HEOOX1IHO PO3IIISIATH HE JIUIIIE T'0-
JIOBH1 pYIIiifHI IBUTYHH ane i ycTaTKyBaHHS JJIs1 BAPOOHUIITBA €IEKTPO-
eHeprii Ta cucremy ytwiizanii BOG. Takum 4uHOM, 00'€KTHBHE IMOPIB-
HSIHHSI TPONYJIbCUBHUX KOMILIEKCIB Ma€ BpaXxOBYBaTH yCi TPH CKIIQ/I0Bi:

-TOJIOBHI JBUTYHU;
-eIIeKTPUYHI TeHepaTopH;
-cucrema oopobiienns BOG.

VY nocnimkeHHi "TponyIbCHBHHNA KOMILIEKC" O3HaYaTHME CHCTEMY,

IO BKJIOYAE YCi 11 TPU MiICUCTEMH.
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YHUHHUKH, 110 BIVIUBAIOTH HA BUOIP BUKOPUCTOBYEMOTO 0018 THAHHSA

OnuH i3 coco6iB Kiracugikanii nponynscHBHUX KomruiekciB LNG
TaHKEpiB Uil MOJANBIIOTO BHABJICHHS HENOTIKIB Ta IepeBar Moysirae y
TOMY, 1100 qudepeHIitoBaTh iX 3a MeToauKow o0podku BOG, sk moka-
3aHO Ha MaTIOHKY 1. CKOpoYeHHs Ha MaItOHKY Oy/ie ITMPOKO BUKOPUCTO-
BYBATHCS B MOJATBIIOMY.

PexoHnneHcatis

BOG Temnnoxomau 3 ogHonanuBakmu J[B3 ta

‘SFD.\I-R‘ ’ COHI
L | CHCTEMAaMH PCKOH/ICHCAlI
Enexrpuuani P :
OnHouacHe DFGE JICKTPOXOIH ’J JABOITAJITHBHUMH
BHKOPHCTAHHS ra3’0BUMH TypOIHAMH
BOG 1a FO JluzensHi
JIBHTYHH DEDM ‘ Tenmoxoam 3 HH3bKOOOEPTOBHMH
+ nBonammeEAMHE J[B3

Mexaniusi

L | DFSMC 1 Typ6oxoan 3 aBonanusHIMK
[Tapoi | DFSMR | KOTJIOBHMH YCTAHOBKAMH
TypOinK

| DFDE ‘

BOG sk

NaJImnBo ~
EAICK'I])UXUJJ’[ 3 CCPEIHBOOOCPTOBHMH

7 . aponaguBHumu B3
Binokpemnene

pukopHcTanns BOG

Puc. 1. Kareropuzauist nponynscuBHUX KomiuiekciB LNG TaHkepiB 3a crio-
coboM 00podku BOG

Benuka kinbkicTh BapiaHTiB MoOyI0BH MPOMYJILCHBHOTO KOMIUIEKCY
He TapaHTye MPUHHATTA BUAKOTO Ta OHO3HAYHO MPAaBUIBHOTO PilllEHHS
po Te, Ky KOHLENIIifo ciig BukopucToByBath Ha 31" (3pimkenuit npu-
poIHUIt Ta3) TaHKepi . € KilbKa YHHHUKIB, 10 YCKJIATHIOOTh MPUHHSTTS
OCTaTOYHOT'O PillICHHS:

- pizHa eeKTHUBHICTh MPOMYIbCUBHUX KOMIUIeKCiB. Ha mamroHKy 2
rpadiuyHO MpoIeMOHCTPOBaHI NepeBaru Bukopuctanus /IB3 y mopiBHIHHI
3 IHIIMMU TUTIAMH €HEPreTUYHUX YCTaHOBOK;
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Thermal efficiencies % LNG carrier
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Puc. 2. TennoBuii koedilieHT KOPUCHOI Ii1 PI3HUX THIIIB TPOIMYITECUBHUAX
KOMIUIEKCIB

- porrynabcuBHUHN KoMiuteke 317 TaHKepy 3HAYHOIO MipOIO IHTErpo-
BaHUI1 10 IHIINX 3aralbHOCYJJHOBUX Ta BAaHTAXXHUX CUCTEM. 30KpeMa CH-
cTeMa pyXxy CyllHa TICHO IMoB's3aHa 3 00pookoro BOG Ta BUpOOHHIITBOM
enexTpoeHeprii. OnTuManbHO BUOpaHa KOHIIEMIis Mae 3a0e3meunTy ede-
KTUBHY pOOOTY ra3oBOro, MPOMYJIbCHBHOI'O Ta E€HEPTETHYHOTO OO0Jaj-
HaHHS,

- TPUBAJIICTh KHUTTEBOTO IIUKITY Ta EKCIUTyaTalilHi BUTpaTH. BapianTtu
noOyaoBu cynHa 3a cxemor0o DFSM BHMararoTh BUCOKHMX KalliTaJOBKIIa-
JIeHb Ta HU3bKHUX eKCIUTyaTalifHIX BUTPAT, TOAI K 1HII BapiaHTH BUMa-
raroTh OUIBIINX eKCITyaTaliiHUX BUTpAT ajieé MaloTh CKOHOMIYHI mepe-
Bar” 3a paxXyHOK BUKOPHCTaHHS AOJATKOBOTO OOJIAAHAHHS Uil 0OpoOKH
Bautaxy (SFDM + R, DFDE, ME-GI) [9];

- pi3HOMaHITHI YMOBH eKcIUTyaTalii. SIk mpaBuiio, KO>KeH MepeBi3HUK
Ma€ CBOI OCOOJIMBI YMOBH: BAaHTa)KOMICTKICTh, TPUBAJICTD IJIABAHHS, Yac
OajacTHOTO X0y, TEMIIepaTypa MOPCHKOi BO/IM, TeMIlepaTypa arMochepu
BiZIPI3HSIOTHCS BiJ] CylHA JI0 CYAHA;

- Ha/IHHICTh cucTeMH. [ HyuKiCTh eKCITyaTaliiHUX PeXHMIB Ta Ha-
JiHICTh paboTH yCTaTKyBaHHS 3aJ1€XKaTh BiJl:
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- KoH(pirypamii cuctemu (0cOOIMBO Bil HasIBHICTH PE3EPBHHUX CHC-
TeM);

- YaCTOTH BiJMOB;

- yacy HEOOXiTHOTO JIJIsl BiTHOBJICHHSI.

TakuMm YUHOM 3YCHJUIS HIOAO MOPIBHSHHS PI3HUX MPOMYJIBCHBHHX
KOMITJIEKCIB 0a3yI0ThCsl Ha IOCITIHKEHHI:

-eKCIUTyaTallifHAX MOKa3HUKIB YCTaTKyBaHHS;

-HaJIIHHOCTI Ta Oe3MeUHOCT poOOTH 00JIaTHAHHS |

-KamiTalbHUX Ta eKCIIyaTalliiHUX BUTpaTaXx.

Le mocnimkeHHS BUKOPHCTOBYE TOPIBHSUIBHY OLIHKY BApPTOCTi KHT-
TEBOTO IHUKITY, POCTY, ajie eeKTUBHY BEPCiI0 TOBHOTO aHAI3Y BapTOCTi
XKHUTTEBOTO LUKITY. MeTo/ BUKIIIOUA€E PO3PaxyHOK BapTOCTi 3arajlbHUX Ya-
CTHH, TaKUX SIK 3araJlbHOCYJHOBE OOJaJHAHHS, PO3PaXyHOK BHUTpaT Ha
JIOAAMHO-TOIMHM Ta 1HII aJIMIHICTPaTUBHUM TATapi. 3aMiCTh IbOTO, BUKO-
pHUCTaHHI METOJT 30CEePEKYETHCS Ha PO3TJISLI BUTPAT SIKI TIOB’sI3aHi 3 pi-
3HMIICIO B KOHQIrypailii CHCTEeMH, HAJIMHICTIO, EHEPTOe(PEKTUBHICTIO Ta
MPOAYKTUBHICTIO. Hrbk4e 3ampornoHoBaH MeTOJ BUOOPY ONTHMAaIbHOTO
MPOMYJILCUBHOTO KOMIUIEKCY Ta PO3TIISAHYTE KOHKPETHE TOCTIKEHHS 3
ypaxyBaHHSIM BUMOT OKPEMO B3SITOTO MEpeBiZHUKA.

KoncTrpykTnBHi ocodmBocti ob0gagHanna LNG TtankepiB 3
CII3I'(SFDM + R)

[Tpu BHKOpUCTaHHI MEXaHIYHOI CHJIOBOT YCTAHOBKHM 3 HU3BKO 000pPO-
tHuMU [IB3 mo npaittoe Ha HFO y kom6inarii 3 CI13I" (SFDM + R Single-
fuel diesel mechanical propulsion with reliquefaction (SFDM + R)), BOG
3PIKYETHCS B OKPEMill CUCTEMI, @ HE BUKOPHCTOBYETHCS SIK aMBO. Hu-
3bKO00EPTOBUI TU3ENbHUHA JABUTYH MIAKIIOUEHUH Oe3locepeHbo 10
Bajy rBuHTa. KOHIIENTyallbHO MajiBHA CHCTEMA MTOBHICTIO BiIOKpeMIIeHa
Big cucremu 06pooku BOG. CII3IT Brirouae B cebe AeKiIbKa MiCUCTEM
Ta KPUOTCHHUI TEeTJI000MiHHUK, CIIijl 3ayBa)KUTH, 1110 CyJia 3 TAKOK KOH-
crpykuieto moBuHHI Oytn obnagnani GCU(Gas Combustion Unit -ycra-
HOBKa 3IaJIIOBaHHs Ta3y), mo 00pobise BOG y Bumaakax, Kojau HOro Ki-
JBKIiCTh TiepeBuiye noTyxHicTs CII3I72].

CepenHs TPUBAIICTh KUTTEBOTO UKy TOPIOBUX CYJEH, OCOOJIHMBO
TypOOXO/IiB, CKJIaJIa€ He OUIbIIe 25 POKiB. Y MOMANBIIOMY, 3a3BHYal, Cy-
JTHA CITUCYIOTHCS 10 €KOHOMIUHUM mpuunHaM. /IB3 MOXyTh ekcruryary-



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 167

BaTHUCS IECATUPITUSMHE JOBILE HIK MAapoTypOiHHI KOMIIJIEKCH ajpKe Oilb-
IIICTh iX eIeMEHTIB MoXe OyTH 3aMiHEHA Ha HOBI BIIPOJIOBXK CTPOKY €KC-
rutyaranii. Bukopucranas Hu3bkoOOpTHUX nBUTYHIB Ha LNG TaHKepax
MOXe 30UTBIINTH 1X )KUTTEBUH nuki 10 40 pokis[1].

ToGaU
(G2 Comb.
Unit)

3Siage N2 Compressors. N2 Exganer

Tihogen Comvianaes Tl

Puc. 3. CII3I" LNG TankepiB npoekTiB Q-Flex ta Q-Max

lIle onmHiero mepeBaror € i Te, mo BukopucroByroun CII3[T mu mo-
KEMO MiJBUIIUTH Oe3leKy y MallMHHOMY BiJUIiieHHI. Y ce razoBe o0naj-
HaHHS PO3TAIllOBaHE Y OKPEMOMY KOMIPECOPHOMY BiAIiNIEHH], y SKOCTi
MajuBa JUIsl eHepreTHYHOI yCTaHOBKH BUKOpUCTOBYeThes uie HFO.

VY pasi BUXOJy i3 CTPOIO OJIHOTO i3 JBUTYHIB, CUCTEMa KOHTPOJIIO 3a-
0e3evnTh NOAAJBIY POOOTY CyJHA 3 EKCILTYaTAII€I0 TUILKHA OTHOTO JIBH-
ryHy 0e3 BTpaTh MaHEBPOBOCTI Ta IHINIWX HAaBIral[ifHUX BJIACTUBOCTIH a
TakoX OyJie rapaHTyBaTH OE3MEKy CyJIHA Ta 0OJIaHAHHS.

OCHOBHHM 3aBJIaHHSIM CUCTEMH TIOBTOPHOT'O 3piPKEHHS Ta3y € MiaT-
pUMKa THCKY B BAHTa)KHHMX TaHKaX Ha 3aJjaHOMY PiBHI [IJISIXOM 3pi/KEHHSI
napy BaHTaXy 3 METOI0 3aXUCTUTH BaHTaKHI TAHKW Bill Ha/JIHIIKOBOTO
THCKy. THCK B TaHKaX IOBHHEH IiITPUMYyBaTHCS B Mexkax Bif 1,03 mo 1,12
Oap.

CucTema MOBTOPHOTO 3piHKEHHS ra3y cXeMaTHYHO 300pakeHa Ha Ma-
JIOHKY 3 Ta CKIIaJa€Thcsl 3 HACTYITHUX KOMIOHEHTIB: 1Ba BOG-kommpe-
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copa, 1Ba N2 KoMIaHepa, OJH NpeKyJiep, OUH IUIACTUHYACTHI BaKyy-
MHUH TEMIO0OMIHHMK (4acTuHa KOJ0okey), oqun LBOG cemapatop (da-
cruHa Konaookcy), onuH LNG noBepToBuii Hacoc, OAMH a30THUNA PecH-
Bep, nBa N2 OycTepHi Hacoca, YCTAaHOBKA CIATIOBAHHS a3y, JOMOMDKHI
CHCTEMH.

BpaxoByrouu excrutyaTalliiHiil J0CBi1, MOXXHA 3pOOHTH BHCHOBOK 1110
HAMOLIBII CKIaTHUM JJISi PErYNIIOBaHHS Ta KOHTPOJIO EIEMEHTOM CHC-
TEMH € cenapaTop y AKOMY BiIOYBA€TbCS BiAIUICHHS 3p1IHKEHOT0 METaHy
BiJl @30Ty Ta IHIIMX Ta3iB 10 HE KOHACHCYIOThCA(nam Vent Gas).

Ooaagnanasa LNG tankepis 3 ME-GI npurynamu
Cxema BUKOpUCTaHHS HU3bK0ooOepToBUX nBonanuBHux B3 (DFDM
Dual-fuel (low-speed) diesel mechanical propulsion ) nokazana Ha mMaito-
HKy 5. DFDM noeanye B co0i nepeBaru BapiantisB DFDE ta SFDM + R.
st moOynoBu 1iel KoHIenii MoxXyTh Oyt Bukopuctani ME-GI nBu-
rynau. Ha Bigminy Big DFDE, DFDM 31aTHI 0/1HOYaCHO BUKOPUCTOBYBATH
sk BOG, Tak i pinke nanuBo[5].

LNG BOG
m— GAS

DF Gensets

e

BOG

3 -

LNG Cargo /
‘ Tanks

@ I N N

L

Puc. 4. Bumoru 1o ra30BOro najimuBa CEpeIHbO- Ta HU3BKOOOEPTOBUX JIBUTY-
HIB

Onnak 1st cucteMa Mae cBoro npobiemy. Jns Bukopucransas y ME-
GI manuBHU ra3 TOBUHEH OyTH CTHCHYTHH npubam3Ho 10 300 OGap a Horo
TemrepaTypa nosuHHa cknagatu 45°C (Puc.4)[10].
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Cald BOG
= Condensate

— Warm BOG
—— Vent gas [\7} L
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& Na Inter & After Coclers
R ]
P
_F e (]

> ralient

|
|
|
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Puc. 5. JluzenpHuil 1BONAIMBHUI MeXaHIYHUHN MPOITYJILCUBHUH KOMIUIEKC Ha
6a3i Hu3bkooOepTHHX JIB3 Dual-fuel (low-speed) diesel mechanical propulsion
(DFDM)

Jlesiki JpKepena BBaXArTh 10 BUKOPUCTaHHS ra3y IMiJi TAKUM BHCO-
KUM THCKOM MOX€ CIIPUYMHUTH CEPHO3HI TPYAHOILII B peaibHiil eKcIuTya-
Tanii. Ajie pu3uK, MOB'SI3aHAUN 3 BACOKMM TUCKOM Ta3y, BUSBUBCS HE3HAU-
HUM 3aBJSKHA KOMIUIEKCY 3aXHCHUX CHCTEM, TAKHX SIK IBOCTIHHA CHCTEMa
ra30npoBO/IiB, CHCTEMH BUSBJICHHS MPOTIUKH Tazy .

Buchosku

Y LNG ¢orti, sIK 1 y IHIIMX Tary3s1X MOPCHKOT'O TPAHCIIOPTY, CIIOCTe-
piraeTbcst TEHACHIIS 10 3MEHILIEHHS BUKOPUCTaHHS MapoBux TypOiH. Ilo-
Ka3HUKH e(eKTHBHOCTI BUKOPUCTAaHHS TypOiH He mepeBuinytoTs 30% y
toit uac sk JIB3 mators KI1/] Ginbire 50%. Lleit paxrop 3yMoBHB mepexif
MOpPCBKOi 1HAYCTpii 10 BUKOPHCTaHHS MPOMYJIbCUBHUX KOMIUIEKCIB 3
JB3.

Po3pobka Ta ympoBajKeHHs Ta30MaJMBHUX CHUCTEM € HACTYITHUM
erarioMm epomtoiiii LNG TaHkepiB mepexij J0 SKOro JAacTh MO3UTHBHUIMA
eKOHOMIYHHU edekT. Aje A peamizamii KOHIENil KOMIUIEKCY Ta3oma-
nuBHOro obnaaHaHas 3 ME-GI nBurynamu tpeba BUpIMIMTH TpoOIEeMH
HecTabiIbHOCTI pOOOTH JBUTYHA Ha MEPEXOJHHUX PEXHMax Ta 3adesme-
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YUTH HaJ[IiiHY poOOTY 3all00KHUX CHCTEMa 10 MaroTh TapaHTyBaTH 0e3-
neyHy poOoTy o0JiaJHaHHS IPU KPUTUYHO BEIMKUX 3HAYCHHSX TUCKY r'a3y
110 Ha BXO/Ii JI0 AJIMBHOI aniapaTypy JBUTYHA MOBUHEH ckianatu 300 Gap.

I'oBopstun ipo CII3I" oCHOBHUMU HANPSIMKaMHM IS OAAIBIIOTO J0-
CJIIJDKEHHS JIOLLILHO PO3IIISIATH TEXHOJIOTIYHI MPOIIECH BiIOKPEMIICHHS
a30Ty Ta HEKOHJICHCYIOUMXCS Ta3iB y cernaparopi Ta ix moAasblly YTHIIi-
3amiro y cnemiansHoMy oonanHanHi(GCU). Takoxk, ciuparo4yuch Ha CHC-
TEeMaTHU30BaHi JJaHHI, MO)KHA CTBEP/DKYBATH LIO BEJIMKHI BMICT a30Ty y
rapax BaHTaxy € MpuuuHoro Toro , mo CII3I" mpairoe Ha KPUTUYHUX pe-
KHUMax 1 CIIOKMBA€E HaJMIPHY KUTBKICTh eleKTpoeHeprii. (s 3SMeHIIeHHs
€Hepro3arpar JOULTEHO PasrIITHYTH MOXKITUBICT BCTAHOBJIEHHS JOIATKO-
BOro 00aHaHHS AJIsl BiIOKPEMIICHHS a30Ty BiJ] apiB MPUPOTHOTO rasy.
VY 4KOCTi TAaKOro CHEliaJbHOT0 YCTaTKyBaHHs MOXXKHA PEKOMEHIYBaTH
MeMOpaHHi QiTbTpH 1110 OyAyTh BcTaHOBIMIOBaTHCS Ha BOG KOHTYpI T1e-
pe KOJIIO0KCOM.
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YIK 621.45.052
Yepewmicin B.1., babenuyk M.C.
IucrutyT BilicbkoBo-Mopcbkux Cui
Harmionansauit YHiBepcuter «Onecbka Mopcbka AkageMisi»

YTOYHEHUI METO/I PO3PAXYHKY 'A300EMIHY B
OUJITHAPI AU3EJIA

ANNOTATION

The estimated formulas conclusion for time section definition of fore-
stalling 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 mo-
ment 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 differential
B by expiration function y has the property of exceptional stability possible
relative deviation interval 6 15-25 times less than the deviation interval
oy,

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

Keywords: ship engines, gas exchange, calculation.

AKTyalbHICTh TeMH. 3araJbHOBU3HAHUM METOJOM PO3PaXyHKY OC-
HOBHHUX IlapameTpiB ra3000Miny € meroa A. C. Opunina. [Ipotsirom TpuBa-
JIOTO Tiepiofia HOro MPaKTUYHOTO BUKOPUCTAHHS METOJ HE YAOCKOHAIIO-
BaBCsl 1, OUTBII TOr0, TTOCTYIIOBO CIIOTBOPIOBABCS. 3apa3 po3paxyHOK ra3o-
OOMiHY TIO I[bOMY METOJY 3BOJUTHCS JIO BUOOPY TepernajiB TUCKY Yy
BIIYCKHUX Ta BHIYCKHHUX OpraHax, 3a SKAMH BH3HA4YalOTHCS HEOOXiAHI
yac-repepi3u Ta TMOPIBHIOKOTHCS 3 BIIMOBIIHUMU HasBHUMHU. SIKIIO I1i
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BiJTHOIIICHHS po3TaimoBani y mexkax 1,0-1,7 [1] um 1,1-1,4 [2], TO pe3yiib-
TaTH PO3PaxyHKY BH3HAIOTH 3a10BUIbHUMU. Ase cam A. C. OpimiH peko-
MEHJIyBaB BiIHOIICHHS Oyn3bKi 1o oauawmii (1,0-1,05).

Linaro podoTH € 3HaAXOHKCHHS MepenaiB TUCKIB B OpraHax ra3o00-
MiHY NIpH 3aJJaHuX HassBHUX Yac-miepepizax. Y OiHCHOCTI, B pe3ynbTaTi po-

3paxyHKy MaioThb OyTH BH3HaueHi Pu , Pr , THCK Y MOMEHT BiIKpHTTS

p

BIIYCKHUX OprasiB * ¢, nmificHW! MOYaTOK MPOIYBKH 3a BiJOMHUMH Ha-

SIBHHMH Yac-TiepepizamH, 4H 3a 3aJaHUMHU Pu , Pr yators OyTy BU3HAUYEHI
HEeoOXi/HI "ac-Tiepepi3u Ta JOPIBHAHI A0 HASBHHUX. Y MPOTHBHOMY pasi
PO3paxyHOK BTpadae CMHCI. TUTBKH y BUMAJIKy TPyOOT MOMUIIKH y MpHU-

snauenni P ta P pe3ynbTaT pO3paxyHKy He OTPANuTh Y Jliana3oH, pe-
KoMeHaoBaHu# B [1,2].

