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Design and experimental study on high flewrate multi-element
gas-gas injector chamber

WANG Xiao-weis GAO Yu-shan, CAI Guo-biao
(School of-Astronautiess

Beijing University of Aeronautics and_Astronautics, -Beijing'100191, China)

Abstract:~To investigate the combustion characteristics of high flowrate injector in the
multi-element-injector ‘\chambers \having interaction between the elements, based on high
flowrate gas-gas injector\studies in“the single-element condition, a multi-element injector e-
quipped with seven'shear \mixing eléments was deigned, which can simulate effectively the
real engine. The shear mixing element had high H,/O, velocity ratio and tapered O, post
tip. Numerical simulation and hot-fire tests were carried out with this injector using the op-
timal design of the injector layout. Steady operations were obtained in all these tests, and
the injector showed benign heat environments on the faceplates and cylinder walls. Combus-
tion efficiency above 99 % was gotten for this injection element in the flowrate of 3. 7 times of

SSME (space shuttle main engine) main injection element.

Key words: gas gas combustion; high flowrate; multi-element;

full flow staged combustion cycle (FFSC); optimization design
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Table 1 Parameters of the-element

ZH Bl
O,-injéction velocity/(m/s) 2570
Velocity ‘ratio 9.0
H injeetion pressure drop ratio/ % 20
Flared-Q, post/tip (Y/N) Y
O, post tip thickness/mm 0.5
Mixture ratio 6.0
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Table 2 Mass fraction of each component at

the throat. in the three chambers. (unit: % )

] FE X

i
1.15 1.40 1.65
H, 5.0 4/8 4.9
0, 103 8.1 8.2
0 1.2 1.2 1.2
H 0.23 0. 24 0.24
OH 7.0 7.1 7.4
H. 0 76.3 78.6 78.1
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Fig. 57 Temperature contours ‘at the injector faces

in theé-three chambers
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Table 3 Operational parameters of hot-fire tests

28 HfH
Contract ratio 3.1
pe/MPa 2.09~2.12
Mixture ratio 6. 04~6-14
Mass flowrate/(g/s) 2 029~2 056
Durations. of tests/s 1.5~2.0
C* efficiéncie/ % 99. 27~99.5
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Fig. 11 Typical operational pressure curves
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Fig. 12 Pre-testing and post-testing photos

of the nozzle
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Fig. 13 Wall temperature increments versus
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