AT

11 4

o1 EEY °

L Zx|7]e ]

Bl 459 A%E SN
e wR WAt 7]

Accurate Computations for Multi—dimensional Flows :
Multi—-dimensional Higher order Interpolation Scheme

Kyu Hong Kim, Chongam Kim, and Oh-Hyun Rho

The new multi~dimensional higher order interpolation scheme called MHIS is developed.
Firstly, multi-dimensional TVD condition is derived based on one-dimensional TVD condition.
Using multi-dimensional TVD condition, 2nd, 3rd and 5th order MHIS are presented. By help of
multi-dimensional TVD condition, it is possible to captured a discontinuity monotonically even in a
multi-dimensional flow. It is verified through several test cases that the accuracy and the
robustness of MHIS are enhanced in regions of shock discontinuities as well as boundary-layers.

Key Words: o+ =X 7] ¥ (multi-dimensional scheme), ©xFd TVD ZZ (multi-dimensional TVD
condition), Thxkg 347 H(MHIS)
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1. The complete multi-dimensional monotonic
characteristics by help of the multi-dimensional
monotonic condition.

2. The higher order interpolation scheme. (More
than third order interpolation scheme).

3. The same level of efficiency as MUSCL
approach with TVD limiter.

4. Robust convergence characteristics by help of
the multi-dimensional monotonic condition.
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5.2. vortex flow
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Weak vortex flow (Roe's FDS)
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Weak vortex flow

Initial distribution
— — = —  3rd order MHIS + Roe's FDS (50x30)
— —e— = Sthorder MHIS + Roe's FDS (50x30)

T 3nd order MHIS 4 Presant metheod {S0x50)
T 5thorder MHIS + Present method (50x50)
T T T T vanLeer limiter + Roe's FDS (100x100)

9 6. vortex 59 YYEE HN



FRAEA TS

@ 16 o1 LEY
[=2171% ]

Entropy variation (weak vortex fiow)
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Pressure contour (Roe's FDS)
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Shock wave/boundary layer interaction

[ ~ van Leer fimiter (56x59)
3rd order MHIS (56x59)

——+—— 5th order MHIS (56x59)
——o—— van Leer limitar (150x200}

1.5E-03

1.0E-03

5.0E-04

0.0E+00

Skin friction coefficient

-5.0E-04

a9 11 99 wpEA s vm

Y 112 949 al@dA$E JeEld RAeZ van
Leer A|gAler MHIS Z3z =WU3 AzLA A ¢
A#E vlag 2ol fEe) wHA g JY
Wel qtgo|ut vpa ALt AT 1l TRl EA
8H=t van leerAl$tAte] A9 ngd HEo] AF o
BuA] 2= EEE E 4 ok vbd MHISY A $-
°olg FAT F glom v Y g4 A o A
g3lA JEHE AE ¢ 5 Uk

6.8 &

gAY TVD 23 & Folyin ol B3 A4
A dxAdL 1ZL F e MHISE AEsdch
MHIS® Fd& daderel dz4& Frd 3
9lo] 7]¥€ TVD MUSCL %9 5848 BoFn
Ax 22 BFEZ Fgo] uwff AfKFTE Fojth
52 F7t A&% MHISS MEA Med FHAEY
S 38T BY AP FHoA 23 A 4
B Az FA4E 7tA gfon ol HA vluy &
A&EBH A 34 AAEA afzn FE /A
= A3AEEAE T EUT + YU MHISH
FF 33d frEoz FFE F9 A 89 BE
A FFE BEYE: A2 7dEd

l

Il X719 | ®

za =29l

[11 R. J. LeVeque, "Wave Propagation
Algorithms for Multidimensional Hyperbolic
Systems,” J. of Computional Physics, Vol
131, 1997, pp. 327-353.

{21 D. W. Levy, K. G. Powell, and B. Van Leer,
"Use of a Rotated Riemann Solver for the

Two-Dimensional Euler Equations,” J. of
Computational Physics, Vol 106, 1993, pp.
201-214.

(31 P. L. Roe. "Discrete Models for the Numerical
Analysis of Time-Dependent Multidimensional
Gas Dynamics”, J. of Computional Physics,
Vol 63, 1986, pp. 458-476.

[4] K. H. Kim, C. Kim, and O. H. Rho, "Methods
for the Accurate Computations of Hypersonic
Flows - Part I : AUSMPW+ Scheme,” J. of
Computational Physics, Vol. 174, No. 1, 2001,
pp. 38-80.

[5] K. H. Kim, "Development of Multi-dimensional
Higher Order Interpolation Schemes for
Hypersonic Flows,” PhD. Thesis, Seoul
National University, 2001.

[6] Y. Tamura, and K. Fuji, “A Multi-Dimensional
Upwind Scheme for the Euler Equations on
Structured Grids,” Computers and Fluids,
Vol22(2/3), 1993, pp. 125-137.

[71 A. Dadone, and B. Grossman, “Characteristic-Based,
Rotated Upwind Scheme for the Euler Equations,”
ATAA Journal, Vol30, No. 9, 1992,

[8} K. Sawada, "A Flux Difference Multidimensional
Splitting Scheme,” AIAA-99-3345, 1999.

[9]1 C. L. Rumsey, B. Van Leer, and Phillip L.
Roe, "Effect of a Multi-Dimensional Flux
Function on the Monotonicity of Euler and
Navier-Stokes Computations,” AIAA-91-1530-CP,
1991.

(10] S. Tatsumi, L. Martinelli, and A. Jameson,
"Design, Implementation and Validation of
Flux Limited Schemes for the Solution of
the Compressible Navier-Stokes Equations,”
AIAA Journal, Vol 33, 1995, p. 252.



