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Abstract : General governing equations are established for the whole twaphase flow fidd with the help of aleve
st function. The equations are discretized by finite difference method in a staggered Cartesan grid system. Two
schemes, i. e. the Superbeeota variation dimishing(TVD) scheme and 52rder weighted essentialy nornoscilla2
tory(WENO) scheme are adopted to lve the advection equation of the Level Set function, and a SIMPL ER2
based method is employed to seek olutions to the momentum equations of the twoZphase flow. The numerical
results show that the Sbrder WENO scheme is much more effective than the Superbee?TVD scheme when gp2
plied to the computation of the Level Set equation, and the presented numerical method is suitable for the sol W2
tion to gasdiquid twophase flows with a liquid2gas densty ratio larger than 1 000/ 1. Computations of severa
typicd gadliquid twoZphase problems of large liquid2gas densty ratios show that the numerical Smulation can
reaonably revealed the physca mechanisms and the method is quite promigng in Smulating the behaviors of
moving interfaces in gasAiquid twoohase flows.

Keywords: Level Set method; gas2iquid twa2phase flow; numerical simulation

[1.2]

: 2004 - 04 - 02. : (1975 ), ; ( ),
(50106011) ;

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



1124 38
20 , Leved
- ,Leve Set 0} -
%t t
[2.3] 3 (CIP [4].
) Navier - Stokes Leve Set
) 2 Levd Set
( ) ,
( - 1 000/ 211 Super bee2TVD
1) 141, , Level Set .
- ) )
55—t Ry g—x -0 (4)
, 1000/ 1 -
( ) vV >0, [ Xi-v2,
Xi+v2] X[ th, the1] ,
H n+ on O f f
OTASEES ! -5_tx( VO .y, V.4, ) (5)
1 %
ORI ‘:LJ' o (x)dx , D Pt
111 Level Set 9 Xive
0 i OX = Xisyz- Xi-v2; n n+l
Ql (1) VO, vo "y, ,
! - tn+
Q2(t) [ (1) - Level Set VOiy, = 812‘[ 1Vq)i+1/2(t)dt;6t =

o x.9 t - r
(t) (D[x,ﬂ
M(t) ={x Q:®P(x,t)
o(x,J (v
- ,Level Set D x,

0}

=+

P+ ud,+ vP, =0 (D
o )

Level Set [5].
112
Level Set , -
Navier - Stokes
Euler ,Navier - Stokes
[4]

u + (ua)u = F+

-SL[- ap+ o(D) +0KO (P(x,t)) n] (2

acu=0 (3)
cu=(u, v) P =p(x, t) H=H
(x, t) ' D
 F : (2)
0 K
O  Dirac Ddta , N

t
n

tn+1 = tn.
Taylor , (4)
cbi“"l =P - c(®"- DY) +

—zcéx(c- (S - sl (6)
[5]. v,

¢P+l = cbin -66_txmaX(O,V) (d)in - q)|n1) +

'Jz‘g_txmax(o,vﬁx(c- D(S'- sy -
66_txm|n(0,V) (Cbirll - d)in) +
‘]z‘g_txmin(o, V)Ox(c+1)(Shi- S (7)
X , q)r;+l/2_
y
n+1 q)n+l.
212 3 Runge2Kutta 5 WENO (
3RK5W )
50 50 5 _
Level Set 5t+u5x+v5y—0
50 _ 50 50
5t—L(¢')—-u5 -v5y (8)

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



11 1125
3 Runge2Kutta
L(@®) 1 3
5 WENO o1 i .
@ . P 6 3RK5W
(P .3, Pi.2,Pi - 1,P P 1, P42}, ) ' SIMPL ER
1 ViVaV3VaVs; oy, , [5,
6 {Pi-2, P -1,P P +1,Pi +2,Pi 43}, 7]. 0ll mx011m 012 mx012 m.
1 ViVoV3 Vs Vs, 100 x 100 ,
: 60 x 60
W,W;,,03 , ,
WENO 3.1
(®.), = wl[v—l- B 1¥s J : L Sperbee - TVD
3 6 6 3RK5W
® u(i,j) =Toosft (x (i) - 011) Jsnft (y(j) - 011)]
’ o, Ui, >0, ®x v(i,j) =-mdant(x(i) - 011) Joos[rt (y(j) - 011) ]
o5, D,y [0,1] x[0,1]. :
Wy W2 W3 (015 ,013) , R=012. ,
[3].
101 LT Y
go.s- O E st ﬂ Eo.s
0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 10
x/m xfm x/m
(a) (b) Sperbe2TVD (c) 3RK5W
1
,  3RK5W g= -
6.0
[8] : 918;
, Zaleska W
g—(),z
. -0.4 N i n
3RK5W Superbe2TVD 313 ¢onoam
2
[5]. 3
312
2
918 m/ &. 2 , : .

