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Abstract

For the purpose of Thermal Protection Material design problem, a numerical analysis of axisymmetric high temperature supetsonic
impinging jet flows of exhaust gas from combustor on curved surfaces has been accomplished. A modified CSCM Upwind
Navier-Stokes method which is able to cure the carbuncle phenomena has been developed to study strong shock wave structure and
thermodynamic wall properties such as pressure and heat transfer rate on various curved surfaces. The results show that the maximum
heat transfer rate which is the most important parameter affecting thermo-chemical surface ablation on the plate did not occur at the
center of jet impingement, but rather on a circle slightly away from the center of impingement and the shear stress distribution along

the wall is similar to the wall heat transfer rate distribution.
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2.NUMERICAL METHODS
2.1 CSCM Upwind Method
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Carbuncle problem
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Solution procedure and turbulence model
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3. RESULTS AND DISCUSSION
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Fig.1 Schematics of the flow field
Table 1. The configurations of current work
Total Pressure 81.64(atm)
Total Temperature 2952(K)
Pesi{ Prack 1.38
Nozzle exit diameter(D,;,) 0.0326m
Nozzle area ratio{ A exiAroa) 7.38278
The length from nozzle exit to flat plate(/) 0.1265m
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Fig.2 Test curved wall configurations
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Fig.3 Mach number contour comparison plots between carbuncle (a)
non-fixed and (b) fixed supersonic jet impinging flows over flat plate
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Fig.4 Stagnation pressure variations along global iteration
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Fig.5 Mach number contour plots among different surface shapes
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Fig.6 Wall pressure comparison plots among different surface shapes
over jet impinging region
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Fig. 7 Heat transfer rate comparison plots among different surface
shapes over impinging region
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Fig.8 Shear stress comparison plots among different surface shapes
over impinging region
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