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Design and numerical calculation of GH,/GO,
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Abstract; Vortex cooling is a new type of thrust chamber cooling technology for the liquid rocket
engine. This technology can simplify the thrust chamber structure, reduce cost and increase system re-
liability. In this paper, preliminary design of a vortex cooling based thrust chamber is performed. The
numerical simulation of the designed thrust chamber is made by adopting PDF non-premixed combus-
tion model and DO radiation model. The result shows that a bidirectional vortex is formed in the in-
ternal of thrust chamber and the wall temperature in the cylinder section of the thrust chamber is low-
er than 760 K. The average temperature of the cylinder wall is increased about 140 K but the maxi-
mum temperature is lower than 900 K while considering the radiation effect. Therefore, the technolo-
gy of vortex cooling is feasible, but at the present the combustion efficiency is relatively low.
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Tab. 1 Results of thermodynamics calculation
for the combustion chamber

2 ¥ B % &
HELRESH 1 8
LHRREH 1
WRIBEEES MPa
M ERE K 3524
SEEH kJ/(kg-K) 0.63
RIS R kg/kmol 13.16
H#A 1 1.18
HZE mkg 0.557
SHEH W/(m-K) 0.609
Lo 1 0.597
FHERE m/s 2317
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Tab. 2 Results of thermodynamics calculation for the nozzle
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BEHOES MPa 0.103
Wy Y O K 1994
SEEHR KJ/(ke.K) 0.624
REAHTR kg/kmol 13.33
WEEE ) R m/s 3524
HO N-s/kg 3524
SRR W/(m*K) 0.352
HEATE 1 0.588
O DM 1 2914
WEE ) O E A 1 5.89
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Tab. 3 Configuration parameters mAMER, MEEafLRBHEAT 2.5,
of GH,/GO); thrust chamber
mm
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BRZER 139
RERRER 78.8
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B ERERKERE 141
BRERREERKE 823
W B K 1758 3 KEWEHRER

Fig. 3 Schematic of GH; injector
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! Fig. 4 Structure of GO, injector
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Fig. 5 Grid of GHyGO, vortex-cooled
combustion chamber
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Tab. 4 Bondary cendition for the vortex-cooled

thrust chamber
e B ¥
BEHOER MPa 0.1
MBEEES MPa 4
0, ERMEEE kg/s 747
H, R EERE ke/s 1.26
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Fig. 6 Temperature distribution in the thrust chamber

B 7 s iR i 76

Fig. 7 Temperature distribution in

the chamber assuming radiation
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Fig. 8 Temperature distribution along the chamber sidewall
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Fig. 9 Axial velocity distribution in the thrust chamber
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Fig. 10 Distribution of streamlines in the thrust chamber
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Fig. 11 Distribution of mass fraction of 0,
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Fig. 12 Distribution of mass fraction of H,0
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Tab. 5 Predicted paremeters for the nozzle outlet section

2 B o E
HOEE m/s 3389
HORE K 2425
HOES MPa 0.1
RSN kN 29.67
0, HESHK % 1.86
H, RS H % 4.62
H,0 R % 91.76

HESHUEL, REZPEI> 0. BESS
fRER N, HEEBEHEL, XH2 0, BAEW
FummkiFiash, mMEEEEAREZSIRNE
HEmE, SBUENEHERE, HERE NN
29.67 kN, MBI H SR 30 kN, BITHTEEM
HHEHBE 3389 mis, B H M 3524 mis,
b s B 241k 96.17%.
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