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Lattice Boltzmann Simulation of Bubble Growth and Detachment
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Abstract; In order to study the effects of gravity acceleration, wall temperature and distance between nucleation points
on bubble growth and detachment in vapor-liquid phase-change, a vapor-liquid phase-change model was established by
coupling density distribution function and temperature distribution function on the basis of Shan-Chen pseudo-potential
lattice Boltzmann model. At the same time, the relationship between the pressure difference inside and outside the
droplet and the reciprocal radius of the droplet was obtained by using the model. It was found that the model conforms to
Young-Laplace law, thus verifying the correctness of the model. Then, the two-dimensional numerical simulation of
bubble growth and detachment in vapor-liquid phase-change was carried out by using this model. The calculation results
show that the bubble detachment diameter decreases gradually with the increase of gravity acceleration, and the process
of bubble growth and detachment is in good agreement with the literature results. In addition, the simulated bubble
detachment diameter is fitted by non-linear method and the results are in good agreement with the new empirical formula;
at the same time, the higher wall temperature will increase the distance between the bubble neck and wall, and the
increase of wall temperature will increase the detachment diameter of bubbles. The detachment diameter of bubbles
decreases first and then increases with the increase of the distance between nucleation points.
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Figure 2 Relation between pressure difference inside
and outside droplets and reciprocal radius

3 HEERESH
3.1 #spiLas

T RS A Y AR R S A, TRV
VT IO /N 150 x 250 BFESEAE 7 X3, W)

R Z1 B AR X AR T, =0. 9T, i Maxwell 55
Ry u] LIS Tl B2 Fi Xk 07 A 10 0O HR0AH B9 4% JBE 70
B p, =0.81,p, =5. 44 [F] i B AT XA g i A
JIr o 40, AR Ak SRR [ 18 ] 1 30 BRI e 30 3 4%
P AR B T, R0 TR B R A T, 747 B
JRSE D B 260, TR 1 5 O TG A% BE T AR A X
[ - AR AR R g, = -2.0,
3.2 ENIMEEMSEBERKRENM
ARG S AR TR A A R AR A
HAIEE Z MR AR o B — A mik A R CE e
BN ISR G AL e R R A SE BT A B 2
Fift s — e e 75— PR RE R . EATTHY P A A
LR el PR AR SR FH o B it 14 75 3ok 52 B[R] o B
BENELEO T, = 1277, i T it AR R AL A W7 A 4
T AT 12 e R PO 3R 38 TG T8y, 1 I £ B i
HUD AR Z R IR A R O B JR AR O AN 2
KB, SO R R —E R, fER 5K 1 5
PRI 3L R TR 298 s — A S0, e it
Ab T A R, T R A R T 5K g R T R ) AR
PRIk B A BE T b, B AR AR R W 5K )
ST IAERIT R A2 IRt ) A% 8l e
KU T TN ¢ H93.00x107°,3.25 1077,
3.50 x 1077 ,3.75 x 10 > F1 4. 00 x 10 i <, i 2 K K
i S AL AR, A5 R R PG AR I S I e
JRIESEAE T LTI, #R2AE O Y A [ A 2 A%
PRI , 332 PR A A A W AR K 09 [R) i 3 A 7 T
JIVE R 1) iz gy, e 5 B A A 1) FRGAL A
BB ) iz g, T30 v U A 1] S Y RS RS
2y, B AFE S R A 1 2 AN AR e , e
AR PR R 8 R AR ) & T AR 18 0% 1 P A X A v 119

IRZEFANE 3 ~ 4 s, USRS AL % 5l p, =
(p, +p1)/25

FERIF T B 0 FH AR I G B S 5 AR A ok
— B[RS R FAE 1935 48, Frit! 7 3 5 5256 Hl
FIIE M AR T L T S R A R A AR S B A
(PSS

0.5

g
g(p —pg)] ’ (18)

D D S B AR5 0 7 I g BE T 1Y 42 figh
;o MR K ST 58 HE I 5p, , 0170501
O AR E R

HAAT 28 DO G R T AR 2 R

D =0.020 80[



.36 - B THI# Light Industry Machinery

2020 FEEE5 HA

(a)m@E‘JéE{tfﬁz (b) W@HR%HTE@JEE%

B3 g=3.00x10
Figure 3

)

(a)w/@B’JéE{m:ﬁi

e
o

N

(C)WJEHFEB%F B’JJE}#% (B LT RS

TP AR A KA B A2
Growth anddetachment process of bubble at g =3.00 x10 >

S NN
L

(bySEML R (KRR

()R F IR

B4 Xak[1]PeaiEmeR

Figure 4 Simulation results in reference [ 1 ]

ARG IR B H AR A4E, Gorenflo 251 5 1of 52
6 LB R AR D S A ¢ 1 - 1/3 K7
JRIE L, J5 5K Golorin 2502 MR T T X R X

2R, d,
71—1 4 (19)
1.65d" o
g(Pl ‘) (20)
_ 15. 6p, Baki (Tyu = T.) i
%= [g(pl ] [—fg] - 2D
iﬁ‘?:&%m(@ﬂfﬁ%ﬂé 185k BRI AREG A BN

R

R TN 8 SO B B AR5 T Nk 2 )
{1956 2RI, FoAb S 50TT LA B SOk b 3, I
1+azg ]/30 (22)
KD NI B AR 0, a0 HE B2 NE SN
B

WP S B, 3R AT] % B T 0 0 Y 1 R
S B B ARAE BN o RIS TR A TR LI A5 3 A
S AT T AR LA 5155

D =0. 000 828g" % +0.009 143g’”30 (23)
I AT R BT 45 RS Golorin 25107

D=ag"

T R AW KA

60

55
o LBMAI R

— WAl

| | | |
28 3.0 32 34 36 38 40 42
BINiEEgx107

BS AEBE RS E Mk EHX R
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diameter and gravitational acceleration
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