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Lenp paboThI: CHUXKEHHUE BPEMEHHU MOATOTOBKU T'a30TYPOMHHOTO JABUTATENs, padOTaIOLIEro
HAa KPUOTEHHOM TOIUIMBE, K IYCKY U MOBBIIIEHHBIM pEXHMaM pabOThl WM MONETY, a TaKke
MOBBIIICHUE €T0 SKOHOMUYHOCTHU U YJIYUILIEHUE SKOJOTUYECKUX XapaKTEPUCTHK.

N3BecTHBI criOCOOBI TyCKa ra3oTypOMHHOTO JBUTATeNsl Ha KpUOTeHHOM Toruuse [1, 2, 3].
Bpemsi moarotoBku K MyCKy BKJIIOYAeT IIOCJIEIOBATEIbHBIC OINEpalldi: MO 3aX0JaKHUBAHUIO
KPUOTEHHOM TOIUTMBHOW CHCTEMBI C HACOCOM TYpPOOHACOCHOTO arperara U ero mocjaeayouui myck
C OJTHOBPEMEHHBIM ITyCKOM ra30TypOMHHOTO JBUTATEIIS U IPOTrPEBa MOCIIETHET0 HAa PEXKUME MAJIOTO
raza. Hemoctatku »THX crmocoOOB: B OOJBIIOM BPEMEHH Ha MOJATOTOBKY K MYCKy, K paboTe Ha
MOBBIIICHHBIX PEKUMaX U K MOJNETY; MPH 3aX0JIAKUBAHUHN KPUOTCHHOE Ta3000pa3HOe TOTUIMBO WIIH
BBIOPACHIBAIOT B IPEHAXK B aTMOC(hEpy MM CKUTAIOT HA BBIXOJE IPEHAXA.

VANV

Pucynox 1 - Cxema cucmemul 0113 ocywecmenenus nycka 2azomypounno2o 08u2ameisi Ha KpUO2eHHOM MONIUGe

Crnoco0 mycka ra3oTypOMHHOTO ABUTATENs 9 Ha KpUOTEHHOM TOoIIUBE (pHc. 1), 3aKmoyaercs
B TMOBBIIIEHUU JaBJICHHS KPUOTEHHOIO TOIUIMBA 1O JaBJIEHUs i1 paboThl Ta30TypOMHHOIO
aBUraTelns 9 Ha pexkrMe MBI Ta3 ¥ OTKPBITHH KJIATlaHa IMo/1a4d 2 IIPH 3aX0JIa)KUBaHUU KPHOT€HHON
TOIJIMBHOM CHUCTEMBI OT BBIXOJ]a U3 KPUOTE€HHOM pacxoiHoM éMkocTH 1 10 BbIXOnHa M3 Hacoca 3
TypOOHACOCHOIO arperata 10 TeMIepaTypbl >KUIKOM (a3sl KpuoreHHoro torumBa. lIpormecc
3ax0JaKUBaHHUsI KPUOT€HHON TOIUTMBHOW CHCTEMBI OT BBIXO/Ia U3 KPUOT€HHON pacXxoJHON EMKOCTH
1 no BBIXOJA W3 Hacoca 3 TypOOHACOCHOTO arperara W BXOJa B TEINIOOOMEHHHK-TazudukaTop 4
KPUOT€HHOT0 TOIIMBA JI0 TeMIepaTypbl JKUAKOW (a3bl KPUOTEHHOTO TOIUIMBA HAYMHAIOT
OJTHOBPEMEHHO C OTKPBITHEM KJIalaHa Io1a4qu 2, OTCEYHOT0 KJIarmaHa 6 1 peryiasTopa pacxoaa S s
[0JIa4l KPUOTEHHOI'0 TOIUIMBA Yepe3 KOJUIEKTOp 7 TOIIMBHBIX (DOPCYHOK B KaMmepy cropaHus 8
ra3otypounHoro nsurarens 9 B mepuon packpyTku poropa 11 c razoBod TypOunoit 10 m
KoMmrpeccopoM 12 ra3oTypOuHHOTO ABUraTess 9 B mpolecce ero mycka U BbIX0Ja Ha peKUM Majioro
raza. [lyck Hacoca 3 TypOOHACOCHOTO arperarta BBHINOJHSIOT IIOCIIE €r0 3aXOJaKWBaHUS TPH
JIOTIOJTHUTEIBHOM YCIIOBUU TPH YBEJIIMYEHUHU PEKUMa pabOThl Ta30TYpOMHHOrO ABUraTesns 9 Bble
pexxuma masoro rasa. [lossimenne gasiaenus 10 350-600 klla KpporeHHOro TOIJIMBA HA BBIXOJAE U3
KPUOT€HHOM pacXxoAHoil éMKocTH 1 OCylIeCTBISIOT yBEIUUYEHUEM JIaBJICHUS HaJlyBa upe3 KiarnaH
13 xpuoreHHod pacxomHoi Emkoct 1 W (WiM) BKITIOYCHHEM IIOJKaYMBaroniero Hacoca 14,
YCTQHOBJICHHOTO Ha BBIXOJ€ JKUAKOW (ha3bl KPUOTCHHOTO TOIUIMBA M3 KPUOTEHHOH pacxoHOU
émkoctu 1. [lpu yBennmueHnH pexxuma paboThl ra30TypOMHHOTO IBUTATENS 9 BBIIIE PEKUMA MaIOro
ra3a CHIDKAIOT JJaBJI€HUE KPUOTCHHOTO TOILJIMBA Ha BBIXOJE U3 KPHOT€HHOW pacxoHON éMKocTH 1
no nasienus 150-300 kIa. [Tpu 5ToM 3aKpBIBAIOT KJarmaH HajyBa 13 ¥ OTKPBIBAIOT KJIAllaH IpeHaxa
15 w3 mapoBoil MONOCTH KPUOTEHHOM pacxofHoi &mkoctu 1, m3MmepsorT pacxox 16 razos
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KPUOTEHHOTO TOIUIMBA W Yepe3 PeryisiTop pacxoaa ra3oB 17 cOpaceiBalor ux Ha Bxoa 18 B
Kommpeccop 12 ra3orypOuHHOrO nBUTATeNst 9, a pEryisaTopoM pacxoja 5 yMEHBLIAIOT MOAAYy
KPUOTEHHOTO TOIUIMBA Yepe3 KOJUIEKTOp 7 (OPCYHOK ra3zoTypOMHHOTO ABUTrarens 9 Ha BeNIUYUHY
pacxojia ra30B KpHOT€HHOTO TOIIMBA U3 MMapOBOM MOJIOCTH KPUOTEHHOU pacxoaHou émkoctu 1. Unu
IpU YBEIMYEHUH peXHMa paboThl Tra30TypOMHHOro aBuratens 9 Bellle peXuMa Majoro rasa
BBIKJTIOYAT TIo/IKaunBaronuii Hacoc 14. [Ipu cHmwkeHuu pexnma paboTsl ra30TYpOMHHOTO IBUTATEIS
9 o pexxrMa Mayoro rasa Hacoc 3 TypOOHACOCHOTO arperara He BBIKJIFOYAloT.

