Jan. 25 2015 Vol. 36 No. 1 147-158

Acta Aeronautica et Astronautica Sinica ISSN 1000-6893 CN 11-1929/V

http: /hkxb. buaa. edu. cn hkxb@buaa. edu. cn

DOI: 10. 7527/S1000-6893. 2014. 0233

*
s 100190
(DNS) s .
, DNS o s
s WENO o DNS
s . . DNS . s
OpenCFD,
; ; ; 5 OpenCFD
: V211 3; O357. 5 : A : 1000-6893(2015)01-0147-12
, . DNS
( 5 ) s
o N o DNS
s o , o ,DNS
[1]
b o
o b Y N b
) DNS ,
(DNS) DNS )
o b b b
o b
Navier-Stokes ; o
., DNS , )
[2]
b o b
. ,DNS ,  DNS )
’ o ’
: 2014-07-25; : 2014-09-16; : 2014-09-20; : 2014-10-31 17:05
: www. cnki. net/kcms/detail/10. 7527/S1000-6893. 2014. 0233. html
: (1372330, 11472278, 11472010, 91441103); “863” (2012AA01A304) ;
(KJCX2-EW-J01, XXH12503-02-02-04)
* . Tel. : 010-82543801 E-mail: lixl@imech. ac. cn

¢ Li X L. Direct numerical simulation techniques for hypersonic turbulent flows[ J]. Acta Aeronautica et Astronautica Sinica. 2015.
36(1): 147-158. . [J]. , 2015, 36(1): 147-158.



148 Jan. 25 2015 Vol.36 No. 1
' L 1.1 WENO
DNS .
Liu ! ENO (Essentially Non-
1 Oscillatory) ;
(DNS : WENO .
) . DNS, s Jiang  Shu'"
i . Jiang Shu WENO [
WENO (
WENO-JS ). , WENO-JS
] , WE-
NO . WENO
L1 ,
DNS . .
. WENO
NS ’ ’ 03, . WENO
( ) °
WENO-JS .
o ’ . Borges 1 WENO-JS
’ NS, R WENO-Z
. WENO-JS
’ ’ . WENO-JS
DNS ’ ’ . WENO-JS , WENO-Z
( )
’ \ WENO-Z WENO-JS
2 . ’ :
| | . )WENO-Z
’ , ( DNS), WENO-
. ’ 4 WENO-]JS .
o WENO-JS
’ WENO-Z .
( WENO (Weighted Essentially Martin (1] WENO
Non-Oscillatory) ) , , WENO ( WENO-
° ’ SYMBO/SYMOO) . WENO-JS
( ) ’ ° , (Stencil) ,
’ . WENO-SYMOO
. 8 .
WENO [3-4) (MP)  WENO-SYMBO 4
o , (WC- . ,2
NS)L (GVO) ) . WENO-SYMBO/SYMOO

’



149

, , Martin
[10]
, Wu Martin™" WENO-SYMBO
5 , WENO
s o WENO
o WENO-SYMBO
WENO-]JS , WENO-
SYMBO
s WENO-]JS o
Sun M WENO
0 , 2
o WENO
( ) s
( ),

“

WENO(MDCD-WENO)

o

N 3 MDCD-
WENO s
WENO (Hybrid-WENO)
s s WENO
» Hhybrid-WENO WENO
R ., Ren [ 2
(WENO )

L 12
(MP)
, TVD(Total Variation Di-
minishing) 2
. 2« )2
[fmin s fmax ] ,
f‘H’lr'Z o
: Sfivrre
) Sfivirz
L5J’
fine = fine +
min mod( fi,, — f™, ™ — fh,) (D)
i o
TVD 2
[anin R 2
) » Suresh
Huynh"’ ,
5 (D
VAR A 4 ,
f}:Fl/'Z 7 o ,
, 7 ) )
4 . WENO
WENO )
WENO o
Li [14]
(D o
) @) )
S s
(OMP) o
,OMP .
,OMP )
1 Shu-Osher (200
) ) , 6
OMP (OMP6) 7 WENO
(WENO7) e
OMP , Li Fult

(OMP-AD)



150

Jan. 25 2015 Vol. 36 No. 1

1 Shu-Osher L1

Fig 1 Density distribution of Shu-Osher problem"*!
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Direct numerical simulation techniques for hypersonic turbulent flows

LI Xinliang *

State Key Laboratory of High-temperature Gas Dynamics , Institute of Mechanics s Chinese Academy of

Sciences , Beijing 100190, China

Abstract: The recent developments of high resolution schemes, especially, high-order and high-robustness shock-capture
schemes, and direct numerical simulation (DNS) cases for hypersonic turbulent flows are reviewed in this paper. The numer-
ical methods include the high-resolution shock-capture methods and the technique to stabilize computation for hypersonic
flows, as well as. the developments of WENO and monotonicity preserving schemes. The DNS studies include the effects of
compressibility, wall temperature and high-temperature real gas on the turbulent flows, and the studies of hypersonic transi-
tion flows are also reviewed briefly. Furthermore, an OpenCFD code developed by the author which is compressible and

high-resolution, is addressed briefly
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