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An adaptive high-resolution hybrid scheme using
central flux scheme and WENO scheme
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Abstract: Aiming at high accuracy and high resolution computation for numerical simulation
of compressible fluid flows, based on the smoothness measurement of the flux function of the
stencil, the new kind of weighted factor is constructed. On the basis, the hybrid scheme (H-
WENO7-CD8) combines the characteristics of WENO scheme and central flux scheme, and it
improves the resolution of the scheme and the ability to capture the shock wave. The Fourier
method is adopted to analysis the mathematical characteristics of the discrete scheme. The
adaptive hybrid scheme has low dissipation. By the numerical simulation tests of the Shu-Osher
shock-density interference problem, the two-dimensional Rayleigh-Taylor instability problem,
and double Mach reflection, compared with the numerical tests of the WENO-JS scheme, the
present hybrid scheme can capture the shock wave better, and it has higher resolution for shock
waves and small-scale waves with a low computation cost. Therefore, the present scheme lays an
algorithm foundation for high resolution numerical simulation of compressible fluid flows such as
the shock wave-turbulent layer interaction problem or Richtmyer-Meshkov instability problem.

Keywords: WENO scheme; hybrid schemes; low dissipation; adaptive scheme

:2017-03-29; :2017-08-09
: (11472010, 91441103, 11372330, 11472278); (2016 YFA0401200) ;
(JCKY2016212A501) (MJ-2015-F-028)
(1992-), s : . E-mail; tianq.220@qq.com
* (1974, , , s . E-mail. gavin.liang@featech.com.cn
. , . -WENO (1] ., 2019, 37(4): 541-545,577.

doik 710, 76887 kqdlxkb=2017. 0050 TIANGQ ' GUO Y UDIANG X, 60 I CAR acaptive high-resolution hybrid /dchiéme/ vsing lebritral
flux scheme and WENO scheme [J]. Acta Aerodynamica Sinica, 2019, 37(4); 541-545,577.



37

542
0 b
A A} o b 1
1.1
’ . Jiang WENO7
: : , . WENO7
., 1994 ,Liu ENO [1s]
i, WENO (Weighted Essential Non- 3
Oscillatory) ~ » WENO Hjp =D wHE (D
k=0
,Jiang  Shu " 3
e , WENO Hjop = Ea;“f];k 3+ (2
- k=0
o , Jiang . HY, .
Shu  WENO , :
WENO ar
[37] wp = (3)
N o ’ a()+a1+a2+a3
[8-9 .
- C, _ .
, =——,p =2, =107 ~ 107
WCNS S VAL S
DWCNS, f1od ENN , Taylor
WENN N . 1 12 18 4
=5C: =5 Le =L = 4
[11] hizl | Co 35 G 35 ¢ 35 s 35 (4
Q] Be :
[14] oy 13, 1043 L, 1 .,
- B =14 +12fk +7960 S +12fkfk (5
3
° :]3:0’192»3;][&/:Zb;k)fﬂr/sﬂfs ’
=0
’ 3 3
° (Hybrid fZ:ZC;“f,wzf:an/:ngk)f;wzfz s
schemes) , , o o
[18]o ﬂk b
Pirozzolit'"! , )
WENO , F; :%[672(_/‘#1*fjfl)*168(f/+z*fjfz)‘Q‘
- Ren 32(f s — f1) =3 10— f10] (6
0] WENO
y “ ”’ 1 . . . .
. Fin,= %[533”]' ) =139+ fi) +
WENO 29(f o+ fr) =3+ f0] (D
’ ’ WENO ’
7 WENO 8 , ,



4 -WENO 543
F-/ /2 ZGH./ +1/2 + (1 — O')F.S‘l\)f/'? (8 3.0F — Exact
—— WENO7
’ 5.5F —v H-WENO7-CDS§
o B o o
p , X 15F
’ o ,Bl:
x 1.0F
o =arctan(n °,8“)/(?) (9 osh
A= mind “8/ ‘ o 005 10 15 20 25 30
° o
(a)
’ ’ n
, WENO
RT n=10°,
— n=5%10°, “
ﬁk ’ ﬁk 0 20
0, s
3 Bk ’ o
1, o
s WENO
1 (a) (b)
° Fig.1 Spectral properties of two different schemes
1.2
Fourier (1o x =1 , x =
. K, K. [0.10] , t=1.8,
‘a . 1 N, ; N =4001
) H-WENO7-CDS8 (Exact), Runge-
WENO?7 ., WENO Kutta . Steger-
. WENO7 Warming ; .
, H-WENO7-CD8 2 WENO?7 H-WENO7-CDS8
WENO7 , o , WENO
o . x=7.4 xr=5.5
, WENO7
2 ;  H-WENO7-CD8
2.1 - ) s
3 WENO7
o3, 45t | "
° Euler N 4.0 v—W\Nﬂf |
35F !
|
(o] 3.857143 e
w| = [2.629369 (10) 25t |
20F
AR 10.333333 L e
(7] o . 2 — WENO7
F + 0.2sin(5x) oL HweNoT-cDs |
= o | D N I SR MO
2] r L 1 J




