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Fig. 1 Structure diagram of 285 N engine
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Fig.2 Installation state of engine in vacuum chamber
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Table 1 Temperature statistics of previous tests

Fe P/MPa P T,/C T,/C
S002Z 1.761 1.648 1 408 1245
S003Z 1.757 1.636 1483 1321
S004Z 1.771 1.646 1494 1446
S005Z 1.769 1.645 1422 1276
S006Z 1.782 1.641 1458 1391
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Fig.3 Body temperature curve (T, is the oxygen side)
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Fig. 4 Injector flow channel structure
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Table 2 Actual injection parameters of engine
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Fig. 6 Pressure and velocity diagram of the first layer of the fuel side
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Fig. 7 Pressure diagram of the second layer of the fuel side
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Table 3 Engine development
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Fig. 8 Diagram of injector flow channel optimization
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Table 4 Engine performance comparison before and after

optimization
IEE AR RS BetlE
Wil i B 91 BBl C 1365~1 480 1231~1272
PR P A 22/ °C 163 41
JREEALIRFE/C 520 350
HeabtEfE/, (N-s'kg™ 2948 2942

285 NR AL AT 78 Bk b 78 5 10~ 108 msiu 31T
B, GRWMFSHR, BBk EH2.88 N-si
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Fig. 10 Optimized engine in ignition test
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Table 5 Pulse ignition performance of engine

Jok 58 FE /ms ME/N-s 36/%
10 2.88 3.6
14 3.74 59
18 4.68 4.9
20 5.23 4.6
22 6.12 3.0
26 7.15 3.6
30 8.41 2.0
40 11.58 8.3
50 14.68 7.6
60 17.61 57
70 20.21 32
80 22.64 2.2
90 25.19 2.1
108 30.30 4.0
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Fig. 11 Impulse performance characteristics of altitude test engine
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Fig. 12 Relationship between thrust specific impulse and chamber pressure
for the altitude test engine
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Fig. 13 The relationship between the F/O ratio in boundary region and
nozzle temperature
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Fig. 15 The rising of nozzle and weld temperatures
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Fig. 16 Engine scene photos when the temperature rises

PR B S i E W R A E TR, FER A
JREERIB M2 AFLAL B i AR s, R AL BE [T 2
s, PEORBAERE R R A BEASTE, T Leidenfrost
RUNE, Hedae 1R, TR BETAG R0 1Y AHAR
TR 2 TR A7 AE i AR X, 10 B AE SR FH P £
AIXE, BALTRE N B H A RN R(A-10)°038 X AL
A= VR L e O LIS, R BB 5 BT X FLIBUIRAHE -



138 PRI 2 (R3S

20244F

o HIVBIEE N 9 M 1) 5 B T RS VT 4R B0
REJI TR FESEIN AALEH 5, W ARSI AL
FAALUCER TR, RIS E A A A TS B VRUREE 4 Bl T AR
P /NN, R AR FL T BB A AN S, IR TR AR E
P, RS ERIPENBIR . 2 BT =) HR 5 X ) Leiden-
frost s, BEHE NGRS, oAl BRI A &
RMEETE R, B J A i, 5] Al R 480
THig, WE14FTR.

Jr S v o
B 17 S AT O A
Fig. 17 Liquid film distribution on chamber inner surface
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Fig. 18 Comparison of engine temperature characteristics under different
pulse conditions
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Fig. 19 The rising of weld temperature under impluse condition
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Analysis and Suppression Methods of High Temperature Problems in the Throat of
Orbit Controlled Engine

LI Jianrui"®, SU Hang"’, LIU Changguo"’, CHEN Hongyu"“, YE Yixiang"’

(1. Shanghai Institute of Space Propulsion, Shanghai 201112, China;

2. Shanghai Engineering Research Center of Space Engine, Shanghai 201112, China)

Abstract: Based on the phenomenon of single-side local high temperature of throat and high jump of weld temperature during

steady-state test ignition of the engine. which seriously endangers the reliability of the engine, CFD simulation was used to model

the structure of the head injector and optimize the distribution structure in the flow channel combined with the flow resistance

mathematical model. To achieve the reduction of jet flow resistance and improve the non-uniformity of flow caused by impact, and

optimize the combustion structure and liquid film cooling scheme in the side zone by adjusting the impact parameters, optimize the

mixing ratio in the side zone, and reduce the throat temperature and circumferential temperature difference. The improved engine

has been verified by experiments. Under the condition of unchanged performance, the temperature of the high-altitude simulated

thermal test throat was reduced from nearly 1 500 C to 1 270 C, the temperature at the headbody weld was reduced from 520 C to

310 C, and the temperature difference of the engine body was controlled within 50 ‘C, which effectively solved the problem of

high temperature in the engine throat. The service life and reliability of the engine were improved.

Keywords: liquid rocket engine; bipropellant engine; high body temperature; reliability

Highlights:

e The optimized methods for the distribution structure in the injector were proposed.

e The reliability of high-temperature rocket engine was improved.

e The influencing factors on the high body temperature were analyzed.
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