Buknax ocnoBHoro wmarepiany. I[Ipu po3B’s3yBaHHI piBHSHB
BHTIKaHHS y T1epioj] Bunepekerns Bumycky A. C. OpiiiH 3 METO0 yIpo-
HICHHS KIHIIEBUX PO3PaxyHKOBUX (POpMyYIT MpUKMaE MOKa3HUK MOMITPOITH
T PO3IIMPEHHS Ta3y y Iel 1epio)l OHAKOBUM 3 ITOKa3HUKOM ajiadatu K,
T00TO T =k = 1,3. AJie mie B [3] 3 eKClIEpUMEHTAIBHUX JaHUX TOKA3HHK T
OyB onepxkaH y Mmexkax 1,36-1,65. Y mi3Himmx podoTax BeIUYUHA T YTOY-
HioBaJiacs Ta 3a ganumu A. C. Opiina [4] cknagana m = 1,5, B 1BUryHi
74VTBF160 [5] m = 1,36, a 3a 6aJJaHCOBUM aHaJIi30M ra3000MiHY, BUKO-
HaHOMY B [6] Ha miAcTaBi €KCIIEPUMEHTIB Ha IHIIMX Mallo00EpTOBUX
nBurynax T = 1,45-1,5.

VY 3B’513Ky 3 IIUM JOLIIBHO Yy PO3paxyHKOBI (GOPMYIH Yac-Tiepepizy
BHUIIEPEIKEHHS BUITYCKY BHECTH YTOYHEHHS, NPUIHSBIIN
T=1,5.

Yac-niepepi3 BUTIEpEIKEHHS BUITYCKY CKJIAaJIa€ThCS 3 TPHOX CKIIAJO-
BUX

- yac-miepepi3 HaAKPUTUIHOI a3y BUTIKaHHS
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1

_( 2 ]kl. /2-k
WVimax k+1 k+1

nNpu KPUTUYHOMY BiHOLLEHHI TUCKIB

(p) (2 )
BKP_(M]_(ICH]

MNpu nokasHukoBi apiabatm k = 1,37 (BTikaHHs NOBITPA Yy
uunivap B nepioa nNpoayBKu)
B,, =0,5336, y, . =0,6799
anpu k = 1,3 (BUTIKaHHS Ta3y 3 HUIIHAPY)
B,, =0,54576, y . =0,6673

VY ui popMynu BXOASTS:

Py Ty THCK Ta TeMIIepaTypa ra3y y MOMEHT BiIKpUTTS BHITyCKHUX
OpraHiB;

PKp - KpUTHYHHUNA TUCK Ta3y;

PT - TUCK Ta3y 32 BUIIYCKHHM KJIaraHoM;

pd - THCK ra3y y HWIIHAPI B MOMEHT BiIKPUTTA BITyCKHUX OpPTaHiB;

V.,V . . . .
4>7b - 00’eMU UWIIIHAPA Y MOMEHT BiIKPUTTS BiITIOBIIHO BITYCKHUX
Ta BUITYCKHHX OpT'aHiB;

Mo KoecpiuieHT BUTpaTh BUMYCKHUX OpraHiB y nepioq sunepe-
DPKEHHS BUMYCKY.

Y pesynbtaTi 4YMCenbHOro [HTErpyBaHHs Ta MoAanbLUoro
NiHINHOrO anpoOKCUMYBaHHSA OTPUMYEM

Pr/ Py ﬁ+5 P
W . (pr]
p

ITincTaBisdrOYn YucellbHI 3HAa4YeHHS BIJOMMX BEIWYWH B BUIIE HABE-
neni Bupasu (1), (2), (3) orpumyemo

P,
prlps d(p]
z= [ —£2 _—2258. 213
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JOKCHHS BUITYCKY
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(4)
SIKIIO BUKOHYETHCS MEPEBIpOYHUI PO3PaxyHOK, TO 332 BIIOMHUM Ha-
P

SIBHUM Yac-TiepepizoM BUIEPEKEHHS BUITYCKY 7 BH3HAYalOTh THCK Y
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Pa
HWTHAPI Pa , PO3B’sI3yr0uM piBHSHHS (4) BITHOCHO Py
Di _ 0,088
- 0,166
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@ I/b pb
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Puc. 1. [liarpama «4ac-niepepi3» JTiHHOXOJJOBOTO ABOTAKTHOT'O JIU3EJIS

F . N .
e M - pOXiJHUN TIepepi3 KopIyca BUITYCKHOTO KIanaHa,
! F
1 - yaCTKa XO0Jla BUIIYCKHOT'O KJIalaHa, 10 BiJIoBigae =~ max ;

I _ yacrora ob6epTaHHs KOTIHYACTOrO Bala.

3a A. C. OpiiHUM BEpXHS MeXa JIOMYyCTUMOTO Pa pyspavaerses 3a
(hopmy0r0

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 CUIIBHUX IPOPHUBaHb a3y y NPOAyBHUN pecHBep, NOTIPIICHHS
MPOIIeCy OYMIIEHHS IUTIHAPA, 3HUKEHHsI eKOHOMIYHOCTI IIUKITY Ta, Hape-
IITi, Yepe3 MOMKIIMBI MOXKEKI Ta Malike BUOYXH Y IPOTyBHOMY PECHUBEPI.
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Takum 9MHOM, SKIIIO 33I0BOJILHSIIOTECS YMOBH (5), TO 1€ OJJHOYACHO

Io3Havae, o Py=P “’ | a TOMY TIPUIYIICHHS PO ICHYBaHHS JBOX pe-
KUMIB BUTIKaHHS - HaJKPUTHYHOTO Ta MiJKPUTHYHOTO - CIIPABEIJIHBE.
Sxmo ymoBH (5) HE 3aI0BOJBHSIOTHCS, TO [I€ BUNIAJIOK Y MPOSKTYBaHHI
JBUTYHIB BHYTPIIIHBOT'O 3TOPSIHHSI HEMOXKJIMBHH 1 HEOOXiTHO KOHCTPYK-
P

TUBHUMH Mipamu 30UIbIIyBaTH Yac-iepepiz 7.

[Ticnst BiIKpHUTTS BIYCKHUX OpraHiB Hactae (a3a 3aKiHUEHHS Billb-
HOT'O BHITYCKY - Ta3 MPOAOBXKYE BUTIKATH 3 MUIIHAPA TiJl BILTUBOM JifO-
4Oro mepemnaay THUCKIB, YaCTKOBO ra3 HaJXOAWTh Y MPOAYBHUIl peciBep,

TUCK y IWJIHAPI Maae Bij Pa no Pu= &P , 1e koediieHT &a-xapak-
TEpU3y€e BTPATU THCKY MOBITPs MPH BTIKaHHI HOro y HMITIHAP Yepe3 mpo-
IyBHI BikHA. Y TiepmioMy HaOmmkeHHI Ea MoxkHa npuiiMati Big 0,95 mo
0,98.

Yac-niepepi3 3akiHYEHHS BUIBHOTO BUITYCKY BUSHAYAETHCS 3 (4) K pi3-

HUIISA JIBOX 3HAYCHb Yac-Tepepizy - OJHOr0, PO3PaxOBAHOTO MpPHU Pa ,a
JPYyroro, Jie 3aMicTh Py MiACTABIISAETHCA 3HAUEHHS p "
Toni
0,166
V! ’ 14
M, =—2 10,088 L | | Lo_Lr|_009].ln-x
e T, P, P, DPa V,

ae
v, =0,5-(V,+V,)

cp

H

1117
VY uiit hopmymi 4 BenmuYMHA, OJIM3bKA JI0 HYJIIO, TaK 10 00’€M
HWTIHApA 3a TMepioJ] BUIBHOTO BUMYCKY 3MIHIOETHCS HE3HAYHO

V.

=V 1 Ipyroro CKJIaIoBOI0 Y KBaJpaTHUX JAYKKax MOJKHA HEXTYBAaTH.
TaxuM yHOM, Ma€EMO
V
AAcgz—d- 0,088 by | P _Pr
u«l : V T/; pr pH pd
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Otpumane Ad,, 3 ypaxyBaHHSIM MaciuTaly BiIKJIaa€Mo Ha Jiarpami
«Jac-mepepiz» Ta 3HaXOAUMO KYT MOYaTKy MpoayBKH @H. CTOCOBHO 10
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[loBHu# HasgBHWI wac-miepepi3 TNPOJYBKH MOXHA BHU3HAUYHUTH
aHATITHYHO
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Koe(ilieHTy BUTpaT Moy Koe(illi€HTY HaJIMIIKY MOBITPS HA IPOILYBKY
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KoedirieHT HamoBHEHHS IWIIHJIPA, BITHECEHUH 10 MOBHOIO XOIY
TTOPIIIHS
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n,

bi (] G, . Maca MOXKIIUBOTO 3apsijy TOBITPS B 00’ eMi Vi .

VY mepion BTpaTH 3apsay MOpIIEHb BUKOHYE pPOOOTY HE TLIBKH
BUILITOBXYBaHHS, aJie 1 CTUCKYBaHHS 3aps/ly MOBITPs. SIKIIO MPUITYCTUTH,
IO T[eH MPOoILeC 130TePMIYHUH, 1110 OJIM3BKO JIO PeaabHOCTI, TO

P Yy Gu
P, Vva Gdl
V , . .
ne ¢ - 00’eM UWITIHApPa Y MOMEHT 3aKpHUTTSl BUIIYCKHHX OpTraHiB
(BHU3HAYAETHCS 32 KyTOM P, );

G o L .
41 - Maca cyMilnl y IAIHAP] Y MOMEHT 3aKpUTTS IPOYBHUX BIKOH.
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5G, . . .
HOTr'O 3apsay 3 cTBOpIoE 110 10 %, a miBHUIEHHS BIIHOIIEHHS THUCKIB
Pa

D, nocsrae 1,05.

BucHoBku. Y 3anmpomaHoBaHOMY METONi PO3paxyHKY Ta3000MiHY
OCTaTOUYHUMH Pe3yIbTaTaMH € HE TUIbKMA TUCK B IMJIIHJPI B IEepioxa 3My-
IICHOTO BWITYCKY 1 MPOAYBaHHS ajie 1 TUCK 3a LUJIIHIPOM, BU3HAUCHHS
BTPATH 3apsAy MOBITPS B JABOTAKTHUX JBUTYHaX 1 JI03apsIKd LUTiHApA
MOBITPAM - B YOTHPUTAKTHHUX, & TAKOXK BU3HAYEHHS SIKICHUX MMOKAa3HUKIB
ra3oo0MiHy - KoedillieHTa 3aJHMIIKOBUX Ta3iB MpPU MPOAYBaHHI KaMepH
3TOPSIHHSL YOTUPUTAKTHHUX JIBUTYHIB 1 Koe(illieHTa HalOBHEHHS [IUIIIHApa
MOBITPAM 3 BpaXyBaHHSAM BTPaTH XOJy MOPLIHA Ha JiHil CTHCKYBaHHSI 110
OaslaHCy 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 in-
fluence of the environment on the main characteristics of the refrigeration
machine. The content of the article, the results of calculations and graph-
ical dependencies built on their basis can be useful for ship mechanics 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 spec-
ified 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 condi-
tions, namely, the temperature of the sea water, which determines the tem-
perature ¢. and pressure p, condensation, temperature ¢, and pressure p, of
the refrigerant boiling point depending on the temperature in the cooling
facility. At the same time, the operating coefficients of the compressor
change, as well as its main characteristics: cooling capacity Q,, power N,
and energy efficiency, i.e. refrigeration coefficient &, as well as other pa-
rameters [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 compressor,
while energy losses increase the input power.

All volume losses are estimated by the feed rate, which is contingently
expressed as the product of four partial coefficients.

A =Ac* dar® Ao ® Api
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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 14 = 0.94 + 0.98 takes into account losses
due to depression at the suction and discharge. The coefficient of heating
Ao estimates the losses associated with the heat exchange of the intake
steam with the walls of the cylinder, piston and valves. In the approximate
determination of 4, (under operating conditions), an empirical formula of
prof. Levin L1, A, = T, / Ty, where T, and T, are the evaporation and con-
densation 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

ne = i * nm and the electrical efficiency. Indicator efficiency takes into
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 L.I.

ni = o + bto, where b = 0.001 + 0.0025 is the experimental coefficient.
The energy losses due to friction are estimated by the mechanical effi-
ciency, #m = Ni/ N., where N; and N. are the indicator and effective powers,
respectively.

Electric efficiency also takes into account losses in the electric motor,
e =N:i / Ne =n;* 1w * 3. 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 presents
studies and analysis of the effect of seawater temperature and, therefore,
of the refrigerant condensation temperature on the performance of the
Bideford bulker (fig.1) refrigeration unit with a deadweight of 7,431.2 tons
under operating conditions [6].
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Fig. 1. Bulker Bideford

The refrigeration unit maintenance three provision chambers: low-
temperature - for storing meat and fish products at -20 © C and high-tem-
perature for vegetable + 4°C, dry products + 15°C. The main components
of the refrigeration unit are two 4.0-kW 2C-3.2Y two-cylinder compres-
sors, 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 evaporators with
forced air circulation (air coolers) - low-temperature LUC-10 and two
high-temperature NIS-8 installed directly in provision chambers. All ele-
ments of the refrigeration unit, including automation devices, ensuring ef-
ficient and reliable operation of the refrigeration unit, are shown in the
diagram, fig. 2.

The refrigeration capacity of the refrigeration machine is O, =4.1 kW
at the evaporation temperature 7, = -15°C, condensation temperature

t. = 30°C and the temperature of the cooling sea water ¢, = 24°C. The
working fluid is R404A refrigerant.
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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;
19 - capacitor; 20 - receiver; 21 - angle valve; 22 and 29 - thermometers;
23 - seawater valve; 24 - water pressure controller; 25 - water pressure gauge;
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27 - safety valve; 28 - electronic control panel.

Permissible operating parameters of the refrigeration machine are: de-
livery pressure 11 + 19.5 bar; suction pressure 0.8 + 1.5 bar; delivery tem-
perature 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 temperature
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 dependence,
the main operating parameters of the refrigeration machine are determined.
At the same time, having the passport data of a regular compressor, taking
into account its constant theoretical supply Vi, 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,%| m |qo |gv | lo| A|Qo| Ne| Ne|Er | Ea

16 |2,61(155|2672| 25 |0,820( 5,2 | 1,14(0,756] 6,1 [ 4,65

24 |3,47(140 |2431| 30 |0,761| 4,6 |1,32(0,751] 4,6 | 3,50

30 [381|130(2275| 34 (0.731) 4,1 | 1,39|0.737[ 38 |30

32 | 413|129 |2224)| 35 |0713| 39 | 1,42 |0.740( 368|275

40 | 51| 115 |1965| 41 |0660| 3,1 | 1,57 (0725| 28 (210

Using the calculated data presented in Tab.1, the graphical depend-
ences of the refrigeration machine on the condensation temperature ¢, are
plotted (Fig. 3, 4 and 5), namely: ¢, - specific mass cooling capacity, kJ /
kg; g, — specific volume cooling capacity, kJ / m®; I, - specific work spent
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per cycle, kJ / kg; A - compressor feed rate; O, - refrigeration capacity of
the refrigeration machine, kW; N.is the effective power, kW; &, &;- theo-
retical and actual refrigeration coefficients.

Ne,kBm QOo,kBm

Ne_ Ne

076115 -~..._‘_\ 5

0.75) 1,4 \\.\/ 4

]

07413 1 N 20 |3
TN

073]12 / N 2

11,1 4

1
15 20 25 30 35 40

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, &, €y 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 refrig-
eration machines and, in particular, on such basic parameters as the cool-
ing capacity and power consumption.

It is known that the refrigeration capacity calculated by the evaporator
should correspond to the compressor capacity, therefore the actual refrig-
eration capacity can be expressed as the product of the actual volume (ac-
tual volumetric flow, taking into account the supply coefficient 4) of the
vapor drawn in by the compressor and the specific volumetric cooling ca-
pacity ¢, i.e. O, = AV:q.. Here, with a constant theoretical supply V3, the
volumetric cooling capacity ¢, as well as the feed rate 4, are variables that
depend on the temperature mode of the installation operation. Therefore,
the cooling capacity is not a constant value and depends on the cycle of
the refrigeration machine.

So, with increasing f., the degree of pressure 7 increases, the feed rate
A and volume cooling capacity ¢, decrease, because the specific mass cool-
ing capacity ¢,, while the specific intake volume v, is unchanged, also de-
creases. Consequently, with an increase in 7., the cooling capacity of the
chiller decreases. Thus, at different condensing temperatures, a refrigera-
tion machine with the same compressor produces different cooling capac-
ities.
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In its turn, the power delivered to the compressor increases (energy
consumption increases) by increasing the specific work /; spent on the cy-
cle while reducing the feed rate A and the effective efficiency 7., i.e. N. =
A Vi L / Vi Ho.

As aresult of a decrease in Q, and an increase in ., the actual refrig-
eration coefficient characterizing the efficiency of the operation of the re-
frigeration machine and the refrigeration unit as a whole s = Q,/N. de-
creases. Lowering the temperature (pressure) of condensation #. (p.) at ¢,
(p,) = const causes the opposite phenomenon, i.e. an increase in Q,, a de-
crease 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 con-
nected 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 re-
ducing 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-at-
mosphere inside the hold is not economically efficient. The main reason
for this deficiency is the very long duration of the ventilation process. 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 unprofita-
ble 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 displace-
ment of air from the working volume of a cargo hold occurs by means of
natural convection and diffusion processes only without using any com-
pulsory arrangements to increase the speed of the mass exchange process
between air and inert gases.
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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 compo-
nents and devices. An example of an inert gas circuit is shown in Figure 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 accord-
ing 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 oscillations in the
fuel pipeline 3 or in case of necessity for the inert gas generation 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 discharged 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 com-
bustion chamber to the scrubber - an external cylindrical 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 generator.
This device uses seawater as a working fluid. On line 8, a pneumatic ac-
cumulator 10 is installed. Its operation eliminates pressure oscillations in
line 8. A complete description of the operating principles of the hydraulic
lock 9 and pneumatic accumulator 10 are well represented in [1-3].
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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 consider-
ation 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 connection be-
tween the flow of a fluid in the volume under consideration and the mech-
anisms 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 without
the presence of rigid boundaries. Only a small number of works describe
the process of mixed convection or diffusion of gases in confined spaces,
when the walls restricting the flow have a significant nonstationary effect
on the mechanism of heat or mass transfer [6—8]. In these works, flows
within cylindrical pipes or between flat vertical and horizontal 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 tem-
perature and velocity profiles were obtained. They are presented in Figure
2. During the experiments [7], it was found that:
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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 arises
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 entire
volume the flow was directed only vertically (excluding turns near the up-
per 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 inert
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 dur-
ing their operation are also identical for all tankers. For their description,
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 tech-
nical devices that are used.

The second direction is determined by design errors or by the presence
of strong deficiencies in the technologies which are used for supplying in-
ert 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 fractions
in the combusted diesel. This is reflected in changes in the production vol-
ume of inert gases over time and the breakdown of the combustion 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 com-
bustion product produced in the form of carbon dioxide (CO:);

- violation of the tightness of the scrubber water cooling of inert gases
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 upgrading
the fuel treatment system. This can be achieved by installing additional
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 dis-
persing with the cavitation process use. Due to the crushing of heavy frac-
tions, 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 oxy-
gen concentration process of monitoring in the hold may not meet the re-
quirements of regulatory documents. In most cases, this can lead to exces-
sive 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 sampling pick up
should be located inside the hold and there should be several 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 allowable
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 temperature
correction according to the expression [9]:

_G,. 273 I+al, 273
Poe =y 273+ T 22.4(mey +m,, o +my, +mg ) 273+ T
0
1+ m
O{O.ZI 273

 224(mey, +myy o +my, +my ) 273+ T

(1)

where: p,. — density of flue gases, kg/m’; G,. — total amount of flue
gases generated by burning 1 kg of fuel, kg/kg; V5. — volume of flue gases,
m’; T — temperature, °C; o — coefficient of excess air; L, — theoretical
amount of air required for combustion of 1 kg of fuel, kg/kg; On — 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 trans-
fer and the current temperature field. This fact directly indicates the feasi-
bility 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 technical
problem was formulated, which is to develop new principles for the oper-
ation of the system for generating and supplying inert gases to the cargo
holds of tankers, providing a significant improvement in the quality of ves-
sel 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 homog-
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enizer and change the fractional composition of the fuel to the desired de-
gree 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 structure 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 follow-
ing assumptions must be used:

- the movement of air and inert gases inside the hold can be considered
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 in-
side the tanker hold can be written as [5, 10, 11]

dp = (a—pj dT + (a_p) dP
oT Jp oP ),
()

where p — density of inert gases, kg/m’; t — time, s; V — speed, m/s; P
— pressure, Pa; 1 — 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

Ty wr=—Lvr 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
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to the supply of inert gases with continuous density distribution, flow sta-
bility 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

T
|z
v=5751gF 155

1%

(5)

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/m’; 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 inert
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 gjection along the jet action axis [10].

During the experimental studies carried out on the tanker “Cape Dow-
son” of Columbia Shipmanagement, two technical methods were used to
create cavitation in the heavy fuel supply line. They used standard 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.
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Figure 3. Cavitation unit with spin of the flow
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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 di-
mensionless complex

r,-2£-_£2_ (6)
" IR (27TWR)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.
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In the experiments, an estimate of the total hydraulic pressure loss AP
was performed depending on the length of the cavitation cavity. The re-
sults 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, =110 n

P =120.

During the experiments, for cavitational dispersion of fuel and the de-
gree of its influence on the system an evaluation of the quality of the pro-
cess was done. In Figure 7, presenting a comparison of the consumption
characteristics for the supplied fuel in two operating modes — normal op-
eration of the inert gases system and with the fuel dispersion process us-
age.

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 disper-
sion of fuel were obtained during different experiments.
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Figure 5. Influence of the degree of flow swirl on the length of the
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Figure 8. Evaluation of the operation quality of an inert gas system in
terms of fuel consumption
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1 — system operating in usual mode; 2, 3 — system operating with fuel
processing

Analysis of the results lets make a conclusion that dispersion of the
fuel provides a significant improvement in the operation quality of the in-
ert gas system. As can be seen in Figure 8, less fuel is required to generate
an identical volume flow-rate of inert gases. In the first case (comparison
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 con-
sumption 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 temper-
ature 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 Figure 9, where
it can be seen that the minimum oxygen concentration in the hold was ob-
tained at a jet opening angle of 30°. At this angle, the distance 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 nature of the change over
time in the concentration of oxygen inside the hold in all four cases re-
mained 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 de-
gree 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 cargo.
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 similar
amount of concentration during the standard ventilation of the hold over
this period of time was greater and amounted to 9,25%. Its stabilization 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 im-
provement of the hold ventilation process during the transition from stand-
ard to forced ventilation of the hold was 13,5%. The reduction of time
spent, ceteris paribus, was 56,47%.

