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Table 2 Accuracy comparison of calculated by five schemes

(unsteady)

WENO5-Pe N = 50 N = 100 N = 200

t=2.2 2.6760X107° 6.6478X10"7 1.6152X10"7
5.3382 5.3219

t=3 3.0752X107° 8.6828 X107 2.4621X10 ¢
5.1444 5.1423

WENO5S-PPM  N=50 N=100 N=200

t=2.2 8.6726X107° 2.6477X107% 8.6150x10°8
5.0374 4.9401

t=3 1.8251X10° " 5.2720X10°6 1.4665X10°7
5.1293 5.1674

WENO5-RM  N=50 N=100 N=200

t=2.2 7.6621X107° 2.3565X10°6 7.3150X10 8
5.0270 5.0096

1=3s 1.3410X107* 3,8494X1076 1.0032X1077
5.1215 5.2584

WENOS5-IM N=50 N=100 N=200

t=2.2 3.5780X10"*% 1.2626X10"° 5,9088X10"7
4.8668 4. 4144

t=3 2.2564X10* 7.5198X107% 2.8976x10"7
4.9072 4.6978

WENO5-Z N=50 N=100 N=200

t=2.2 5.6673X10"*% 1.6474X10°° 4,151X10°7
5.1447 5.2863

t=3 3.0611X10"* 1.0695X10° 3.6868X10 7
4.8390 4.8584

5 WENO5-Z,WENO5-PPM,WENO5-RM, WENO5-
IM  WENOS5-Pe

Fig. 5 Comparison of stability in long time calculations
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WENO5-IM and WENO5-Pe
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Table 3 Time taken to calculate data in specified grid for
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( ) CPU /s
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Table 4 Accuracy comparison in case of two-dimensional
problems calculated by five schemes
WENO5-Pe N=40 N=80 N=160
t=0.2 4.5328X10"* 1.2657X107° 3.3580X10°7
5.1624 5.2362
t=1.2 8.0650X10"% 2.3281X107° 6.5381X10°7
5.1144 5.1541
WENOS5S-PPM  N=40 N=80 N=160
t=0.2 7.5328X107% 2.4186X107° 7,2538X10°7
4.9609 5.0593
t=1.2 3.3597X107% 9.7684X107° 2.7547X107°
5.1041 5.1481
WENOS5S-RM  N=40 N=80 N=160
t=0.2 8.7093X107* 2.4883X107° 6.9961xX10"7
5.1293 5.1525
t=1.2 3.2816X107°% 1.0021X107* 3.0291X10°6
5.0333 5.0480
WENO5-IM N=40 N=80 N=160
t=0.2 9.4453X107* 2.7219X107° 7.7778X1077
5.1169 5.1292
t=1.2 3.5172X107°% 1.0241X10°* 2.8454X10°6
5.1021 5.1690
WENO5-Z N=40 N=280 N=160
t=0.2 8.3124X107% 3.5931X10"* 1.6651X10°
4.5320 4.4315
t=1.2 1.9051 X102 7.4891X10"* 3.2913X10°°
4.6689 4.5081
9
Fig.9 Schematic of shock reflection problem
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Simulation results of shock reflection problem
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5 § WENO t=4.5

Table S  Accuracy comparison of two-dimensional shock
reflection problem calculated by five WENO

schemes when t=4,5

Lg //S
WENO5-IM 5.9166X 102 156. 7056
WENO5-PPM 5.2618X 1072 164. 6762
WENO5-RM 5.3149X1072 159. 1999
WENO5-Z 8.9880X 1072 131. 6714
WENO5-Pe 7.4510X1073 175. 3580
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4.8 Rayleigh-Taylor
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Fig. 11
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Density contours obtained by simulating two-di-
mensional Riemann problem with WENO5-Z,
WENO5-PPM, WENO5-RM. WENO5-IM and
WENO5-Pe
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Fig. 12

126155-14

12Ca)~  12C(e)

WENO5-Z, WENO5-PPM, WENO5-RM, WE-
NO5-1IM WENO5-Pe Rayleigh-
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Density contours obtained by simulating Rayleigh-
Taylor problem with WENO5-Z, WENO5-PPM,
WENO5-RM, WENO5-IM and WENO5-Pe
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Abstract: Differential formats with high accuracy and high resolution are critical for numerical simulation of complex flow
fields. To overcome the degradation defects of WENO-JS and WENO-Z at the first and second order extreme points of the
flux function, a new mapping function (Pe) is designed and applied to the fifth order WENO scheme based on the idea of
weighted coefficient reconstruction. The analyses of Approximate Dispersion Relations (ADR) indicate a smaller dispersion
error and numerical dissipation of WENO-Pe than WENO-JS, WENO-Z, and other mapping function-based WENO schemes.
We conduct numerical simulation in the new scheme and other schemes for 1D cases of the deformed Gaussian wave prob-
lem, Sod excitation tube problem. Lax excitation tube problem, and Shu-Osher problem. and 2D cases of the Riemann
problem, Rayleigh-Taylor shock-density instability problem, and double Mach reflection problem. The results show that WE-
NO-Pe has stronger ability to capture intermittency and higher resolution with the same order. thereby suitable for numerical

simulation of complex flow fields.
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