B B R

CHINESE JOURNAL OF COMPUTATIONAL PHYSICS

HwE Hol
20034 11 B

Vol.20,No.6
Nov, , 2003

[XEBE]  1001-246X( 2003 }06-0503-06

Ghost Fluid A5 RNRAELHRITE

g‘& %’

w A

(FEMFREAFESRABFHARITER 2R, 25 IRTAEREATEE, 5 100080)

L E]

i FI#F A Isobaric 45 IF B9 Ghost Fluid FiLELE Tevel Set A B EHANAFELN RS, EFET L

WERTHNEREA S EMNRERS Y, S8 FRATREERS. NN WENO B A BERBRLF
A Level Set 8, 3PS ERETBHF ZRH— XA H RS BTHETE, BRTHHEERAIT

BHBRERE A BT ELE TR RS A Level Set

WER.
[#487] Level Set #7#%; Ghost Fluid 775 ; Isobaric #1F ; &4 H3h
[hEAH%ES] 035 [ZwiriRm] A

0 35§

Y ERBHRBENTRE, NERSARTRER
T i O A LA R LR S SRR A R e ek
PEMTE S, B R &2 E 8 Richtmyer-
Meshkov 38 5 Tk . Rayleigh-Taylor 52 & ¥ 5, 3 %
RANEHEHMHERAKEEL FHNEHS R
MHT R AR TR X R EE, T EEAEE TR
B 4k RIS B R R 2 RO E ROk, —rm L
FABRSERE, BEEA N ENREWRES
BiA—AAE.ATAERESSER LK, T
EE 10 ERERE LM E R E .

AN Tl BWEN R HEL Tk FRE
WU AR, EEPED - BBk (ALE), BB E
H, Level Set 773", % F Godunov ¥ 2 #9B5 H L
B L RS F BGK HE % H P Level Set H ik
BERETLELNRBZHEREXN-—FRBALF
TET 1 25 J i 3 151 R ) R LB T ;. 1992 5, Mulder
& A EUH Level Set FILHE T B[ B WIS
ST R R (B R A A () B A A TR K B
MM AREXRAABERY T AR BGHES
w0 SEEEE B Fedkiw %A“qg] # HH #19 Ghost Fluid
FEETE S0 W& A R T REFER, 5
RE AR

A0 H HF Tsobaric #8 E A9 Chost Fluid 5 B M
Level Set M4 &, THEM—BZ RIS ER

(B8] 2002 - 06 - 06, (B B3] 2002- 11-21

B FR(S=0)EARE AT, A Ghost Fluid 77
EWRAERRARLARBACRE 017
E B <0HELKIR, M $>0H Ghost X, Hidh 2
W5 2Z M . Isobaric 5 IE A {8 4 (& 4k AT I8 AL 4%
WM E )R Chost MR ER, MAXEN ESAT
B FLSE PR R 4 B0 B AT A OK 08 B BT IR I
“I#4 (overheating) "R 2T, B Ik 0 IS I IR
VR M. R X TEEs 5 B A kAL A A W WENO
(Weighted Essentially l\Jon~Ochillatory)%ﬁ‘?ﬁi‘ﬁ“23 , FE
A (8] B9 8K b 7 = Bt TVD ¥ Runge-Kutta 31 %t
BB —fS 85K, S-EW 4 BT EE
WA T RERL. BT BERLRATHE
8.

