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Applications of anisotropic unstructured mesh adaption in

supersonic combustion simulations
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(1. School of Aeronautics and Astronautics, Zhejiang University, Hangzhou 310027, China;
2. Research and Development Center, China Acedamy of LLuanch Vehicle Technology.
China Aerospace Science and Technology Corporation, Beijing 100076, China)

Abstract: Anisotropic unstructured mesh adaption has been introduced and used in 2-D
simulations of supersonic combustion in the DLR (Deutsches Zentrum fiir Luft-und Raum-
fahrt) scramjet combustion chamber. Three cases of non-reaction flow simulation with slip
wall conditions, non-reaction flow simulation with non-slip wall conditions and reaction flow
simulation (with nonslip wall conditions) were carried out. In the calculations, large gradi-
ent areas with anisotropic characteristics, such as shockwaves, jet-flows, boundary layers,
and flames, were detected and well refined with anisotropic meshes. As a result, compared
with the initial simulation using an isotropic mesh, element numbers were reduced by
36.2%, 36.4% and 36. 8%, respectively, in case of slip conditions, nonslip conditions and
reactions, meanwhile the accuracy and resolution in large gradient areas was even better.
The results show high efficiency and high accuracy of anisotropic mesh approach compared
with the isotropic mesh, for the problems with significant anisotropic characteristics such as
supersonic combustion. It has been demonstrated that Hessian metrics based on Mach num-

bers can be used to generate anisotropic meshes for the supersonic combustion simulation.
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Fig. 1

Sketch of the DLR scramjet combustion chamber
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Table 1 Inflow conditions of the air stream and the hydrogen jet

SN Ma T/K p/10° Pa o/ (kg/m®) wo, wN, WH, O WH,
Air 2.0 340 1 1. 002 0.232 0.736 0. 032 0
H. 1.0 250 1 0. 097 0 0 0 1
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Table 2 Reactions and rate constants for the 7-species 7-step (7 X7) H;-air chemical kinetic mechanism

No. SR R R A/((em® /moD™ !+ s7HT B Tctivation / K
1 H,+0,<—0OH+O0OH 0.170x 10" 0 24154. 6
2 H+0O,<—0OH+0 0.120X 10" —0.91 8309.7
3 OH+H,<—H,O+H 0.220x 10" 0 2591. 6
4 O+H,<—0OH-+H 0.506X10° 2.67 3165.3
5 OH+OH<—>H,O+0 0.630X10" 0 548.5
6 H+OH+M<—>H,0+M 0.221x10% —2.00 0
7 H+H+M<—>H,+M 0.730X<10' —1.00 0
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Fig. 13 Initial reaction flow field
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