N3-3a TOro, 4TtOo Mapbl KPUOTCHHOTO TOILJIMBA B MPOIECCE 3aXOJIAXXUBAHUS KPUOTEHHOMU
TOIUIMBHOM CHCTEMBI HE BBIOPACHIBAIOT B aTMOC(epy, a CKUTAIOT B KaMepe CropaHusi pH Mporpene
ra30TypOMHHOTO JIBUTATEIIS IPU €ro padoTe Ha PEeKUME MAJIOTO ra3a, MOBBIIICHB 3KOHOMHUYHOCTD U
HKOJIOTMUECKHE XapaKTEPUCTUKU Ta30TypOuMHHOro asurarens. CHIKEHBI 3aTpaTbhl BpPEMEHU Ha
MOJIrOTOBKY Ta30TYpPOMHHOTO JBUTATEISA, paOOTAIOIIEr0 Ha KPUOTEHHOM TOIUIMBE, K ITyCKY U padoTe
Ha TMOBBINICHHBIX pEeXUMax WIM TMOJETYy B COCTaBE JIETATEIbHOIO armapara, T.K. BpeMs
3aXO0JIAKUBAHUS €r0 KPUOTCHHOM TOIJTMBHOM CUCTEMBI COBMEILIEHO C €TI0 MIPOTPEBOM.
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The purpose of the work is to reduce the time for preparing a gas turbine engine running on
cryogenic fuel for launch, increased operating modes or flight, as well as improving its efficiency and
environmental performance. The method for starting a gas turbine engine running on cryogenic fuel
consists in increasing the pressure of the cryogenic fuel to the pressure for operating the gas turbine
engine in the low gas mode and opening the supply valve when the cryogenic fuel system cools down.
When the temperature of the pump of the turbopump unit reaches the temperature of the liquid phase
of the cryogenic fuel, the pump of the turbopump unit is started. The process of chilling the cryogenic
fuel system from the exit from the cryogenic supply tank to the exit from the pump of the turbopump
unit to the temperature of the liquid phase of the cryogenic fuel begins simultaneously with the
opening of the supply valve, shut-off valve and flow controller to supply cryogenic fuel through the
fuel injectors into the combustion chamber of the gas turbine engine during the spin-up period rotor
of a gas turbine engine in the process of its start-up and exit to the idle gas mode. The pump of the
turbopump unit is started under the additional condition: when the operating mode of the gas turbine
engine is increased above the idle gas mode. Due to the combination of the processes of chilling the
cryogenic fuel system and warming up the gas turbine engine, the time of its preparation is reduced,
its efficiency is increased and its environmental characteristics are improved.
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