By analogy with the process of oxygen concentration changing within
the working volume of the hold, temperature stabilization was observed as
well. Its stationary values in the four measured sections at the height of the
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hold were obtained in 960 minutes after the start of the process 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 sta-
bilization in the latter case also occurs earlier. The temperature gradient,
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 operation
of the fuel dispersion unit, which is used to generate them, was evaluated.
With an error of less than 2.8%, it was found that while maintaining 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 associated
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 61.20 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 determination 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 posi-
tions 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 re-
ducing 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 reduction of emissions
of nitrogen oxides is within 1.15...13.85 %; the highest level of reduction
of nitrogen oxides concentration in exhaust gases corresponds to the max-
imum degree of bypass gases and the maximum load on the diesel; the use
of the exhaust bypass system changes the stoichiometric fuel-air ratio,
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which contributes to an increase in the specific effective 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.

KuiroueBble c10Ba: Cy/10BOii AM3elTb, IMUCCHUSI OKCHJIOB a30Ta, ra30-
BBIITYCKHAsI CHCTEMa, TypOOKOMITPECCop, CHCTeMa MeperycKa BITYCKHBIX
ra3oB, YACIbHBIA d3QQEKTUBHBINA pacxo]] TOIINBA

KarouoBi ciioBa: cyiHOBUI Tn3eNb, EMICis OKCHJIIB a30TY, Ta30BUITY-
CKHa CHCTeMa, TypOOKOMIIPECcop, CUCTEMa MEePernyCcKy BHIYCKHUX Tas3iB,
IINTOMA e(l)eKTI/IBHa BUTpaTa MnajivBa

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 ecological param-
eters.

Cycling thermodynamic processes ensuring the operation cycle of the
ship's internal combustion engines (diesel) are impossible without the re-
lease into the atmosphere of exhaust gases. Their composition determines
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 reg-
ulated in accordance with Annex VI of the Convention MARPOL 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 con-
sidered as a global problem due to the fact that carbon dioxide is a “green-
house 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 environmental re-
quirements allowing for the operation and in the design of sea vessels 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 engine;

— 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 process
of its combustion. Ensuring the environmental parameters of the diesel be-
cause 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 consump-
tion. 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 studies 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 reduc-
ing NOx emissions are associated with changes in diesel engine design and
are possible only at the design stage. Moreover, for diesel engines in op-
eration, the design change of which is either not possible or requires sig-
nificant capital investment, the task of reducing the NOx concentration 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 after 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-con-
taining 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 correlation be-
tween NOx of different types of fuel (under standard combustion condi-
tions) is shown inlg;ig. 1.

100%
80r  —
100%
< T ———
R 100%
E Pt N
E| 4o
201
1 ] 3 12 12
0
gas diesel fuel heavy fuel
0 0,05..0,15 05.08

Mass content of nitrogen in fuel
Fig. 1. Nomogram of NOx type allocation for different fuel type NOx
1 —thermal; 2 — fast; 3 — fuel
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
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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 decom-
position 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 con-
centration of fuel oxides can reach significant sizes if the content of nitro-
gen-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 concentration only
for the thermal mechanism of their origin, while the main conditions for
limiting the amount of nitrogen oxides are to ensure the combustion pro-
cess 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 en-
ergy in the T/C.

The exhaust bypass system (Exhaust gas wastegate — EGW) is recom-
mended 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 die-
sel generator as part of the ship power station and equipped by the EGW
system, carried out a set of studies aimed at determining the effect of gas
bypass in the EGS on its environmental and economic performance. The
main characteristics of the diesel 6L20:

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;

nominal output Nenom=1200 kW;

specific fuel oil consumption — 0.193 kg/(kW-h).
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A principle diagram of the Wartsila EWG ship diesel 6120 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. Using
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 Gz and quantities gas entering the bypass G, in addition
to T/C. This makes it possible to calculate the degree of bypass gases

2
NOy

gases from the
turbocharger

e

gases from
diesel cylinders

gases to the
turbocharger

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

1) =%~100°/
EWG G 0. (l)

)

The concentration of NOx in the exhaust gases was determined at point
2 using a Testo350XL gas analyzer. During the experiment, using ship's
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measuring instruments (a flow meter installed on the main line supplying
fuel to high-pressure fuel pumps and a timer) the specific fuel oil consump-
tion (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 0.55Nenom, 0.67 Nenom, 0.74Nenom,
0.83 Nenom. 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 in-
volved in the experiment, and the diesel engine on which the studies were
conducted was operated at a constant load. In addition, during the experi-
ment 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 bypass
valve (position 4 in Fig. 2), initially at point 1, the total gas flow rate Gz,
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 bypass
was calculated using formula (1). Further measurements were carried out
according to two schemes (Fig. 3)

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 determined and
SFOC, for example, at a constant value of dewc=9.6 % and different oper-
ating values of N., corresponding to 55, 67, 74, 83 % from rated power;
then the position of the bypass valve has been changed (6ewc=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;
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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.nom and different values of EWG (8ewc=9.6, 8,1, 6.0,
3.8 %); further, the load on the diesel engine was changed (0.55Nenom,
0.67 Nenom, 0.74Nenom) and for each value in the specified range, the position
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 results
are summarized in Table. 1 and presented in Fig. 4.

Table. 1 Experiment results

SEWG Emission NOx, g/(kW-h) SFOC, g/(kW-h)
at engine load at engine load

>

% 55% | 67% | 7T4% | 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 | 198,9 | 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 | 192,5
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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 — OEwG=0; 1 — OEWG=9,6 %; 2 — OEWG=8,1 %; 3 — OEWG=6,0 %; 4 —
SEWG=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 pro-
vides the bypass of exhaust gases in the cylinder in the range of 0...10 %
of their total volume directly to the exhaust pipe without using 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)Nenom using the
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 maximum load
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on the diesel engine (in the experiments performed, 9.6 % and 0.83Nenom
respectively);

3) the use of the EWG system changes the stoichiometric fuel-air ratio,
which lead an increase of the SFOC;

4) for diesel operation modes approximate to the nominal (in the con-
ducted studies, 74...83 % of the nominal diesel power) using exhaust by-
pass gases, the increase in the SFOC is 0.8...1.9 g/(kW-h) or in relative
values 0f 0,26...1.05 %; at the same time, taking into account the maximum
reduction of NOx emissions in these operating modes, namely the im-
provement of the environmental performance of a diesel engine is a pre-
vailing 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 envi-
ronmental requirements for marine diesel engines;

5) on loads (0.55...0.67)Nenom increasing of fuel consumption when us-
ing the EWG system can reach 1.83...2.52 %; considering that in this var-
iation of loads, the use of EWG provides a reduction in NOx emissions 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 per-
formance of a diesel engine. Despite the increasing in specific fuel con-
sumption, the use of the EWG system can be recommended in special ar-
eas 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 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 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 relationship for
practical purposes.

Keywords: friction, texture orientation, steel, copper, coating, quality

At present the development and use of energy-saving technologies for
improving the wear resistance of parts and restoring their performance
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 re-
quirements 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-inten-
sive and metal-consuming operations is one of the ways to solve the prob-
lem 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 (cop-
per or copper-containing alloys) is pressed with a certain force to the sur-
face of the workpiece, which must first be preliminary degreased and lu-
bricated 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 coat-
ing 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 pro-
cess of frictional filming.

The task of the study was to determine the optimal process of applying
a copper film, depending on the orientation of the texture of the base.

It should be immediately pointed out that the process of frictional dep-
osition 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
reflects 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 work-
pieces and without taking into account the shear strains already existing in
the direction. As a result, shear strain reorientation occurs. With the fric-
tional deposition of a copper film, the process of their formation 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 engineer-
ing reverse means going in or turning toward the direction opposite to that
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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 chang-
ing to the reverse direction of motion. It often occurs while assembling
machine components in a production environment, where attention is not
paid to the direction of shear deformation resulting from machining. How-
ever, 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 copper
film applied by the friction method in the direction of the structure and
against the structure of the preliminary treatment. All other conditions
were accepted. To eliminate the influence of the orientation of roughness
or traces of processing, they were removed by applying transverse move-
ments 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 ap-
plying 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
CuSn12 (12% Stannum, the rest is copper) and the active medium, a cop-
per film was applied according to the processing structure (Fig. 2.b) and
against (Fig. 2, ¢) with fixing of time when copper began to form or trans-
fer 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 turn-
ing; 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-occur-
rence by applying the method of exoelectron emission, in which the
change in the area of steel coating with copper (Fig. 5).

Fr
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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 direction
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 process
and can be used for practical purposes without difficulty.
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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 combus-
tion process. During the combustion of fuel due to the appearance of vari-
ous intermediate chemical compounds, for example, spirits, small addi-
tions of water can lead to an improvement in the quality of the combustion
process. The presence of water in the fuel increases the degree of disper-
sion of the torch. In combustion products, water can reduce the concentra-
tion 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 com-
bustion process of flooded fuel under the vessel’s working conditions. Ul-
timately, 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 prep-
aration circuit. It consists of basic elements — hydraulic lines, pump equip-
ment, filtration system and fuel separation. Depending on the design 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 — evenly
distributed per unit volume. Its quantity is determined by the natural com-
position 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 vessel’s naviga-
tion, 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. Usu-
ally they include calcium sulphate and aluminosilicate. When analyzing
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 conditions, the
main sources of its occurrence can be divided into: atmospheric, 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 mois-
ture 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 technological
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 countries 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, regardless
of its design. The uncontrolled entry of water into marine diesel fuel occurs
due to the occurrence of various mechanical damages at the junction sec-
tions 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 increas-
ing to the limit values corresponding to the flash point.

In [5], it was shown that the nature of the temperature values distribu-
tion over the cross section of a submerged jet is qualitatively completely
identical to the nature of the velocity distribution in the same section. As
the distance from the nozzle outlet increases, the excess temperature 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 spa-
tial shape of the jet is axisymmetric. In outer direction from the nozzle
current radius of its conical flame can be calculated by the expression [5]

r=kx (1)
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where k —empirical coefficient characterizing the increase in the thick-
ness 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 velocity
dip on the axis of an axisymmetric wake can be determined from the ex-
pression [5]

2

Voo =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 sec-
tions of a moving turbulent jet coincide with the temperature profiles in
similar sections. In other words, the distribution of the water component
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 combines
a whole range of complex physical processes. In comparison with the com-
bustion process of usual diesel fuel at the moment of initial ignition 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 advantage com-
pared with the case of usual diesel fuel burning. When moving in a jet, the
emulsion is characterized by a different fractional composition. In accord-
ance 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.

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 di-
ameter of droplets after the qualitative spraying of the water—fuel emulsion
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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 burn-
out time of a single drop of the fuel. This value is determined by Sreznev-
sky’s law and has a form of dependence between the velocity on the square
of the droplet’s diameter

L i - dl) (5)
p

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;

(6)
and the breaking of hydrogen bonds, which is characterized by the release
of energy. The released atomic hydrogen H is subsequently burned. This
saves fuel and has a positive effect on the thermal stability of the combus-
tion process of a water-fuel emulsion.

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 pro-
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motes the combustion of hydrogen with the release of energy, which com-
pletely compensates for the spending of heat for the initial dissociation of
water. The hydrogen heat of combustion in terms of fuel mass unit is three
times greater than the equivalent value for diesel fuel. However, the com-
bustion 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 implementation
of a new technology for the preparation and combustion of water-fuel
emulsions. Such technology, when integrated into the circuit of prepara-
tion of fuel on a ship, will allow to receive and use water-fuel emulsions
during the operation of the ship’s main engine without reducing 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 technical
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 tech-
nical 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 indicators 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 physical
process. At high speeds of movement due to the conversion of kinetic en-
ergy, it is possible by means of mechanical way to achieve a change in the
structure and properties of multiphase media. Mechanical mixing at high
speeds can lead to the transfer of external moisture in the fuel to the inter-
nal one. The resulting emulsion will be characterized by a uniformly dis-
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tributed structure and resistance to delamination. The burning characteris-
tics 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 prac-
tical 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 rea-
son, in the course of research, the emulsion was previously prepared using
two variants of mechanical mixing. In the first case, ultrasonic vibration
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 intensi-
fication of the mixing process occurred.

The difference between the vibration and mechanical methods of pre-
paring a water-fuel emulsion was manifested in the quality of the resulting
mixture. In the case of ultrasonic preparation, an almost single-phase lig-
uid 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 operation.
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 Coso load=0.86, not less than 92%; type of con-
nected transducers - magnetostrictive.

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
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closed was carried out by the centrifugal pump 4. The diameter of the pipe-
line was 50 mm. Single-stage pump designed for pumping bilge water of
the ship, brand DESMI (Denmark) the NSA series had characteristics: per-
formance 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 circuit, 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 preliminary preparation,
it is possible to obtain any concentration of water and fuel in the resulting
emulsion.
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Figure 2. Hydraulic circuit diagram
1 - closed pipe contour; 2 - fuel dispenser; 3 - water dispenser; 4 - pump; 5 - au-
tomatic 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

N==" (8)

where O and H — dimensionless coefficients of pressure and pump per-
formance; 1 — efficiency factor of the pump.
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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 107 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 open-
ings 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 turbulence
along the line reproducing the contour of the blade. At the stage of prelim-
inary 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

j, Y, = f(x,), i=12 .., ((N+])

X, :I—Sin"(ﬂl

-1
N
)

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 taken
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 developed.
It is shown in Figure 3. With its use in experiments, the minimum temper-
ature when the mixture of fuel and water can ignite and burn steadily was
measured. It was determined depending on the different values of the vol-
ume concentration of water in the emulsion. The technological 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 in-
stalled piston 3 water-fuel emulsion 4 in liquid form is fed to the combus-
tion. The speed of rod 2 movement allowed to adjust the value of the work-
ing mixture mass flow rate.
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Figure 3. Experimental plant
1—cylindrical channel; 2—rod; 3—piston; 4—water-fuel emulsion; 5—noz-
zle for heating water fuel emulsion; 6—combustion chamber; 7—filament; 8—gase-
ous 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 var-
1able 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 tempera-
ture, which corresponds to the current concentration of water in the fuel.
Depending on the size of the combustion chamber 6, the height of the noz-
zle 5 has been changing and had dimensions N, = 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 con-
trolling the degree of its heating, the heat flux with different values of heat
output was transmitted through the walls in the annular space 8. This area
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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 ther-
mocouples. 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 thermo-
couple corresponded to the upper point of the combustion chamber 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 outflowing
gaseous jet. The emergence of a stable flame torch and the subsequent ab-
sence of its breakdowns indicated the stability of the combustion 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 vessel’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 Diesel
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 diesel
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 reproducibility,
a series of experiments was carried out using three different 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 values were un-
changed. 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 installed 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 thermocouples, it occurred within the
absolute error of 1,7 %. The main explanation for this difference may be
the fact of non-uniform heating — temperature stratification of the material
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of the walls of the working chamber along its height, since in this part it
was not heated using a heating element.

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 emulsion
are shown in Figure 6. The graph shows that an increase in the concentra-
tion of the water component in the emulsion led to a change in the flow-
rate. This change was not permanent. The worst-case scenario corresponds
to the modes of the vessel when there is little load on the main engine of
the vessel. In this case, the addition of the water component did not lead
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to fuel economy, since, with its maximum value equal to 15 %, the con-
sumption 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 consumption com-
pared 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 measurement 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 gases,
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 An-
alyzer. Installation of its primary processing unit was carried out inside the
ship’s chimney. The distance between the place of its allocation and the
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output section according to the manufacturer’s technical installation spec-
ification 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 emulsion
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 reducing
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 OC. This indi-
cator is very high and shows the prospects of the use of water-fuel emul-
sions under the vessel’s working conditions.

In the experiments, there was evaluated the influence of the water con-
centration in the emulsion on the concentration of carbon monoxide CO,
oxygen O, and carbon dioxide CO; in the flue gases. By analogy, the pos-
itive 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.



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 244

T,.,'C
140
130
120
110
100

90

80
0 2 4 6 8 10 12 14 Ce %

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 CO»; 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 vessel. Recalcu-
lation of the calorific value of the emulsion from MJ to kWh is carried out
as 1IMJ =0.278 kWh. This ratio shows that the measurement 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 engine 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 recalcula-
tion. 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 becomes 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 ap-
pears. 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
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the course of the vessel in this load mode onto the main engine a consump-
tion of the fuel was reduced by 13,42 % or in real units of measurement 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 op-
eration 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 (
NOy). The content of the latter is regulated by IMO regulations and maxi-
mum 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 oxides
(NOxy) in the cylinder of internal combustion engines is carried out. There
are following processes distinguished: main — thermal, including the ex-
tended Zeldovich mechanism of nitric oxide formation of NO from atmos-
pheric 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 con-
tained 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 NOy formation have low accuracy
and require additional configuration for specific applications. It is sug-
gested to consider the possibility of applying statistical models of NOj for-
mation. It is performed statistical analysis of experimental data using re-
gression analysis. Regression equations of the second order with various
options of interaction factors were obtained. The best predictive qualities
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posess a second order model with a nonlinear conversion function 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 pro-
cess are considered: thermal, "prompt", fuel, NoO mechanisms. At calcu-
lation 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 processing
experimental data is proving.

Initial data for the statistical analysis are prepared. Regression depend-
ences of speed of nitrogen oxides formation are received from defining
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) during
period 2017 - 2030 expected mid-annual growth of sea transportations will
make 3 -4 % [19, p.16, Table 1.11].

At ship power installations (SPI) operation, the main and auxiliary die-
sel 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 environmen-
tal performance of the SPI is the study and modelling of formation mech-
anism 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, hydrocar-
bons, aldehydes, soot). Toxic components of the second group - oxides of
nitrogen NOy and sulfur SOy are formed as a result of full oxidation of the
chemical elements which are a part of fuel and air [6].
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The basic toxic component of SPI exhaust gases without dependence
from type, dimensions and design features are nitrogen oxides NOx. 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. NOy 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.

NOy emissions, g/kWh
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Fig.1. IMO requirements to ship diesel engines NOx 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 (N0, N2O2, N>Os, N2Os) 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 con-
ditions nitrogen monooxide NO is oxidized up to dioxide NO; during 0,5
+100 hours depending on concentration in air [2].
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Mechanisms of formation NOy in SPI, thermal nitrogen oxides.
J.B.Zeldovich [3, p. 36] substantiated thermal character of the mecha-

O+N, <> NO+ N -1965001J;
N+0O, <> NO+0+16720J.

nism 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 tem-
perature, 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.La-
voi [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, [Oz], [N2] - equilibrium
concentration of oxygen and nitrogen at current pressure and temperature.
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 dan-
ger of reception of the inexact results, connected with errors of experi-
mental definition or an unsuccessful choice of available constants of reac-
tions 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 formation
"prompt" NO in front of a flame essentially differs from those for thermal
NO and for the first time is described by C.P. Fenimore [13]. In the further
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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 inter-
mediate 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 reac-
tion with radical N - as a result NO forms very quickly. In diesel engines
the share of “prompt” NO among all emissions NOy is rather insignificant
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
(0,1mm) [16, p. 572], at rotation frequency n = 1000 rev/min) and the small
period of time (for example, T = =10+50 ps or ¢ = 0,1+0,3° crankshaft
rotation angle (CRA) for front of a flame passage and CH radicals exist-
ence [1, p.6, 7].

Fuel nitrogen oxides. Transformation of the nitrogen, containing in
light and gaseous fuel, in nitrogenoxides at combustion in transport diesel
engines practically does not play a role, as fuel for these engines, in opin-
ion Kavtaradze Z.R and Kavtaradze R.Z. [4, p. 68], almost does not con-
tain some the connected nitrogen. Some other approach to fuel nitrogenox-
ides contains in A.S.Loskutova's and G.A.Weisser [8; 21, ctp.38, 39] dis-
sertational works - as usual, in fuel, used in ship diesel engines, the con-
tents 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 connec-
tion with the big difference in the contents of nitrogen in heavy fuels, re-
ceived 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 for-
mation, 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 NOx
(including usage one-, two -, and multi-zone models of combustion cham-
ber), 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 mecha-
nism, 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 phenom-
enon 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 tem-
perature in the cylinder and the NO content for the two variant of data 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 be-
tween 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; rota-
tion frequency - 1200 rpm, the charged air pressure - 0.14 MPa; mean in-
dicated 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 parameter
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 for-
mation

The ultimate goal of the analysis was to obtain the objective function
VNO=f (T, R, VO3, 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].
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To set the parameters of the statistical processing two tables are com-
posed: one for the initial phase of the process —to the maximum reaction
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 refers

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 sep-
arately for the data of each table (tab.1, tab.2) using the technique of
polynomial regression of second order STATISTICA with and with-
out taking into account the effects of cross-factor interaction of the
first order between the factors T-P, T-VO,, P-VNo.
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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 sep-
arately for each table.

In the record of the results obtained in STATISTICA, the original tran-
scription of the character symbols and table design. In particular, the ex-
ponentiation indicated by “T”2”. For each option the basic statistics of the
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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)
Slav Dgr. Dogfr )
e . . of
Var- Multi-|Multi-| Cor- S |free-| MS SS free- MS
) ple | ple [rected Resid-|dom |Resid-| F P
iabl Model| dom [Model
o R R2 | R2 Mod uval | Re- | ual
ol sid-
ual
VN 0.9999(0.9998/0.9987|1665.6 3 208.20[0.2275 1 0.2275914.90(0.0255
O| 3 6 7 0 0 6 6 8 6

Table 4. Additional statistics regression VNO equations of the second order

(sectionl)
Univariate significance tests for VNO (Up to max)
Sigma restricted parameterization.
Hypotheses decomposition
Effect
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 4.42014 | 19.42370 | 0.142044
PA2 6.52554 1 6.52554 | 28.67564 | 0.118252
"VN,” 2.23240 1 2.23240 | 9.81000 | 0.196744
"VNR”A2 6.44429 1 6.44429 | 28.31858 | 0.118252
"VOy” 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 295%] +95% VNO [-95%]+95%
Pvi\lrcri Std. VI:IO VNO Conf.| Conf. \]/3'NtO Std. |Conf.| Conf.
aram.| g P int. | int. €@\ B2 | int. | int.
Free |597.67/83.102|7.191{0.0879| , 5 ,[1653.5
term | 29 | 65 | 98 | 54 2l 0
46
T |22.825 7'4550 3.082 0'119697 116.9|71.265|4.278 1'338979 21.91 135?)57
2 33 16 1 36
0.1883|3.547(0.1749 3.850(1.0853| . © |17.641
2 |0.6678| 138 | FodT |0 (T 7040 3,059 3520|108 9.%40 3
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 -

P2 [0.0126 007 7> H 01 Lo 017) 0.042 | 10|18 8.7631 s
VN2 o0 2'29697 3.132 0'1&67 35.95(21.731/10.80 3":%5512 54.66 33;;42
: 09 0 97 25
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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 value
allows us to compare the contributions of each predictor in the prediction
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 val-
ues 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
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*"V0,"-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 sec-
tor 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 max-
imum 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 16.258 145 | 142 65 17.9
4 | 1.322797968 21.028 15.5 | 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 1 0.567026366 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 transfor-
mation (logarithm ) function (VNO). Similarly used the above approach
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 regression equa-
tion (second order) with subsequent potentiation. We also consider the op-
tion 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," 72-2.1415420 * "VO," 4+ .094858083 * "VO," 2.

