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A WCNS-AO scheme based on an interpolation
method of adaptive order

HU Yinggang, JIANG Yanqun, HUANG Xiaogian

(School of Mathematics and Physics , Southwest University of Science and Technology 621010 Mianyang, China)

Abstract : The system of Euler equations is typically formulated as the form of nonlinear hyperbolic conser-
vation law equations. The solutions of this type of equations may have discontinuities, which may lead to
the emergence of non-physical oscillations near the discontinuities using high-order numerical schemes for
solving Euler equations. This paper designs a new weighted compact nonlinear scheme based on an inter-
polation method of adaptive order ( WCNS-AO) to solve Euler equations. Following the classical five-point
WCNS scheme, this scheme uses a nonlinear weighted interpolation technique that combines the low-order
interpolations on the substencils and the high-order interpolation on the global stencil to improve the per-
formance of the classical scheme. The WCNS-AO scheme combines the sixth-order hybrid cell-edge and
cell-node center differencing for flux derivatives at cell-nodes and the nonlinear interpolation technique of

adaptive order at cell-edges. The high-order TVD Runge-Kutta method is applied to solve the semi-discrete
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equations generated by spatial discretization of Euler equations. Numerical results show that the WCNS-AO

scheme can achieve fifth-order accuracy in smooth domains and has better resolution and shock-capturing
capability compared with the classical fifth-order WCNS-Z and WENO-AO schemes.

Key words: Euler equation; adaptive order; WCNS-AQO; nonlinear interpolation; discontinuity-capturing
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Tab.1 Numerical errors,convergence rates and CPU time for the 1D case

ViRV N L% 5 BE By L, 5% KB Tepy/s
WCNS-AO 20 2.32x107? - 6.62 x10 72 - 0. 156 250
40 1.14 x10 73 4.35 4.21 x1073 3.97 0.859 375
60 1.60 x10 ~* 4.85 6.12x10°* 4.76 2.203 125
80 3.86 x10° 4.93 1.48 x10°* 4.93 5. 140 625
100 1.28 x10 73 4.96 4.91x107° 4.95 9.781 250
WENO-AO 20 2.23 x10 72 - 6.66 x10 72 - 0.171875
40 1.21 x1073 4.20 4.22 x1073 3.98 0.750 000
60 1.78 x10~* 4.73 6.12x10°* 4.76 2.109 375
80 4.53x107° 4.76 1.48 x107* 4.92 5.109 375
100 1.60 x10 73 4.68 5.91x107° 4.13 9.250 000
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Tab.2 Numerical errors, convergence rates and CPU time for the 2D case
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80 x 80 1.30x107° 5.07 2.34 x10°° 5.08 383.171 875
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CPU time against numerical errors obtained

with two schemes
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of different schemes
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AO A%, WCNS-AO H 27 75 5 F04 I 28 AL R0
B, %k i AT AT B R T B, A B

B AR

5t o— - WCNS-AO
WENO-AO

3.0

05 1.0 15 20 25

-4 -2 0 2 4 6
X

P4 Osher-Shu ] AN A KA X L
Fig.4  Osher-Shu problem:comparison of numerical

solutions of different schemes
2.5 4 Riemann [o]&

IR & T AR 2 A, RE NS B A M A 5
JIr e A% 2 A0 AR M FE HIOVE | 20 B A R G A 4
REJI %5, TEIFFXE (0,17 &, % B (H % fF
LU

(p,u,v,p) =

(1.5,0.0,0.0,1.5) ,x=0.8,y=0.8

(0.5323,1.203,0.0,0.3) ,x <0.8,y=0.8

(0.138,1.206,1.206,0.029) ,x <0. 8,y <0. 8

(0.5323,0.0,1.206,0.3) ,x=0.8,y <0.8

(27)

2, e+ Dirichlet 31 57 45 15, A% B0 401 x
401, 1L kB R ¢ =0.8 s,

KIS gy 1 3 Fias =i 85 B2 2 A 45 5%, Herb 30
SN 0.1 & 1.8, mEATA,3 Fhks 1y
REAHAR B EB 7 e WA 4544 o [RIAF, #H L WCNS #%
UM WENO-AO #4500, WCNS-AO #% X B 5 4, 1]
DA 380 550 00 440 /0 1 58 T8 285 4 , R M N R
AR
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(a) WCWS

