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Numerical calculation has been conducted in the Mach 8 flight conditions for a scramjet combustor with the
Alternating-Wedge (AW) strut injector, which consists of alternating upward and downward expansion ramps arranged
in the spanwise direction in the rear part and can generate streamwise vortices efficiently to enhance supersonic mixing
and combustion. The ramp angle to control the vortex circulation was 36 degrees, whereas the gaseous hydrogen fuel
was injected at an equivalence ratio of 0.5. The main purpose of the present study is to examine the effects of heat
release on the formation process of the streamwise vortices and the mixing characteristics through comparison between
the non-reacting and reacting cases. The calculation results revealed that large subsonic regions were created in the
strut wake flows due to the combustion heat release, resulting in large boundary layer separations on the ramp surface.
Hence the streamwise vortices weaken at the beginning of the generation and the fuel distribution was depended on the
enlargement of the subsonic regions rather than the evolution of the streamwise vortices. The growth of such a
subsonic region was responsible for the mutual interaction with the enhancement of mixing and combustion within it.
In addition, the streamwise vortices disappeared as going downstream due to the eddy viscosity increased by the
combustion. In such a circumstance, the mixing and combustion seemed to be uncontrollable by the streamwise
vortices. On the other hand, it was found that the massive subsonic region developed by the combustion, where the
streamwise vortices were present, reduced the compressibility.
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Numerical Study on The Supersonic Mixing and Combustion Enhancement Using Streamwise
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Figure 1. Photo view of the AW strut.
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Figure 2. Photo view of supersonic combustor with the AW strut
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Table 1. Nominal freestream conditions at combustor entrance

Static pressure (kPa) 58

Static temperature (K) 1329
Mach number 248

Velocity (m/s) 1836
O, mass fraction 0.263
N, mass fraction 0.524
H,0 mass fraction 0.211
OH mass fraction 0.002
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Figure 3. Comparison of computed wall pressure distributions along
combustor top wall centerline with experiment in Ref. (10).

Figure 4. Comparison of computed contours of OH mole fraction on x-y
plane at z=5.5mm (top) with direct photo of flame obtained from
experiment in Ref. (10) (bottom).
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Figure 5. Contours of Mach number in strut wake regions on x-y

plane. (Black lines represent sonic lines.)
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Figure 6. Contours of streamwise vorticity on several y-z planes at downstream distance from strut trailing edge, x'=-8, -2,
10, 30, 60mm shown from the left to right. (Black lines represent sonic lines.)
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Figure 7. Contours of H, mole fraction on several y-z planes at downstream distance from strut trailing edge, x'=-8, -2, 10, 30,
60mm shown from the left to right. (Black lines represent sonic lines.)
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Figure 8. Ignition distance on iso-surface at local equivalence ratio of 1 near strut. (Left; non-reacting case. Right; reacting case.)
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Figure 10. Distributions of kinematic eddy viscosity along streamwise
line passing through center of injector hole.
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Figure 11. Streamwise variation of mixing and combustion efficiencies.
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Figure 12. Distributions of Mach number in circumferential direction
on y-z planes. (Left; ¥=2mm. Right; x=10mm. Black lines represent
sonic lines.)
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Figure 13. Velocity vectors on y-z plane at x=2mm. (Left;
non-reacting case. Right; reacting case. Colors represent absolute

divergence of velocity.)
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