Statistics of the presented equation are given in tables.7,8,9. For other
variants of the analysis these parameters are close here again and are omit-
ted here.

Table 7. Statistics of the equation of increase Log VNO excluding cross-factor
interaction

Univariate significance tests for Log VNO

(Log power 2)
Effect Degrees
SS of MS F p
freedom

Free term | 0.915843 1 0.915843 | 0.527129 | 0.600211

T 0.280463 0.280463 | 0.161425 | 0.756787
"2 0.264674 0.264674 | 0.152238 | 0.763101
P 2.760132 2.760132 | 1.588641 | 0.426979

PA2 2.856137
"VN;” | 0.059809
"VN”2 | 0.037257
"VO,” | 0.118333
"VO”2 | 0.101784
Err 1.737416

2.856137 | 1.643899 | 0.421691
0.059809 | 0.034424 | 0.883211
0.037257 | 0.021444 | 0.907433
0.118333 | 0.068108 | 0.837482
0.101784 | 0.058584 | 0.848820
1.737416

it | e [t | [t | | | | =
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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 |[LogVNd -95.00% |+95.00% [LogVNd LogVNO | -95.00% |+95.00
Param. Std. err. t P Conf. int. |Conf. int.| Beta |Std. err.2|Conf. int.| %
Conf.
Effect int.
Freeterm | 16671 | 20960 | -0.7260 0’200 -3084.3 | 2750.9
8.221 20.461 0.401 |0.756 268.2 |6.008 [ 14.9552|-184.01 |196.0
T 7 78 -251.76 0 7 3
-0.203 0.5203 -0.3903 |0.763 6405 |- 11.6948 | -153.16 | 144.0
™2 10 -6.81 4.564 3
6
2.113 1.6794 1.2604 |0.426 23.45 18.82 | 14.9372 | -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
“VNy” 21 -80.85 6 6.899 2
8
N2 0.010 0.0677 0.1464 2.3907 0.85 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
“WO, A2 0.095 0.3919 0.242 |0.848 4.89 5.075 |3.878 16.0241|-199.72 |207.4
0 82 5 8
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)
Depend. . . Dgr.of Dgr.of | M
Verohle MultiplelMultiple|Correct.|  SS oaom| MS | 8| B0 Resisd_ .
R R2 R2 | Model Model |Residual . p
Model Residual | ual
Log VNO|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 transformation
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 re-
sult 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 | 34.899 21.472
6 | 25142 | 17.556 25.142
1 0 0 0
2 3.69 0.61 3.69
3| 24.06 176.016 24.06
4| 4428 18.164 44.28

The analysis of values after maximum LogVNO with preliminary non-
linear 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," £2-.04479961 * "VO," + .013469301 * "VO," "2

For the same data including cross-factor interaction the next expres-
sion 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-fac-
tor interaction (CFI) in prognostic properties of stochastic model improve-
ment.

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 vari-
ous variants of regression equations has revealed the best variant. It has
appeared nonlinear transformation of criterion function including cross-
factor interaction of independent variables.
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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 important
scientific and practical problems. The search of the technical solutions
for the increasing of the reliability of the STT details’ conjugation is a
topical issue during the ship systems’ design and utilization. The de-
manded 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 maintenance and re-
pair, 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 temperature
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 deter-
mines the necessity to development and research the new methods of sur-
face hardening, which include the method of deforming cutting (DC). The
distribution of micro-hardness in the surface layer formed during DC pro-
cessing [3] is studied, since one of the factors affecting the wear resistance
of friction surfaces is the distribution of microhardness on the friction sur-
face.

In this study, the experimental data characterizing the dependence of
the roughness (a) and waviness (b) on the radius of the deforming element
at V= 1.08 m/s; S = 0.08 *10-3 m/o; P=98.1 N are obtained. Processed
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 ele-
ment, 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 partic-
ular, during the repair of the ship machinery, especially heavy marine die-
sel 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 applied:
machining - turning, roughing, semi-finishing, finishing and super-finish-
ing.

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 pol-
yhedra 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 processing
[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 angles, 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 continuous
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 addition, it is nec-
essary 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 neces-
sary to have a special compartment for the preparation and distribution 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 introduction
in the future is the cause of wear of the future details’ mating surfaces.
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, firstly,
stress concentrators, and, secondly, they create microchannels, looseness
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 machine
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 between the
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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 relative 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:

L
il 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 transverse
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.
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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 necessary
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 maintained. If this
condition is not sustained, the contact of the deforming element 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 section.
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 am’
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< )



2018 — Ne 38 CyOHo6i enepeemuyti YyCmMaHo8Ku 274

With fine boring on diamond boring machines 2706 and 2705, as
shown in [2], the calculated value of the relative harmonic oscillation’s fre-
quency of the system x corresponds to 395 1/s.

The speed depends on the processing speed and is calculated by the
formula:

. 7n
n=—
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=———
30

The wavelength 4 depends on the value of the fractional remainder of
the ratio

=55¢""

X .
frequency — , 1.€.
n

X _W+W|_395_7+1_W|_1
n 55 6" 6
| 1
Then A=—==>=6;
|
¢ 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:

A (6-0,08)
T 47%a 4-3,14-0,0015

If the ratio of the frequency of harmonic relative motion to the number
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 expres-
sion

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 geometrically
correct circle and the real surface.
H= Amax + h;
Anmax 1s the amplitude of the relative oscillation with respect to the geo-
metrically 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 (A = 2Ry c057)

R=R, +
2 Ay, + Ry (1- cos‘;‘)]

Expressing a/2 through the ratio of frequencies x/n 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 Ama, X, n for the machining di-
ameter of 0.06 m in the formula (6), we determine the radius of the deform-
ing element to crumple the irregularities in the cross section perpendicular
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 ele-
ment for crushing irregularities in the transverse section (with a sufficiently
large value of Amax) is much larger than the radius of the longitudinal 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 expected
to decrease, since the ball, smoothing the tops of the waves, fills only to
some extent the depressions. Therefore, the roughness of the treated 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

[ Ra: H,

T_M;; \ ] MKM l\
=
SN 4
\ |
2805 3
o | 2 ™~
S
=
Sotas :

2 3 4 5T 1 2 3 4 5 tih

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 Rey=2,4*10"m
b)ironed with Rep=3*10"m

The initial surface roughness corresponded to 2.5. According to the re-
search results, the graphs of the dependence of the roughness (a) and wav-
iness (b) on the radius of the deforming element are plotted and presented
in figure 5.

From Fig.5 it follows that reducing the radius of the deforming element
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). In-
creasing the radius of the identer to 5*10° m leads to a deterioration 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 allows
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 strin-
gent requirements for the surface waviness, it is necessary to conduct pro-
cessing with an increased radius of the deforming element.
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PE®EPATHU
YK 621.165226
Ab6onewxin C. €., I'apaeyrs b. A. Ontumizanis poOo4nX MmapamerpiB CyAHOBOL
yTuITi3aniiHol mapoBoi TypOiHu

[Torck TeXHUYECKHMX PELICHHIA HAITPABICHHBIX HA MOBBIIICHUE HAICK-
HOCTH CYJIOBBIX IIAPOBBIX TYPOUH (B YACTHOCTH YTHUIIN3AIIMOHHHBIX ), YACTh
mpolecca paclInpeHusl B KOTOPBIX JISKUT B BYX(a3HOH 30HE (BIaXKHOTO
napa) sSiBJsIeTCS aKTyaJlbHbIM BOIIPOCOM JKCIUTyaTalluk CYA0BBIX SHEPIeTH-
YECKUX YCTaHOBOK. /[0 HACTOSIIIEro BpeMEHHU Ha BCE MPAKTHYECUK BaKHBIC
3a]a4i MEXaHUKHU IBYX(B3HBIX CpPell PElIeHbI B MTOJTHOM Mepe.

OcTaroTCst OTKPBITBIMU BOIPOCHI ONTHMHU3AIMU PEIETOK 1 (HOopM Tpo-
TOYHBIX YacTed TypOWH, paboTarommx Ha BIaKHOM nape. He MeHee Bax-
HBIM B 9TOH CBSI3M SIBJISIETCS MPABUIIMHBIA BBIOOpP MapaMeTpoB U pacrpere-
JIEHWE TEIIIONEepenaaoB 1Mo CTYNEHsIM TypOUHBI.

HayuHo-uccnenoBarensckue pabOTBl B 00JaCTH BIa)KHO-TIAPOBBIX
TypOWH TOKa3bIBAIOT HEOOXOAUMOCTh BBIPAOOTKH KOHKPETHBIX PEKOMEH-
nanuit no Haubonee 3G HEeKTUBHOM (C TOUKU 3peHHS TOTEPb SHEPTHH U 3PO-
3MOHHOTO U3HOCA pabOUMX JIOMATOK) HMX SKCIUTyaTalliH.

Lenbio HaCTOSIIEr0 MCCIIEAOBaHMs SBJIsIETCS BbIpaboTKa peKoMeH 1a-
IUii TI0 ONTHMAILHOMY BBIOOPY MapaMeTPOB CTYIEHEH MapoBbIX TYpOUH,
paboTarOIIMX Ha BIAXKHOM Mape.

Pe3ynbTaThl POBEACHHOrO aHANM3a BIUSHUS HAYAJBHOTO JIABJICHHUSI
napa B MOCIETHHUX CTYIMEHSIX BIIa)KHOMAPOBBIX CYIOBBIX TYpOMH MO3BO-
JSI0T M30eKaTh HEONArONPUSATHBIX (C TOYKU 3PEHHS KOHEYHOW BIaXKHO-
CTH) PSKUMOB pabOThI M TEM CaMbIM MTOBBICUTh UX IKOHOMHUYHOCTb U 3PO-
3MOHHYIO HaJIGKHOCTb.

Haunbonee S5KOHOMUYHBIM PEXUMOM PaOOTHI JJIsl yTHIIM3aIMOHHBIX T1a-
POBBIX TYpOWH, HCIOB3YIOMIMX HU3KOMOTEHI[HAILHOE TEIIO 0TpadoTaB-
IIMX Ta30B U paboTaloMmKUX B 00JACTH BJIAXKHOTO Tapa CO 3HAYUTEIHHOM
CTETIEHBIO BIYKHOCTH SIBJISIETCSI PSKUM IIPH JaBJICHHM Mapa Ha BXOJE B
Typbuny okoio 0,7 mIla. YBenuueHne 3Toro qaBieHust BEJET K CyIeCTBEH-
HOMY YBEJIMYEHHIO BJIaXXHOCTH W, BCEACTBHE 13TOro, cHibkeHuto KIIJI.
YnMmensmenue nasnenus Meree 0,6 mlla cymecrsenno otpaxaercs Ha KITJ]
TypOWHBI B CBSI3U C YMEHBIIEHHEM PACIoiaraeMoro Terjonepenana, yTo
JiefiaeT MPUMEHEHHEe YTHIIN3allMOHHBIX TYPOHH HellenecooOpa3HbIM.
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YK 621.165226

Ab6onewxin C. €., I'apaeyns B. A. OntuMizanist poOo4rX mapaMmeTpiB CyaHOBOT
yTuITi3aniiHol mapoBoi TypOiHu

MerTol0 TaHOTO JIOCIHI/PKEHHSI € BUPOOJICHHS! PEKOMEHAIll 3 ONTHMalIbHOTO
BHOOpY MapaMeTpiB CTYNEHIB MapOBUX TYpOiH, IO MPAIIOIOTH Ha BOJIOTIH mapi.

Pe3ysnpraT IpoBeAEHOTrO aHANI3Y J03BOJISIOTH YHUKHYTH HECHPHUSTIMBUX (3
TOYKH 30pY KiHIIEBOI BOJIOT'OCTI) PEXHMMIB pOOOTH 1 THM CaMMM IiIBUIIUTH iX KO-
HOMIYHICTB 1 epo3iliHy HaAiHHICTb.

Kmouosi coa: CY/THOBA TIAPOBA TYPEUHA, YTUIIBALIIMHA TYP-
BUHA, BOJIOTA TIAPA, 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
ONTUMATEHOMY BBIOOPY IMapaMeTpOB CTYIEHEH MapOBEIX TYPOUH, pabOTaONIMX Ha
BJIQYKHOM T1ape.

Pe3ynpTaThl MPOBEIEHHOTIO aHAIN3a TTO3BOJISIOT U30eKATh HEOJIATOMPUSITHBIX
(c TOUKM 3peHUS KOHEYHOM BIIAYKHOCTH) PEKUMOB PaOOTHI ¥ TEM CaMBIM TIOBBICUTH
UX SKOHOMHYHOCTh W DPO3UOHHYIO HAJIC)KHOCTb.

Knrouesnie cnora: CYJIOBASA TTAPOBAS TYPBUHA, YTUJIM3ALIMOH-
HBIN TYPBMHA, BJIAYKHBIN [TAP, SPO3UOHHA S HAJEXHOCTB.

YK 629.5.064.3
Agmaniox B.B., Apmaniox A.B., Janurenxo /[.B. MonenupoBaHue TuiponHa-
MUKH BHXPEBBIX JIEMEHTOB KOMOMHHUPOBAHHOTO CKpyOOepa

B craThe HpEACTABICHO YHCICHHOE MOJEIHPOBAHHE BUXPEBOTO 3JIEMEHTA
KOMOWHHUPOBAHHOTO CKpy0OOepa /s OYUCTKH 3arps3HeHHBIX ra3oB oT SOy, Bbie-
JsIeMbIX B atMoc(hepy CyJIOBBIMH JBUrATEIIMU. [ MOACTUPOBAHUS ad3po/IHHA-
MHKH ObUTa pazpaboTaHa TBEpJOTENbHAS MO BUXPEBOTO JIEMEHTA BCTPOCH-
Has B CIICIUATbHBIN BUPTYANbHBIA SKCIIEPUMEHTANIbHBIN CTeH . Pe3yapTaTsl Mo-
JIENUPOBAHMS [TO3BOJIIIN ONPEACIIUT PACIPEEICHAE CKOPOCTEH U JaBJIeHUH B
BUXPEBOM 3JIeMEHTe CKpyOOepa. PaspaboraHHast MOIEIb MOXKET HCIIONB30BATHCS
KakK OTJeJIbHAs elUHHUIIA B 00Jee KPYIMHBIX MOJENAX CHCTEM OYHUCTKH, KOTOpbIE
BKJIFOYAIOT HECKOJIKO THITOB CKPYOOEpPOB TSl pa3IMYHBIX OTPACIICH MPOMBIIIICH-
HOCTH.
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KitroueBbie ci10Ba: CyIOBBIC CUCTEMBI OUHUCTKH BEIOPOCOB 0T SOy, TBEPIOTENb-
HBIE MOJIETIH CKpYyOOEpOB, YHCIEHHOE MOJIETMPOBAHNE I'a30BbIX TOTOKOB.

YK 629.5.064.3
Agmantox B.B., Apmaniox A.B., [{anunenxo /[.B. MonemoBaHHS TipOTUHAMIKH
BHUXPOBHX CJICMECHTIB KOMOIHOBAaHOT'O CKpyOepa

VY craTTi npencTaBiIeHo YMCceIbHE MOJICIIOBAHHS BUXPOBOTO eJleMeHTa KOMOi-
HOBAHOTO CKpyOepa JIjIsl OUUIICHHS 3a0pyaHeHuX ra3iB BiJl SOy, 0 BUAUISIOTHCS
B aTMOC(epy CyTHOBUMH JIBUTYHAMHU. [lJI1s1 MOJIeTIOBaHHS aepoMHaMiKH Oyia po-
3pobiieHa TBEpO-TiIbHA MOJIENIb BUXPOBOTO eJIeMEHTa BOY/I0OBaHa B CIIeLlialbHUN
BIpTyaJIbHUH €KCIIepUMEHTAIbHNN CTeH . Pe3ynbraTn MonenoBaHHS A03BOIMIN
BHU3HAYUTHU PO3IIOJIIT MIBUAKOCTEH 1 TUCKIB B BUXPOBOMY €JIEMEHTI cKpyOepa. Po-
3pobJieHa MOIENb MOXKe BUKOPHCTOBYBATHCS SIK OKpeMa OIUHUI B OLTBIINX MO-
JIETISIX CHCTEM OYMINEHHS, SIKI BKJIIOYAIOTh KiJIbKa THITIB CKpYOepiB JuIsl Pi3HUX Ta-
JIy3€ei MPOMHCITOBOCTI.

KirouoBi cnoBa: cynHOBI cucTeMu ouniieHHs: BUKUAIB Bif SOx, TBEPIO-TiJIbHI
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 combined
scrubber for cleaning polluted gases from SOy 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 deter-
mine 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 scrub-
ber models, numerical simulation of gas flows.

YK 621.431.74

B.M Boeauy, FO.H. JJoéudenko, XapaKTepUCTUKHU TPOIICCY MAIICHHS ITHITiHAPO-
nopurHeBoi rpynu ABuryHiB RTA .

JlociimKeHHs! TPUCBSYEH] BUPILIEHHIO aKTyalbHOI MPUKIIAIHOI 3a/1a4i ITiABH-
IeHHs1 €()EeKTUBHOCTI eKCIUTyaTalii CyJJHOBHX JU3EJiB 32 paXyHOK YIOCKOHAJO-
BaHHS CHUCTEM 1 MPOIIECIB MAIllCHHS IWTiHIPiB. Y poOOTI BUKOHAHO aHAJI3 CTaHy
MIUTAHHS 110 JOCIIKYBaHid 1MpobieMi, B pe3ysbTaTi SKOro BH3HAYEHI OCHOBHI
HEJIOJTIKH ICHYFOUMX CHCTEM MalleHHs IuIiHapiB au3eniB RTA.

IIpoBezneHi excriepuMeHTANBHI JTOCIIIPKEHHS TI0 BUBYEHHIO MPOLECIB Mmoayi
MacTWiia B HWJIIHJAPH CYIHOBUX JBUTYHIB, IPY IbOMY BUKOPHCTaHI Cy4acHi Me-
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TOIU JIOCITI/PKEHB: ocuyiorpadyBaHHs i MBUAKICHA KiHO3lOMKa. Bu3HaueHo or-
TUMaJIbHy T€OMETPII0 KaHally, sika JI03BOJISIE MiJIBUIIUTH €(DEKTUBHOCTI BUKOPH-
CTaHHsI MacTUJIA 1 MONIMIINTH CTAaH U3€eIsl, IO € e(heKTUBHUM HAINpsIMKOM ITiIBU-
IIEHHSI eKOHOMIYHOCTI POOOTH CYTHOBHX JTU3EIIiB.

KnrouoBi cnoBa: cyaHOBHI AW3eNnb, CHCTeMa MalleHHs, TyOpuKaTop, MacTH-
JIOMIIBOJISIIINKA KaHaJl, TIPOIeC MacTHJIONOAAYi, HMIIIHIPOBA BTYINIKA, MOpIIEHb,
MOPIITHEBE KUIBIE, 3HOC, HArap.

YK 621.431.74

B.M Boeau, FO.H. /losudenko. XapakTepUCTHKH MPOIECca CMa3bIBAHUS ITBLITHH-
JIpo-TIopIIHEBOH rpymmy asurareneii RTA /

HccnenoBanusi TOCBSILEHBI PELICHWIO AaKTyalbHOW IPUKJIAIHOM 3a1a4u
MOBBIIIEHUS AP PEKTUBHOCTH AKCINTYaTallMK CYJIOBBIX JIU3€JIel MOCPEACTBOM CO-
BEPLIEHCTBOBAHUSI CHCTEM M IPOLIECCOB CMa3bIBaHMS IMJIMHIPOB. BrIonHeH aHa-
JIM3 COCTOSTHHS BOIIPOCa IO UCCIIeAyeMOol po0diieMe, B pe3ysIbTaTe Yero yCTaHOB-
JIEHbI OCHOBHBIE HEZIOCTATKH CYIECTBYIOLINX JIyOPUKAaTOPHBIX CHCTEM JUTMHHOXO-
noBeix auzenedt RTA. YcranoBieHo, 4yTO ynpaBiieHHE UCTEUEHUEM Macia B IU-
JIMHAPBI STHX JIBUTATEJIEH CYIIECTBYIONIUMU KOHCTPYKIUSIMH CUCTEM CMa3bIBaHUS
He 00ecTieuuBaeTCsl.

Pa3zpaborana MeTonyKa SKCIIEPUMEHTAIBHBIX HCCIEIOBAHUN 110 H3YYEHHUIO
TIPOLIECCOB MaCJIOMNO/Ia41 B IIMJIMH/IPHI CYJIOBBIX IBUTATEIEH B COOTBETCTBUH C KO-
TOPOH NPOBEIEHBI HCIIBITAHUS B JTAOOPATOPHBIX M B KCILTyaTallMOHHBIX YCIIOBHSX,
YTO IO3BOJIMJIO MOJYYUTH IMpeAcTaBiieHne 00 3((GeKTUBHOCTH (HYHKIIMOHUPOBA-
HUSI CHCTEM CMa3bIBaHMs HWIIMHIPOB. [IpH 3TOM HCIIONIB30BaHBI COBPEMEHHBIE Me-
TOJIBI ICCIIE/IOBAHMUH, BKIIIOUAIOIIUE B ce0s1 OCHMIIIOrpadupoBaHue U CKOPOCTHAS
KHHOChEMKa.

OnpeneneHbl XapaKTEPUCTHKH MpoLecca Maciollolaun, ¥ UX B3aUMOCBSI3b C
KOHCTPYKIIMEW MacJOIIOABOJISIINX YCTPOHCTB, BBISBICHBI HEJJOCTATKH, HalEHBI
1 000CHOBaHBI ITYTH COBEPILIEHCTBOBAHMUS CHCTEM CMa3bIBaHHS [MJIHH/IPOB.