(b) WENO-AO

(¢) WCNS-AO

Bl 5 4 Riemann [a] 8 BUE X EL

Fig.5 Two-dimensional Riemann problem:comparison of numerical solutions of different schemes

2.6 ¥ Mach & 5t55%

IR T — 18 Mach %5 10 B RH# I 21 60°
Fodeh JOREBE AT, H O |2 5 0 S S R E 168 45
2 AT BN IS o ISR FAEAS 36 P A 3 A% =Xl
PERW AN RS RE Sy, THA X [0,3] x
(0,17, Btk 4t F =

(p,u,v,p) =

(8. 0,8.25cos (%) ~ 8. 25sin ( ),116. 5),

a
6

0 <ax < +

e
5
(1.4,0.0,0.0,1.0),

1
6

Ly
— + <x <1
6"

(28)
ZEMFIRHE (0 < v < 1/6 ) A A NG
FE R (v > 1/6 ) WA SUN A 5504 4
BCELH TR A DR BB RG 00 . AR RO
961 x 241 JFEZLIERE N =0.25
K6 gyth 1 3 Mk Ui L0 A 28 28, 30 2%
JESFMHEM 1.4 221,671 1, 6 nlH1,3 Fiig sk
PIREAHPE 21 AR B o AHEL WCNS A 2CAn
WENO-AO #3, WCNS-AO #5 A i 45 2 X S B 4
SEE SRS AR ) e o 45 440 , FAT S/ 9 B (A ORI

2.7 Rayleigh-Taylor 2 E 4 8]

LR h 2 BRI RO o A 45 5
MARE RS HE I [0,0.25] x [0,1]
Bt

(p,u,v,p) =
(2.0,0.0, —0.025acos (8mx) ,2y +1),
0<y=<0.5

(29)
(1.0,0.0, —0.025acos (8mx) ,y +1.5),

(¢) WCNS-AO

Kl 6 X Mach [ S5k )RSt f) B (EL g A EE

Fig. 6  Double Mach reflection problem ; comparison of

numerical solutions of different schemes

AL y = 5/3 28 A AR R

REAE, S E N (p,u,v,p) = (1.0,0.0,0.0,
2.5) K iEE N (pou,v,p) = (2.0,0.0,0.0,

1.0) o MIAgSEE 241 x 961 | J1EZ FRfE R ¢ =
1.95s . B 7 4MT 3 Mg X% o mas R, h
& 7 AID, AH BT WCNS #% 3K, WCNS-AO 1% 3R 3
PG, BR A5 4 2% B B 1E B RT ANFRUE PR T &
H/NiRE . ], WENO-AO 4% 3 b WCNS-AO #%
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Bl 7 RT AR GE A o) R R A X L
Fig.7 Rayleigh-Taylor instability problem : comparison of

numerical solutions of different schemes
3 &

AWFFEE XS Euler 7 FEM3E T 5T A 38 N B4
HI%% WCNS-AO #%30, ZAEE5 G TR oY
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2551 kg AR Y S B e &= 1 B I By
AIARLRPESE 8 7 a3t 8, WCNS-AO #% = i % i
SRR AE 55 A B D) $R i A 20 E T AN
ARG b I B ] T B R 3R % . 4545 =B TVD
A Runge-Kutta BB 2580715, #48 H 9 T WC-
NS-AO #%UHIZ I H B WCNS 455X H.Br WENO-
AO #8373 1 FH T 3R A — 4 F — 4k Euler 7712, %K
HE5 LB, WONS-AO 4% :UAE 61 X I AR % 3 211k
THRBRG B, Hoat B A3 T WENO-AO 4% 2U B 5
— 4 Lax 2B B30 UE T WCNS-AO #% =X AH Eb [5] By
WCNS #% 3 1 WENO-AO #% =X, 0% 3 L i 1 2 81
B, FE M AF . 4k Riemann [n] BUF1 L) i 2
SRS GIE T WCNS-AO #% 5 #H b WCNS 4% X A1
WENO-AO %= LR AL, Al 4 £ 21 50K 40 0 I %
450, HA TN EUEFEROITE 47 1 0 BE% . RT A
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