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COMPUTATIONAL RESEARCH OF THERMAL STATE OF LRE THRUSTERS COMBUSTION CHAM-
BER WITH HIGH PRESSURE

Vorobieva S.S., Vorobiev A.G. (Moscow Aviation Institute - National Research University,
Moscow, Russian Federation)

One of the main challenges facing the spacecraft designer is creating a propulsion system to control its move-
ment with highly economical and reliable liquid rocket engine of small thrust (thrusters). The feed system for thrusters
is predominantly pressurized gas-feed system (PGFS). However, the using of PGFS restricted area of low pressure
feeding and low mass of propellants because the increasing the feed pressure or volume of propellants means increas-
ing of dry weight of the tank. One of the possible ways to improve the mass-energy characteristics of thrusters and the
orientation control system is to increase the pressure by using special composite tanks or using pneumatic—piston pump
system. There are three thrusters for analysis: DMT-MAI-MA#4-200 (NTO-UDNH), C5-146.00-0 KB ChimMash (NTO-
UDNH), AMBR (NTO-Hydrazine). The calculation shows the advantage of using high pressure for small thrust rocket
engine until 2MPa. The increase in the specific impulse is due to several factors: - increase in the theoretical thermo-
dynamic specific impulse;- increase the reaction rate of recombination reduces losses during expansion; - reduction in
friction losses in the boundary layer due to the decrease in the surface area of the combustion chamber; - improving the
quality of atomization and increase the rate of evaporation due to increased exposure to heat; - decreasing of film cool-
ing mass flow cause less length and surface area of the combustion chamber. The analysis show the changes the ther-
mal state of combustion chambers wall, depending on the operating pressure, mixing parameters and film cooling mass
flow. The advantage in weight characteristics of thrusters and orientation control system when using pressure up to 2

MPa.

OpnHo#l U3 OCHOBHBIX 3aJa4, CTOALIUX IIe-
pen pa3paboOTYMKOM KOCMHUYECKOTO ammapara,
SIBJISICTCSL CO3JIaHME JBUIATENIbHOW YCTAHOBKHU
JUISl YIIPABJIEHUS €70 JBHXKEHUEM C BBICOKODKO-
HOMMYHBIMU U HAAEKHBIMU >KUIKOCTHBIMHU pa-
KeTHbIMU aBuraTensimu Majbix Tsr (QKPJIMT).

ITutanue XXPAMT TormumBOoM OCYyIECTB-
JIAE€TCS  NPEUMYLIECTBEHHO BBITECHUTEIBHOM
cucremoii noxaun (BCIT). OqHako npuMeHeHue
BCII orpanuveHo o0nacTbi0 HU3KUX JaBJICHUIA
MoJayu ¥ HeOOJBIINX 3aMacoB TOIUIMBA BCIEI-
CTBUE BO3PACTaHUsI CyXOW Macchl Oaka C MOBBI-
LIEHUEM JABJICHUS U CYXOM MacChl aKKyMyJisi-
Topa ¢ yBenudeHuem obOwnéma. OgHUM M3 BO3-
MOXHBIX  IIyT€d  YJIy4YlIEHUS  MAacCOBO-
sHepreTuueckux xapakrepuctuk JKPIAMT wn
Bceil 1Y sBIISIETCS NMOBBILICHHUE J1aBJICHUS B Ka-
mepe cropanus (KC), 3a cuér yero HabmromaeT-
Csl CHIDKEHHME MacChl M TabapuTOB, YBEITHUCHUE
YACIBHOIO UMIIYJIbCA, TMOSBISIETCA BO3MOXK-
HOCTb YBEJIMYEHHUSI CTEIIEHU PACIIUPEHUS COIUIa
KPIIMT. TloBbimate naienue B KC Bo3MOXK-
HO 32 CUY€T MPUMEHEHHUs 0AITIOHOB M DJIEMEHTOB
MTHEBMO-TUPABINYECKON CHUCTEMBI, paboTaro-

IIMX C TOBBIIICHHBIM JIaBJIEHUEM, WU IpUMe-
Hsisl THEBMOTIOPIIHEBOM HACOCHBIH arperar.

JUd TmpeaBapUTEIbHOIO aHaId3a TEIUIo-
Boro cocrostauss KC B mepuos pa3paboTku JBU-
ratessi WM B MEpPUOJI UCIIBITAaHUN pa3zpaboTaHa
MaTeMaTH4ecKas MOJEIb TEIIOBOTO COCTOSHUS
kamepsl cropanus JKPJIMT.

B MaTemaTuueckyr MOJeiIb BXOAAT Clle-
Ayrouie 6a30Bble MOAYIIH:

- MOAYJIb pacdy€Ta OCHOBHBIX IapaMETPOB
KPIMT,

- MOAYJIb IIOCTPOEHHUS BHYTPEHHETO U
BHemHero npoduis crenku KC;

- MOAYJIb pacuéra TEPMOJMHAMUYECKHX U
TerI0(U3NUYECKUX CBONCTB MPOJIYKTOB Cropa-
HUS,

- MOAYJIb pacuéra Macchl
KPIMT,

- MOAYJb pacuy€ra BHYTPEHHUX M BHELIHUX
TEIUIOBBIX NTOTOKOB, AciicTByromux Ha KC;

- MOAyJb pacu€ra NnapamMeTpoB JWHaMUYe-
CKOT'O IIOIPAHUYHOIO CJIOS;

- MOAYJb pacu€ra MCIApEHUs U MepEMELIN-
BaHMs 3aBECHBIX I10SICOB;
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- MOAYNb pacyéra CTAIMOHAPHOTO TEILIO-
Boro coctosausa KC XKPIMT,

- MOAyNb pacyéTa HECTAMOHAPHOTO Terl-
nosoro coctostaus KC XXPAMT s umnynsc-
HBIX PEKUMOB pabOTBHI.