WENO7 ,
, H-WENO7-
CD8 o
1.0 1.0
QU WENO7 H-WENO7
h=1/240 -CD8
osl ~ h=1/240
0.6
a0
0.4
2 Shu-Osher ,t=1.8 ,N=201 0.2
Fig.2 Density distribution of the 1D shock/turbulence |
interaction at t =1.8, N=201
2.2 - 1.0
WENO7 ™ =
Rayleigh-Taylor (RT) Lol h=1/960 H-\Q)‘Vgg[07
0.8 . h=1/960
’ 0.6
. RT =
0.4
Fm: [0,0_25] X o2l
[071] H s vy =0.5 0\¢ ANV
0 0.10.2 0 0.10.2
. o= 2 . o= 1 X x
3 RT
o= 2 Fig.3 Rayleigh-Taylor instability: density profile
u=0
az 23
v =—0.025¢ + cos(8nx) 60° 10
p=2y—+1, 0 y=<0.5 [21] .
p=1 [0,0]% [4.1], y=0, x=
u=~0 = = =
(13) 0. 1667 x =4 , x =0 x
v =—0.025¢c « cos(8nx) 0. 1667 ; 3
p =y +1.5, 0.5 y<1 10
/ o t=0.2,
Cc — E Y = i o
P 3 ’
Euler . ,
aU  JdF,(U) , dF,U) , , WEN ,
— ——+——"=5 (14) 0
at dx dx 961X 241 ) (9
S:(O,[O,O,‘O'U)To 0'2094, °
t=1.95 ° 4 ’
3 WENO?7 H-WENO7-CD8
60 X240  240X960 (a: WENO7;b: HHWENO7-CDS8) ,
. 3 : 60X 240 i
) ) ’ H‘WEN()?‘CDS

o 240 X960 ) s



-WENO

wl
W~
t

1.0
0.8 Fla:WENO7
~ 0.6}
0.4}
Ot ) ) oXeal
0 04 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0
x
0.7} y
a:WENO7 V4
0.6
0.5
0.4
~
03F
0.2
0.1
1.0
0.8
=~ 0.6
0.4
0.2
0 1
g 3.5 4.0
X
22 2.4 2.6 2.8
X
4 , 961X241,30
p=1731 p=20.92

Fig.4 Density contours of the Double Mach
Reflection problem, 961 X241 grid

WENO

WENO

WENO

11372330, 11472278) .

(Nos. 11472010, 91441103,
(2016 YFA0401200)
(JCKY2016212A501) (M]J-

2015-F-028) B N

[1]

[2]

[3]

[4]

(5]

(6]

[7]

[8]

[10]

[11]

[12]

LIU X D, OSHER S, CHAN T. Weighted essentially non-
oscillatory schemes [ J]. Journal of Computational Physics,
1994, 115(1) . 200-212.
JIANG G S, SHU C W. Efficient implementation of weighted
ENO schemes[J]. Journal of Computational Physics, 1996, 126
(1): 202-228.
MARTIM P, TAYLOR E M, WU M, et al. A bandwidth-
optimized WENO scheme for the effective direct numerical
simulation of compressible turbulence [ J ]. Journal of
Computational Physics, 2006, 220(1): 270-289.
CASTRO M, COSTA B, DON W S. High order weighted
essentially non-oscillatory WENO-Z schemes for hyperbolic
conservation laws[ J]. Journal of Computational Physics, 2011,
230(5): 1766-1792.
REN Y X, LIU M E, ZHANG H X. A characteristic-wise
hybrid compact-WENO  scheme for solving hyperbolic
conservation laws[J]. Journal of Computational Physics, 2003,
192(2): 365-386.

, ; . WENO [J].

, 2013, 31(4) . 477-481.

WU C H, ZHAO N, TIAN L L. An improvement hybrid
compact ~-WENO scheme[]]. Acta Aerodynamica Sinica, 2013,
31(4): 477-481.