KiroueBbie c10Ba: CyI0BOM TU3ENb, CHCTEMAa CMa3bIBAHMUS, JIYOPUKATOp, Mac-
JIONIOABO/ISIIIMK KaHaJl, TPOIIECC MAcIIONOAaYH, IIMIMHIPOBAas BTYJIKa, TOPIIEHB,
TIOPIITHEBOE KOJIBII0, U3HOCKI, 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 629.12+621.69

Tanan 1.C., Kosbmunux M.A.,Onvwamoscokuii B.C. Anani3 edekTUBHOCTI 3a-
CTOCYBaHHS Cy4aCHHX XOJIOJJMJIbHUX areHTiB B TPAHCIIOPTHUX XOJOAWIBHHUX yCTa-
HOBKax

VY cTaTTi po3IIISAAr0THCS aHali3 ePEKTUBHOCTI 3aCTOCYBaHHS CYyJacHHUX XOJIO-
JJIBHAX areHTiB B TPAHCIOPTHHUX XOJIOJWJIBHUX YCTaHOBKaxX. XOJOAWIBHI Ma-
IIMHA BUKOPUCTOBYIOTHCS JUISl TPAHCIOPTYBaHHS BAaHTaXiB, KOHAMIIOHYBaHHS
TIOBITps1, 30epexeHHs TPOBi3iiHIX 3anaciB cyaHa. ChOroIHi HaOIBII PO3MOBCIO-
JOKEHHUM XOJIONMJIBHUM areHTOM, SKWH MiJyIsarae moAajiblIiid 3aMiHi € Xolozoa-
redtT R134A.

V 3B'S13Ky 3 IIUM I10CTa€ TOCTPa HEOOX1THICTh JIOCIIDKEHHSI HOBUX XO0JIO/[0are-
HTIB, iX BJIaCTHBOCTEH Ta 1X BIUIMBY Ha EKCIUTyaTalliliHi ITOKa3HUKU XOJIOMMIBHIX
ycTaHOBOK J{J1s1 BUOOPY XOJIO/I0ATeHTIB, SIKi OYyIyTh ITOPIBHIOBATHCS PO3TIITHEMO
KJacudikaito albTepHATHBHUX XOJIO/I0Aar€HTIB.

Kurouosi csioBa: O30HOBHI 11ap, XONOAWIBHUN areHT, CyJHOBa XOJOAUIbHA
YCTaHOBKa, EKCILTyaTalliifHi ITOKa3HUKH, e(heKTUBHICTh 3aCTOCYBaHHSI.

VK 629.12+621.69
Tanan 1.C., Kosbmunux M.A.,Onvwamoscokuii B.C. Anani3 edekTUBHOCTI 3a-
CTOCYBaHHS CYyJYaCHUX XOJOMUIbHUX areHTiB B TPAHCHIOPTHHX XOMOAUIbHUX YCTa-
HOBKax

B cratbe paccMaTpuBaroTcs aHanu3 3G HeKTHBHOCTH MPUMEHEHHUST COBPEMEH-
HBIX XOJIOJIMJIbHBIX areHTOB B TPAHCIOPTHBIX XONOAMIIBHBIX YCTAHOBKAaX. XOJO-
JIAJIbHBIC MALIMHBI UCTIOIB3YIOTCS JUTS TPAHCIIOPTUPOBKHU IPY30B, KOHIHUIIMOHUDPO-
BaHMS BO3JyXa, COXpaHEHHE MPOBU3UOHHBIX 3amacoB cynHa. CeromHs Haubonee
pacnpocTpaHEHHBIM XOIOANIBHBIM areéHTOM,KOTOPBIi MOMICKUT TabHEHIIIeH 3a-
MeHe siBJsieTcs xianareHT R134A.

B cB#13U ¢ 3THM BO3HHKAET OCTpasi HEOOXOAUMOCTb HCCIIeJOBAHHUSI HOBBIX XJTa-
JIATEHTOB, WX CBOWCTB M MX BIMSIHUS HA SKCIUTyaTAl[HOHHBIC TIOKA3aTEeIH XOI0IHU-
JBbHBIX yCTaHOBOK Jlnisi BbIOOpa XJIaJar€HTOB, KOTOpbIe OYIyT CpaBHUBATHCS
pPaccMOTPUM KITaCCU(PUKALUIO ATbTEPHATHBHBIX XJ1aJar€HTOB.

KuaroueBnble ciioBa: O30HOBBIN CIION XJIaJareHT CyI0Bast XOMOIUIbHAS
YCTaHOBKA, SKCILTyaTallMOHHBIE TOKa3aTelH, 3PEKTUBHOCTh TPUMEHEHHS
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YK 629.12+621.69

Tanan 1.C., Kosbmunux M.A.,Onvwamoscokuii B.C. Anani3 edekTUBHOCTI 3a-
CTOCYBaHHS CYyJYaCHUX XOJOMUIbHUX areHTIB B TPAHCHIOPTHHX XONOAUIbHUX YCTa-
HOBKax

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 select
the refrigerants to be compared, consider the classification of alternative refriger-
ants

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

YK 621.426

3abnoyxuit FO.B. CHIKEHHE TEIUTOBOW HANPSHKEHHOCTH CYJOBBIX TU3ENEH 3a
CYET UCIIONIb30BAHUS MPUCAJIOK K TOIUIUBY

PaccMoTpeHs! pe3ynbTaThl MPUMEHEHHS IIPUCaIOK K CYJOBEIM MOTOPHBIM TOII-
nuBaM. VccrienoBaHusl BBINOJIHSIMNCH HA CYJAOBOM CPEIHEOOOPOTHOM JH3eie
6N21L ¢upmber Yanmar. B kauecTBe TOIUIMBA MCIIONB30BAJIOCH CYIOBOE TOIUIMBO
RME?25. B xauecTBe npucagky K TOIUIMBY — MPUCA/Ka, BKIIOYAIOIIAs B CBOM CO-
CTaB aKTHUBHBIE KHCJIOPOJ| COJEpXKalie TPYNIbl ¥ MOIU(PHUIMPOBAHHAS COISIMHU
JIETKUX METAJUIOB. BBIIO oKa3aHO, 4TO UCIOIb30BAHNE YKa3aHHOM PUCAIKH CIIO-
cobcrByer 4,1...8,2 % CHMKEHHIO TeMIlepaTypsl BBITYCKHBIX ra3oB. Kpome Toro,
Ha 46,2...58,3% cHmKaercs paccoryiiacoOBaHuEe 3HAUEHUS] TEMIIEPATyphl BBIMYCK-
HBIX Ta30B I10 OT/EJBHBIM HWJIMHIPAM OT €€ CPEIHEro 3HaueHus. DTO oOecredn-
BaeT BHIPABHMBAHME TEIJIOBOW HATPY3KH IO BCEM LWIIMHIpPAM JIU3ES M yMEHb-
IIaeT TEIJIOBYIO HANPSDKEHHOCTh. Takke ObUIO YCTaHOBIIEHO, YTO ITPU UCIIOJIB30-
BaHUM TOIUIMBHBIX IPHCA/JI0K BO3MOXHO JOCTHYb CHIDKEHHUS yHENbHOro 3ddek-
TUBHOT'O PacXoja TommBa ot 2,54 1o 6,46 % (B 3aBUCHMOCTH OT peKuMa pabOTHI
JTU3EIIS).

YK 621.426

3abroyvruii FO.B. 3HWKEHHS TEIJIOBOI HANPYXEHOCTI CYAHOBHX JW3EIIB 3a
PaxyHOK BUKOPUCTaHHS MPUCAJIOK JI0 aBa

Po3rmsiHyTH pe3ynbTaTi 3aCTOCYBaHHS MPHUCAIOK JI0 CYJHOBHUX MOTOPHHX Ia-
suB. JlocHiKeHHsS BUKOHYBAJIMCSI Ha CyJTHOBOMY CEpeIHbO-00€pTOBOMY AM3EINi
6N21L ¢ipmu Yanmar. Sk naarBo BUKOPUCTOBYBaJIOCS CyTHOBe naniBo RME25.
Sk mpucasika 10 majguBa — MpHCaJIKa, 1110 BKIFOYAE IO CBOTO CKJIaly aKTHBHI IPYIIH,
10 MICTATH KUCEHB 1 MOAH(DIKOBaHA COJIIMU JIETKAX METaliB. byno mokaszaHo, o
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BHUKOPUCTAHHSA 3a3HaueHoi npucaaxu cupuse 4,1...8,2 % 3HIKEHHIO TeMIepaTypu
BUIYCKHHUX ra3iB. KpiM Toro, Ha 46,2...58,3 % 3HIKYeThCS HEY3TrO/PKEHICTh 3Ha-
YEeHHs TEMIIEpPaTypH BHITYCKHHX Ta3iB 110 OKPEMHM LMIIIHAPaM Bif 1i cepeHbOoro
3HaveHHs. Lle 3abe3neuye BUPIBHIOBAHHS TEIUIOBOTO HaBAHTAa)KEHHS IO BCIM IH-
JHIpaM Ju3ens 1 3MEHIIye TEIUIOBY HANpYXXeHICTh. Takok OyJI0 BCTaHOBJIEHO,
110 IPY BUKOPUCTAHHI MaJIMBHUX MTPUCAIOK MOXIIUBO JOCSITTH 3HIKESHHSI TTUTOMO1
eQeKkTUBHOI BUTpaTH nanusa Bif 2,54 1o 6,46 % (B 3aJeKHOCTI BiJl peXHUMY poO-
00TH U3ens).

YK 621.426

Mayxkesuu /. B. BoccTaHOBIIEHHE PEOJIOTHUECKUX XapAKTEPUCTUK CMA30UHBIX
MaTepuasioB CyJOBBIX AU3eNei

JlokazaHa BO3MOKHOCTh BOCCTAHOBJIEHHSI PEOJIOTHYECKUX XapaKTEPHCTHK CY-
JIOBBIX MOTOPHBIX Macesl B TPAaHUYHBIX CMa304HbBIX CJIOSIX HETTOCPEACTBEHHO B TIPO-
Liecce IKCIUTYaTaliy JIBUTaTeNs M ero CMa304HON CHUCTeMbl. VCIibITaHus BBINO-
HSUTUCH B IIUPKYJISIIHOHHOW CMa30YHON CUCTEME CYJI0OBOTO CPEJHEOOOPOTHOTO JIH-
3emst S6A2 dupmsl Mitsubishi.

C noMomipo poTalioHHOI0 BUCKO3UMETpa ONPEIENIeH0, YTO T'PaHNYHBIE CMa-
304YHBIE CJIOH, ITPUJIETAIOIINE K METAJUTHUECKO TOBEPXHOCTH TPHAIbI TPEHHS KO-
JICHYATBIN BaJl — CMa30YHbIA MaTepHall — BKJIAIBIII MOALINITHAKA, Ooee BI3KHE, B
CBSI3H C TEM, UTO 00JIaJat0T OPUEHTALMOHHOM YIIOPsI04EHHOCTBIO MONeKyI. B pe-
3yJbTaTe MPOBENEHHBIX MCCIIEOBAHUN OBLIO YCTAHOBJIEHO, YTO BSA3KOCTH MOTOP-
HOT'O Macla, HaXOJSIIEroCsl B Y3KOM 3a30pe Mapbl TPEHUs BaJl — BKJIAJIBIIT TOA-
IIMITHAKA ¥ 00ECTIeurBAIOIIEr0 TPAaHUYHBINA PEXKUM TPEHHS, 3aBUCHT OT CKOPOCTH
C/IBUTA, TO €CTh NPOSIBIISIET «HEHBIOTOHOBCKOW) XapaKkTep TeUEHMUSI.

VY CTaHOBJIEHO, YTO PEOJIOTNUECKUE XapaKTePUCTUKHU Maciia B O0MIbIIOM 00beMe
U B TPaHUYHOM CMa30YHOM CJIO€ OTJIMYAIOTCS APYT OT Jpyra. B cocTostHuu mokost
BSI3KOCTh TPAHUYHOTO CMA304YHOTO 105 Ha 5...11% mpeBbIaer BI3KOCTh B 00JIb-
moMm obObeme. Hanoxxenue Ha TpUOOCOEIUHEHUE COBUIOBBIX HArpy30K CIIOCOO-
CTBYET YMEHBIICHUIO OPUEHTAIIMOHHOHN YIIOPS104E€HHOCTH MOJIEKYJI B TPAHUIHOM
MAacCJISTHOM CJIO€ U COOTBETCTBYIOIIEMY CHIKEHHUIO €T0 BS3KOCTH, KOTOPOE MOXKET
Jnocturats 5...7 %.

Pa3pa®oTaH METO/ BOCCTAHOBIICHUS PEOJIOTUUECKUX XapaKTePUCTUK, pearusy-
IONIMI SBJICHUE OPHEHTALMOHHOW YIOPSIIOYEHHOCTH MOJIEKYJ TPAaHHMYHOTO CIIOS
MacJja, 00ecIeunBaOMUA X HOPMAJIbHOE PACIOI0KEHUE OTHOCUTENIBHO IIOBEPX-
HOCTH BKJIAJIbIIIIA TTOJIINITHUKA KPUBOIIUITHO-IIATYHHOr0 Mexann3ma. Merox Oa-
3UpYeTCsl HA HAy9HO OOOCHOBAHHOM IIOJIOKEHHH O TOM, YTO PEOJIOTHYECKUE Xa-
PaKTEPUCTUKH CyJOBBIX MOTOPHBIX Macell B TPaHUYHOM CMa3049HOM CJIOE CBSI3aHBI
C €ro XUAKOKPUCTAIIMYECKUMH CBOMCTBAMH, TOITOMY MOT'YT BOCCTaHABIIMBATHCS
3a cyeT BO3JEUCTBUS Ha IIOCIIEIHHE.

DKCcHeprMEHTaNBHO JTI0KAa3aHO, YTO MyTeM ONTUMH3alui UHTEHCUBHOCTH I10-
TIOJTHEHHMS IUPKYJISIIMOHHON MACIISTHOM CHCTEMBI, a TAKKe 32 CUET UCTIONb30BaHHS
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MTOBEPXHOCTHO-aKTHBHBIX BEIIECTB, BO3MOXHO YIPABJIATH PEOTOTHYSCKUMH Xa-
PAKTEpUCTUKAMHU MAaCIa, YTO MPUBOMT K ITOBBIIICHUIO HAJCKHOCTH paOOTHI CY/I0-
BOTO JTU3EISI.

BHenpeHue pe3ynbTaToB UCCIIEA0BaHUS HA MOPCKUX CYJax CBUIETEIBCTBYET O
MOBBILIEHUH Ha 4,5...6 % 3KoHOMHUUYECKUX U Ha 6...7,5 % sHepreTuueckux nokasa-
TeJel Cy/IOBBIX JIU3€eNIeH, a TaK)Ke 00ecTiedrBaeT yIrydlleHHe TEXHHIECKOT0 COCTO-
SIHUSL TIOAIITUITHAKOB JIBHXKCHUS CYZOBOTO CPETHEOOOPOTHOTO TU3EIIS.

YK 532.133

Kupuc A. B., I'apaeyns b. A. Blade profiling for the final stages of powerful
ship’s steam turbines

PaccMOTpeHBI BO3MOXKHOCTH HCIOb30BAHUS OTHOCHTENBHO UTHHHBIX pado-
YHX JIOMATOK C JIBOSIKOBBIMYKIBIMU MPOGUISIMHU TSl TIOCTCAHUX CTyMEeHeH cyno-
BBIX MAPOBBIX TYpPOWH HHU3KOTO JABJICHUS B LIENSAX JOCTIXKCHHUsS HauOonee ONTH-
MAJTbHBIX UX a3POJUHAMHYECKUX M MPOYHOCTHBIX XapaKTEPHCTHK.

Kirouessie cioa: CYJIOBBIE TTAPOBBIE TYPBUHbBI, TTPO®NIIN PABO-
YuX JIOITATOK, TYPBMHA HU3KOI'O OJABJIEHU, ITOCJIEJHUE CTY-
IMEHU, ®OPMA JIOITATOK.

Examined possibility of using biconvex profiles in last ship-pressure steam tur-
bines with relatively long working blades to achieve the most optimal aerodynamic
aut strenght characteristics.

Key words: STEAM SHIP TURBINES, TURBINE BLADES, LOW-PRES-
SURE TURBINE, LAST STAGES BLADE PROFILES SHAPE.

Po3risiHyTO MOXKIIMBOCTI BUKOPUCTaHHS BiJHOCHO JIOBI'MX POOOYMX JIOMIATOK 3
JIBOOMYKJIUMH TIPOQIISAMH IJIsl OCTaHHIX CTYIEHIB CYIHOBHUX HapoOBUX TypOiH
HU3BKOTO THCKY 3 METOIO JIOCSTHEHHS HAHOULIBII ONTHMAaJbHUX IX aepomu-
HaMiYHHX 1 MIIIHICHUX XapaKTEepUCTHK.

Kirouosi cnoa: CYJHOBI ITAPOBI TYPBIHU, [TPO®LJII POBOYUX JIO-
IMATOK, TYPBMHA HU3bKOI TUCKY, OCTAHHI CTYIIEHU, ®OPMA JIO-
IMTATOK.

YK 621.436.1:532.135
Kosuyexuii C. B., Kipisn C. B., Illeeyw O. 1. IlopiBHSIHHS e()eKTUBHO-
cTi gemndepiB KpYyTHIBHUX KOJIMBaHb KOMIHYACTOTO Basly CYJHOBOI'O JAU-
3eNs P BUKOPUCTaHHI PiIUH 3 PI3HUMHU PEOIOTTYHUMH BIIACTHBOCTSIMH
[NopiBHsAHHS e(eKTHBHOCTI JIeMIipepiB KPYTHIBHUX KOJUBAaHb KOJIHYACTOTO
BaJIy CyJHOBOT'O JIM3€JIsI PY BUKOPUCTaHHI PiJIUH 3 PI3HUMH PEOJIOTIYHUMH BJIac-
THUBOCTAMU
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B pamkax 3akony OcTBajbia, KONM CHJa B'S3KOCTI MPOIOPIiiHA TpalieHTy
IIBHUKOCTI B CTyIEHs n (iHAEKC Tedii) MPOBEIEeHO pO3paxyHOK B’SI3KiCTHOTO JAEM-
nipepa KPYTHIBHUX KOJIMBaHb KOJIIHYACTOrO BaJla CyJJHOBOT'O JIBUTYHA.

3anpornoHoBaHa MOZENb PO3PaxyHKyY epeKTUBHOCTI ieMIiepa BpaxoBYe SK re-
OMETPHYHI apaMeTpH MIPUCTPOIO, TaK 1 PEOJIOTIUHI BIACTUBOCTI BUKOPHCTOBYBa-
HOI piJIMHH.

[TpoBeneHo MOpiBHAIBHUI aHaJi3 ePEKTUBHOCTI AeMI]epiB B 3aJI€KHOCTI Bij
BEIMYMHM 1HJEKCY Tedil BUKOPHCTOBYBaHOI piguHH. [lokazaHo, 10 HaiOiIbII
e(QEeKTUBHO BUKOPHCTOBYBATH JIMJIATAHTHI PiIMHHU, JUTS SKUX 1HJEKC Tedii epeBu-
LIy€ OJUHUINO - €PEKTUBHICTh TAKOro AeMIdepa 3pocTae 3 pOCTOM iHIEKCY Teuii
1 aMILTITyAM KPYTWIBHUX KOJMBAHb

Karouosi cioBa: nemiidep KpyTWIBHUX KOJNHMBAaHb, QUJIaTaHTa piJUHA, B'S3-
KiCTbh, PEOJIOrisl, IHAEKC Tedii, mapaMeTp eheKTHUBHOCTI.

YK 621.436.1:532.135

Kosuykuii C. B., Kupusin C. B., Illgey A. M. CpaBHeHune 3((eKTUBHOCTH JAEM-
nipepoB KPYTHIBHBIX KOJeOaHWH KOJIEHYAaTOro Baja CyJOBOTO JHU3EJs IPH HCIO-
JIb30BAHUH JKUJIKOCTEN C Pa3IMUHBIMH PEOJIOTHUECKUMH CBOMCTBAMHU

B pamkax 3akona OcTBajb/aa, KOr/ia cuiia BSI3KOCTH IPOIOPLUOHATIBHA TPaIH-
€HTY CKOPOCTH B CTENeHH n (MHAEKC TEYEHHs) IPOBEJCH PacdeT BSI3KOCTHOTO
nemMItepa KpyTHIBHBIX KOJIeOaHUH KOJIEHYATOr 0O Bajla CYI0BOTO IBUTATEIs.

[pennoxxeHnass Moaenb pacuera 3(GEeKTUBHOCTH JeMIdepa yIUTHIBaeT Kak
TeOMETPUUECKHE ITapaMeTPhl YCTPOWCTBA, TaK U PEOJIOTMYECKHE CBOMCTBA UCTIONb-
3yeMOM KUIKOCTH.

[TpoBenen cpaBHUTENBHBIN aHATU3 d(Q(PEKTUBHOCTH JeMITDEPOB B 3aBHCHMO-
CTH OT BEJHMYMHBI MHAEKCA TEUEHHs HCIOIb3yeMOol >kunkocTH. IlokasaHo, 4To
HauOosee 3¢ (EeKTUBHO MCIIONB30BaTh AWIATaHTHBIE KHUIKOCTH, JUIS KOTOPHIX MH-
JIeKC TeUeHHs MpEeBHIIIAeT eAUHUNY - 3P PEeKTHBHOCT Takoro aemidepa Bo3pac-
TaeT C POCTOM MHJEKCa TeYEHHS ¥ aMIUTUTY/Ibl KPYTHIIBHBIX KOJIeOaHui.

Koarouessie ciioBa: nemrdep KpyTHIBHBIX KoJleOaHUH, AMTaTanTast )KUIKOCTb,
BSI3KOCTB, PEOJIOTHsI, MHAEKC TeUEHHs, ITapaMeTp (P (PEKTUBHOCTH.