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd.

All rights reserved.




1126

38
t 315
[6] : 5
, / 1000/1,
5 1
0.125 0.2 0.12; ; !
: O 2 |O ¢ | '
0.075 o125 0.075 0125 0.075 0.125 ' ,
xim x/m x/m y 1
t=0 b) t =01037 t = 01053 ’
@ (&) s @ s o 1000/ 1.
0.15 0.15 0.15
£ 7N £ A ) | [6] :
0.10. A 1 ;010 »
0.075 0.125 0.075 0125 0075 0,125
X *m xim
4
(d) t=01077 s (6 t=01099s (f)t=01126 s
3 ( 1 000/
1) ,
314 Superbee2TVD
4 3RK5W
, 3RK5W Leved
Set Levd Set
' , 1000/ 1 -
0.1 o 0.1 0.1 o
E B E
=, £ =
0.0 9.1 0.2 0.0 0.1 0.2 0.0 0.1 0.2
x/m x/fm x/m
(a@t=0 (b) t =01061 s (c) t =01095 s
0.1 0.1 0.1
—-—-—"v"*—_
E E ’;’w . r\_/\/‘
Y = =
0.0 0}1 02 0.0 0;1 02 0.0° o1 0.2

(d) t=01137 s

4

(e) t=01180 s

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.

xfm

(f) t=01220 s



1127

0.1 G.10

E O g
3 o.os|~ 0.05

010

O

E o.05 = C
0.00 L 1 0.00! ! 0.00L L 1
0.05 0.10 015 0.65 0.10 0.15 0.05 Q.10 0.15
x/m xim x/m
(a@t=0 (b) t=01012 s (c) t =01027 s
0.10r 0.10 0.1¢
& o051 £ 005 | I £ o005
©.00] L 1 0.09 L 1 0.00 1L 1
0.05 0.10 0.15 0.05 0.10 0.15 0.05 D.10 a.15
x/m x/m x/m
(d) t=01040 s (e) t=01053 s (f) t=01080 s
5
Trander Conference, Albuguerque, 1999.
[M]. [5] .-

[1] , .
: ,1995.

[2] Lebaigue O, Jamet D, Duquennoy C, et a. Review of
exiging methods for direct numerica smulation of liquid2
vapor twophase flows[A]. 6th Internationa Conference
on Nuclear Engineering, San Diego, 1998.

[3] SethianJ A ,Adasteinson D. Anoverview of Leve Set
methods for etching, deposdtion, and lithogrgohy devel2
opment[J]. IEEE Transactionson Semiconductor Man2
facturing, 1997 ,10(1) : 167 - 184.

[4] LiHX,Bu VA,DnhTN,etad. Numerica sudy on
effect of the gasdooolant free surface on the droplet frag2
mentation behavior in coolants[ A]. 33rd Nationa Heat

[D]. : :
2004.

[6] Chao YC,HouTY, MerrimanB. A Levd Set formul&
tion of Eulerian interface cgpturing methods for incom2
pressble fluid flows[J]. J of Conputationd Physcs,
1996, 124(1) : 449 - 464.

[71 : [M].

,2001.

[8] Zdeska S T. Fuly multi2dimendona flux corrected
transport dgorithmsfor fluid flow[J]. J of Conputationa
Physcs, 1979, 31(3) : 335- 362.

(1)
(2) :

(3 , 1 000
(4) , ,
(5 ,

(6) 1710049 28

2005 , “w ” ,

(7 http: journa. xjtu.edu.cn/zrb/ E2mail :xuebao @mail. xjtu. edu. cn

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



