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Review on weighting functions of high-order nonlinear weighted methods

MAO Meiliang', BAI Jinwei', MIN Yaobing” * *, MA Yankai' %, JIANG Dingwu'

(1. China Aerodynamics Research and Development Center, Mianyang 621000, Chinas
2. State Key Laboratory of Aerodynamics, Mianyang 621000, China)

Abstract: After a brief introduction to the historical development of nonlinear schemes for capturing
discontinuities, this paper delves into the research on selecting candidate stencils, calculating smoothness
indicators and their relationships with nonlinear weighting functions. This review is centered on the fifth order
WENO scheme, serving as a representative example of nonlinear weighted schemes. It highlights the crucial
requirements for the leading term order of nonlinear weights to preserve the accuracy of these schemes,
especially when dealing with candidate stencils of varying widths. This paper underscores the significance of
smoothness indicator calculations in ensuring both the accuracy and efficiency of the scheme. Finally, it offers
insights and suggestions for future research aimed at further enhancing nonlinear weighted schemes that utilize
candidate stencils with non-uniform widths.

Keywords: high-order nonlinear scheme; nonlinear weighted method; order degradation problem at critical

points; non-uniform width candidate stencil; CFD
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Table 1 Accuracy test of first-order critical points

u(x) = 60'75(""1))(2, e=1x10"%

7R ML
h
Awm Oy Awm Ou
hy=0.1 1.3525%x10°° — 1.4098x10°° —
hi = ho[2! 8.4953x10°° 3.99 1.8938x10 7 2.90
hy = ho2? 5.3162x10° 4.00 2.4482x10°° 2.95
hy = ho[ 23 3.3237x10 1 4.00 3.1103x10° 2.98
hy = ho 2* 2.0775x10 4.00 3.9191x10 2.99
hs = ho/ » 1.2984x10 " 4.00 4.9183x10 " 2.99
NSK ZQIL
h
Awy, Oy Awy, Oy
ho=0.1 3.4309x10 7 — 2.1338x10" —
hy = ho[2! 3.9985x10°° 3.10 1.3318x10 " 4.00
hy = ho 22 4.8166x10 ° 3.05 8.3212x10 4.00
hs = ho[2? 5.9072x10 " 3.03 5.2005%x10 4.00
hy =ho[2* 7.3130x10 ! 3.01 3.2518x10 4,00
hs = ho[2° 9.0968x10 " 3.01 2.0117x10' 4.01
®2 ZHRESBBEIR
Table 2 Accuracy test of second-order critical points
u(x) — 60'75(X_1)x3, e=1x% 10—40
ZHRL ML
h
Awyy Oy Awy Oy
ho=0.1 5.2343x10 — 6.1926x10 —
hy = ho[2! 3.5249x107 0.57 6.1936x10 0.00
hy = ho[2? 1.5283x10 2 1.21 6.1940x10 0.00
h3 =ho/23 4.6801x107° 1.71 6.1942x 1072 0.00
hy = ho 2} 1.2397x10° 1.92 6.1943x10°° 0.00
hs = ho[ 23 3.1462x10 * 1.98 6.1944x10 > 0.00
NSKL ZQRL
h
Awyyy 0, Awy 0,
hg=0.1 4.7547x10° 3.7683x10 "7
hy =ho[2! 4.9888x10 ~0.07 5.8761x10 ! 6.00
hy = ho[ 22 5.0901x107 -0.03 9.1768x107' 6.00
hy = ho 23 5.1372x10 2 0.01 1.4337x10 V7 6.00
hy = h0/24 5.1599x 1072 —0.01 2.2401x10°% 6.00
hs = ho[2° 5.1711x107 0.00 3.5001x 107" 6.00
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