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Adaptability of cooling structure schemes of liquid propellant rocket
engine thrust chamber under different pressures
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China Aerospace Science and Technology Corporation, Xi’an 710100, China;
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Abstract: In order to accurately evaluate the effect of different cooling schemes on the heat transfer
characteristics of thrust chamber of high-pressure liquid oxygen and hydrocarbon rocket engine, a
complete model combining regenerative channel, liquid film shield, thermal barrier coating and radiation
heat transfer was established. The Ievlev semi-empirical model was adopted for calculation of convection
on gas wall. The Shruvik safety margin evaluation criterion was used in analysis. The radial direction multi-
layer temperature and heat flux of the thrust chamber were calculated. Based on a large thrust liquid
oxygen and kerosene rocket engine, the upper limit of heat transfer capacity of different cooling schemes
was studied, and the influence of different thrust chamber pressures on cooling design was analyzed.
Results showed that, thrust chamber can mainly rely on regenerative cooling technology to meet the
cooling requirements at 12 MPa or below; film cooling slots should be further used at 16 MPa or below;
thermal barrier coating should be further installed at 18 MPa or below; several intensive cooling measures

must be adopted at 20 MPa or higher.
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Fig.2 Flow diagram of temperature calculation
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Table 3 Coolant temperature rise test verification data

. RF/K .
B : : 2
REE THE
1 130.8 124.8 —4.59
2 126.0 124.7 -1.03
3 119.2 121.9 2.27
4 118.7 1202 1.26
5 124.4 119.4 —4.02

32 HEIR

ARSI & BAILE 7 2 SR FH R4k 1500 R
W AEURET PN RE TED R OB 8% A S 4, ANEE B RE R
R AN o AR VR AR T B S A I, e
B B 5| AV, &0t Z IR AL 12, I
LN AR HE L I 2 SRR . R AT EOR
— R T 3 KB HIRA, B 1 AR E R
= AR B, 55 2. 3 Fhal BT HAE mE A o4 B,
KIS s . MRV Z R T8 R)ZH% R E" T
o R R B RUZ S5 1



%124

{5 B A AR T A B BILAS [+ 2 T T v 005 580 P v 2803

o

Ist cooling curtain

T —
e
2 2nd and 3rd
cooling curtain

Head Throat Exit

Combustion chamber | Nozzle

5 S EMRIH

Fig. 5 Thrust chamber configuration diagram

Kl 6 S & shHLit 5 &l o B, B Bk
BT 5 o THE AR g = RE T 2R DL R
R T DX IS B A 3R, Wil e 25y k34 K
i, o BB 6 1, B IR B 9 1, BTk
BE194, EHZEPW R TSR AT KA
AR BB A D 4. 8, 12 S8k, 251 8% 1,
2. 3FRAR I ; @5 155w, hy B S I S
B 25 5 MU, HPE)Z 4 A

2.0

[ Thrust chamber outline

Radius/m

Axial distance/m

K6 Tl s

Fig. 6 Computational section diagram

XFEG A3 BT B9 J T S 3 B, Y5 HT SR 4 i)
AL B. C, X R R B HT B AR 53 51 ok AR
/N Al . FAER AR R A L
AV R TR HIA IR IEE 2 . AR A
FENGTET 4 FpOASR L = e T, 775
JE& AR 1.2, 30 4, XA E R 12, 16, 18,
20 MPa, 5% 4 Fos . BIARA T FA R 20+
WA R H 5N 12 MPa &6 /Y iHE F 5
HA-1,

PhA-2. B-2 Fil C-2 BAHE Y= K4 16 MPa
0 T8 25 A2 R 1), A4 ¥4 0038 T8 1) R A 21.83
MPa, FiAE R HIFRA R R 310 K, 40 i i
h 259.7 kg/s, BRBHL R 90.7 kg/s, HHL XIR A EL
2.9, BIXIRAE A 2.0, #E 1 EYZN 1000 kN,
WM S Frn o HoAh % A [R5 #2113, R
) TS B0 A il %

£4 REAWH RO

Table 4 Structure design of different cooling schemes
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