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Simulation of oxygen-rich steam ejection in high altitude

simulation test for hydrogen/oxygen rocket engine
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Abstract During high altitude simulation test, hydrogen-rich gas is jetted out from hydrogen-oxygen
rocket engine, where the residual hydrogen mixed with air backed up into the ejection system may ex-
plode. To study the technology of oxygen-rich steam ejection to treat the residual hydrogen in the high alti-
tude simulation of hydrogen-oxygen rocket engine, the single-stage annular supersonic-supersonic ejector
simulation was carried out using computational fluid dynamics and multi-step chemical reaction kinetics
model to obtain the oxygen-rich steam ejection mean flow field. Analyzing the working characteristics of
the ejector in the steady state, and the effects of oxygen concentration in oxygen-rich steam and steam
temperature on the treatment of residual hydrogen were also investigated. The simulation results show that
the annular ejector works normally in steady state when using oxygen-rich steam to inject. Afterburning

occurs mainly in the shear mixing layer at the mixing chamber and the front section of the ejector. When
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the oxygen concentration or temperature of the oxygen-rich steam is increased, it can reduce the concen-

tration of hydrogen in the exhaust gas of the ejector and enhance the treatment effect of hydrogen-rich gas.
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Fig.1 Physical model of high altitude simulation system with oxygen-rich steam ejection
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Fig.2 Calculation grid of supersonic-supersonic ejector
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Fig.3 Axial distribution of hydrogen consumption
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Fig.4 Pressure distribution of oxygen-rich steam injection

in combustion and non-combustion condition
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Fig.5 Mole fraction of hydrogen in non-combustion

and combustion conditions
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Fig.6 Axial distribution of hydrogen consumption ratio

in cross-section of ejector diffusion pipe
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Fig.7 Temperature distribution in oxygen-rich steam

ejection with different oxygen content
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in cross-section of ejector diffusion pipe
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Fig.9 Mole fraction distribution of oxygen-rich

steam ejection with different oxygen content
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Fig.10 Temperature distribution of oxygen-rich steam

injection at different temperatures
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