. . . CFD [J]. ,
2016, 34(2) . 157-174.
ZHANG S H, L1Q, ZHANG L P, et al. The history of CFD in
China[ J]. Acta Aerodynamica Sinica, 2016, 34(2);: 157-174.
DENG X G, MAO M L. Weighted compact high-order
nonlinear schemes for the Euler equations[ C]//Computational
Fluid Dynamics Conference. 2006.
DENG X G, ZHANG H X. Developing high-order weighted
compact nonlinear schemes [ J]. Journal of Computational
Physics, 2000, 165(1); 22-44.
. . 1993, 11(4):347-356.
ZHANG H X, HE G H, ZHANG L. Some important for high
order accurate difference solving gas dynamics equations[ ] ].
Acta Aerodynamica Sinica, 1993, 11(4):347-356
L1l : , 1992, 35(3): 263 -271.
MA Y W, FU D X. A new method to capture shock wave in
computing aerodynamic - dissipation analogy method [ ] J.
Scientia Sinica Mathematics, 1992, 35(3): 263 -271.
MA Y W , FU D X. Fourth order accurate compact scheme
with group velocity control ( GVC) [ ]J]. Science China
Mathematics, 2001, 44(9); 1197-1204.

( 577 )



4 577
[10] . , . . . 1990.
0. , 2014, 32(2): 190-196. [16] SCHUEHLE A L. 727 airplane side inlet low-speed
BAI JUNQIANG, LIU NAN, QIU YASONG, et al. Research performance confirmation model test for refanned JT8D engines
on design of nacelle strake for civil transport aircraft[ J]. Acta [R]. NASA CR-134609, 1974.
Aerodynamica Sinica, 2014, 32(2); 190-196. [17] HANCOCK J P, HINSON B L. Inlet development the 1.-500
[11] . . s [R]. AIAA 69-448, 1969.
[J1. , 2016, 30(5): 36-41. [18] HALL C A, HYNES T P. Measurements of intake separation
LIU YI, ZHAO XIAOXIA, OUYANG SHAOXIU, et al. hysteresis in a model fan and nacelle rigl R]. AIAA 2002-3772,
Study on aerodynamic characteristics of a stall attached to a 2002.
transport aircraft [ J ]. Journal of Experiments in Fluid [19] s s . [Jl.
Mechanics, 2016, 30(5): 36-41. , 2015, 30(2) . 289-296.
[12] . ) [l LIU KAILI. SUN YIFENG, ZHONG YUAN. Study on
, 2015, 4. 13-15. crosswind distortion of civil aircraft inlet [ J |. Journal of
WANG JIMING, ZHOU XING. Research on longitudinal Aerospace Power, 2015, 30(2): 289-296.
moment characteristics of civil aircraft[J]. Civil Aircraft Design [20] s s . /
and Research, 2015, 4. 13-15. [J]. , 2009, 24(8): 1766-1772.
[13] . C . [M]. TAN ZHAOGUANG, CHEN YINGCHUN, LI JIE.
, 2010. Numerical simulation of dynamic influence effect in integrated
[14] . C . [M]. analysis of body/power equipment[ ]J]. Journal of Aerospace
, 2010, Power, 2009, 24(8). 1766-1772.
[15] O . MD-82 [M].
1411 1[4 41

[13]

[14]

[16]

[17]

545 )

MA Y W, FU D X. Super compact finite difference method
(SCFDM) with arbitrarily high accuracy [ J]. Computational
Fluid Dynamics, 1996, 5(2): 259-276.

SUN Z S, REN Y X, CEDRIC LARRICQ. A class of finite
difference schemes with low dispersion and controllable
dissipation for DNS of compressible turbulence[ J]. Journal of
Computational Physics, 2011, 230(12): 4616-4635.

LI X L, LENG Y, HE Z W.

monotonicity - preserving scheme by nonlinear spectral analysis

Optimized sixth-order
[J]. International Journal for Numerical Methods in Fluids,
2013, 73(6): 560-577.

HE Z W, ZHANG Y S, GAO F J, et al. An improved accurate
monotonicity-preserving scheme for the Euler equations[ ]].
Computers &. Fluids, 2016, 140, 1-10.

PIROZZOLI S. Conservative hybrid compact-WENQO schemes
for shock-turbulence interaction[ J]. Journal of Computational
Physics, 2002, 178(1): 81-117.

[18]

[19]

[20

[21]

s , s . [M].
: , 2010, 178-181.
FUDX, MAY W, LI X L, et al. Direct numerical simulation
of compressible turbulence[ M]. Beijing: Science Press, 2010,
178-181.
CFD [D].
: , 2012.
LENG Y. High-resolution numerical schemes and aircraft CFD
software development [ D]. Beijing: University of Chinese
Academy of Sciences, 2012.
SHU C W. OSHER S. Efficient implementation of essentially
non-oscillatory schemes [ ] J.
Computational Physics, 1987, 83(1): 32-78.
SHIJ, ZHANG Y T, SHU C W. Resolution of high order
WENO schemes for complicated flow structures[ J]. Journal of
Computational Physics, 2003, 186(2): 690-696.

shock-capturing Journal of



