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Abstract

Starting from the template reconstruction of the WENO-Z scheme, we introduce a global smoothness
indicator and apply a weighted treatment to obtain an improved fifth-order WENO-Z scheme. This
formulation guarantees that the computational accuracy at first-order extreme points does not de-
grade, and its theoretical derivation satisfies the sufficient conditions for convergence order. Clas-
sical test problems, including the linear equation and the two-dimensional Euler equations, are em-
ployed to assess the method. The results demonstrate that, at the same nominal fifth-order accuracy,
the proposed scheme not only exhibits enhanced shock-capturing capability but also provides im-
proved resolution of complex flow-field structures.
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Figure 1. Reconstruction stencils of fifth-order WENO-NEW
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Figure 2. Comparison of the spectral properties of different WENO schemes
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Table 1. Difference WENO scheme L error and convergence order of the linear transport equation at =2 s

= 1.t =2 s BF&MIR AR WENO BINH L iRE SIS

WENO-JS WENO-M WENO-Z WENO-NEW
P 1% %5

Error Order Error Order Error Order Error Order
20 9.68x107" 1.01x10™ 1.04x10™ 1.00x10™
40 3.70x107° 4.97 3.10x10°° 5.03 3.10x10°° 5.07 3.00x107° 5.01
80 1.20x10°° 5.00 9.71x107° 5.00 9.65x10 5.05 9.61x107° 5.00
160 3.75x107° 5.01 3.04x107 5.00 3.01x107 5.00 2.94x10”° 5.00
320 1.06x10”° 5.04 9.52x107™" 5.00 9.36x10™" 5.00 9.22x107™" 5.00
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Table 2. Difference WENO scheme L, error and convergence order of the linear transport equation at =2 s

= 2.1=2 s IR S EARRE WENO 188 L, IRE S

WENO-JS WENO-M WENO-Z WENO-NEW
W £
Error Order Error Order Error Order Error Order
20 9.68x107* 1.62x107* 1.70x10™* 1.64x107
40 3.70x107° 471 5.12x107° 4.98 5.20x107° 5.03 5.15x10° 4.99
80 1.20x107° 4.94 1.61x107 4.99 1.62x107 5.01 1.50x107 5.00
160 3.75x10° 5.01 5.04x107 5.00 4.93x107 5.00 4.51x107° 5.00
320 1.06x107 5.15 1.57%107"° 5.00 1.46x107"° 5.00 1.27x107" 5.00
4.2. —#FERSIE
ou Oof (u
E+%=S(u), (3.2)

u FoNEANPRS R, fREERE, S (u) R, FOoRIMBIER T8, Bk 0.
4.2.1. BMEIRE f (u)=c-u
Hee=1.0, RN, RABMAREMS, WiaK4 NI, CFL=0.5.
uy = 20 m) v e[-11),
X, AR E, AN 0, MREEn =200, THEZ LN =045 .

Cell averages

12 T T T T T T T T T
——ecxact * WENO5-Z WENO5-JS ¢ WENO5-NEW

1~ ﬂ j”n&‘ =
0.8 , Q 9 L i x g
|

* %
- %

4
z“x o \ f’ ‘x |
Ly B g e

1
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Figure 3. Numerical solutions of the linear problem
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Figure 4. Numerical solutions of the Buckley-Leverett problem
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Figure 5. Numerical density solutions of Sod shock tube problem
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Figure 6. Numerical density solutions of Lax shock tube problem
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4.4.1. —% Riemann [o]§&

XN [0,1]x[0,1]  ZXIHH x=0.5 5 y=0.5 %70 P04 Xk

WE KA
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WENO HI${E4ER: (a) WENO-JIS; (b) WENO-Z; (c) WENO-NEW.

Figure 7. Density contours of the 2D Riemann problem computed with the WENO-JS, WENO-Z and WENO-NEW schemes
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4.4.2. Double Mach Reflection (DMR)]g) &
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Figure 8. Density contours of the DMR problem computed with the WENO-JS, WENO-Z and WENO-
NEW schemes
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