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AnHoTanus. [IpoBoauTcst aHanM3 BIMSHUS Harpy3KH CyHOBBIX ABHTareneil BHyrpennero cropanus (C/IBC) na temrepa-
TypHBIC TTapaMeTphl chcTeMbl BozsiHoro oxiakaenus CJIBC, obopynosannoro mmsemssmu L32-40 Vis. B cucremax oxia-
xaernss CIBC mpHBOAHEIE 3JIEKTPOBHTATENN HACOCOB, MOJAIONIME OXJIVKTAIOIIYI0 BOAY, pabOTAalOT ¢ NPaKTHYCCKH
HEHW3MEHHOH CKOPOCTBIO U 00eCIIeYHBAIOT IIOCTOSHHYIO Moziady Boabl. Perymmpoanue teruioBoro cocrosHus CIBC mpo-
M3BOJIUTCS TIO OTKJIOHEHHIO (DaKTUYECKOW TeMIepaTyphl OXJIOKAAIOLICH BOIBI OT 3aJJaHHBIX 3HAYCHUH C OMOLIBIO KJIaIa-
HOB. Kitamnanel, nepekpbiBas WM OTKPbIBas MarkCTpasy, U3MEHSIOT COOTHOLIEHHE TT0JaBAEMbIX B TEILIOOOMEHHUKH TOTO-
KOB OXJIOXIAIOIIEH BOJIBI BHEITHETO M BHYTPEHHETO KOHTYpa. Peanusyercs NpUHIMI yHpaBIeHHs! 110 OTKIOHEHUIO OCHOB-
HOM KOOPJIMHATHI — TEMIIEpaType OXJIaXaroNIel Bobl. BimsiHue apyrux GpakropoB Ha paboOTy CHCTEMBI YIUTBIBACTCS C 3a-
na3aeiBaHneM. [IpoBeneHo MoaenpoBaHie padoThl BEICOKOTEMIIEPaTYPHOTO KOHTYpa CUCTEMBI OXJIAXKICHUS TJIaBHOTO CY-
JIOBOTO JIBUTATENS TapoMa Ha TpeHaxepe MamuHHoro otaeneHnss TRANSAS TechSim 5000. [Momy4denst rpadudeckue pe-
3yJBTaThl M3MEHEHHS TEMIIEPATYPBI BOJBI OXJIKIAIOLIEIO KOHTYpa IIPU YBEIUYCHUU U YMEHBIICHUU HAarpy3KU Ha AU3EIU
MyTeM H3MEHEHUs 3aaHHOI CKOPOCTH XOJa C PA3IMIHBIMU HaYalbHBIMH U KOHEUHBIMU 3HAYEHMSIMH IIPH MOCTOSHHOM
TeMIIepaType BO/Ibl BHELITHEr0 KOHTYpa OXJIaKIeH!s. I padiKy O3B0 TIOTYYHTh YUCIOBBIE U KAYECTBEHHBIE TTOKa3aTe-
JI TIEPEXOJHBIX MPOLIECCOB (JUTUTENBHOCTD, KOJIEOaTeNbHOCTD, PETYIMPOBAHNE, KOHEUHBIE 3HAUEHHUS TEMIIEPATYP U Ap.) VIS
Pa3IMYHbIX HAYAIBHBIX YCJIOBUI — IMaNa30HOB U3MEHEHUH Harpy3ku auseneil. [IpoaHannsnpoBaHsl MoTy4eHHbIE Tpaduye-
CKHE 3aBHCHMOCTH, CJIEJaHBI BEIBOIBI O PEKUMAX OTPAOOTKH CHCTEMOH OXJIXKICHMS BO3MYIIAIONINX BO3ICHCTBHUM, apa-
MeTpax HepexXO HBIX MPOLECCOB U OCOOCHHOCTIX PabOTHI IITATHONW CHCTEMBI YIIPABICHUS K KOHTYPA CHCTEMBI OXJIAXKICHUS
TJIABHOTO CY/IOBOTO JIU3€JIs1 C TOUKH 3pEHMs 00ECIIeUeHHs! ONTUMAIIBHBIX ITOKa3aTeNell paboThl CHCTEMBL. Y CTaHOBJICHO, UTO
IITAaTHAs! CHCTEMA YIIPaBJICHHS IIPH HEKOTOPHIX HAadaJIbHBIX YCIOBHSX He 00ecrednBacT ONTHMAIBHBIEC TTIOKA3aTelN Mepe-
XOJHBIX IIPOLIECCOB.
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TaThl MOZCIIUPOBAHNUS
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Abstract. The article provides analysis of the load effect of the marine internal combustion engines (ICE) on the tem-
perature parameters of the water cooling system of ICEs equipped with L32-40 Vis diesel engines. In ICE cooling sys-
tems the drive motors of the pumps supplying the cooling water operate at a constant speed and provide a constant wa-
ter supply. The thermal state of a marine diesel ICE is regulated by valves according to deviation of the actual temper-
ature values of cooling water from the preset values. By closing or opening the water lines the valves change the pro-
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portion of cooling water flows of the external and internal circuits fed to the heat exchangers. There is implemented
the principle of regulating the deviation of the main coordinate - the temperature of the cooling water. The influence
of other factors on the operation of the system is taken into account with a delay. Modeling the operation of the high-
temperature circuit of the cooling system of the main ship engine of the ferry was carried out using the simulator
of the engine room TRANSAS TechSim 5000. There have been obtained graphical results of changing the cooling
circuit water temperature with increased and decreased loads on diesel engines by changing the set speed with differ-
ent initial and final values at a constant water temperature in the external cooling circuit. The graphs helped obtain
numerical and qualitative indicators of transient processes (duration, oscillation, overshoot, final temperature values,
etc.) for the different initial conditions - ranges of diesel load changes. The resulting graphical dependences are ana-
lyzed, conclusions about the modes of working out the disturbing influences by the cooling system, the parameters
of transient processes and the features of the operation of the standard control system and the cooling system circuit
of the main marine diesel engine in terms of ensuring optimal performance of the system are drawn. It has been in-
ferred that the standard control system under some initial conditions does not provide the optimal parameters of tran-
sient processes.

