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Double flame structure of hydrazine/nitrogen dioxide coaxial jets

by

Hiroumi Tani(JAXA), Hiroshi Terashima(The University of Tokyo), Mituo Koshi(Yokohama National University)
and Yu Daimon(JAXA)

ABSTRACT
Hydrazine (N,H,)/nitrogen dioxide (NO,) co-flowing plane jets were simulated to explore the flame structures in hypergolic N,H,/nitrogen
tetroxide (N,O,) bipropellant thrusters. The Navier-Stokes equations with a detailed chemical kinetics mechanism were solved in a manner
of direct numerical simulation to reveal the interaction between fluid dynamics and the distinct chemical reaction, i.e. hydrogen abstraction
by nitrogen dioxide (NO,) and the thermal decomposition of N,H,. The combustion flames uniquely comprised two types of flames, the
diffusion flame and the decomposition flame. The diffusion flame came from the oxidization by NO,. The decomposition flame was caused
by the heat transfer from the diffusion flame and a high rate of heat release from the thermal decomposition of N,Hy. Owing to the
decomposition flame, the decomposition products such as NH;, N, and H, became the major constituents of the downstream combustion

gases.
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Fig. 1: Schematics of complicated multi-physics
phenomena in N,H,/N,O, bipropellant thrusters.
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Fig. 2: Computational domain, boundary and initial
conditions

Table 1: Injection conditions.
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Fig. 3: Time history of the temperature, heat release rate
and mole fractions of the major species of the N,H,/NO,
pre-mixture ignition under the stoichiometric condition.
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thermal decomposition.
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Fig. 5: Instantaneous contours of the temperature and major species of the N,H,/NO, co-flowing jet after

the flame reached steady state.
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Fig. 7: Instantaneous contours of the temperature and major species of the NO,/N,H, co-
flowing jet after the flame reached steady state.
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Fig. 8: Lateral profiles of the time-averaged temperature and major species of the NO,/N,H, co-flowing

jet.
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