1 XA i B S A B
& pop Mo SBIRFWARE K A HEAH

BARAIHIE, E = e + 0 Fm AR B BRE,

Flo 2 RRRx fly FEMEESE. “HEAR
AR T I Euler F AT B W4 —TB

e pu o
pu pu’ +p puv

+ + > =
oo puv P+ p
pE/ \ulpE + p)), \o(pE +p)J,

[(BeWE] HREALERITE(GI99901280 ) AIEF A RRFEL (10172080 A E

[E&EMA] HEO975-), B LEFS 8 L AT HBET



L) H 5 20 4

504 i+ %
mp
— "ol F
A A O}
y mov

m(pE + p) - y"pul/Fro
XERME, m =0 EARE, =1 3R
HER . Fr = po/{ ppgl ) 2 Froude ¥, p, M fo a8 A
HEEIMSEEE, L AFERE.
B R e RS A B A, RISk
REHR
p={y-Dpe-yr, (2)
Heph oy i 200 TR, RS EN—
HoLTEBETHERMEEKE - EHEMEM.
Loe=RTI(y-1),r =00  BHABREESHRS
HR, WA KM Taie HEN
p:B("%) - B+ 4, (3)
Ht y=7.154=10Pa, B = 3.31 x 10°Pa, p, =
1000 kg'm > BT E L PIRE
. - Bp”! L B4
(v = 1)p” e’
H4 = B - A BRETLUH Tait HERE B (2) HE
£, WA E X ERTH AT
s =B (s)
B EMER—1 leocbaric B IESBE .
HTFRAEMAKRA—EEZS, WA EAE
B9ia sh A B AN Level Set HH#
$, + ud, +vé, = 0. (6)
i Level Set 77 12 3K % o A 47 T 5% 2% i f ) 22 4
RS HARNBREHHNAEMER . 7E(6) MBR
B, TREABRE—TEBRE ARFERER
IV =1, BB EHWEA. FCRMT Suse-
man HHMEHWHAFTE KEAXZBHERER
A8 0 0 S 3 L 10 O L AT B (R IR SR Level
Set P M BHMERAE , RBHE
f+ S($)IVEI-1) =0, ¢(x,0) = &(x),
(7
HHESTEEE, P S AFHELHAER
GRS EE T
Ghost Fluid 75 ¥ i 5 W & FH i+ 52 048 0% B9 Jr
FHBEHHB I P2 E-TREHFE-WHEE
MR R E S — M6 Ghost W AAFFAMR AEHEY
Tl A 50 7 , H M P G 1 T ) Y FE Ay 0 i 1) R
% .Ghost Fluid 1B F Ghost Fi A 24 3 R #5 &

(4)

BERmENETMEREE, LENRES KR
{5 4 3 A R 0 70 or o B L R PR T 5 — R A
AR 778, MM 35 HY Ghost IIEMIET A <FHTE R .
B F Chost Tk BF S EMBRNETRIBAHEN
W, BMEAEENRREE RN, EXHEES
— {0 T 52 3 4 S ok 3 B A (L A0 70 1) B BE X
RIS A TE Y R R o 4 A g O b AR AR P
B i O T A D RIS .

A3 ASCL7,8 8977 ¥k 3R BE 40 (A1 ) 1 A 4]
i) LR . EL PR R R R — I A T R LI 2 e
BT,

L+N-V$=0, (8)

Hth ¥= VeIV I AP AMBAELm AR, &
BRI, R e R AT + 5 ¢
<O TEEHRD >0 MR, 20, A -
S >0 REM AL ¢ <0 MR, LB L
3 T BP overheating 1R 2%, 7E4F + ¥ BT, B ¢ <
e KM THET S > - ¢ BRBMEER, KL,
BfE - FEHRE, 6> e KBH TR ¢ < e X
IR, EH e = 1.5Ax X FREEBFR N Lsobaric
# IE# Ghost Fluid & .

2 WERLE
MERRL AR Level Set 77 BBUHIIE M, UL & %
(7) 025 Al B B B2 AT AL B WENO £ 3. 2 F WENO
2 H BL AR SRR L 30 (12,15, 2 A fil 3 b 1 A
Shu'™' 8 = Bt TVD %! Runge-Kutta 77,
UY =0+ AL(U),

U =%U“ + i—U‘” + %AtL(U(”), (9)
Un+l =%Un + %U(Z) + %AtL( U(Z))!

Hbh v 2% HEBMFESE, L(U)REHE
EECET . K S RO ENT Y R oE — L R
WK H RN Level Set FRIFFRM, BH 4K
HHBEEE—H Level Set FRANEHWBILFB
(7)), XA E R Lo AR AR, B E
EREBETHEA.

TR EET R (8) 0, AR E et i,
X5 B R E AR 78 Ghost AR BV 1R
FAN=VIVIEXT— MR akE, 7T LUEE
R E SR V, = V- N AERBEHTEB) .
EREREN I B— AR, QEEAEEY T
RN MR EERA TR



HeM

HHE % Ghost Fluid H# 50 fr Fi Al RS WBiHH 505

B, RYMENHEH(V), F-TREHMN
(U AT EHOEFE R ESTE U- UWN,
DN 2 S A R K BRI A VN B
HEE R Ghost MM EE .

B RE bR R (B) AT B AR R - B
RESE A BATAHI LD e — ki 2R A =
(8.

AGEE ), ERER L RS 50
100 A% &, BB R T AL T 48 50 F38 51 M AF
B, MG AEERER ro=14,0=1.0,p, =1,u, =
057, =1.2,pp=0.125,pg = 0.1, u, = 0. 1 fIE 2
NBIREF obaric BEMEF BEME NG,
ERX BT ¢ =0.20 6F %), A W HM, RN
& MWET W, R F Isobaric 4 IE M55 F 7 R @ i i1
FEAE T BB A Bk S, T 5 R Isobaric {6 IE KO &5 £ ] LU

3 MEEH s ERBRE SR, LA B s, Fr 8 PI6 F
B B AR S RHY 2k ) RBCRHA 3 4RI
] Trensity I+ Velocity 1
O,GL 0.6r 061
0.2 J o 0.2k
3 06 i R S Y
P 1 BHAR A A Rl b 181, TG Lsoberic 85 I RO LSS R
Fig.1 Contact discontinuity problem without fsobaric fix
1 Density J Fvelociy T T 1 Pressure ]
GaF 0.6 0.6F
| T r
a2t o 0zt
02 08 1 o 04 07 1 03 06

