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In this study, a new weighted compact nonlinear scheme is presented. In WCNS procedure, linear difference scheme is
modified to be using flux on the computational nodes together with flux on mid points. This modification makes the
scheme more robust, but more dissipative. The truncation error analysis is conducted and the reasons why this
modification makes scheme robust and dissipative are discussed. The standard shock problems are solved with original
and modified WCNS, and the results show that discontinuity thickness of modified WCNS becomes thicker and
over/undershoots at the discontinuities are suppressed better. Also, the stiff shock tube problems, which the original
WCNS can not solve because of negative pressure, can be solved using modified WCNS without blow up. Series of

numerical tests show the robustness of modified WCNS.
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Table 3 Schemes tested in this paper

Scheme interpolation difference
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WCNS-13-D4M 39 order Eq. 20 with 4" order coefs.
WCNS-15-D6M 5" order Eq. 20 with 6" order coefs.
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Fig.4  Discontinuty thickness, under/overshoot in Sod problem.
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Fig . 5 Density distribution of Lax problem computed by 7" order
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Fig.6 Enlarged view of Fig. 5
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Fig.7  Discontinuty thickness, under/overshoot in Lax problem.
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U(x,t=0)={UL g;; (34)

U, =(p.,u,, p,) = (3.857143,2.629369,10.3333)

Ui =(pg,Ug, Pg) = (1+0.2sin(0.57x),0,1)

0<x<10
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Fig.8 Density distribution of Shu-Osher problem computed by 7" order
WCNS
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Fig..9 Enlarged figures of density distribution of Shu-Osher problem
computed by WCNSs
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Fig..9 Continued
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Ut=0)= 0 X=05) (35)
T U, (x>05)

U, =(p..u,p)=(10,0.1PR)

Ug = (95, Ug, Pr) = (1,0,0.2)

0<x<10
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Figure 10 {Z PR=100 D WCNS-I7-D8M @ 1 27 v 7 H
Runge-Kutta ® 1 A7 — & DI )55 % 79 . ASEe CHE1m3vE
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Table3 Computation of stiff shock tube problems. A circle denotes
that problem is solved without blow-up and a cross denotes that the
computation is blow-up.

PR

Scheme 100 1,000 10,000 100,000

WCNS-13-D4M
WCNS-15-D6M
WCNS-17-D8M
WCNS-19-D10M
WCNS-13-D4M
WCNS-15-D6M
WCNS-17-D8M
WCNS-19-D10M
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Fig. 10  Stiff shock tube problem with PR=100. Pressure distribution

at 1% stage of 1% step.
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Fig. 11  Stiff shock tube problem with PR=100. Pressure distribution
solved by WCNS-DMN at t=0.1.
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U(X!t = O) = (l_ fsmooth )U L + fsmoothU R (36)
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smooth (C AX)
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Table4 Computation of stiff shock tube problems with smoothed

initial condition. A circle denotes that problem is solved without blow-up

and a cross denotes that the computation is blow-up.

Scheme

PR

100 1000 10,000 100,000
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WCNS-15-D6M
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WCNS-13-D4M
WCNS-15-D6M
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(b)Enlarged view for negative pressure computed by WCNS-17-D8M.

Fig. 12  Stiff shock tube problem with PR=1000 and smoothed initial
condition. Pressure distribution before blow up of WCNS-DM.
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Fig. 13  Stiff shock tube problem with PR=1000 and smoothed initial
condition. Pressure distribution solved by WCNS-DMN at t=0.036.
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Fig. 14 Double Mach reflection problem solved by
WCNS-17-D8MN.
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Reflection FIREZAE Vo, IO BEDFEBV LD Z & T, fif
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PLED X 91T, AGHSCTEA L= LVWENS (347 o9 e
HeATEREEA R R — L L 72572, T LV WCNS 1 WENO (ZH
T BRI IED E N LW D FIIT RS T2 b DD, & 7T
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DL TR T, EHREEREA > DI\ R AT 5 M
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#HilkE
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£ 24 ABERENEL VRO I L

D10-1
TableAl aly,of third order (r=2)WCNS.
it ko
-1 1
-1 1
Table A2  a'y,of fifth order (r=3)WCNS,
alq alo alk:3
=1 172 -2 32
k=2 -12 0 12
k= 312 2 12
Table A3  a?.of fifth order (r=3)WCNS.
azk:l azk:z azk:3
=1 1 -2 1
k=2 1 -2 1
k= 1 2 1
TableA4 alof seventh order (r=4)WCNS.
agk:l ask:z aak:3 ask:4
=1 -1/3 312 -3 11/6
k= 1/6 -1 12 13
k=3 -1/3 -1/2 1 -1/6
k=4 -11/6 3 -312 13
Table A5  a%.of seventh order (r=4)WCNS.
agk:l ask:z aak:3 ask:4
=1 -1 4 5 2
k= 0 1 -2 1
k=3 -2 1 0
k=4 2 -5 4 1
TableA6 a3 of seventh order (r=4)WCNS
agk:l ask:z aak:3 ask:4
=1 -1 3 -3 1
k=2 -1 3 -3 1
k= -1 3 -3 1
k=4 -1 3 -3 1
Table A7 al,of ninth order (r=5)WCNS.
askzl ask:z ask:3 ask:4 ask:3
=1 14 -4/3 3 -4 25/12
=2 -1/12 12 -3/2 5/6 14
=3 112 -2/3 0 2/3 -1/12
k=4 -1/4 -5/6 3/2 -1/2 112
=5 -25/12 4 -3 4/3 -1/4
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Table A8 a%.of ninth order (r=5)WCNS.
aak:l aak:z aak:3 aak:4 aak:3
=1 11/12 -14/3 19/2 -26/3 35/12
=2 -1/12 13 12 -513 11/12
k=3 -1/12 4/3 -5/2 4/3 -1/12
k= 1/12 -5/3 12 1/3 -1/12
k=5 35/12 -26/3 19/2 -14/3 11/12
Table A9 a3 of ninth order (r=5)WCNS.
a3k:1 a3k:2 a3k:3 a3k:4 a3k:3
=1 32 -7 12 -9 52
k=2 12 -3 6 -5 3/2
=3 -1/2 1 0 -1 12
k=4 -32 5 -6 3 -1/2
=5 -5/2 9 -12 7 -3/2
TableA10 a®of ninth order (r=5)WCNS.
a1 ke a3k:3 e a3k:3
k=1 1 -4 6 -4 1
=2 1 -4 6 -4 1
=3 1 -4 6 -4 1
k= 1 4 6 4 1
=5 1 4 6 4 1
Table A1l Cyof third order (r=2)WCNS.
G G
14 3/4
Table A.12 Cof fifth order (r=3)WCNS.
G G G
1/16 10/16 5/16
Table A.13  Cyof seventh order (r=4)WCNS.
G G G C,
1/64 21/64 35/64 7164
Table A.14  Cyof ninth order (r=5)WCNS.
C, C, Cs3 Cy Cs
1/256 36/256 126/256 84/256 9/256
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