VK 621.426

Mayxkesuu /[. B. [IoHOBICHHS PEOJIOTIYHUX XapaKTEPUCTUK MACTHIIHLHUX MaTe-
piaJiB CyJHOBHX JTU3EIIiB

JloBeneHa MOXITUBICTh MTOHOBJICHHSI PEOJIOTIYHUX XapPAKTEPUCTUK CYTHOBUX
MOTOPHUX MACTHJI B IPaHUYHUX 3MAIIyBAJBHUX IIapax 0e3MocepeTHbO B MPOIieci
EKCIUTyaTaIlil IBUT'yHa 1 HOTO 3MallyBaJbHOI CHCTEMH. BUTIpOOYBaHHS BUKOHYBa-
JIUCH B IUPKYJISIIIAHOI CUCTEMI 3MaIlleHHsI CYTHOBOTO CEpeIHbO-00EPTOBOTO M-
3emst S6A2 dipmu Mitsubishi.
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3a OMoOMOror0 pOTaIiifHOro BiCKO3UMETPY BU3HAUEHO, 10 TPAaHUYHI MacTH-
JIBHI [apH, SIKI NPWISTaloTh J0 METaJeBOl IOBEPXHI TpiaJy TepTs KOJIHYACTHHA
BaJl — MACTIJILHUI MaTepiall — BKJIaJICHb ITiIIUITHAKA, OB B SI3Ki TOMY, 110 BO-
JIOAIIOTH OPIEHTAIIMHOIO BIIOPSAKOBAHICTIO MOJIEKYJ. B pe3ynbrati nmpoBeneHnx
JIOCITI/PKEHb OyJI0 BCTaHOBJIEHO, IO B’SI3KiCTh MOTOPHOIO MacTWia, IO 3HAaxXo-
JIUTHCS Y BY3bKOMY 3a30pi Iapu TepTs BaJl — BKJIaJIeHb IiIIIUITHIKA 1 3a0e3mneuye
TPaHUYHUHA PEXUM TEepTS, 3aJIEKHUTH BiJ| MIBUAKOCTI 3CYBY, TOOTO MpPOSIBIISIE «HE-
HBIOTOHIBCBKiI» XapakTep Teuii.

BcraHOBIICHO, 1110 PEOJIOTIYHI XapaKTEPUCTHKH MACTUIA Y BEITUKOMY 00CsI3i i
B 'PaHUYHOMY 3MAllyBAIGHOMY Iapi BiJPI3HSIOTHCS OJWH Bifl OMHOro. Y CTaHi
CIIOKOIO B’SI3KICTh TPaHUYHOTO 3MAIlyBaJbHOTO mapy Ha 5...11 % mnepepumrye
B’S3KICTB y Benukomy o0cs3i. HakimaneHHs Ha TprOO-CIIONyUeHHS 3CyBHUX HaBa-
HTaXXEHb CIPUSIE 3MEHIICHHIO OpiEHTAIIHOT BIIOPSIKOBAHOCTI MOJIEKYJT B TPaHU-
YHOMY MacCTHJILHOMY IIapi Ta BiJIIIOBITHOMY 3HW)KEHHIO HOT0 B’SI3KOCTI, SIKE MOXeE
nocsaratu 5...7 %.

Po3po6ieH0 MeTOon TIOHOBJIEHHSI PEOJIOTIYHMX XapaKTEePHCTUK, L0 pealtizye
SIBUIIC OPICHTAIIMHOI YIIOPSAKOBAHOCTI MOJIEKYJ TPAHHYHOTO IIapy MacTHIa, 3a-
Oe3revye X HOpMaJIbHE PO3TAIIyBaHHS BiIHOCHO TIOBEPXHI BKJIA IHIIIA ITiAIAITHAKA
KPHBOLIMITHO-IIATYHHOTO MEXaHi3My 1 0a3yeThcsl HA HAYKOBO-OOTPYHTOBAHOMY MO-
JIO)KEHHI TIPO T€, L0 PEOJIOTIYHI XapaKTepPUCTHKU CYJHOBHX MOTOPHHX MacTHJI B
TpPaHUYHOMY 3MallyBaTbHOMY IIapi 1MOB’sI3aHi 3 HOrO PiKOKPHCTATIYHUMH BIIACTH-
BOCTSIMH, TOMY MOXKYTh ITOHOBJIFOBATHCS 32 PaXYHOK BILUTMBY Ha OCTaHHI.

ExcrieppuMeHTaIbHO JOBENIEHO, MIO LIIIXOM ONTHMi3alii iHTEHCHBHOCTI ITO-
TIOBHEHHS LMPKYIALINHOI MacTHIBHOI CHCTEMH, a TAaKOX 32 PaXyHOK BHKOpHC-
TaHHS [TIOBEPXHEBO-aKTUBHUX PEYOBHH, MOXIIUBO YIPABJIATH PEOJIOTIYHUMH Xapa-
KTEpUCTUKAMH MacTHJIa, 1110 ITPU3BOJUTH JI0 MiABUILEHHS HAaJIHHOCTI poOOTH Cy-
JTHOBOT'O JTU3EJISI.

BripoBapkeHHs pe3ysbTaTiB JOCIIKEHHS HA MOPCHKHUX CyTHaX CBiTYUTH IPO
iJBUIICHHS Ha 4,5...6 % exoHOMIYHMX 1 Ha 6...7,5 % €HepreTHYHUX MOKA3HUKIB
CYJHOBHX JIHU3€EIIiB, a TAKOX 3a0e3Meuye MOKpalIeHHs TeXHIYHOTrO CTaHy ITi -
HUKIB pyXy CYJHOBOTO CEpeIHbO-00€PTOBOrO ANU3EIS.

YK 621.561.59

Onvuwamoscokuii B.C., Bacuneyw /1.1, I'ocons M.I. AHani3 BIUTUBY TeMIiepa-
TYPH KHITIHHS XOJOIMIFHOTO areHTa Ha CHEPTOCIIOKUBAHHS XOJIOJUIEHOTO 00J1a-
JTHAHHS

VY craTTi HaBeIEHO PEKOMEHJOBaHI TEXHIUHI MapaMeTpu Uil POOOTH XOJIO-
JWIIBHAX YCTAHOBOK B OINTHMAJBHOMY PEXHMI, SIKi OTpUMaHI B Haciilok Oara-
TOPIYHOTO JTOCBITY TX EKCIUTyaTallil, TAKOX PO3TIISNAIOTHCS MOXKJIIMBI IIISIXU 3HU-
JKCHHSI CHEPTOCIIOKHMBAHHSA CYJIHOBUM XOJOMWIBHUM oOiamHaHHAM. HaBemeHo
KOHKPETHI JaHi BIUTUBY ITiIBUIIICHHS TEMITEPATypPH KUITIHHS XOJIO IITLHOT'O areHTa
HA IHTCHCUBHICTh BUIAJ]AHHS BOJIOTY HA OXOJIOJDKYIOYI TIPWIIAJIH ¥, BiMOBITHO, HA
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TEIJIOBE HaBaHTa)KEHHS Ha OXOJIOJUKYIoUl mpuiazu. [lokasaHi MOXIMBI HIISIXH
3HW)KEHHS! CIIO’KMBAHOI ITOTYKHOCTI KOMIIPECOpaMH, 3allpOIIOHOBaHa CXeMa ycTa-
HOBKM MexaHiuHNX TPB, sika 103BoJIsIe eheKTHBHIIIE BUKOPUCTOBYBATH T'€OMET-
PUYHY TIOBEPXHIO OXOJO/DKYIOUMX IPUIIaJiB— HOBITPOOXOJIOPKYBAYiB, BHIIAp-
HUKIB.

[IpoanainizoBaHO BIUIMB TEMIIEPATYpH KUIIHHS XOJOAMIIBHOTO areHTa Ha IH-
TOMY XOJIOJIONPOAYKTHBHICTD XOJIOJJMIIFHOTO areHTa NpH (hikCOBaHUX TeMITepaTy-
pax KOHJICHCAITi1.

KnrouoBi crnoBa: XonoquiibHa yCTaHOBKA, XOJIOAWJIBHWHA areHT, KOMIIPECcop,
TEMIIEpaTypH KHUITiHHS, KOH/AEHCaIlil.

YK 621.561.59
Onvwamoscovkuti B.C., Bacuney /[. 1., 'ocone M. Y. Ananu3 BIUSIHUS KUTICHUS XO-
JIOJIWTFHOTO areHTa Ha SHEPro3aTpaThl XOJIOAMIEHOTO 000y I0BaHUS

B craThe npuBeneHb peKOMEHIYEMbIC TEXHHUYCSCKIE TTapaMeTpPhI Il pabOThI
XOJIONWIBHBIX YCTAHOBOK B ONTHMAJLHOM PEKHUME, MOMYICHHBIX B PE3yNIbTATE
MHOT'OJICTHETO ONBITA WX 3KCIDTyaTalldd, TAKKE PAacCMAaTPUBAIOTCS BO3MOXKHBIC
MyTH CHI)KCHUS SHEPrOnoTPEOICHUS CYIOBBIM XOJOIMIBHBIM 00OpYIOBaHUEM.
[IpuBencHBI KOHKPETHBIC JTAHHBIC BIUSHUS TOBBINICHHUS TEMIIEPATYPhl KHITCHUS
XOJIOJUIBHOI'O areHTa Ha WHTEHCHUBHOCTDH BBIMAJCHHUS BJard Ha OXJIAXAIOIIUe
pUOOPEI U, COOTBETCTBEHHO, HA TEIUTOBYIO HATPY3KY HA OXJIAXKTAFOIIHE TPHOOPHI.

[Tokxa3aHbl BO3MOXKHBIC TTYyTH CHIDKEHUS ITOTPEOISIEMON MOITHOCTH KOMITPEC-
copamu, MPeUIOKEHHAs CXeMa yCTAaHOBKHM MexaHmdeckux TPB, kortopas mo3Bo-
nset Oosee 3((HEKTHBHO UCTIONB30BaTh TEOMETPUIECKYIO TIOBEPXHOCTh OXJIaXK/a-
FOIIMX TPUOOPOB—BO3IyX 00XJIAAUTEINEH, HCITAPUTEIICH.

[IpoaHamu3upoBaHO BIUSHUC TEMITEPATYPHI KUIICHUS XOJIOMUIBHOIO areHTa Ha
YACTHHYIO XOJIOIONPOU3BOIUTEILHOCT XOJIIOAMIBHOTO areHTa mpu (GUKCHPOBaH-
HBIX TeMIIepaTypax KOH/ICHCAIIUY.

KitroueBbie ciioBa: XONOAWIBHAS YCTAHOBKA, XJIAJATCHT, KOMIIPECCOp, TeMITe-
paTyphl KHITCHUSI, KOHICHCAIIUH.

Olshamovsky V.S., Vasylets D.1., Gogol M.I. Analysis of the effect of boiling tem-
perature 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 con-
sumption 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
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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 temper-
ature, condensation.

YK 621.432

Cazun C.B. CHIXeHUe 3HepPreTHYEeCKHUX MOTeph B MPEHU3UOHHBIX Mapax TOI-
JIMBHOM ammaparypbl CyOBBIX AU3eNei

PaccMoTpeHa BO3MOKHOCTh CHIDKEHHS SHEPreTHYECKUX MOTEPh B MPELM3UOH-
HBIX Mapax TOIUIMBHOW ammapaTypbl CYIOBBIX IU3ejeil 3a CYeT UCIONB30BAHHS
CHeUUaIbHBIX (PTOPOPraHUYECKUX MOKPBITHH (31mamMoB). B pesyibraTe nccneno-
BaHMIl YCTAHOBJICHO, YTO TOJIIMHA CJOS SMHIaMa Ha MOBEPXHOCTU IUTYHXKEPOB
TOIUIMBHOIO HACOCA BBICOKOrO JaBieHust cocraisier 12,5...18,7 HM, a Bpems,
Heo0X0auMOoe IS ero agcopOuuu He npessinaer 10 mun. Hanocnoit snunaMos,
HAHECEHHbIH Ha METAJUTMYECKYIO MOBEPXHOCTh, MPUBOAUT K ~1,5-KpaTHOMY yBe-
JMYCHHIO TOJIIMHBI TPAHUYHOTO CJIOSl TOIUIMBA, YTO CMOCOOCTBYET CHIDKCHHIO
SHEPTreTHYECKHX 3aTPaT B MPEIU3HOHHBIX Mapax TOIIMBHOW anmapaTypsl CYJI0BbIX
nuseneil U BeIpaxkaercs B 24,0...44,6%-0M CHXEHUH W3HOCA TITYHKEPOB.

YK 621.432

Cacin C.B. 3HWKEHHS €HEpreTMYHUX BTPAT B NPENU3IHHMUX Mapax MajuBHOI
anapaTypy CyJAHOBHX JIM3€iB

Po3risiHyTO MOXKIIMBICTh 3HM)KEHHS! €HEPTeTHYHHUX BTPAT B MPEUU3iHHNX Ma-
pax HaJMBHOI arnapaTypH CyJHOBHX JIM3€JIB 32 paxXyHOK BUKOPUCTAHHS CIIeI[iallb-
HUX (pTOpOpraHiYHUX MOKPUTTIB (emijaMiB). B pe3ynbraTi JOCIiIKEHb BCTAHOB-
JIEHO, 1110 TOBILMHA IIapy eliJlaMa Ha IIOBEPXHi IUTyH)KepiB NaJUBHOI'O HACOCA BHU-
COKOro THUCKY ckianae 12,5...18,7 HM, a yac, HEOOXiHUN JIJIs HOro ancopOIii He
nepesunrye 10 xB. Hanomap eninamiB, HaHECEHNH Ha METaJIEBY MTOBEPXHIO, TPH3-
BOJHUTH 110 ~1,5-KpaTHOro 30UIBIIEHHS] TOBIIMHKA TPAHUYHOTO IIapy MajuBa, 10
CHpHsI€ 3HIDKEHHIO EHEPreTHYHMX BTpAT B MPENW3iHHMUX IMapax MajuBHOI arapa-
TYpH CYJHOBHX JIU3EIiB i BUpaxaeTsest B 24,0...44,6%-My 3HIKEHHI 3HOCY TTyH-
KepiB.

YK 621.431.74

Cnoboosniox 1. M., Croboosniok /[. 1. YnpaBiiHHS 3MallleHHsIM IJIIHIPIB CYTHO-
BHX JTU3€EITIB 3 METOIO 3a100iraHHsI ITOJIOMKH TIOPITHEBHUX KiJIEIb TIPH MPOXOPKEHHI
MIPOJYBHHUX BiKOH BTYNIOK // CyIHOBI €HEpreTHYHI yCTAaHOBKM: HayK.-T€XH. 30. /
HY OMA. - Ogeca, 2018. - Ne38. - C.120 .
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[IpencraBneno HOBe pilleHHsS MPOOJIEMH ITiIBUIIEHHS HaJiHHOCTI CYHOBOTO
JTU3EJ1S IIUISIXOM TIOTIePEePKEHHS OJIOMKH ITOPITHEBHUX KiJIEIb 32 PaXyHOK peryJIro-
BaHHS MacTWJIa IMUTIHAPIB, B 3aJIEKHOCTI BiJl NaHUX JIarHOCTHKH X Mpaie3iaT-
HOT'O CTaHy ITpY PYCi KIBLS Y3/I0BXK BIKOH BTYJIKH. [neHTH(IKaLlisi TpOBOAMIACK
METOJIOM PaHXMPYBAaHHS 32 PIBHSAMH Ha/IIHHOCTI, 3aJIEKHO BiJl YACTOTH aKyCTH4-
Horo curaainy. Crioci6 3acHOBaHHMH Ha TOCITIPKEHHSIX aHI30TPOITHUX BIaCTHBOCTEN
TOHKHUX IUTIBOK IIMJIIHIPOBOIO MacTHiIa

Inn. 2, 6161, 12

YK 621.431.74

Cnoboosiniok U. M., Cnoboosurox /. Y. YupaBieHue cMa3Kol IIITHHIPOB CY-
JIOBBIX JU3eJIeH ¢ LeNbio MPEAOTBPAICHHS OJOMKH TIOPIITHEBBIX KOJEI IPH IPOo-
XOXKJICHUH TPOJYBOYHBIX OKOH BTYJOK // CyJIOBbIC DHEPTeTHYECKHE YCTAHOBKH:
HaydHo-TexH. ¢0. / HY OMA. - Opnecca, 2018. - Ne38. - C.120.

[MpencraBneHo HOBOE PellIeHUE MPOOIIEMbI MOBBIICHNS HAZIKHOCTH CYJ0BOTO
T3NS MYTeM TPEIYNPEK/ICHHS MOTOMKH ITOPIIHEBBIX KOJIEI[ 38 CUeT PEryIupo-
BaHMS CMa3KH UJIMHIPOB, B 3aBUCHMOCTH OT JAHHBIX JTUATHOCTHKH UX paboTo-
CIOCOOHOTO COCTOSIHHS TIPU BHXKEHHUH KOJIbIA BAOJb OKOH BTYNKH. neHTudu-
KaI[us MPOBO/IMIIACH METOIOM PAHXXUPOBAHUS 110 YPOBHSAM HAJIC)KHOCTH, B 3aBU-
CHMOCTH OT YaCTOTBI aKyCTH4ecKoro curuaja. Crnocod OCHOBaH Ha HCCIEA0BA-
HUSIX @aHU30TPOIHBIX CBOWCTB TOHKUX TJICHOK HUJIHHAPOBOrO Macia

Wnn. 2, 6ubn. 12

UDC 621.431.74

Slobodyanyuk I. M., Slobodyanyuk D.I. Management of lubrication of cylinders
of marine diesel engines in order to prevent the breakage of piston rings during
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 die-
sel engine by preventing the breakage of the piston rings through the regulation 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 presented. Identification
was carried out by the ranking method by the levels of reliability, 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'. Vicionb3oBaHHUe YAbTPa3BYKOBOW 0OpPaOOTKH B MOMYIIb-
HBIX CXeMax MOCTPOCHHUS CYJOBBIX CHCTEM TOIUTHBONOATOTOBKH
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[TpoBeneHHbIE HCCIEIOBAHMS BBITIOIHSUTUCH B TOIUIMBHOW CHCTEME CYJJOBOTO
cpenHeobopoTHoro musenst S6A2 dupmer «Mitsubishi», ckoMIOHOBaHHOM 11O MO-
JIynbHOMY mpuHIMIy. [IpeanoxeHa MoaynabHasi cxema, B KOTOPOH OTCYTCTBYET
y3€eI cenapanuy TOIUTUBA B CHCTEME OYMCTKH, a CHCTEMa MOATOTOBKH JIOTOJNHU-
TEJIFHO YKOMILJIEKTOBaHAa OJIOKaMH yIbTPa3BYKOBOWH 0OpaOOTKH M TMAPOANHAMHU-
YecKOW aKTHBaLMH. B pe3ynbpTare uccienoBaHnii yCTaHOBJIEHO, YTO JIOTIOTHUTENb-
Has KaBUTAIMOHHAsi 00pabOTKa TOIUTMBA CIIOCOOCTBYIOT CHIDKCHHUIO B 3,2...4,7
pasa CepHUCTOro M3HOCA MOPIITHEBBIX KOJIEI ¥ IIMJIMHAPOBBIX BTYIIOK Au3ens. [Ipu
5TOM HauOOJIbIlIee CHU)KEHNE STOT0 TapaMeTpa HaOIIIoAaeTcst s TOPITHEBBIX KO-
JIell, YTO OCOOEHHO aKTYyaIbHO, YYUTHIBAsK BAYKHOCTh JJAHHOT'O Y3J1a B 00€CTIeYeHIH
KaK KaueCTBEHHOI'O POTEKaHMs MPOLIECCOB CXKATHsI, CTOPAaHUsI ¥ PACILIMPEHUsI, TAK
1 HaJIeXKHOCTH Pa0OThI COTPSHKEHUSI MOPILIEHBb — BTYJIKA HWINHIPA.

YK 621.248

Cono0osuixos B.I. BukopuCTaHHSl yAbTPa3BYKOBOI OOpOOKH B MOJYJIBHHUX
cxemax Io0y/I0BH CYJHOBHX CHCTEM ITiATOTOBKH ITAJINBa

[IpoBeneHi AOCTIKESHHS BUKOHYBAIKCS B TTATUBHIM CHCTEMI CYTHOBOTO cepe-
JHBO-00epTOBOrO Mu3est SOA2 dipmu «Mitsubishiy», 10 CkOMIIOHOBaHA 32 MOJTY-
JIHAM MPUHIUTIOM. 3alIpONIOHOBAHO MOIYJIbHA CXeMa, B sIKil BiJICYTHIH By301 ce-
Trapariii najguBa B CHCTEMI OYMIIEHHS, a CUCTEMa ITiATOTOBKH JI0JJATKOBO YKOMILJIE-
KTOBaHa OJIOKaMH YJIbTPa3BYKOBOi 00pOOKH 1 riapoanHaMiyHoi akTuBaii. B pe-
3yAbTATI JOCII/IKEHb BCTAHOBJIEHO, IO JIOAATKOBA KaBiTalliliiHa oOpoOka majnBa
crpHsie 3HIWKEHHIO B 3,2 ... 4,7 pa3u CipunucTOro 3HOCY MOPUTHEBUX KiTEIpb 1 IHJTi-
H/IPOBHX BTYIOK au3ens. [Ipn ipoMy HalOisIbIe 3HKEHHS IO MTapaMeTpa CIo-
CTepiraeThCs JUIsl MOPIIHEBUX KiJIelb, 110 0COOJIMBO aKTyallbHO, BPaXOBYIOUH Ba-
XKIIUBICTh J@HOTO BY3/a B 3a0e3NeueHH] SKICHOTO MpOTIKaHHS ITPOLECIB CTHC-
HEHHSI, 3TOPSHHS 1 PO3IIUPEHHS Ta HaJAIHHOCTI POOOTH CHOJYYEHHS MOpPUIEHb —
BTYJIKA [WJIIH/PA.

VK 629.12 + 621.69
Temenro B.FO. Kozvmunwvix H.A. KOHCTpYKTUBHBIE U 3KCIUTYaTaI[HOHHBIC OCOOCH-
HOCTH TIPOMYJIbCHBHOTO KOMILIEKca Ing TAHKEPOB C Ta30TOIUIUBHBIM 000pYI0Ba-
HHEM

[1pu TpaHCIOPTUPOBKE CKMIKESHHOT'O MPUPOTHOTO Ta3a MePeBO3UUK CTATKABA-
€TCsl C MHOTOYHCIICHHBIMU TEXHUYECKUMH TPYAHOCTAMH, 00YCIOBICHHBIMHU (HH3H-
YEeCKUMHU CBOMCTBaMH MeTaHa. HeoOX0MUMOCTh TOIePKUBATh HU3KYIO TeMIIepa-
Typy rpy3a (-1630C) u obecrieunBaTh BO3MOXKHOCTH HCIONB30Banus nmapoB LNG
B Ka4yeCTBE TOIUIMBA BENET K YCTAHOBJICHUIO Ha OOPTY CyaHa OONBLIOrO KOJIHUYe-
CTBa JIOTMONHUTEIBHOrO 000py/A0BaHus. CTaThs COMEPIKUT CHCTEMATH3UPOBAHHOE
OIKMCAHUE MPOU3BOACTBEHHOrO OMbBITa PabOTHI Ta30BOr0 0OOPYIOBAHHUS pa3Iny-
HbIX THIIOB LNG TaHKepoB. PaccMOTpeHbI 3KCITyaTallMOHHbIC U KOHCTPYKTUBHBIC
0COOEHHOCTH CY/IOBBIX CHUCTEM Juisi 00paboTku mapoB MeraHa. ChopMHUpOBaHBI
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TpeOOBaHMS K KOMILIEKTY SHEPT€THYECKOTr0 M BCIIOMOTaTeNIbHOr0 000pYy/10BaHHS
KOTOpBII 00ecneunT HaIeXKHOCTh M 0€30I1aCHOCTh PabOTHI Ta30TOIIMBHOTO 000-
pynoBanus u CIICIT (cucTema MOBTOPHOTO CXKIDKEHHUS Trasa). BelmomHeHo onmca-
HHUE ONTUMAJIbHBIX KOMIUIEKTOB 000pYI0BaHUS Ul MEHEIKMEHTA ITapoB METaHa
Ha 6opty LNG Tankepa. O603Ha4deHsl ocHOBHBIE TpobieMbl LNG ¢ora koTopsie
TIPUIETCS PEIIUTD B OrKaiiieM Oymymem.