Keywords: cooling systems for marine internal combustion engines, cooling water temperature, pump drive motor
control system, load effect modeling, modeling results
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Beenenue

B cucremax oxJaXAEHUsl CYNOBBIX IBHTaTeseit
BHyTpeHHero cropanus (CJABC) Hacocsl, nmoparomue
OXJIQKAAIOIIYI0 BOIY, TPAAHWIOHHO PabOTaIOT C II0-
CTOSIHHOM Tojaueil. PerynmupoBaHue TemsoBoro co-
crostanst C/ABC, xak nmpaBuiio, MPOU3BOAUTCS 1O (ak-
TUYECKOH TemIeparype oxJaXKJaroled BoAbl C MOMO-
mpio kianaHoB [1]. KimamaHsl M3MEHSIOT COOTHOIIIE-
HHUE MMOTOKOB OXJIaXIAIOMICH BOJBI BHEIIHETO W BHYT-
PEHHETro KOHTYpa, MOJaBa€MbIX B TEIUIOOOMEHHUKH.
PerymmpoBanue momy4daercss CTYyHEHYAaThIM, C 3a1epK-
KOl 10 BpeMEHH OT MOMEHTa W3MEHEHHA (haKTHUe-
CKOH TeMIlepaTyphl TU3eis P U3MECHEHHH Harpy3KH.
Peanm3yeTcs W3BECTHBIM NPHHIMIT YIPABICHHS 10
OTKJIOHEHUIO OCHOBHOW KOOPJIUHATHI — TEMIIEpaTypsl
oxnaxxaatomei Boabl. Ilpu sToM He obecneunBaeTcs
y4eT JpYIuX BaKHBIX IMapaMeTpoB pabOTHl CHUCTEM
oxnaxnaeHuss CJ/IBC. IlpuBoaHble 37I€KTpOABUrATENH
HACOCOB OXJIAXKIAIOIIEro KOHTYpa paboTaroT Ha KeCT-
KOW eCTEeCTBEHHOM MEXaHH4YeCKOM XapaKTEepUCTHKE,
C HE3HAYUTEIHHBIM M3MEHEHHEM CKOPOCTH BPAIICHHUS
npu KoJieOaHUSAX HArpy3KH Ha Bajax HacocoB. B Ta-
KOM peXHMe TPUBOJHBIC DJIEKTPOJIBUTATENN paboTa-
10T ¢ nepemMeHHbIM KIIJ] u k03¢ dumeHToM MOITHO-
CTH, 3aBHCSIIUMH OT Harpy3ku Ha Baie. DddekTus-
HOCTb pabOTBI HACOCOB TaKXe HE IOJIEPKUBACTCS Ha
ONTUMAaNbHOM ypoBHe. CTymeHuaToe yIpaBlICHUE
TaKKe HE MOXET 00ECIEeYUTh TOYHOCTh MOJICPKAHUS
ontumansHOi TemnepaTtypsl C/ABC u oxnaxparomei
BOJIBI IIPH U3MEHEHNH YCIIOBUH pabOTHIL.