B2 B PEE ok (Y6 161, A dsobaric 8 TE AT EEESR
Fig.2 Contaet discontiruity problem with Isobaric fix

F 2 — SV R ] T B B 3

HERE0, 1] HERE 100 MHERERT «
=0.54, EMAES, EWHK KESE S ¥ =
4.4, 7=6000,u=-1,0=1000,p=1.BSMNER
KHy=14,r=0,u=~1,p=1.2,p=1;E3IFR
HEd =0l EHEESH . RECHHD « =
0.4, BLFFFRE.

HH 3 —HSIEFA Riemann 75

HEXS[0,1], M A5 400, 1F B E ¢ =
0.1, MEREMNT »=05 &, AMIE/MEE, L
MHER BEANBE L Kk y=5.5,2=1.505,u
=0,0=0.991,p=4.0599x 107 FS y=14,7=
C,u=0,0=1.241,p=2.753 . B 4 W L H WML F
B H 1795 B, 20 77 4 Aol [T 7 08 . A T BT 6D 3
MR 3 TSN, RENRREERE

107

10?

Density

10}

0

0 04 0.5
%

B 3 — S S Ak ) U A

Fig.3 1D air-water contact discontinuity problem

WS MREPN, BERMERZARA EOME
B iR .
BHle —_HWBLEEM
FEPERAX[T].EB 11 o® RAEMET
RS, EEIRER y=14,p=1k'm’,p=



506

it

O A

%20 %

1.0% 10°Pa, REGLF = = 0.5 m, Fo0 2 047 1 3 7
He=300ms ', HMHA s=20ms ', EREER
e=50ms" BRI 20x20 WHHEHE . Bs5 HE

T8 B9 B A 9 7 85 A Ghost Fluid JrEE i B EF R A
B AT BRI E M R T sk S T A RER G R
Hi, T M Ghost Fluid 77 8 B9 U i s AR Fr 1R 1R 47 .

{ ~0.1F 2
z i 2 _] ——
§ 1t 3 £ I g
| g | g
i ¥ oog | £
i
0.5 : N 5L L i \
0 04 0.8 ® 04 0.8 00 04 08
x x x
B4 —HBSHA Riemann )4
Fig.4 1D gas-liquid Riemann problem
5t #0005 5 =0.005 s
300 .
, !
7 I
¢ . 4 |
i / - l'n--w |
a S0p s k'_ s > y
Lo 5 Pl \\ ; ll
Lo - s |
J
200 .
_»:A i 1
0 035 0.5 1
x x
OR:7. L L TEE 3
=0.005 s =0.005s
50.01
300bc sespseiesea e
T .
49.99 ) 200 . S
¢ 0.5 ] Q 0.5

s
Meshkov A~ 3 5 #

AEmAX[16], ~ERRFIRATABELS

(b)#F# Isobaric #%IF B Ghost Fluid 77 &
5 FAEE AR 2k AW Tsobaric # IF B Ghost Fluid B i 5 — S I M5 R
Fig.5 Comparison of the single phase method and the Ghost Fluid method with Isobaric fix

THREDEEEF N Richimyer-

(1,0,1,1.4,0),
(5!0!13451) ¥
(7.093, - 0.7288,10,4,1),

{psu,p,¥,7) =

Sy apg 2 B R bbb ¢ A e

MHEAEM, =4 Richtmyer-Meshkov A~ 32 & # . % H X

Fle PRI &S AEA «=1.2 - 0. 1cos(2ry),

EMA kK,
BRI,
ﬂﬁm{i’

(10)

BoRBm  AFIFAMEEFEHEMAER B IR URBREH MBI H .



Bem W% : Chost Fluid A SWA BT EERSDHE 507

1=0.0 5, Density - | t=0.0s, 0 Level Set
1
0.5 0.5
]
% b 2 23 ]
1 ¢=0.2 5, Density | t=0.2s, 0 Leve! Set
0.3 i 0.5¢
SN 0 L
gl 0 2 ~2 0 b
! t=0.5 s, Density 1 t=0.5 s, 0 Level Set
7 T
e O
I. e \ i
0.5 { b 1 0.5
0 3 — !ﬁa-‘ i \ Q
-2 0 F] =2 0 2
) #=1.03,Density 1 1=1.05,0 Level Set
N
05 ( > < P 03
ALEe . ol
=2 0 2 -2 0 2
1 t=1.5 s, Density [ t=1.5s, 0 Level Set
03 z } <> 05
oli~ : o
~2 [1] 2 -
+=2.0 5, Density =203, ( Level Set
1 5 T 1
3
os| <q s
0 > b 0
-1 0 2 -2 0 2
| £=2.5 3, Density 1 £=2.5 5, 0 Lovel Set
05 e 0.5
0 Q
=2 ] 2 —2 13 2