KuroueBrie cnoBa: LNG TaHkep, NpomylbCUBHONW KOMIUIEKC, CUCTEMA PEKOH-
JICHCAITUH ra3a, Ta30ToINIBHOE 00opymoBanus, ME-GI npuraTens.

UDC 629.12 + 621.69

V. Tetenko, N. Kozminykh. Constructive and operational features of Ing tankers
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 experience
with gas equipment on various types of LNG tankers. The operational and struc-
tural features of ship systems for methane vapor processing are considered. The
requirements for a set of energy and auxiliary equipment that ensure the reliability
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 va-
pors 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 ra3zo00MiHYy B
WTIHAPI AU3ETsT

HaBeneHo BUCHOBOK pO3paxyHKOBUX (hOPMYIl Uil BU3HAYEHHsI TUCKY Tasy i
TIOBITPS, BEIMYMH Yac-Tiepepi3 MepioioB ra3000MiHy. BUKIIaieHO HOBUH ITi X1 10
PO3paxyHKy HpOLECIiB NMPOAYBaHHs B Cy[JHOBHUX Au3ensix. JloBeaeHo, M0 BU3HA-
YEeHHs Mepenaay TUCKIB Ma€ BIaCTHBOCTI BUHATKOBOI CTIHKOCTI.

KirouoBi croBa: cyHOBI 1u3eri, ra3000MiH, pO3paxyHOK

YK 621.45.052
Yepemucun B.U., babenuyk H.C. YTOUYHEHHBIA METO]] pacuera ra3000MeHa B IU-
JIUHAPE JU3EIs

[IpuBeneH BBIBOJ pacUeTHBIX (POPMYII JIJIS ONPEICIICHHUS TaBICHU ra3a 1 BO3-
Jyxa B IWIKHIPE, BEJIMYNH BPEMsI-CEUCHHUE ITEPHOIOB ra3o00MeHa. M3iokeH Ho-
BBII TIOIXOJT K pacyeTy MpoIeCCOB MPOAYBKU B CYIOBBIX Mu3elsiX. Jloka3aHo, 94To
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omnpeieNicHUe Tiepenaja AaBleHni 001aaeT CBOHCTBOM UCKITFOYUTENBHOMN YCTOM-
YUBOCTH.
KiroueBsie clioBa: Cy/moBbIe TU3€NH, ra3000MeH, pacyer

UDC 621.45.052

Cheremisin V.1, Babenchuk N.S. Refined method for calculating gas exchange
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

YK 629.123

M.A.Konezaes, H.J].bpasicnux. OCHOBHBIE HalpaBIEHUS MOJEPHHU3AIMU CH-
CTEMBI MHEPTHBIX ra30B Ha TaHKEpax

B nanHoii paboTe AaHO omucaHMe Pa3pabOTaHHOTO MeToAa 0OpabOTKH TOI-
JIMBA ¥ TEHEPUPOBAHUS MHEPTHBIX Ta30B JUIS IPUHYIUTEIEHON BEHTHIISILUN TPIO-
MOB Ha TaHkepax. ChopMyarpoBaHbI OCHOBHEIE ITYTH MOIEPHHU3AIMH CY/TIOBBIX CH-
CTeM MHEPTHHIX ra3oB. [lokazaHbl IpenMyIecTBa TEXHOIOTUH NPUHYIUTEITbHON
BeHTWIISIMK. Ha OCHOBe pe3ynbTaToB HMCCIENOBAHHUN IMOKa3aHbl OCHOBHBIE TIpe-
MMYILECTBA pa3pab0oTaHHOr0 METO/Ia MOJIEPHU3AIIMH CHCTEMBI MHEPTHBIX ra3os. B
XOJie HATYPHBIX HCCIIEJOBAaHHUH TOITBEPKACHA aJJeKBATHOCTh HAYYHBIX THITOTE3,
MaTeMaTH4eCKON MO U YCTAaHOBJIEHBI ITOKa3aTeny X 3(QQEKTUBHOCTH.

KiroueBsle ciioBa: Tpy30BOi TPIOM, TaHKEp, CUCTEMa MHEPTHBIX ra3oB, KOH-
LEHTpaLHs KUCIOPOJa, CKOPOCTh BEHTUIAIMY, [0JIE JABICHHUS.

YK 629.123

M.O.Konezacs, IJ] bpasicuix. MeTon npuMycoBOi BEHTWIIALII TPIOMIB Ha
TaHKepax

B naniii po6otu 1aHO omuc po3po0IeHOro MEeTOAy 00pOOKHY MasiuBa i reHepa-
1ii iHEpTHUX Ta3iB JJIs MPUMYCOBOI'0 BEHTHIFOBAHHS TPIOMiB Ha TaHkepax. Cdop-
MYJIbOBaHI OCHOBHI IIUISIXM MOJIEpHi3allii Cy/THOBHX CUCTeM iHepTHHX ra3iB. [Toka-
3aHi IlepeBary TEXHOJIOTIi MpUMycoBoi BeHTHIIsII1. Ha ocHOBI pe3ynbTaTiB mocii-
JOKCHB TTOKa3aHi OCHOBHI IIEpEBard po3po0JICHOT0 METOAY MOJIEpHI3aIlii CHCTEMU
IHEpTHUX Tra3iB. B X0/l HaTypHUX JOCHTIKEHb MiATBEp/KEHA aJeKBATHICTh HAy-
KOBHX TiIlOTE3, MATEMAaTHYHOI MOJIEII 1 BCTAHOBJIEHI TOKa3HUKH e()eKTUBHOCTI PO-
3pO0OJIEHOI0 METOAY.

KirouoBi cnoBa: BaHTa)XHUI TPIOM, TaHKEp, CHCTEMa 1HEPTHHX Ta3iB, KOHIIE-
HTpallis KUCHIO, INBU/KICTh BEHTHJISMIT, TIOJIE TUCKY.
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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 gen-
eration of inert gas to be used in tanker holds mechanical ventilation. There were
formulated main directions for ship’s inert gas system upgrading. Advantages of
forced ventilation technology have been shown. On the basis of investigation re-
sults main advantages of the developed method for inert gas systems upgrading
have been shown. During full-scape investigations an adequacy of scientific hy-
pothesis and mathematical model were confirmed and main effectiveness indexes
for the method developed were depicted.

Key words: cargo hold, tanker, inert gas system, oxygen concentration, venti-
lation rate, pressure field.

YK 621.829
Kyponamuux A. A. Vicions30BaHuE TEpeTyCcKa BRIMTYCKHBIX ra30B I o0ecrede-
HUS SKOJIOTHYECCKHUX ITapaMeTPOB paOOTHI CYIOBBIX TU3EIICH

PaccMmoTpeHa BO3MOXKHOCTE UCTIONB30BaHUS MEPETyCKa BBITYCKHBIX Ta30B JIIs
o0ecrieueHHsT KOIOTHICCKUX MapaMeTpoB pabOThl CyNOBBIX JU3eNed. YKa3aHo,
4TO pa3padaThiBaEMbIC B HACTOSIIEE BPEMsI CIOCOOBI CHIDKEHUS YPOBHS IMHUCCHH
OKCHJIOB a30Ta (KaK OJIHOT'0 M3 TOKCHYHBIX KOMITOHCHTOB, BXOJIAIINX B COCTAB BbI-
MTyCKHBIX TA30B CY/IOBBIX JM3EJICH) CBSI3aHbBI C HI3MCHEHHUEM KOHCTPYKIIUH JTHU3CICH
Y BO3MOXKHBI TOJIBKO Ha CTaJMU MPOCKTHPOBaHU. [Ipy 3TOM JUTsl HAXOISAIIUXCS B
SKCIUTyaTaIly JTU3eei, N3MEHCHNE KOHCTPYKIIMH KOTOPBIX JTHOO HE BO3MOXKHO,
00 TpeOyeT 3HAYNTENBHBIX KAITUTAJIOBIOKCHUH, 3a/1a4a CHIDKCHHSI KOHIICHTPA-
UM OKCUJIOB a30Ta B BBHIITYCKHBIX T'a3aX MOXET OBITh pellieHa ITyTeM ONTHMHU3AINT
PEXUMOB X TEXHUYECKOH IKCIUTyaTalluu. BapuaHT penieHus TaHHOH 3a1a9u po-
JIEMOHCTPUPOBAH Ha MpPUMEpPE ra30-BHITYCKHON CHCTEMBI CYJIOBOIO CpEIHE000-
potHoro muzens 6120 ¢pupmbr Wartsila 3a cuer ncrons30BaHus MeperycKka ra3os
IOMUMO TypOOKOMIIpEccopa HEMOCPEICTBEHHO B BBIMTYCKHYIO Maructpaib. Cte-
TICHb TIePEITyCKa ra3oB MpU MPOBEICHUH SKCIICPUMEHTAILHBIX UCCIICIOBAHUN U3-
MeHsach B auanazoHe 0...9,6 %, u3MeHeHHe Harpy3Kd Ha JHM3ENb COCTaBIISLIO
55...83 % or HOMMHaNIBbHOW MomHOCTU. OnpeaeneHrne KOHIEHTPAlU OKCHOB
a30Ta B BBIIMYCKHBIX ra3ax W YACIBHOTO 3Q(QEKTHBHOTO pacXo/ia TOIUTHBA MPOBO-
JIAIOCH JUTS JBYX BapUAHTOB: IPH HEHM3MCHHOM IMOJOKCHUH TEPEITyCKHOrO Kiia-
MaHa ¥ pa3HOW HATPY3KU HA JM3EIIh; PU MOCTOSHHON HArpy3Ke Ha JU3elb U pa3-
HBIX TTOJIOKCHUSX TEPEIyCKHOro KilanaHa. B pesynprare ucciieloBaHuii yCTaHOB-
JICHO, YTO TMOBBHIIICHUE CTEIEHH MEPenycka BBITYCKHBIX Ta30B B JHANA30HE
0...9,6 % cnocoOCTBYEeT CHIXKCHHUIO 3MUCCHU OKCHJIOB a30Ta ¢ 8,72 r/(kBt-4) 10
6,53 r/(kBT-4) ¥ 3aBUCHT OT HAarPy3KH Ha JU3EJb, IIPH 3TOM OTHOCUTEIILHOE CHU-
JKCHUE BEIOPOCOB OKCHJIOB a30Ta HaXOauTes B peaenax 1,15...13,85 %; nanbois-
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U YpOBEHb CHUYKEHUS! KOHIIEHTPAIIMKA OKCHIOB a30Ta B BBIITYCKHBIX Ta3ax COOT-
BETCTBYET MaKCUMAaJIbHOW CTEMEHU MepenycKa ra3oB U PeXUMY MaKCUMAaTbHOMN
Harpy3kd Ha JU3ejb; UCIOIb30BAHNE CUCTEMBI MEPENYCKa BBIMYCKHBIX Ta30B U3-
MEHSIET CTEXMOMETPHYECKOE COOTHOIIEHHUE TOIUTMBO-BO3/YX, YTO CIIOCOOCTBYET
YBEIMYCHUIO YACTBHOrO A(PPEKTHBHOTO pacxoja TOILIHBA (B MPOBEICHHBIX 3KC-
nepumentax Ha 0,26...2,52 % B 3aBUCUMOCTH OT CTENEHM Iepenycka rasoB u
Harpy3KH Ha Jii3eib). HeB3upas Ha yBelMueHHe yIeNbHOr0 pacxoa TOIINBa, He-
MOJIb30BAHUE CHCTEMBI TIEPEITyCKa T'a30B PEKOMEH/IOBAHO B OCOOBIX palioHaX MH-
POBOro OKeaHa, KOrja MpeBaJUPYIOIIMM IOKa3aTelIeM IPH AKCILTyaTalluu CyIo-
BBIX DHEPT€TUUECKHUX YCTAHOBOK CTAHOBSITCSI MX SKOJIOTMYECKUE TapaMeTpPhI.

YK 621.829
Kyponamuux O. A. BukopuctaHHs IepenycKy BUITYCKHUX Ta31B 151 3a0¢3MCUCHHS
€KOJIOTIYHUX ITapaMeTpiB poOOTH CyTHOBUX JN3EIiB

Po3rmsiHyTa MOXIIMBICTS BUKOPHCTaHHS MEPENyCKY BUITYCKHUX Ta3iB uis 3a-
OE3MEeUYCHHS EKOJIOTIYHHUX MapaMeTpiB pOOOTH CYJIHOBHX TU3EIIB. 3a3HAYEHO, IO
CrocoOW 3HM)KEHHS PiBHS eMicii OKCHIB a30Ty (K OIHOTO 3 TOKCHYHHUX KOMIIO-
HEHTIB, IO BXOJSTh JIO CKJIaly BUITyCKHHUX Ta3iB CYJHOBHX JHU3EIIB), sIKi po3po0-
JISIFOTHCSI B IAHUH Yac, MOB'si3aHi 31 3MiHOIO KOHCTPYKIIT AM3EMiB 1 MOXKITUBI TUTBKH
Ha crajii mpoekTyBaHHs. [Ipy bOMY IJIs TU3ENiB, SIKi 3HAXOAATHCS B €KCILTyaTa-
1ii, 3MiHa KOHCTPYKIii sIKMX a00 He MOXIIMBO, a00 BMMarae 3Ha4YHHUX KaIliTajoB-
KJIaJIeHb, 3aBJaHHs 3HIKEHHS KOHIIEHTpalii OKCHIIB a30Ty B BHITYCKHHMX Tazax
MoOXe OyTH BUPIIIEHO HUISXOM ONTHMi3alii peXKUMIB TX TEXHIYHOI eKcIuTyaTalii.
BapianT BupilIeHHs TaHOTO 3aBJaHHs IPOIEMOHCTPOBAHUI Ha MPUKIIAl Ta30BH-
ITyCKHOI CHCTEMH CYIHOBOTO cepelHb0o-00epToBoro auzens 6L.20 ¢pipmu Wartsila
3a paXyHOK BUKOPHCTaHHS TEPEITyCKy ra3iB MoB3 TypOOKoMITpecopa Oe3mocepe/-
HBO B BUITyCKHY Marictpanb. CTyIiHb IepenycKy ra3is npu IpoBeACHHI eKCIepH-
MEHTaJIbHHX JOCIIKeHb 3MiHIOBaBCs B faiana3oHi 0...9,6 %, 3MiHa HaBaHTa)KEHHS
Ha AW3eNb CTaHOBWIIO 55...83 % BiJg HOMiHAJIBHOI MOTY)KHOCTI. Bu3HaueHHsT KOH-
LEHTpallii OKCH/IiB a30Ty B BUITYCKHHUX ra3ax i MUTOMOI BUTPATH MaJUBa MPOBOIN-
JIOCST ISl ZIBOX BapiaHTIB: MPU HE3MIHHOMY IOJIOKEHHI MEPENyCKHOTo KilaraHa i
PI3HOMY HAaBaHTa)XCHHI Ha JNU3€Nb; MPH IMOCTIHHOMY HaBaHTa)KCHHI Ha JU3EINb 1
PI3HUX HOJIOKEHHSX IEPENyCKHOro Kianana. B pe3ynprati g0ciiKeHb BCTaHOB-
JIEHO, IO ITiIBUIIEHHS CTYIIEHs eperycKy BUITYCKHUX Ta3iB B ianazodi 0...9,6 %
CHpHsie 3HWKEHHIO eMicii okcuniB azory 3 8,72 r/(kBr-rox) 1o 6,53 r/(kBr-rox) i
3aJIeKHUTH BiJl HABAHTA)KEHHS HA JM3eJIb TIPH IIbOMY BiJHOCHE 3HI)KEHHSI BUKHU/IIB
OKCHJIIB a30Ty 3HaXOMUThCA B Mexkax 1,15...13,85 %; HaliOinpIuii piBeHb 3HH-
JKEHHsI KOHLIGHTpAIlil OKCHAIB a30Ty B BHITyCKHHMX ra3ax BiJIIOBiJla€ MaKCHMallb-
HOMY CTYIIEHIO MIEPEITyCKY ra3iB i peKUMy MaKCUMaJIbHOTO HaBaHTa)KEHHS Ha JIU-
3€J1b; BUKOPUCTaHHS CHCTEMH TEepEITyCKy r'a3iB 3MIHIOE CTEXiOMETPUYHE CITiBBi/-
HOIIEHHS MTAJINBO-TIOBITPSI, IO CHIPHSIE 301IbIIEHHIO TTUTOMOI e(heKTHBHOI BUTPATH
maJinBa (B €KCIIEpUMEHTaX, 1110 Oyiu poseneHi, Ha 0,26...2,52 % B 3a11eKHOCTI Bif
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CTYNEHs MepenycKy Ta3iB i HaBaHTa)KEHHS Ha Jau3elnb). He3Bakarounm Ha 3011b-
IIEHHS] TUTOMOI BUTPATH MAJIMBA, BUKOPUCTAHHS CUCTEMH MEPEITyCKY ra3iB peKko-
MEH/IOBaHO B OCOOJIMBUX paliOHaX CBITOBOI'O OKE€aHY, KOJIHU IEPEeBaKatoulM IT0Ka-
3HUKOM TIPH €KCIuTyaTalii CyJHOBHX €HEPreTHUYHUX YCTaHOBOK CTAIOTh 1X €KOJIO-
TiYHI MapameTpu.

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

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 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 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. Biusuue nampas-
JICHHOCTH TEKCTYpPbI Ha MPOIECC U KA4YeCTBO (PUKIIHOHHOTO HAHECEHUS TICHKH
M€ Ha CTajb

BriepBbie MOCTaBIICH U SKCIIEPUMEHTAIILHO OCBEIIEH BOMPOC O BJIUSIHUHM TEK-
CTYPBI CABUTOBBIX JiepopMarinii Ha 3(h(eKTHBHOCTh HAHECEHUsSI Ha €€ TIOBEPXHOCTh
IUIEHKH MeIH (DPUKIMOHHBIM METOMOM. Y CTAHOBJICHO, YTO MPOIIECC TPEHHUS, CO-
BepIIIaeMBIil TIPOTHB TEKCTYPHI NPEABAPUTETIBHON 00PabOTKH, PUBOIUT K TOBbI-
IIEHUIO Ka4eCTBA MEIHOrO CJI0Si B OOJbINEH CTEIEHH, YeM B HANpPABJICHHU TEK-
CTYpBL. DTY 3aBUCHMOCTh PEKOMEH/TYETCSI UCIIOIb30BATh B MPAKTHYECKUX I[ETISIX.

KiroueBbie ciioBa: TpeHUE, HANPABJIEHUE TEKCTYPhI, CTallb, MEJlb, MIOKPBITHE,
Ka4yecTBo.

VK 620.179.112

Lebedev B., Evdokimov V,, Melnik A. A., Bogomolov E.P. Brutus cnipsimoBa-
HOCTI TEKCTYpH Ha MPOLIEC i SKICTh (GPUKIIHHI HAHECEHHS TUTIBKU Mifli Ha CTajb

Bnepie mocraBiieHO Ta eKCEPUMEHTAIFHO BUCBITIIEHO NMUTAHHS PO BIUIMB
TEKCTYPH 3CYBIB Ha e(heKTHBHICTh HAHECEHUs HA 1i MOBEPXHIO IUTIBKU MiJli (pUK-
LiitHuM MeTozoM. BeraHoBieHo, 110 MpoLiec TepTs, SIKMI YUHATH MPOTH TEKCTYPH
TOTePeIHhOI 00POOKH, MPU3BOJUTH O ITiIBUIICHHS SKOCTI MiJTHOTO IIapy OiuTb-
100 MipOI0, HIK B HAIIPSIMKY TEKCTYpH. LIfo 3a51eXHICTh peKOMEHIyEThCSI BUKO-
PHUCTOBYBATH B MPAKTHYHUX IIISX.

Kitro4oBi citoBa: TepTs, HallpsIM TEKCTYPH, CTaNIb, MiJlb, IIOKPUTTS, AKiCTh
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VK 629.123

A.B.Manaxos, P.I'Tyounxo. Vicnonb3oBaHue 3MYJIbCHU BOJBI U TOILUTUBA MPU
JKCIUTyaTaruu cyaoB

B cratbe paccMoTpeHa IpodiieMa UCIIOIb30BaHMs BOJIO-TOIUIUBHBIX AMYIbCHIA
npu pabore cyzmoB. OmnricaHa HOBasi TEXHOJIOTHS CMEUIEHUsI BOABI C JM3EIbHBIM
TOILTMBOM. JleTalbHO pacCMOTpPEHAa TEXHOJIOTUs paboThl pa3pabOTaHHOIO HKCIIe-
pUMeHTanbHOro crenHaa. OnucaHbl pe3ysbTaThl U3MEPEHUH OCHOBHBIX IOKa3arte-
Jield paboTHl CylHA B 3aBUCHMOCTH OT KOHIIGHTpAIMU BOJBI B TOIUIMBE, KOTOPOE
HOJlaeTCA Ha CXKUI'aHHE B CYJOBOM IVIaBHOM jBurarene. ITokazaHo, 4To mpemio-
YKEHHBIH METO]] MOJTrOTOBKH BOJIO-TOIUIMBHBIX SMYJIBCHHA IPUBOAUT K ITOJIOXKH-
TENIFHBIM HM3MEHEHHMSM OCHOBHBIX OKCIUTyaTallMOHHBIX TMOKa3aTeied paboTs
CyaHa.

KiroueBnle cioBa: BOAO-TOIUTUBHASI AMYJLCHS, TEMIIEPATypa BCIIBIIIKU, pac-
XOJ1 TOIUIMBA, HArpy3Ka Ha IJIABHBIN JBHUTATENb CyIHA, KOHIEHTPAIMs ANOKCHAA
yriieposa, TeMIepaTypa yXOIAIUX ra30B.

