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Application of Central Differencing and Low Dissipation Weights
in Weighted Compact Nonlinear Scheme

Tomohiro Kamiya, Makoto Asahara and Taku Nonomura

ABSTRACT

This paper proposes WCNSCUZ which is adapted central difference and low dissipative weights to refer concepts of WENOCU and
WENO-Z. WCNSCUZ is high resolution because interpolation of this scheme is applied central stencil constructed by upwind stencils and
downwind stencil. Smoothness indicator of downwind stencil is obtained from central stencil, in order to solve discontinuity stable.
Moreover, interpolation of 6th order WCNSCUZ completes enough accuracy in smooth region by using low dissipative weights. 6th order
WCNSCUZ implemented robust linear difference formulation, resolution and robustness of this scheme were evaluated. These evaluations
showed that WCNSCUZ achieves high resolution than 7th order classical robust WCNS and can give crisp result about discontinuity.
However, present study has not enough evaluation about robustness of WCNSCUZ by variable interpolation.
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Fig. 1. Computational uniform grid and stencils. Sy is the five-points
upwind stencil, Sy, S, and S, are upwind three-points sub-stencils, S; is
downwind three-points sub-stencils and Sc is the six-points central
stencil.
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Table 1. The notation of some schemes.

FHIML 22T TEBR TR B JAXA-SP-15-013

Notation Scheme name Accuracy Weights Interpolated quantity Different scheme
WCNS5 WCNS 5 Eq. (5) Flux Eq. (10)
RWCNSS5 WCNS 5 Eq. (5) Flux Eq. (11)
WENOCU6Z WENOCU 6 Eq. (24) Flux —
WCNSCU6Z WCNSCU 6 Eq. (24) Flux Eq. (10)
RWCNSCUV6Z WCNSCU 6 Eq. (24) Variable Eq. (11)
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—g—ﬁ—l—l !
' RWCNSS
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x

(a) Contact surface

Fig. 2. The density profiles of Sod problem on a 101 points grid.
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Fig. 3. Quantitative evaluation of

Sod problem.
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Fig. 4. The density profiles of Shu-Osher problem
on a 201 points grid.
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Table 2. Computation of stiff shock tube problems. A circle denotes that
the problem is solved without a blow-up and across denotes that the
computation has blown up.

PR 10 | 100 | 1000 | 10000 | 100000
WCNS5 O X X X X
WENOCU6Z O O O O O
RWCNS5 Ol O O O O
RWCNS7 ol O O O O
RWCNSCU6Z O O O O O
RWCNSCUV6Z O O O O O
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Fig. 5. Density profiles of the Rayleigh-Taylor instability problem. The mesh resolutions are 121X480. (a) WCNSS5, (b) RWCNSS, (¢) RWCNS7, (d)

WENOCU6Z, (¢) RWCNSCU6Z, and (f) RWCNSCUV6Z.
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Fig. 6. Density profiles of the double Mach reflection problem. The mesh resolutions are 960 X 240. (a) RWCNSS, (b) RWCNS7, (¢) WENOCUG6Z, (d)
RWCNSCU6Z, and (¢) RWCNSCUV6Z.
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