6 “HEEHERES Richtmyer-Meshkov RE
Fig.6 Density contours and fluid interface of the Richimyer-Meshkov instability
4 & AL R YT BT 7 AR R R TR
AXMBREDN, B Level St Fikit g4 RATRWABR G HE QAR T EAHE
S FE R TR 30 L, R A Isobaric S E 9 WLAV-MPIAINL, B T HE R IR, BB R
Ghost Fluid 778, W LL IR e TR Z A MU R  RIER.



508 it ' B A %204

[ * x &kl equations [ M]. Singapore: World Scientific Publishing,

[ 1] Sethian J. Level Sel methods and fast marching methods 2002, 111 - 143.

[M]. Cambridge University Press, 1999. [10] Xu 8, Aslam T, Stewart D. High resolution numerical

(21 Saurel R, Abgrall R. A multiphase Godunov method for simulation of ideal and non-ideal compressible reacting
compressible muhifluid and multiphase flaws [J] . T Comput flows with embedded internal boundaries "J1. Combust
Phys, 1999,150:425 - 467. Theory Modeling, 1997,1(1) 113,

[3] LianY 8, Xu K. A gas-kinetic scheme for multimalerial [11] FESEFE, 87,2054 528 FEF EIEIT
flows and its application in chemical reactions [J1. 1 SHEERAT AR EEMIFTIAE (I ES A,
Comput Phys, 2000,163;349 - 375. 2001,18(6) :539 ~ 543,

[4] Mulder W, Osher $, Sethian J. Computing interface motion [12] Jiang G S, Wu C C. A high-order WENO finite difference
in compressible gas dynamics [J]. ] Compnt Phys, 1992, scheme for the equations of ideal magnetohydrodynamics
100:209 - 228. [1]. J Comput Phys, 1999,150:561 — 594

[5] Jenny P, Muller P, Thomann H. Correction of conservative .[13] Shu C-W, Osher 5. Efficient implementation of essentially
Euler sclvers for gas mixtures [Ji.1 Comput Phys, 1997, non-oscillatory shock-capluring schemes [11.71 Comput
13291 -107. Phys, 1988 ,77:439 - 471

[6] Kami$S. Multicomponent flow calculations by a consistent [14] Sussman M, Smereka P, Osher §. A Level Set approach for
primitive algorithm [J1. J Comput Phys, 1994,112;31 - computing solutions to incompressible two-phase flow {J1.
4. 7 Comput Phys, 1994, 114: 146 - 154.

[ 7] Fedkiw R, Marquina A, Merriman B. An Isobaric fix for [15] Osher S, Shu C-W. High order essentially non-oscillatory
the overheating problem in multimaterial compressible flows schemes for Hamilton-Jacobi equations [J]. STAM ] Numer
[I]. J Comput Phys, 1999 ,148:545 - 578, Anal, 1991,28:%02

[8] Fedkiw R, Aslam T, Mertiman B, Osher 8. A nom- [16] Shyve K M. An efficient shock-capturing algorithm for
oscillatory Eulerian approach to interfaces in multimaterial compressible multicomponent problems [J]. ] Comput
flows( the Ghost Fluid method) {J]. ] Comput Phys, Phya, 1998,142:208 - 243,

1999,152:457 - 492. [17] Shyue K M. A fluid-mixture type algorithm for compressible

[9] Fedkiw R, Liu X D. The Ghost Fluid methed for viscous multicomponent flow with van der Waals equation of state
flows [A]. In; Hafez M, Chattot J J, eds, lunovative [J1. J Comput Phys, 1999,156:43 - 88 _

methods for numerical solutions of partial differential

Ghost Fluid Method and Computation of Compressible Two-fluid Flows

ZHANG Lei, YUAN Li
( Institute of C ional Mashematics and LSEC , Academy of Mathematics and System Sciences ,
Chinese Academy of Sciences , Bejiing  100080)

Abstract; Compressible two-fluid inviscid flow is computed by the Ghost Fluid method with Isobaric fix.The method can avoid numerical os-
cillation and smearing as is encountered with a shock-capturing scheme in computing fluid interface ,and it is simpler to code than fronttracking
techniques . The system of the Euler equations which describes the fluid flow and the level set equation which describes the interface motion is
solved by high-resolution WENO finite difference scheme. Salisfatory results are oblained for several 1D and 2D compressible two-fluid flows
subject to the stiffened equation of state.

Key words; Level Set method; Ghost Fluid method; Isobaric fix; two-fluid flow

Received date: 2002 - 06 - 06; Revised date: 2002 - 11 - 21