B kauecTBe 00BEKTOB HICCIEIOBAHUS pac-
CMaTPUBAIIUCH JIBUTATEIIN:

- JIMT-MAUN-200 Ha KOMITOHEHTaX
AT+HJIMI taroii 200 H ¢ KC wu3 cmaBa
12X18H10T u gaBnenuem B KC 0,1 MIla;

- (C5-146.00-0 Kb XumMam Ha KOMIIOHEH-
tax AT+H/MI tsaroii 200 H ¢ KC u3 Huodue-
BOTO CIUIaBa C JUCHIIMIIMIHBIM MOKPBHITUEM MO-
o IeHa;

- AMBR na xomnonentax AT + rumpasun
Tsaroit 889 H ¢ KC u3 penueBoro cmiasa ¢ upu-
IUeBBIM TOKpbITHEM ¢ naBineHuem B KC 1,89
MITa.

Ha mnpumepe BbIOpaHHBIX ABHUTATENCH
OTOOpaXEHO MPEUMYIIECTBO MPUMEHEHUsS TO-
BbilieHHOTO AaBienus s KPIAMT B cpeanem
1o ypoBHsi 2 Mlla. JlanbHelilee yBenuyeHue
JABJICHUST ~ HEleNecooOpa3Ho.  YBelInueHue
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YIEIbHOTO MMIIYJIbCA CBSI3aHO C HECKOJIBKUMM
MIPUYHHAMU:

— HE3HAYUTENIbHBIM YBEJIMUEHUEM TEOPETH-
4eCKOr0 TEPMOJMHAMHUYECKOTO UMITYJIbCA;

— YMEHbBIIEHUEM MOTepb OT PEKOMOMHAILIUU
B IIPOLIECCE PACIIUPEHUS B CBSI3U C YBEJIWUYEHU-
€M CKOPOCTH PEAKIINH;

— YMEHBIIEHHUEM NOTEPh HA TPEHHE B IIO-
IPaHUYHOM CJIO€ M3-3a YMEHBILIEHUs IUIOLIAAN
nosepxHoctu KC;

— YJIy4LIEHMEM KauecTBa pacCHbLIMBAHUS U
YBEJIIMUEHUE CKOPOCTH UCHAPEHUs M3-3a IOBbI-
LIEHHOT'O TEIUIOBOTO BO3/IENUCTBHS;

— YMEHBILIEHUEM Pacxo/ia Ha 3aBECY B CBSI3U
C YMEHBUICHUEM JUIMHBI U ILIOIAJN TOBEPXHO-
ctu KC.

IIpoBenén aHanu3 TEIMJIOBOIO COCTOSTHUS
crenku KC B 3aBUCHMMOCTH OT paboyero aasie-
HUS, MAapaMeTpoB cMeceoOpa3oBaHUs M 3aBec-
HOTO OXJIaXACHUS.

Iloxa3aHo mpeuMyHIECTBO MacCOBBIX Xa-
pPaKTEpUCTUK KaK JBUraTesiel, TaK M CUCTEM
nojauu KomnoHeHToB npu padore XKPAMT Ha
nasienusx B KC go 2 MI1a.

OCOBEHHOCTH KOMIIBIOTEPHOTI'O MOAEJIUPOBAHUA
PABOYETO IPOIIECCA MAJIOPABMEPHBIX I'A3OTYPBMHHBIX JIBUT'ATEJEN
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FEATURES OF THE WORKING PROCESS COMPUTER MODELING
OF SMALL-SCALE GAS TURBINE ENGINES

Kuz'michev V.S., Tkachenko A.Yu., Ostapyuk Ya.A. (Samara National Research University,
Samara, Russian Federation)

The article describes the sizing classification of gas turbine engines according to corrected mass flow rate. Has
been indicated the sizing effect on efficiency of turbocompressor, trunking loss, combustion efficiency and engine
specific weight. Has been developed the mathematical model of thermodynamic analysis that taking into account the
sizing effect. The model has been created in the computer-aided system "ASTRA". The classification of thermodynamic
analysis models of gas turbine engine has been also indicated.

B Hacrosmee BpeMs Malopa3MEpHBIE ra-
3otypounHbie neurarend (I'T/) umeror camyro
HMIMPOKYIO cdepy npumMeHeHus. OHU UCTOJIb3Y-
I0TCSl KaK CHJIOBBIE YCTAHOBKHM JIETKHUX CaMOJIE-
TOB, CaMOJIETOB-MUIIEHEH, KpPBUIATBIX PAaKeT,
BEPTOJIETOB, KAaK BCIIOMOTATEJIbHBIE CHIIOBBIE
YCTaHOBKH CaMOJIETOB, KaK CHJIOBBIE YCTAHOBKH
HA3€MHBIX U BOJHBIX TPaHCIOPTHBIX CPEACTB,

KaK MPHUBOJbI 3JIEKTPOTE€HEPATOPOB, B KAUe€CTBE
HMCTOYHUKOB CXAaTOro Bo3ayxa Ap. B mepcrek-
TUBE Majopa3MEpHbIC JBUTATENN paccMaTpu-
BAaIOTCSI B COCTaBE PACHPEACIIEHHBIX CHUIOBBIX
YCTaHOBOK camoJI€ToB [1].

Jlns Toro, yToOBI OXapaKTepu30BaTh OCO-
OCHHOCTH paboyero mpolecca Majaopa3MEepHBIX
I'T/I, HeoOxomuMo pa3oOpaThCsi, KaKUe JKe JIBU-
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