YK 629.123

O.B.Manaxos, P.I'.Iyoinko. BukopucTaHHs eMyJbCil BOAW 1 MalUBa TiJl 4ac
eKCIUTyaTaIii CyaeH

B crarTi posrisiHyTa npobiieMa BUKOPUCTAHHS BOJO-TTATMBHUX €MYJIBCIH i
yac poboTu cyzaeH. Onrcana HOBa TEXHOJIOTIS IEPEMIITyBaHHS BOJIH 3 AU3EIbHUM
nanuBoM. /leTabHO pO3TIISIHYTa TEXHOIOTIS POOOTH pO3pOOIEHOrO EKCIIepUMEH-
TanbHOro creHna. Onmcani pe3ynbTaTd BUMIpIOBaHb TOJIOBHHUX ITOKa3HHUKIB po-
60TH CyaHa B 3aJIEKHOCTI BiJl KOHIIEHTpAIii BOAM B MaJIKBI, 110 MOJAETHCS HA To-
PiHHS B CyJTHOBUIT roj10BHUH MBUTYH. [loka3aHO, 110 3aMPOIMIOHOBAHMIA METO TTiJI-
TOTOBKH BOJIO-TIAJIMBHUX €MYJBCIH MPUBOAWTH 10 MO3UTUBHUX 3MiH TOJOBHHX
eKCIUTyaTalliiHIX ITOKa3HUKIB pOOOTH CyIHa.

KirouoBi cioBa: Bojo-najMBHA €MYJECisl, TEMIEpaTypa 3aropsiHHS, BUTpaTa
TNaJIMBa, HABAaHT)KEHHS Ha TOJIOBHUI IBUTYH CY/IHA, KOHIIEHTPALiS TIOKCHTY BYT-
JIETII0, TEMITepaTypa BUXIAHUX 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 con-
sidered 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 com-
bustion 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.
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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 00pa30BaHMS OKCHIOB a30Ta B
LWIHHApPE JBUraTeneil BHyTpeHHero cropanus // CynoBble SHEpreTH4ecKie ycra-
HOBKH: Hay4.-TexH. c0. —2018. -Ne38. —Onecca: HY «OMAy. —C.225.

[IpencraBneHbl pe3ynbTaThl TPUMEHEHUS CTATHCTHUCCKUX MOJIENICH Uil aHa-
nr3a 00pa3oBaHUs OKCHIOB a30Ta B HMJIMH/PE JBUTATENS] BHYTPEHHETO CrOPaHHs
HA OCHOBE CTATUCTHYECCKON 0OpabOTKH 3KCIEPUMEHTANBHBIX JaHHBIX. Jlydimumu
MIPOTHOCTUYECKUMH KauecTBaMH 00J1aJaeT MOJIENb BTOPOTO MOpsIKa C HEJMHEH-
HBIM MpeoOpa3oBaHueM (BYHKIMH U BKIFOYCHHUEM B MOJICITh MEK(AKTOPHOTO B3a-
UMOJICHCTBHUSL.

Wnn. 3.Ta6m. 12. Crucok yut. 22.

KiroueBrle croBa: JaBurartells BHyTPEHHEIO CropaHus, 00pa3oBaHHE OKCHIOB
a3oTa, CTaTUCTHYecKas 00paboTKa SKCIEPUMEHTAIBHBIX JaHHBIX.

[IpoBeneH aHanM3 pa3nUYHBIX MPOLECCOB 0Opa3oBaHMs okcuaoB azora (NOX)
B IWIKHJIPE JBHUTATEICH BHYTPEHHETO cropanus. [IpeamodreHue oTIaHO TepMU-
4ecKoMy MexaHu3My. CyIIecTBYIONIUE MOTYIMITMPHYECKAE MOJIEIN 00pa3oBaHUs
NOX oTIM4aloTCs HEBBICOKOW TOYHOCTHIO W TPEOYIOT JOMOIHUTEIHHOM
HACTPOMKHU 7Sl KOHKPETHBIX YCIOBUM NMpuMeHeHus. [IpennokeHo paccMOTpeTh
BO3MOXKHOCTh MTPUMEHEHUS CTATHCTHUECKUX Mojielielt oopazoBanust NOX. Bermon-
HEHa CTaTHCTHYecKas o0paboTKa SKCIePUMEHTANbHBIX JaHHBIX C HMCIOJNb30Ba-
HHEM pErpecCHOHHOro aHaiu3a. [lomy4eHbl perpecCHOHHbIE YPaBHEHHsI BTOPOTO
MOpsiIKa C Pa3UYHBIMUA BapUaHTAMH ydéra B3amMojneicTBus (akTtopos. Jlyd-
MU TIPOTHOCTHYECKUMH KadeCTBaMU 00J1alaeT MOJIeb BTOPOTO MOpsI/IKa ¢ He-
JIUHEHHBIM TIpeoOpa3oBaHueM (YHKIMH U BKIIFOUYCHUEM B MOJCTH MEX(paKTOp-
HOT'O B3aUMOJICUCTBUS

YK 621.431.74

THonosunka E.M. MonenmtoBaHHSI TIPOIECIB YTBOPEHHSI OKCHJIB a30Ty B
LWTIHIAPI BUTYHa BHYTPIIIHBOro 3ropsiHHS//CyIHOBI €HEpreTH4YHI YCTaHOBKH:
HayK.-TexH. 30. -2015. -Ne38. —Oneca: HY «OMAy. —C.225.

[pencraBneHi pe3yabTaTH 3aCTOCYBaHHS CTATUCTUYHUX MOJENEH JUIs aHaJi3y
YTBOpPEHHSI OKCH/IIB a30Ty B HWJIIH/IPi JIBUTYHA BHYTPILIIHEOT'O 3TOPSIHHS HA OCHOBI
CTaTUCTUYHOI 0OpPOOKM eKcIiepiMeHTaIbHUX JaHuX. KpamyMu nporHocTHIHIMHA
SIKOCTSIMM BOJIOZI€ MOJETb JPYroro MHOPSAKY 3 HENiHIMHUM NepeTBOPEHHIM
(YHKIIT 1 BKIFOUSHHSIM B MOJIENTb MI>K(aKTOPHOI B3aeMOJIi.

In. 3. Tabn. 12. Coucok mit. 22.

KirouoBi cioBa: ABHI'YH BHYTPILTHBOI'O 3TOPSIHHS, YTBOPEHHS OKCHIIB a30Ty,
CTaTUCTUYHE 00pOOJICHHS eKCIIepiMEHTAIbHUX JaHUX.
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[IpoBenenmii aHami3 pi3HUX MpoOLECiB YTBOpeHHs OKcHIiB a3oTy (NOX) B
LWJTIHJPI IBUTYHIB BHYTPIIIHBOr0 3ropsiHHs. [lepeBary BingaHo TepMidHOMY Me-
xaHi3My. IcHyroui HamiBemmipuaHi Mozeni yrBopeHHS NOX XapaKTepH3YIOThCS
HEBHCOKOIO TOYHICTIO 1 BUMAraroTh JI0JJaTKOBOT'O HACTPOIOBAHHS ISl KOHKPETHUX
YMOB 3aCTOCYBaHHS. 3allpONOHOBAHO PO3IVIIHYTH MOMJIUBICTb 3aCTOCYBAHHS CTa-
TUCTUYHHX Mojienielt yrBopenHst NOX. BukoHaHa cratuctudHa 00poOka eKcriepu-
MEHTQJIIHUX JaHUX 3 BUKOPHUCTAHHAM perpeciiiHoro anamizy. Ortpumani pe-
rpeciiiHi piBHSHHS JPYToro MOpsIKY 3 Pi3HUMH BapiaHTaMU 00IiKy B3aeMoii dax-
TopiB. Kpamymu nporHoCTHYHUMHE SIKOCTSIMH BOJIOJIIE MOZENH APYTOr0O MOPSIKY 3
HEJIHIMHIM TIepeTBOpeHHsIM (YHKIII i BKIIOYEHHSIM B MOJENb Mik(akTopHOI
B3a€EMOJ.

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 qualities posess
a second order model with a nonlinear conversion function and cross-factor inter-
action, 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 (EQG): 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 ( NOx). The content of the latter is reg-
ulated by IMO regulations and maximum limits apply to environmental control
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 (N20, N202,
N204, N205) in the exhausted gases is insignificantly little, therefore widely ap-
plied designation NOx serves for a designation of a nitrogen monooxides and di-
oxides 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 tem-
perature zone of combustion immediately after the combustion; generation of
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"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 oxide
when burned; the formation of NO from nitrous oxide N20O. 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 equa-
tions of the second order with various options of interaction factors were obtained.
The best predictive qualities posess a second order model with a nonlinear conver-
sion function and cross-factor interaction, included in the model.

YK 629.12.565.3

Kypasnes FO.HU., Meavnuk A.A. B crathe 000CHOBaHa aKTyaJbHOCTB IPO-
OJIeMBI TIOBBIIIEHHUS HAJISKHOCTH COMPSDKEHWH JeTajield CYMOBBIX TEXHHYECKHX
CpPE/ICTB IIPH POEKTHPOBAHNH M IKCILTyaTalluH Cy/0BBIX cucteM. [lomuépkuyTo,
YTO OCHOBHBIE IIOKa3aTeNH HAJSKHOCTH 3aKiIabIBAIOTCSA Ha JTAIe U3TOTOBIICHUS
CYJIOBBIX Y3JIOB M arperaToB, TIOCKOJIbKY B TAJIbHEHIIIEM OHH TOJIBKO OTpaOaThIBaeT
cBoi pecypc. OfHaKO B IIPOLECCE IKCILTyaTallul BO3MOXKHO IO/ Aep>KaHUe 3a1aH-
HBIX TIPY NPOEKTHPOBAHUU MAapaMETPOB 3a CUET NMPABHIBHOIO TEXHHYECKOro 00-
CITY)KMBaHUSI U PEMOHTA.

B crarbe BHUMaHHME COCPEOTOYEHO HA OJHOM W3 HAIPaBIIEHH MTOBBIIICHUS
ToKa3aTesiell HaJeKHOCTH COTIPSDKEHUI CyJOBBIX JIeTaleil - yBEIMUYEHUH JIOJT0-
BEYHOCTH 32 CUET MOBBIIIEHNS] X H3HOCOCTOHKOCTH.

INomuepkHyTO, UTO 3a/1ayua MOBBINIEHUS] U3HOCOCTOMKOCTHU AeTaneil 00ycioB-
JIMBAaeT HEOOXOIUMOCTh pa3pabOTKH M MCCIEIOBAaHMS HOBBIX METOIOB ITOBEpPX-
HOCTHOT'O YIIPOYHEHHMSI, K KOTOPBIM OTHOCHUTCS METO 1e()OPMHUPYIOIEr0 PE3aHusL.
H3yueHo pacnpeneneHue MUKPO-TBEPAOCTU B (hopMupyeMoM mpu oOpaboTke Ta-
KAM METOJIOM B NOBEPXHOCTHOM CIIO€, ITOCKOJIbKY OHUM M3 (paKTOpOB, BIIHSIO-
LM Ha NW3HOCOCTOWKOCThH TIOBEPXHOCTEH TPEHUSI, SIBIISIETCS pacipe/ielieHHe MHUK-
POTBEPIOCTH Ha MOBEPXHOCTH TPEHMSI.

B HacrosieM HcCleOBaHUM OIpeNeNeHa 3aBUCUMOCTH IIEPOXOBATOCTU U
BOJIHUCTOCTH TIOBEPXHOCTH COINpPSDKEHHBIX JleTaneil oT paauyca aedopMHUpyro-
IIEro 3JIEMEHTA.

KiroueBnle ciioBa: MUKpOreOMETpHs TOBEPXHOCTH, IIEPOXOBATOCTh U BOJHU-
CTOCTBh MTOBEPXHOCTEH, COTPSHKEHHE «BaJI-TIOIIUITHUK CKOJIBKEHUS», PaIUycC Je-
(opMupyIOLIEro 3JIeMeHTa, paJiyc KPUBU3HBI BOJIHBI.

YK 629.12.565.3
Kypasnvos FO.U., Menvhux A.A. Y craTTi 0OrpyHTOBaHa aKTYyaJbHICTh IIPO-
6JIeMU i ABUIIEHHS HaIITHOCTI CHIONTy4YeHb JIeTajell CyJHOBUX TEXHIYHUX 3ac00iB



2018 — Ne 38 CyOHo6i enepeemuyri YyCmMaHo8Ku 303

IIPY TIPOEKTYBAHHI 1 eKCILTyaTamii cyaHoBHX cucteM. ITijkpecieHo, 1o OCHOBHI
TOKA3HUKH HAJIHHOCTI 3aKJIaJal0ThCs Ha €Talll BUTOTOBJIEHHS CYTHOBHX BY3IIB i
arperari, OCKUIbKM HaJjaJli BOHH JIMIIIE BiAIIpanboBye cBiil pecypc. [Ipote B mmpo-
1ieci eKCIUTyaTallii MOXKIJIMBA ITi ITPHMKa 3aJJaHUX IIPU POEKTYBaHHI MapaMeTpiB 3a
paxyHOK MPaBUIBHOI'O TEXHIYHOI'O OOCIYTOBYBaHHS 1 pEMOHTY.

VY crarTi yBara 3ocepe/ikeHa Ha OJJHOMY 3 HaIpsIMiB ITiIBUIIEHHS TOKA3HUKIB
Ha/liHHOCTI CIIONYYeHb CYIHOBHX JETallei - 30UIbIIEHH] JIOBIOBIYHOCTI 3a paxy-
HOK ITiIBUIIEHHS 1X 3HOCOCTIHKOCTI. [TiIKpeceno, mo 3aBaaHHs MiBUILEHHS 3HO-
COCTIMKOCTI JieTajneli 00yMOBITIOE HEOOXIHICTh PO3POOKH 1 JOCHIHDKEHHS HOBHX
METO/IIB TIOBEPXHEBOI'0 3MIIHEHHS, J0 SKUX BiJIHOCHTBHCS METO[ Je(hOpMyIUoro
pizaHHs. BuB4eHUI po3noaisT MiKpO-TBEPOCTI Y GopMOBaHOMY ITpu 0OpOOTIi Ta-
KM METOJIOM B MTOBEPXHEBOMY IIapi, OCKIJIbKH O/IHIM 3 YMHHHUKIB, 10 BIUTMBAE Ha
3HOCOCTIHMKICTh TOBEPXOHb TEPTS, € PO3IOJILIT MIKPOTBEPAOCTI Ha OBEPXHI TEPTSL.

VY naHHOMY JOCII/KEHHI BU3HAUYEHA 3aJIEKHICTh HIOPCTKOCTI 1 XBUIISICTOCTI
MTOBEPXHI 3B'sI3aHUX JIETaJIeH BiJ| pajiyca e OpMyHOUOoro eIEMEHTa.

KirouoBi cnoBa: MikporeoMmeTpist HOBEpXHi, IOPCTKICTh 1 XBUIISICTICTH TTOBEP-
XOHb, CITOJIy4EeHHS «BaJI-IIIMIMITHUK KOB3aHH:», pajiyc Ae(opMyroUuoro eneme-
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-hard-
ness 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 microhard-
ness 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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NPABUJIA O®POPMJIEHHSA 1 HOAAHHS PYKOIINCIB JJIA
3BIPHUKA «CYAJHOBI EHEPTETHUYHI YCTAHOBKW»

HaykoBo-TexHiunmii 30ipHUK HalliOHATBHOTO yHiBepcuTeTy «Omechka
Mopcbka akaneMis» «CyqHOBI €HepreTHYHi YCTAaHOBKHM» € HAyKOBHM BH-
JaHHSAM, B SIKOMY MOXYTh MyOJIiKyBaTHCh OCHOBHI pe3ylbTaTd IUcepTa-
HifHUX poOIT 3 TPO]IIIO CYIHOBOT EHEPTETHUKH.

CraTTsa MOBMHHA BiINOBIAAaTH MpaBUiaM OpOPMIICHHS HAYKOBUX CTa-
TeH 1 MICTUTH [TOCTAHOBKY MPOOJIEMH B 3aralbHOMY BUTJISIAIL Ta 1i 3B'30K 3
BaYKIMBUMH HayKOBUMH 200 MPaKTHYHUMH 3aBJIaHHSIMH, aHaJi3 OCTaHHIX
JOCITIKeHb 1 myOmiKamiid 3a TeMOIO cTaTTi, popMyTrOBaHHS IIiJied CTaTTi
(TIOCTaHOBKY 3aBjaHHS), BUKJAJ OCHOBHOTO MaTepiany 3 HEOOXiTHUMHU
OOTpYHTYBaHHSIMH, BUCHOBKH Ta MEPCIEKTHBH MOJANBIINX AOCIiIKEHb.

Pykomnuc nogaerhes Ha eIEKTPOHHOMY HOcil y dopmati *.doc 3 marme-
POBOIO KOIIi€I0 1 pedpepaTaMu Ha YKPATHCHKIM, POCIMCHKIl Ta aHTTIHCHKIM
MOBax, po3MipoM He Ounbiie 2 MB, mifgnucanow BciMa aBTOpamMH, 3 KOH-
TakTHOIO iH(popMamieto: agpecu, tenedgonu. Obcsr cratti — g0 0,5 aB-
TOPCHKOTO apKYyIlia 3 YpaxyBaHHSIM LTFOCTpAIliid, i MaTFOHKOBUX Mi/IMUCIB
i pedepary.

dopmar nanepy AS (148x210) Vci mons — 16 mm. Teker - yepes 1
inTepBai, Times New Roman, 11 nt; Ta0mnmiii, 3aroyioBky Ta0iIuIlb, miaMa-
JoHKOBI mianucu — 10 mT.

Ha nepruiii cropiHii pykonucy noBUHHI OyTH BKa3aHi HACTYIHI elle-
menTH: inaekc Y/JK; ®IO aBropiB; HaliMeHyBaHHS 3aKjany, B IKOMY BH-
KOHYBaJsacsi poboTa; Ha3Ba CTaTTi, aipeca eNeKTPOHHOI MOIITH aBTOpiB. 3a-
TOJIOBOK CTaTTi ohopmIIATH 3a cTriieM 3aroioBok 1, kersb 11 nT, O3 me-
PEHOCY, yCi MPOIUCHI, IHTepBaJl: TIepen — 8 IT, micas — 2 1T.

Hanpukinui pykonucy HaBoauThcs pedepaT Ha TPhOX MOBax — YKpaiH-
CBbKil, POCIMCHKIM, aHTmiHChKiN, Mo Mictuth PIO aBTOpiB, HA3BY CTATTI,
CKOPOYEHHH 3MICT Ta KIFOUOBi CIIOBA.

SIKIIO pyKOIUC HE € TOBHICTIO aHTJIOMOBHUM, BiH CYNPOBO/DKYETHCS
AHOTAI€I0 Ha aHTIHCEHKIN MOBI 00carom He Menire 1800 3HakiB, BKIIIOYA-
10YH KITIOYOBI CIIOBA.

3MiHHi, QYHKI{, BEKTOpH, MATPHUIL 1 T.1. OPOPMIISIFOTHCS JTATHHCHKAM
mpupToM. 3MiHHI BHKOHYIOTHCS TOXWJIMM MIPH(YTOM, BEKTOPH —
HaMIBXUPHUM, O3 Haxuily; TpelbKi CHMBOIM — Y BCIX BUNaaKax 0e3
HaxXWIy; IHJIEKCH: JIATUHCHKI — 3 HAXHWJIOM, KUPWJINYHI — 0e3 Haxwuity. Po3-
Mipu B Mathtype: ocHoBHmit — 11 1T, 30UnbIIeHUit — 16,5 10T, iHIEKC —
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7 1T, cybiHAekc — 6 nT. Y BCiX BHIIAAKAX PO3MITKa POPMYJ Yy KOMii pyKo-
nucy 000B's13koBa. HyMepyroThes TUTbKY Ti (POPMYJIH, Ha SIKi € TIOCHIJIAHHS
B TeKkcTi. DOpMynH BIAIISIOTHCS Bill TEKCTY pSAKaMH BHCOTOO 2 IT. Yci
(dhopmynu nmoBuHHI OyTn HaOpani B Mathtype. Onunuiti Gi3UIHUX BETUUNH
noBuHHI BigmoBigatu ACTY 3651.0-97, ACTY 3651.1-97, AICTY 3651.2-
97 "Merponoris. Oauauni Gpi3uyHUX BEeMTUYHUH" 1 MATH 3araIbHOMPUAHSTI
MO3HAYEHHSI.

Tabnuui ciig po3TamoByBaTH Ha OJHINA CTOPIHII KPiM BHMAJKIB, KON
Tabnuus 3aiimae Oiibine 1 cropinku. 3aronoBok — 10 mt, 0e3 mepeHocy,
iHTepBal nepen — 8 0T, micyist — 2 NT, OCHOBHUH mpuQT Tadbmumi — 10 nT.
MaJtioHKH BiIIUISIFOTBCS Bill TEKCTY 3BEPXY IHTEPBAIOM § T, Bijl HA3BH —
2 nrt. Ha3sa mamonka — kerdib 10 nt, 6e3 niepeHocy, iHTepBal miciss —
8 nT. Ha Bci Tabnuii 1 MamfOHKHM IOBUHHI OyTH MTOCHIIaHHS B TEKCT1 CTAaTTi
y CKOPOYCHOMY BUIJISAI (TA0IL.).

LmtocTparii, siki miaroToieHi B rpadiyHUX peaakTopax, JOAAIOTHCS B
SAKOCTi OKpeMux (aiiliB y BuxigHOMY ¢opmaTi. Po3Mip HamnmciB moBHHEH
3abe3nevuyBaTH iXHIO yuTaHicTh (8-10 nT). g ckaHOBaHMX MaJIOHKIB J10-
JAETHCS OPUTiHAM Y Ty Ha OLIOMY marepi J0CTaTHBOI HiibHOCTI. Ha 3B0-
POTi BKa3y€eThCcs HOMEP 1 MPUHAJIEKHICTh JI0 CTATTI.

Biomiorpadiyni onucu MoBUHHI BiAmoBiiaTu aitouum Bumoram. [locu-
JIaHHS Ha JITEpaTypHI JUKepena Y TeKCTi 0(OpPMITIOIOTHCS Y KBaJpaTHUX
Iy’)KKax 3 BKazaHHAM HOMepa JpKepena.

KonrtakrtHa iHdopmaris - e-mail: ivanovichlzh@gmail.com
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Cy/HOBi €HEPreTHUYHI YCTaHOBKHU:
HAyKOBO-TEXHIYHHUN 30ipHUK.
Bumyck 38.

[Migmucano no meyarku 30.11.2013. dopmar 60%84/16.
Yu.-m3a. 1. 9,89. Tupax 100. 3ayBomuth, yBect a0 nary. Ne 1M12-12 52.
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