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9 K S8 AR TRD B P 55 e R - AR R v R
FE. ARAGTERTITEAR RSF TE LT
SEMA. APV R AT TAE Th 2T Shan-Chen % AH
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R LI A th k. 2 1(a) H, IR EOARRIGAH, ¥
AR, B 1(b), (o), (d) A FAHEAE &R
Gy A Gy, LLECARI TR KL A /A2 S54F T
TED AR AR O B (1) 7K P 42 E P 2 53 FIE (1) 43
. R 1 AT AR R B 2P K 4
PEAERLET S BE L. B 1(b) F1 () nTEAE HH,
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[ N I S R T = ol Al N L S
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1 AHELATR TR BORR i) 22K H x5 8 BE A 5%

WAREE L py SAHEE py L (p1/p2)
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G, =04
G =15 1.124 0.00289 388.9
A1 /A = 10.0
G, =20 1.134 0.00171 663.2
G, =08 1.121 0.00586 1913
G, =04
G,=10 1.137 0.00220 516.8
A1 /A2 = 10.0
G, =18 1.153 0.00137 841.6
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AYA? =100 1.157 0.00140 826.4
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FEXIr 9 100 100 Tu? PRI DX A o7 B il
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AtY/Ar? = 10, THELE] R 40000¢s, K & JAPE D 5
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) - WO ELAE AR BONAN ] 3 2 LRI N Ah s
75 AP 545 1/R Z R A K T LU
H AP 5 1/R BRENE R R, W] AR SC SRR AR A2
Laplace jE 13t B4, HIEI 3 3B W A tH, BEAEAH AR
FH G MIPAHEETEEL py/p2 HIHE K, AP 5 1/R 1)
ZEPERER AR MR (22) 5K, B 3 P RERACER
T ISR )y WS SK Dy B - WO ELAE
FEONIPAH 5 EE AR I K.
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060 — &tfla
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M 045}
0.30 ¢
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0 004 008 012 016 020
AR
B3 SMAANE D ZESSHERIIER () AT
p1/p2 = 39.4 FUAIFI AR HAEFH &R EL (b) Gy = 1.9, G, = 0.2 Fl
AP AR FE L

4 2 1w Wk T AR AP R RO AR AR B
B AE F

A 5E 1) gk [ o R v, 224 6 I R v T A T I
S5 g ] AR A VR, T ) T SR
W e AR AR AR, S B A e AT RS Bl A
N 2 e ] . N H B 57 Y LBM-CA-FDM
TR S 5 i Pk [ 3ok R e e R S A O A
YER AT B, T CA J5 VR0 A 2k K. B
KIPESHCN: T, = 933.6 K, m = —2.6 K/(mass%),
I'=24%x10"m-K, i = 0.008 m/(s-K), & = 0.5,
& =0.5, A = 192.5 W/(m-K), p = 2870 kg/m?>, C, =
1086 J/(kg-K). FIXUAH 73S, - WM AH T LBM A4S

TS, BB HAER 230G =04, G, = 1.0,
At /A = 10, HABBERL A AF S B 1 AR TR 754
PETR, WA R LE 202 500, R AL X 3 K1 4 Ok
100x200 3 IETT K& T, BURS RS) O 40 um. 7E
BT AR IF, HETE B DS A I — 2 5 A ] A,
FEVH S X I O JBCE — S A0 800 pwm 1.
THE DR SR B A A, 22 A R
SOt gt OB AR BAEH 25 Gy = —0.5, A -
FHEAEH REL Gos = 0.5, WL, = - [ 2 11 Fz i 1 422
i 122°. H FDM BEATIR BE I b 55, Lok S 4 A
Xk bR ARG BOA A, e R
S8 WA (R 5 — R AR A, 2 A 1 BRI BE 43 )
“h 953 A1 880 K. & AR & 850 K, W AH
RV 2 [B) Ry 2 Fady G55 R - T 7t T PR HE RS
JZh 23.6 pm/s, HAALGE RAn &l 4 Fros. 25 Ay
W 5k 2 W, A S B AR V- T S A
(AR AL E) BERT H (B 4(a)). X2
DRI A SR R A A S ) T 8 T i (Ui 3. B )
AL, A B, [ AT v S AR A R 5 I
B0 8 B e B 1 R = K B Sy [ Dt B =Y
FTER (B 4(b)). Bl i vHBke s, A A i
SEHER (B 4(c)). X2 BT REAR AT AR, 78
A A AR TR A I, A AR S R A, X
WL [ AEA 3R, Catalina 25 U7V T 5 X 54 Siz InF Wi ¢
FARMF TSR R ) 458 [ R, 7E 556 vt W 52 3 2K
(CHNEEE S

