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A weighted compact nonlinear scheme (WCNS) was applied to simulations of compressible mulitcomponent flows,
and four different implementations (fully or quasi-conservative forms and conservative or primitive variables
interpolations) are examined in order to investigate numerical errors generated due to each implementation. The results
show that the different types of error in pressure are generated, when fully-conservative form or conservative variables
interpolation is selected, while quasi-conservative form generally shows poor mass conservation property. The error
due to fully-conservative form is generated only in initial flow fields, while the error due to conservative variables
interpolation exists during the computations, which leads to significant spurious oscillations near interfaces. The error
due to fully-conservative form can be reduced simply by smooth initial interface. The primitive variables interpolation
is therefore considered to be the best choice for compressible mulitcomponent flows in the framework of WCNS,
either with fully or quasi-conservative forms. The choice of fully or quasi-conservative forms depends on problems
since there are advantages or disadvantages for each problem, such as good mass conservation property or spurious
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oscillations.
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Table 1 Summary of implementation of WCNS

Name Fully/Quasi Interplolation Governing Egs.
Conservative

Fensv Fully Conservative Eags (2), (2), (3), (6), (7)
Conservative variables.

Fprim Fully Primitive Egs (2), (2), 3),(6), (7)
Conservative variables.

Qcnsv Quasi Conservative Eqgs (2), (3), (4), (6), (7)
Conservative variables.

Qprim Quasi Primitive Eqgs (2), (3), (4), (6), (7)
Conservative variables.
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Fig. 1 Initial condition of the problem examining order of accuracy
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Fig. 2 Error of WCNS implementation for the problem examining order
of accuracy
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Fig. 4 Effects of C,on the initial profile of material convection problem
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Fig. 5 Results of material convection problem with sharp initial
interface (t=2.0)
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Fig. 7 Results of material convection problem with smoothed initial
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Fig. 8 Continued
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Fig. 9 Effects of smoothness of interface on errors in material convection
problem.
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Fig. 14  Pressure distribution of the one-dimensional shock-bubble
interaction problem with sharp initial interface (t=4.0).
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Fig. 15 Time history of error in mass conservation of the
one-dimensional shock-bubble interaction problem with sharp initial
interface.
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one-dimensional shock-bubble interaction problem with smooth initial
interface.

T ABEE T RIRECII L F OSSN,

0 SEAMERICTAIEICEDREIT v — TR RS T
EL, RHEEAMED D LRAED AT AL WL I2 D, T
REEESNCLTRITIE, 0@ TEEAL Rb
725,

o (REFEMMICIDEZEIFIOELNSIZREDLL T L DORF
FCHIELUTIALTRY, EELLA0.

ZZFETO 1 WITT ALY, SRAFZEERME LI T A SIS
PELNEEBR LD, FERRTRICT AT LTI AR Y
DY —T 7R TR OIS I AT DD THLI LN Dol T
DOREFEI T HELRATR 30 L OEEAZ SR A V- 52T, 528l
W2 TES. 2T Johnsen & Colonius DA TRAFE WENO &
[FERDFERTHDDY, WCNS 1XZE01ETHHT=0, LUt TE
ERICIRDZENIIGF TED. T2 LR FRICT AL Ic L AA R
FEOE EOMRFIDFEFA A TEIORETIIIHRR 25%FEE) MR T
RN Rl —al BB, ORI B2 C, eA
PRAFRI LOEAZHHT CIEET 52 LT, KURFEOE RoRFN
EERITHERFL DD, REBEENFAELRNIRIECY 22l —Ta
CEDIEN DT

4. 2R T R MERE
4. 1. NT)EEET SRR

WIZ, 2 ot/ 37 VR TR A T Uiz, WIS
ToOXTERbLEND.

10

£ 24 ABERENEL VRO I L

D10-2
Upe  (x=D*+y* <05 (29)
U(X!y!t=0)= Upreshock X<2
U otherwise

postshock
Uiope = (95, Ug, Vg, Pg. Yig) = (0.1819,1.22,0,1/1.4,1)

u = (PpresUpres Vorer Porer Yore) = (1,1.22,0,1/1.4,0)

preshock

u postshock = (ppost u post Vposlv ppost ’YpOS[)
=(1.3764,0.8864,0,1.5698/1.4,0)

Yo =147, =1.648

0<x<16, -0.89<y<0.89
WIS ORI % Fig. 18 (™9

Stationary Shock Wave

u

preshock unv shock

Fig. 18  Schematic of initial condition of the two-dimensional
shock-bubble interaction problem.
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Fig. 19 Example of computational results of the two-dimensional
shock-bubble interaction problem. Density distribution. The result is

computed by Qprim. Top to bottom; t=0.410, 0.622, 0.821, 1.086, 2.002,

3.242. 4.880 and 6.929. The figures show the regions at 0.9<x<11.7.

11
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(a)Sharp initial interface

(@)Smooth initial interface
Fig. 20 Divergence of velocity fields of the two-dimensional
shock-bubble interaction problem. Top to bottom: Fensv, Fprim, Qensy,
Qprim. The results at t=1.086 are shown. Contour range normalized by
initial bubble diameter is set from -1 to 1. The figures show the regions at
0.9<x<11.7.
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(a)Sharp initial interface

(@)Smooth initial interface
Fig. 21 Density fields of the two-dimensional shock-bubble interaction
problem. Top to bottom: Fensy, Fprim, Qcnsy, Qprim.  The results at
t=6.929 are shown. Contour range is set from 0.2 to 1.4. The figures show
the regions at 0.9<x<11.7.
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Fig. 22 Time history of error in mass conservation of the
two-dimensional shock-bubble interaction problem.
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Fig.23 Schematic of initial condition of the two-dimensional RM
instability problem.
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Fig. 19 Example of computational results of the two-dimensional
shock-bubble interaction problem. Density distribution. The result is
computed by Qprim. Top to bottom; t=0.275 at 2<<x<<6, t=0.550 at 4<x

<8,t=0.825at 6<\x<<10and t= 11.0at 8<<x<12.
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(b) Smooth initial interface
Fig. 25 Divergence of velocity fields of the two-dimensional RM
instability problem. Top to bottom: Fcnsv, Fprim, Qcnsv, Qprim.  The
results at t=0.275 are shown. Contour range normalized by wave length is
set from -0.5 to 0.5. The figures show the regions at 2<x<6.
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(b) Smooth initial interface
Fig. 26 Density fields of the two-dimensional RM instability problem.
Top to bottom: Fensv, Fprim, Qcnsy, Qprim.  The results at t=0.825 are
shown. Contour range is set from 1.5 to 8.5. The figures show the regions
at 2<x<6.
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