Jst oBeIieHnss 3G PEeKTUBHOCTH pabOTHI CUCTE-
MBI TIpe[yIaraeTcsi pa3paboTaTh CHCTEMY YIIPaBICHHUS
4acTOTOM BpallleHUs] MPUBOIHBIX SJIEKTPOABUTATENECH
HAaCOCOB — WCIIONB30BAaTh CHUCTEMY «aCHHXPOHHBIN
JBUTATENh — TpeoOpa3oBaTelb 4acTOTh». CucTeMy
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YIOpaBJICHUS MpEIaraeTcsi pa3paboTars ¢ HCIOIB30-
BaHHEM HEYETKOW JIOTHKH, C OOJIBIIMM YHCIOM BXOJ-
HBIX MApaMETPOB: TEMIIEPAaTypa OXJIKIAIOMICH BOJIBI
B Pa3IMYHBIX y4acTKaX KOHTYPOB OXJAXKICHUSI U TEM-
mepatypa 3a00pTHOHM BOABI, (pakTHYEeCcKas Harpyska
CIBC u np. [2].

MaTtepuaJjbl HCCJIeA0BAHUSA

g mpenBapuTENHHOTO ONpeeTIeHUsS TapaMeTpoB
CHCTEMBI YIIPaBICHHUS IIPOBEICHO MOJICINPOBAHHE
BrusHUs Harpy3ku CJ/IBC Ha TemmeparypHble Tapa-
MeTpHl cucTeMbl BozsHoro oxnaxaeHus CJIBC, o6o-
pynoBanHoro ausensimu 1.32-40 Vis. MoaenupoBanue
npousBeneHo Ha TpeHaxkepe TRANSAS TechSim
5000. M3MeHeHne TeMmepaTyphl OXJIaXAA0Ied BOIBI
B KOHTYpax IPOU3BOJUTCS OTKPHITHEM WM 3aKPBITH-
€M 3JIEKTPOMATHUTHBIX KJIAMAHOB B (PYHKIWHU (haKTH-
YEeCKOW TeMIeparypsl BOIbl BHYTPEHHETO KOHTYpa Ha
BBIXOJIE U3 TU3EJIEH.

AHanu3 BIMSHHUSA HArpy3kd Ha paboTy CHCTEMBI
MIPOBOJIMIICS TIyTEM PETyIUPOBAaHHUS CKOPOCTH IBIDKE-
HUS TTapoMa ¢ Pa3TUYHBIMU HAYaJIbHBIMH M KOHEYHBI-
MU 3HaueHWsIMHU. [loydeHHBIE pe3yabTaThl MOJEIH-
poBanus (puc. 1-15) BBIABWIN, YTO CHCTEMa YIIpaBJIe-
HUSL KOHTYpaMy OXJIQKACHHSI JIOCTaTOYHO OBICTPO
oTpadaThIBaeT Npu yBeandeHnu Harpys3ku Ha C/IBC —
CKOpOCTU JBIDKEHHs mapoMa. B mpenenmax ot 15 no
40 cexyHJ 0OecrieunBaeTCsl yCTAHOBUBILIHUICS YPOBEHb
TeMIIepaTyphl BOAbI U3 Au3ens. Ha nmpuBeneHHBIX rpa-
(HMKax 3eJeHBIM BETOM 00O3HaUYeHa TeMmIlepaTypa Ha
BXOJIC B AM3€Nb, KPAaCHBIM — Ha BBIXOAE W3 JH3EI,
BEepTUKaJbHAS OCh TpaUKOB MpeACTaBIeHa B Tpaay-
cax llenbcust, TOpH30HTANBHAS OCh 0003HAYACT BPEMS
B CEKyHJaX, MUHYTaX, dacax.
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Fig. 1. Simulation results with increasing speed from 14.8 to 16.7 km/h
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Fig. 2. Simulation results with increasing speed from 13 to 16.7 km/h
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Fig. 3. Simulation results with increasing speed from 11.11 to 16.7 km/h
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Fig. 4. Simulation results with increasing speed from 9.26 to 16.7 km/h
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Fig. 5. Simulation results with increasing speed from 7.41 to 16.7 km/h
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Fig. 6. Simulation results with increasing speed from 5.56 to 16.7 km/h