5 BN BE 7 o AT A DL ER e [
i THT R 1 28 AR ) A7 A A B 39 3 AT R AR AR AX
UL o3 A SR L AR ST Tk (B S(a)). XA
P 3 2 i v e AU ) A A RN 52 381 46 B 1) BEL
3, FBCEA 5 A, 10 A T R
e, i S S 2 ) LT T 1T R (] S5(b)). AR (13)
2, il P A, Tk A B O, BV ] 9 3K B ) K,
A 5 A A R KPS B - [ 5 T AR K
PR BRI, ok ] A 1) 25 U7 ) .

KPR L d5e a5 B A RE A 2K 2 1) ik [ el F rp
AR R T TV PR AR B A FHEAT T S0 W82, i
HH 5 4 0 T 58 (1] 25 " SR FHD v 8 K ol s A 4 )
rer APk o Ol 52 VLR 5 R 3 Komm, A £ K d 4z
N 32 pumis. [ 6 g I B 4 1) ] [ 52 56
gE0 B 6(a) AN BB SIAAAERAR T, W - [ 7
T PRt i ™ . AR AT 18] 4(a) HP B &5 I
FEWT I, XA ] BB AL PRI A 75 S0 A 12U A ok ] iy
AT IR B TR 0, 2 1 6(a) TR B 0% R 0] g [
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HU WS TR BE 37 sg e AN B A B R - [ i
TR I e 4 AR K, AR ORI i [ (B
6(b)). &k [ i A O AR, A A 2 IR
HEIR (B 6(c)). Lhi K 4 FIIE 6 mT LU I, H40L 1)
] i ARSI R A EL A FH A R A — 3L

BE A R - [ S AL B 1R AR A, AR Al 3R
JE B2 R AEARAR. R - 8] ST () 48 1 52 1
€A 15.7 pm/s, HABBL S 5 K 4 A1 A, JLRTU
SR 7 Pros. wH BT, &R TRy A

Joi, B SE AR, A A O AR 39, SRR Kk
A AR, T BN IR 3 ) R T, Rk ] T
PR il (B 7). BE G TR - A SRS
P, S R [ e R v 43 5 S TR SO, A
FRELER (8 7(b)). B Ay s = s, s ¥
TE AR b, T8 AN R & PR ASAL, o TR 2
Y RS ELFE I IR, B R RS TR, AL
R Ze O SR (B 7(c)), JLR R 5 16T 4 A ).
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interface and bubble using the lattice Boltzmann
method with large density ratio”

Chen Hai-Nan")  Sun Dong—Kez) Dai Tingl) Zhu Ming—Fangl)T

1) (Jiangsu Key Laboratory for Advanced Metallic Materials, Southeast University, Nanjing 211189, China )
2) (School of Mechanical Engineering, Southeast University, Nanjing 211189, China )

( Received 17 January 2013; revised manuscript received 3 March 2013 )

Abstract

A two-dimensional (2D) two-component and two-phase lattice Boltzmann method (LBM) with large density ratio is developed
based on a modified Shan-Chen pseudopotential model combined with the deferent time step method. The present LBM model can
simulate the gas-liquid two-phase flow with density ratio up to around 800. To validate the model, the pressure difference between the
inside and outside of a bubble varying with its radius is simulated with different gas-liquid interact parameters and density ratios. The
results are found to obey the Laplace law. Then, the LBM is coupled with the cellular automaton (CA) method used for simulating the
solid phase growth, and the finite difference method (FDM) used for calculating the temperature field. The LBM-CA-FDM coupled
model is used to simulate the interaction between bubble and the solidification interface. The results show that the existence of
adiabatic bubble influences the distribution of temperature field in front of solidification interface, which leads to a bulge of the solid-
liquid interface when it is close to the bubble. Under the conditions of different growth rates, the bubble is either engulfed or pushed

away by the growing solid-liquid interface. The simulation results agree reasonably well with those observed experimentally.
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