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Three Dimensional Large Eddy Simulation of Supersonic
Combustion Flowfield with Strut

FAN Zhou- gin, SUN Ming-bo , LIU Wei- dong
(College of Aerospace and Material Engineering, National Univ. of Defense Technology, Changsha 410073, China)
Abstract : Flamelet model and hybrid LES/RANS method were used to simulate SCRAMJET with strut for the Chemical Propulsion of

the German Aerospace Center (DLR). The effect of reaction on turbulence was discussed, and comparison between 2D and 3D

simulation were presented. The results show the following indication: (1) Mixing is controlled by large eddy scales in nonreacting flow,

and the shear layer has three effects obviously; In addition, the combination and pairing of large eddy scales can be seen in 2D

simulation, while stretching, distorting and breaking up can be seen in 3D simulation; (2) In reacting case, jet penetration decreases

and recirculation zone becomes larger, while, owing to heat release, large eddy scales turn up and saturation appears late. (3)

Numerical shadow picture displays good agreement with experimental shadow photograph, while velocity and temperature measurements

are consistent with experimental data qualitatively and quantitatively, but 3D model is superior to 2D model in result accuracy.
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Fig.1 Sketch of DLR scramjet combustion chamber
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Tab.1 Inflow conditions of the air stream and the hydrogen jet
T P

Ma e Y02 Y‘J2 Ynzo Yn2
(K)|(10°Pa) (kg/m3 )

Air | 2.0 340 1 1.002 (0.2320.7360.032 0

Jet [ 1.0]250 1 0.097 | 0 0 0 1
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Fig.2  Numerical shadow paragraph and
experimental shadow in non-reacting flow
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Fig.3  Cross-stream velocity profiles in non-reacting flowfield
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Fig.5 Spanwise vortex distribution
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Fig.7 Cross-stream temperature profiles in reacting flowfield
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Fig.9 Spanwise vortex distribution near injection
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Fig.10 Spanwise vortex distribution in reacting flow
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