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Research on recombustion properties of hydrogen-rich gas

with air at sub-atmospheric pressure

YANG Jinhui, WANG Zhaohui, TIAN Yuan, XU Xiaoyong
( Beijing Aerospace Propulsion Institute, Beijing 100076, China)

Abstract ; The hydrogen-rich exhaust gas from the hydrogen-oxygen rocket engine recombustion with
surrounding low-pressure air, which directly changes the thermal environment of engine and will be de-
structive to the engine components performance. Experiments and simulation were conducted to study the
effects of different hydrogen-enriched gas temperature and component on the flammability limit of hydro-
gen-rich gas with air at sub-atmospheric pressures. Flame can be observed when the gas temperature was
higher than 932 K at atmospheric pressure, and no flame when gas temperature lower than 877K. The
950 K hydrogen-rich gas will recombust with air when environment pressure is higher than 60 kPa, and
there is no reaction when the pressure below 30 kPa . According to the flammability simulation results, recom-
bustion can be observed when the reaction rate exceeds 10 ~°. Simulation results indicate that the hydrogen-
rich gas flammability pressure limit reduce with higher gas temperature and hydrogen ratio. As environment
pressure lower than 10 kPa, the 1200 K gas which consists of 87.4% hydrogen could not recombust with air.
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Fig. 1 The experimental system
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Fig. 2 Recombustion experiment of

hydrogen-rich gas and air
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Tab.1 Results of recombustion experiment for hydrogen-rich

gas with air at sub-atmospheric pressures

T RAEW FH/MPa SURE/K fEE AMATEN

1 0.67 0.234 638 HE Ea
2 0. 81 0.258 692 I E
3 0.90 0.276 735 W &
4 1.01 0.295 71 IR o~
5 1.01 0.29%4 779 IR &
6 1. 08 0. 309 816 IR f
7 1.19 0.322 871 WIE e
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11 1.27 0.335 954 30 kPa =
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Fig. 3 Numerical simulation model
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Fig. 4 Reaction rate of hydrogen-rich gas under

different temperatures

10 kPa
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Fig. 5 Reaction rate at different sub-atmospheric pressures
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Fig. 6 Influence of gas temperature on recombustion
properties of hydrogen-rich gas with air at

sub-atmospheric pressures
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Fig.7 Influence of hydrogen ratio on recombution
properties of hydrogen-enriched gas with air

at sub-atmospheric pressures
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