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B paboTe npoBeneHbI HCCiIen0BaHMs IPOIECCOB TEINIO0OMEHA MPH NPEACTaAPTOBOM 3aXOJIa)KUBAHUK PACXOJHBIX MarucTpaei
IBUraTenabHbIX ycTaHOBOK (Y) pasronnsix 610xoB (PB) paker-nocuteneit (PH) u B KpHOTeHHBIX CHCTEMax HCHBITATEIBHOIO
crenpa (MC).

Ha ocHOBe paccMOTpeHUs ypaBHEHUH COXPAHEHUSI MAacChl M SHEPTHH IPIMEHUTENBHO K Ta30BOH Noaynike 6aka u o0bemMy Oa-
Ka, 3aII0JHEHHOTO KPHUOT€HHOW KHMAKOCTBIO, MPEITOKEHBI METOIBI MATEMAaTHUECKOTO MOAEIHUPOBAHMUS IPOIECCOB 3aXONAKUBaA-
nus. [lo pesynpraraM CTEHIOBBIX M JETHBIX MCHBITAHUH 1Y yTOUHSIOTCS KO3(D)(GUIUEHTH 3aMBIKAIOINX 3aBHCHMOCTEH JUIS pe-
IIEHHs] YPaBHEHHH 10 TEIUIOOTAAYE M TPEHHIO B dieMeHTax cucteM noxaun VIC n J1Y.

Pe3ysbraThl pacyeTHO-IKCIIEPUMEHTANIBHBIX HCCIEAOBAHMH IIPOLIECCOB 3aXOJAXKMBAHMS PACXOMHBIX BOJOPOAHBIX M KHUCIIO-
POIHBIX MarvcTpaliei, oJlydeHHbIe IPU CTEHIOBBIX U JIeTHBIX ucnbltanusix Pb 12KPB, moryT ObITh HcONB30BaHbI 11s1 Bepudu-
KalMu KOMITBIOTEPHBIX MOJIeJiel pacueTa TerioooMena kpuorennsix cucreMm VIC u JIY.

KntoueBble crioBa: TennoobMeH, NpecTapToBOe 3axonaxnBaHWe, pasroHHbIN 6ok, ABUratenbHas yCTaHOBKa, UCMbITaHUE, BOAOPOA,.
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The paper presents the study of heat transfer processes during prelaunch decreasing expenditure highways propulsion units
(PU) upper stage (US) launch vehicles (LV) and cryogenic systems of the test bench (TB).

Based on the consideration of the equations of conservation of mass and energy as applied to gas-cushion tank and the volume
of the tank is filled with cryogenic fluid, the methods of mathematical simulation of processes of cooling. According to the results
of bench and flight tests control coefficients are specified closing dependences on heat transfer and friction in heat capacity of the
elements. TB and PU.

The results of calculation and experimental studies of the processes of cooling consumable hydrogen and oxygen arteries
obtained at bench and flight tests of RB, can be used for verification of computer models calculate during cryogenic systems TB
and PU.

Keywords: heat transfer, the pre-start cooling down, upper block, propulsion units, testing, hydrogen.
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ViccnepgosaHue npoweccos TennoobmeHa npwv NpeacTapToBOM 3axosiaXnBaHUM pacxogHblX MaFMCTpaJ'IeVI ay Pa3roHHbIX 6nokos PH
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Caenenusi 00 aBTope: I-p TexH. Hayk, mpodeccop, jdaypear npemun Cosera Munuctpos CCCP
B 00J1aCTH HAyKH W TEXHHKH, ACHCTBHTENBbHBIN WwieH Poccuiickoil akamemun KOcMOHAaBTHKH mM. K.O.
uonkosckoro, rnaBabiid HayuHbli coTpyaauk OKIT «HUL PKID», npodeccop xadenpsr «YnpasieHue
SKCIUTyaTalyell pakeTHO-KOCMHUYEeCKUX cucteM» MAMW; Hay4HO-Tienarornaeckuii crax oomnee 40 er.

VYdacTBoBa)I B OTpabOTKE psAla CHCTEM IO PaKeTHO-KOCMHYeCKHM mporpammam «Kocmoc-1»,
«Kocmoc-3», «H1JI3», «Oneprus-bypany», «GSLV», «AHrapay» u 1p.

