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Numerical anaysis of auto-ignition and flame structures of hypergolic liquid
propellants by applying detailed chemical reaction models

Tani, Hiroumi
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Auto-ignition and spray combustion processes of hypergolic propellants used
for spacecraft chemical propulsion were investigated to enhance the accuracy of the performance
prediction of chemical thrusters. In experiments, we succeeded in acquiring images of auto-ignition
processes of monomethlyhydrazine and nitrogen tetroxide, which were consist of the break of a liquid

fan, vapor generation, gas ignition, and flame propagation. To simulate these processes, numerical
simulation codes were constructed by applying detailed chemical reaction models. Simulations of
spray combustion by using a lagrangian-model revealed that the combustion efficiency of the
hydrazine spray is very sensitive to the droplet size. Furthermore, simulations with an interface
tracking method suggested that the hydrogen abstraction reactions happening between the propellant
vapor and ambient gases released a high heat such that the auto-ignition occurred near the liquid

surfaces.
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Fig. 1 High-speed s imaged of an
impinging monomethylhydrazine/
nitorngen tetroxide jet. Left:
Backlighting images, right: flame

images.
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Fig. 2 Separation of an 1impinging
monomethylhydrazine/ nitorngen
tetroxide jet. Left: Backlighting

image, right: flame image.
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