%46 % K1 N W Vol. 46, No. 1
2020 4E2 H JOURNAL OF ROCKET PROPULSION Feb. 2020

T i RAME 77 28 B Je A% PR PR BF 5T

#HKE,® R
(A TALR B A FF AT, L% 100076)

W BN THEAFANAS T mAt AN REAEN R ERRERTEF RN P
L, AR ARAKRTRAAVNEAZLE L RRGAARTE, S ENR RS RHATT
BEGE, REAHANNRD T H, REETEEHEZ L.A% , ZEETRREEHZE0.544% ,
A A EFAEE 0.233% , 0 EH A E 3.803% , AT R, REAH A R 7B, S EN
WML ERETERREDHR D, AHANRGI T OB HETRE LA, AN FER
B 22.29% , F R 22.17% R R R EAK0.55% , g BB T 9. 16% , & & # ik & E#
F17.48% A F| @ AR & 13.05% , 2t K, R AEH#ANFERES FRIEH FETERE A
H A AR, W T 4 R B AL R B ] N RO R 4 T 4, 3R R SR R B R B A R B R
HE T,

KB KRV MR A R E; I ERGR A F

MESHED V434,13 CEFRIEAR:A CE4E:1672-9374(2020)01-0028-07

Study on combustion and heat transfer characteristics

of a scaled trust chamber
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(Beijing Aerospace Propulsion Institute, Beijing 100076, China)

Abstract; To study the influence of mass flow rate of propellant and the flow direction of coolant on
combustion and heat transfer process of the trust chamber, the scaled thrust chamber of a certain type of
hydrogen-oxygen rocket engine was taken as the research object, and its combustion and heat transfer
process was simulated. When the coolant flow direction was changed, the maximum wall temperature var-
ied by 1. 04% , the maximum wall heat flux varied by 0. 544% , the temperature rise of coolant varied by
0.233% and the coolant outlet pressure varied by 3.803% . The research shows that the direction of
coolant flow has little effect on the combustion and heat transfer processes, and it affects the wall temper-
ature distribution. When the mass flow rate of propellant increased by 22. 29% , the chamber pressure in-
creased by 22. 17% , the combustion efficiency decreased by 0. 55% , the maximum wall temperature in-
creased by 9. 16% , the maximum heat flux increased by 17. 48% and the temperature rise of coolant in-

creased by 13.05%. The improvement of propellant mass flow rate will lead to the increase of the wall
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temperature and coolant temperature rise. Because the combustion is not sufficient due to the small reac-

tion space in the scaled engine, improving the coolant mass flow rate will reduce the combustion efficiency.

Keywords : rocket engine; thrust chamber; combustion simulation; heat transfer simulation; CFD
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Fig. 1 3D model of thrust chamber
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Tab.1 Design parameters of working conditions

TO At/ (kg - s™') Rt/ (kg - s™") RHFILE

1 0. 060 4 0.334 4 LI

2 0. 060 4 0.334 4 W

3 0.073 9 0.408 9 Wi

4 0. 090 2 0.499 4 Wi
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Tab.2 Comparison of simulation results of

combustion performance

TH %5 i/ MPa WRBEBK R %o
1 6. 568 96. 703
2 6.570 96. 711
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Fig.3 Temperature distribution in combustion region
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Fig.4 O, distribution at different cross sections
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Fig. 5 Distribution of wall temperature
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Fig. 6 Distribution of wall heat flux
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Tab.3 Comparison of simulation results of heat transfer performance
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Fig.7 Distribution of circumferential wall temperature
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Tab.4 Comparison of simulation results of the influence

of thrust condition on combustion performance
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Fig. 8 O, distribution of combustion chamber
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Tab.5 Comparison of simulation results of the influence of thrust condition on heat transfer performance

TH e R R/ K AT E/ (MW« m™?) IR T/ K A HIF O 71/ MPa
2 810. 957 76. 409 56.611 0.177
3 885. 240 89. 769 64.000 0. 177
4 965. 562 103. 961 70.710 0.177
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Fig. 10 Distribution of wall heat flux
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