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Numerical Simulation of Ethylene-fueled Scramjet Combustor Flow
by Using LS-FLOW Solver (Comparison of the Combustion Gas Composition)

Masahiro TAKAHASHI, Kiyoshi NOJIMA, Taro SHIMIZU, Junya AONO, and Toshihiko MUNAKATA

ABSTRACT

RANS simulation corresponding to combustion tests of an ethylene-fueled scramjet combustor model was conducted by using a JAXA in-
house solver LS-FLOW. For evaluation of the validity of the present CFD, the profiles of the combustion gas composition on the
combustor exit plane predicted by the CFD were compared with experimental ones measured by using a gas sampling rake probe. Good
agreement between the CFD and the gas sampling results was obtained at the center plane in the span-wise direction, but agreement was not
good for the profiles at the other planes. Influence of both the turbulent Schmidt number and the C2Ha-Air combustion mechanism used for
the CFD on the numerical results were also examined. The turbulent Schmidt number showed strong influence on the numerical results and
the small value of 0.3 resulted in better agreement with the experimental results than 0.89 in the present case. It was also shown that the
difference of the combustion mechanisms did not show significant influence on the CFD results in the present case.
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Fig. 1 Scramjet combustor model (ref.2)
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Fig. 2 Grid system (half-space in the y-direction)
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Temperature

Fig. 3 Contours of temperature (top), produced H2Op(middle)
and Mach number (bottom) (Skeletal 31, Sct=0.3, x=const. plane)
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Fig.4 Contours of temperature (top: y=10mm, bottom: y=0mm)
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Fig. 5 Comparison of the mole fraction profiles of the combustor exhaust gas flow on the combustor exit plane between the present
CFD and the gas sampling test results; Abscissa: mole fraction of chemical species, (a) C2H4 (b) O2 (¢) N2 (d) CO (e) Hz (f) CO2 (g)
H20tota (h) H2Oproduet (1) H2Ovaa; Left figure: Y=0mm, Center figure: Y=-21mm, Right figure: Y=-42mm; Line color(Chemistry) —
Red: Skeletal 31, Green: Eklund 7, Blue: Hassan 7; Line type - Solid: Sct=0.3, Dashed: Sct=0.89; Yellow solid circle: Experiment.
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Fig. 6 Comparison of the equivalence ratio profiles on the combustor exit plane between the present CFD and the gas sampling test
results; Abscissa: equivalence ratio; Left figure: Y=0mm, Center figure: Y=-21mm, Right figure: Y=-42mm; Line color(Chemistry) —
Red: Skeletal 31, Green: Eklund 7, Blue: Hassan 7; Line type — Solid: Sc1=0.3, Dashed: Sct=0.89; Yellow solid circle: Experiment
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