Oopa3oBanne: Ka3anckuii aBuanonHbslii UHCTUTYT (1961).

O0s1acTh HAYYHBIX HHTEPECOB: TEOPHS U MPAKTHUKA HA3EMHBIX UCTIBITAHUH PAKETHBIX JBUraTeNeH
U IBUTATENbHBIX YCTAaHOBOK, TH/PO- U Ta30[JMHAMUKA NPOLIECCOB B SHEPrOyCTAHOBKAX, UCCIIEIOBAHUS
B 00J1aCTH BOZOPOAHOHN TEXHOJIOTHHL.

My6maukanun: 6onee 190, B Tom uucne 7 MoHorpaduii, 6 y4eOHbIX mocoOuii, 44 aBTOPCKUX CBU-
JIeTeNbCTBA U MTATEeHTa Ha N300PETeHUSL.

Information about the author: Doctor of Science (Engineering Science), Professor, Laureate of
USSR Council of Ministers in the field of science and technology, member of the K.E. Tsiolkovsky
Russian Academy of Cosmonautics, Chief Researcher of the PCF “SIC RSI”, professor of
“Management of operation of rocket and space systems” of Moscow Aviation Institute (National
Research University); scientific and pedagogical experience of 40 years.

Participated in working out a number of systems for missile and space programs “Space-1”,
“Space-3”, “N1L3”, “Energia-Buran”, “GSLV”, “Angara” and others.

Education: Kazan Aviation Institute (1961).

Research area: theory and practice ground tests of rocket engines and moving-enforcement units,
hydro and gas dynamics processes in power plants, research in the field of water-native technology.

Publications: more than 190, including 7 monographs, 6 textbooks, 44 patents for inventions.

Caeenusi 00 aBTOpe: COTPYIHHUK KadeIphsl aBUAIMOHHONW M KOCMHYECKOI TEIUIOTEXHHUKH, PyKO-
BoJUTENb OT/Aea KpuoreHHslx cucreM HULL HT MAU, naypeat npemuu [IpaBurenscra PO B obnac-
TH HayKH U TEXHUKH, HAy4YHBIN cTaxk 6onee 40 net.

YyacTBOBan B 0TpabOTKe psAa CUCTEM MO pakeTHO-KocMuueckuM nporpammam «H1JI3», «IIpo-
TOH», «DHeprusi-bypany», «AHrapa» u zp.

OopazoBanue: MAU (1971).

O0sacTh HAyYHBIX MHTEPECOB: HCCIIENOBAHMS IPOIECCOB TEINIOOOMEHAa M THIAPOJAWHAMUKH B
kpuorenHnsix cucremax Y PKT u cBepXnpoBoasIuX KpHOr€HHBIX SHEPIOYCTaHOBKAX.

IMy6ankanuu: 6onee 90, B TOM ynciie 15 naTeHTOB M aBTOPCKUX CBHAETEIBCTB U HA N300pETCHUSL.

Information about the author: Department of aviation and space thermal engineering, head of
cryogenic systems SIC MAI, winner of the RF Government prize in science and technology, scientific
experience over 40 years.

Participated in the development of a number of systems for missile and space programs “NL”,
“Proton”, “Energy-Buran”, “Angara”, etc.

Education: MAI (1971)..

Research area: research of processes of heat transfer and hydrodynamic in cryogenic systems DO
RCT and a super-conductive cryogenic power plants.

Publications: more than 90, including 15 patents for inventions.

Caeenusi 06 aBTope: Hay4HBIIl COTPYIHUK Kadeapbl aBHALIMOHHON N KOCMUYECKON TEIUIOTEXHU-
ku MAU.

OopazoBanue: MAU (1994).

O0acTh HayYHBIX HHTEPeCcOB: HCCIEN0BAaHMS IPOIIECCOB TEINIOOOMEHa M THAPOJIMHAMHUKH B
KPHOTEHHBIX CHCTeMax aurareneii JIA.

My6auxanuu: 6onee 20, B TOM yrcie 4 maTeHTa Ha H300PETECHUS.

Information about the author: researcher at the Department of aviation space thermotechnics,
MAL
Education: MAI (1994).

BevyeZ~ bfbjh\ba Research area: rescarch of processes of heat transfer and hydrodynamic in cryogenic systems
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engines.
Publications: more than 20, including 4 patents for inventions.
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