92



Vestnik ASTU. Series: Marine engineering and technologies. 2022. N. 4
ISSN 2073-1574 (Print), ISSN 2225-0352 (Online)
Ship power generating complexes and systems

‘C
1007

$0

70

0 010400 01:06:00 010800 01:1000
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Fig. 7. Simulation results with increasing speed from 3.7 to 16.7 km/h

70470
! t, MUH:C
- ) a0 0120 ) ) 00 s
Puc. 8. Pe3ynbTaTsl MOAENMpPOBaHHMS IIPH YMEHBIIEHHH CKOpPOCTH ¢ 16,7 1o 14,8 kxm/4
Fig. 8. Simulation results when the speed decreases from 16.7 to 14.8 km/h
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Fig. 9. Simulation results with decreasing speed from 16.7 to 13 km/h
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Fig. 10. Simulation results when speed decreases from 16.7 to 11.11 km/h
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Fig. 11. Simulation results with decreasing speed from 16.7 to 9.26 km/h
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Fig. 12. Simulation results with decreasing speed from 16.7 to 7.41 km/h
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Fig. 13. Simulation results with decreasing speed from 16.7 to 5.56 km/h
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Fig. 14. Simulation results with decreasing speed from 16.7 to 3.7 km/h
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Fig. 15. Simulation results with decreasing speed from 16.7 to 1.8 km/h
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HpeZlCTaBJ'IeHHLIe Ha pUCYHKaX pE3yJbTaTbl MOAC-
JIMPpOBAaHUA IO3BOJIAIOT OLHCHUTH KAa4Y€CTBO NEPEXOI-
HbBIX HOPOLECCOB CHUCTEMbI OXJIAXKIACHHUA MNPU H3MCHC-
HUAX HArpy3Ku Ha OU3CJIb.

BriBoab!

1. Ipu cumwkenun Harpysku Ha CJIBC mpomos-
KHUTEIBHOCTD MEPEXOJHOTO MpoIiecca BEIXOAa TeMIIe-
paTypsl OXJIaXIAIOIMIeH BOJBI HA BXOJE W BBIXOJE TH-
3eNs MPEBBIMIACT MPOJOKUTEIFHOCTh MEPEXOTHOTO
mporecca npu yseauueHun Harpysku Ha CIBC. Or-
MEYCHO M3MCHCHHE BEIMYUH TEMIICPATyp OXJIaXKIaro-
Iei BOJIBI HA BXOJIC M BBIXOJIC U3 Ju3eiis (puc. 8—15).

2. Jlmama3oH W3MEHEHHWS TEMIECPATYPbl BOIBI
BHYTPCHHETO KOHTYypa MpPH HM3MCHEHHSX HArpy3Kd
HaxoauTcs B npeaenax 1-10 °C.

3. Bpewms BbIXozma Temreparypbl BOIbI OXJIaXKIaro-
IIeTO KOHTypa Ha HOBBIC YCTaHOBHBILIHECS 3HAYCHUS
B OOJIBLIIMHCTBE ONBITOB COCTABIISAET HECKOJIBKO MHUHYT.

4. Ha rpadwukax (puc. 8—10) mepexogHoM mpoiecc
3aTATHBACTCS M CTAHOBUTCA KOJICOATEITEHBIM.

5. B OonpmmHCTBE OMBITOB HAOJIIOMAETCS OTKIIO-
HEHHE HOBOTO 3HAYCHHSA TEMIepaTypbl BOJBI OXJIa-
JKTAIOMIETO KOHTYpPa OT MCXOJHOTO 3HAUYCHUS.

Takum 00pa3oM, CyIIecTBYIOIIAs CHCTEMa YIIPaB-
neHus koHTypa oxnaxaeHus CIABC npu uzmeHeHHsx
Harpy3Kl HUMEET psiJi HEJIOCTAaTKOB: KOJe0aTeJbHOCTh
JUISL HEKOTOPBIX PEXUMOB, CTYIEHYATOCTh PEryJIHpO-
BaHMs, 3aM1a3/IbIBAHUE U OTKIOHEHHS yCTAaHOBHBILIMXCS
3HAYEHUH TeMIIEpaTyphl BOABI OXJIAX/IAIOIIETr0 KOHTY-
pa OT Ha4YaJIbHBIX.
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