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In this study, we investigated the shock capturing characteristics of combined secondary conservative finite dif-
ference and shock capturing methods. We carried out the shock tube problem and the shock-vortex interaction
problem, and found that combined schemes, that is, numerical dissipation added scheme based on AUSM fam-
ily schemes give higher accurate solution than the numerical flux combined scheme. Among these schemes, the
scheme based on HR-AUSM*up can give higher accurate solution than that based on AUSM™Tup. In addition,
we found that the combined schemes give high accurate solution, since the attenuation of vortex is suppressed
in the shock-vortex interaction problem. In particular, numerical dissipation added schemes have the smallest
dissipation among the schemes considerrd here. Therefore, numerical dissipation added schemes are suitable for

turbulence analysis.
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Tab. 1: Numerical condition of Sod problem.

Computational region (L1, Lo, L3) (1.0,0.1,0.1)
Number of grid (N, Na, N3) (100, 3, 3)
Time increment, At - 4.0x 1073
Ratio of specific heat, - 14

Reynolds number, Re
Mach number, M,

[]
[]

Prandtl number, Pr [] 0.71
[] 00
[

3.0

Tab. 2: Numerical condition of shock-vortex interaction
problem.

Computational region (L1, Lo, L3) (4.0,2.0,0.1)
Number of grid (N7, Na, N3) (160, 80, 3)

Time increment, At - 1.0 x 1073

Ratio of specific heat, - 14

Reynolds number, Re
Mach number, M,

(@]

[
[
Prandtl number, Pr [] 0.71
[
[] 1.1
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Fig. 1: Density profile of Sod problem by using different
numerical dissipation addition cases for AUSM™T-up.

I Numerical flux Exact
combined
Al O+2+® |
@+B
O+@
Q ®
®1
1_ —XM _
0 1' 5
Xr
Fig. 2: Density profile of Sod problem by us-

ing different numerical dissipation addition cases for
HR-AUSM™-up.
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Tab. 3: Differences between numerical results and ex-
act solution by using different numerical dissipation ad-

dition cases for AUSM™-up.

Case | Additional term RMS value of error
1 ©) Diverged
2 @ 0.017003
3 ® 0.015411
4 O+®@ 0.017798
5 @+6 0.018844
6 ®+0 Diverged
7 O+@+B 0.019166
8 - 0.020987
Tab. Differences between numerical results and ex-

act solutlon by using different numerical dissipation ad-
dition cases for HR-AUSMT-up.

Case | Additional term RMS value of error
1 ® Diverged
2 ©) 0.017003
3 ® 0.014490
4 O+@ 0.017798
5 @+B 0.017309
6 ®+0 Diverged
7 O+@+B 0.018128
8 0.020645
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Numerical dissipation addition
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Fig. 3: Shock-vortex interaction problem.
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