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Abstract: In order to analyze the effects of high temperature dissociations effect on combustion and heat
transfer of scramjet, a concept of ‘dissociation efficiency’ is proposed based on one—dimensional reactive flow
model of supersonic flow and combustion. A quantitative evaluation method to determine the dissociation endo-
thermic effect of high temperature gas as well as an analytical model for reactive flow of scramjet is developed.
The model is used to study the flow and heat transfer properties of M12-02 engine of JAXA. Quantitative results
of the effects of high temperature dissociation effect on supersonic flow and heat transfer under flow conditions of
Mach number 12 are obtained. The present results show that due to dissociation effect, the engine performance

loss is obvious, which is related to the fuel equivalent ratio. When the fuel equivalent ratio is 0.5, the thrust and
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specific impulse of the hydrogen fuel engine and ethylene fuel engine reduce by about 6%, and the total wall heat

decreases by about 4%. As the equivalence ratio increases to 1.0, the dissociation effect is significantly enhanced

with flow temperature in the combustion chamber increasing. The thrust and specific impulse losses of hydrogen

fuel engines and ethylene fuel engines increase to about 22%, and the total wall heat decreases by about 16%.

Key words: Supersonic combustion; Theoretical model; Dissociation effect; Equivalence ratio; Engine

performance
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Fig. 1 Dissociation efficiency of ¢ = 1 fuel-air mixture at
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Fig. 3 Comparison of theoretical model results and
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Fig. 4 Pressure plots, Ma plots and heat flux plots of ¢ = 1 Fig.5 Pressure plots, Ma plots and heat flux plots of ¢ = 1
hydrogen fuel with dissociation and without dissociation ethylene fuel with dissociation and without dissociation
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Table 1 Hydrogen and ethylene fuel engine performances at different conditions at flight Ma 12
Parameters Hydrogen fuel engine value Ethylene fuel engine value

Equivalence ratio 0.5 0.5 1.0 1.0 0.5 0.5 1.0 1.0
Dissociation no yes no yes no yes no yes

Total heat/MW 2.99 2.87 3.89 3.25 2.92 2.81 3.75 3.13

Thrust/N 522.0 490.2 916.1 715.8 476.6 447.2 797.1 620.8

Specific impulse/s 1033.0 970.2 906.6 708.4 402.3 377.5 336.4 262.0
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Fig. 6 Dissociation efficiency plots of ¢ = 0.5&1.0in
hydrogen and ethylene fuel engine
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