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A computational code adopting immersed boundary methods for compressible gas-particle multiphase turbulent flows
is developed and validated through two-dimensional numerical experiments. The turbulent flow region is modeled by a
second-order pseudo skew-symmetric form with minimum dissipation, while the monotone upstream-centered scheme
for conservation laws (MUSCL) scheme is employed in the shock region. The present scheme is applied to the flow
around a two-dimensional cylinder under various freestream Mach numbers. Compared with the original MUSCL
scheme, the minimum dissipation enabled by the pseudo skew-symmetric form significantly improves the resolution of
the vortex generated in the wake while retaining the shock capturing ability. In addition, the resulting aerodynamic
force is significantly improved. Also, the present scheme is successfully applied to moving two-cylinder problems.
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Figure 1 Definition of level set function and cell classification
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Figure 3 Image point for estimation of surface force
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Figure 7 Instantaneous density distribution at Ax=0.200D
(top: scheme-A middle: scheme-B bottom: scheme-C)
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Figure 9 Instantaneous distribution of g of Eq. (11)
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Figure 10 Drag coefficientin Mach 0.3
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Figure 11 Converged density distribution at Mach 1.2
(top: scheme-A middle: scheme-B bottom: scheme-C)
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Figure 12 Instantaneous distribution of g of Eq. (11)
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Figure 15 Instantaneous distribution of g of Eq. (11)
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Figure 16 Drag coefficient in Mach 2.0
(top: total middle: pressure bottom: friction)

3. 4 T uNE2.0 OFFEREY DHER

AFX— LM DURHIGOE VA LD T2DIZ, [ 14 | TH1iR
TREEN 0.100D OPESHEDFEEE 54 279" Mach 2.0 DA — A
TIT A OFENETTHRE L2720, B & COILTHIAELTS.
fDBA EFRRIZB LV 1 C OB TENIHI > T A.
L LA SHIUFTRS LK 16 DL HICB & C ORIk
IR BN, —HTAL v F I RTA—H B %K 15 D
NI DG A FUGIER CHIT 5 &, 1A DR FICRE
STHBIZAL v F LTI TONTEY, S%EEOMIEI B
T ARREENT T AEAITIIRE ST 5 Z 3 TSNS,

Copyright © 2013 by JSFM



%27 BIBUERENZE L VRO LA

C02-2
4. BEETTIES ZRTHIERE Y OfENT
4.1 EERH o .
FHBAEI & FHELIHI 17 DX HITREL, “oODMEC, & %
Co IR A 2 — | LCI] U330 U;=Mach 1.2 TIEE) L7273 53 wh
FGED . T OB L FFEERE) HRDO B D Re $id 300 &35, ;
IR CIER NS U, T4 R L e T 5. 4 e NN
FHRMEEIZ13.0.050D & 0.025D D 3D A AV, FERF—AC ; K} &
13210 B BT . £i2 Z 0TI R A DRI - > 1ef =0
K« I—R FO=FAICEIIICZ L, —ZT7 Ly ok b
@ L I35 £ O8] B ) ORIREANE U2 AIREM 5 5. 7 F
BRI D 7D T 2 B UEDMER SN TWAR, 22 S
CIHFRN R ER A TP A AT . i
0 5 10 1s'x' I
Periodic boundary =
'3 i -
> C,0 :
(o] : e
T[T 10 e
g U1 | = 20} A
o : o] £
0 1 g- > 15
on U ) [
g [O—— |z :
2 lc. |2
5| |3 |
a| 10 | & ,
: 20 > ] ol R
y “< 20 J: . < 0 5 10 15x 20 25 30
O X Periodic boundary “
Figure 17 Computational setup 25*;
20;:
4. 2 EtEEEE > o RS & ety
HERTIRE 175 7.8, 12,9, 18.1, 22.0.0D & X DR Tfif527530.025D 0 K :
DELLHOAY X2 18 1R, =7.8 TIZFFERT O NV
FEOTHRRON, =129 TIIHA: C 23HE: C, DT T4 sh s \Q
L%, 208 =181 TR LA FIEL, 5220 Tkt = _F
WHRDSERL SN TN D OPERTE 5. 2220 D & & 13X 19 D T ARG S v e PR ' B
LML THY, FFERFRIZO A skew-symmetric 2 — A
LONESITND 2 LR T B, Ao A Bl e m
3R BAVD SR & PRI CIERY L L7l R %, el *
ZHE A 20 127 LT B, t=0 CHIEAEI X AR Cha b t220 15507 i e
THREDFERIONC I T L BT 25TV S, 210 FHECH 2|
% C, D X F DI UFD & — 7 B k& PR D7 kT E
59 LOWEE DN B 78, HIORFI IS Db FARIGIE - £ 5 I )
ESIEERE AN, ZOEHICLT, AFEE A CUTZEY > 15]] I Tesid
(AASEBI 2 WS ORI TR N & skeb B = & A3 AlfE B~
Thh. 10} \
AFHITINT, BB b BRI UCE Y F)b 2 L
7Ly at/UIRENR AU THDR, AFREDBAITIIY °f \of
PRI 2 J#53% T—% ML 5 2 LT, e bl b R - awe /AN
BUTHI b2 Z L 72, M TR MRADDRE Y] oS e s T s W
DS TS, ZDT-DT Lo 2L DEENEMSH,
BRI K A RS IR SIS BRI R S - & Figure 18 Distribution of instantaneous density distribution
EZHND. (78,129,181, 22.0)

9 Copyright © 2013 by JSFM



30

Figure 19 Instantaneous distribution of g of Eq. (11) at t=22.0
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Figure 20 Temporal variation of force coefficient
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