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R P A ORI K [3, 4] OuzodS R IH IS RE (5], PAL T ek - COL R 2R 5. [6]55.

% T Ostwald 2k Bl 5 1 BRI B 702 T Lifshitz M Slyozov i # H A9 BN L = 12 i b 7 12, Il —
gy th T AR, LT A Wagner$@ Hy 7 AHAR 48 HORC Rk — R RR OV LSWEARIA RN, M), S0tz E it
1 22 v LR UKL 43 HRURE KV IR AE S B AH v 3 A1 38 SO SRV 1 R IR, v A R HE T (A, i i
FSR BE A — 25 L T 9Bk il . Ardlell [7]55 58 HIARE R 21 A% 120 TURL RIEEROHA FLFE R R I T 185 Voorhees
(8] FH A R YA 280 270 i U Xk PR Bk FE A ST, BB R I AR AR AT PR AR 1 R I B 7. S e
Ft e A LSWHLIS (1 B B idF. 5308 [F) 20 Kk e I 2 SR IR ALY —Benders A [3]% 15 fill Cu-Co & 4 1 & Colfl
PRRRL AT HREAT TR, e ColSURLIK AR 73 B{E25% & 70%2 [8]; Alkemper [4]%5 A 5286 L T
FALPD-Sn A 4 1 s SnE AR FIURL I KOS 2, FRRVAPHLE 2 R AL EAT 1T LL. AR AT ATy THIIE 5
THELRRIAY, N R R TE IR AL T T Ik 8T R S S T AR AR R . L, BUE
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FCRTSRAR I UKL I 305 S B AR 7, HSORLE TR SURHE S BB AR BE R S R SR 45 R — B Li%%
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¥ -FBoltzmann /5% (lattice Boltzmann method, LBM) &% T4 /< H shHL 7 15 K JE K (1 —Fhifi ik
B JIBUA TV, THAR T 2% Boltzmann 77 2 1 —Fh BSHOR MR 7575 (15, 16]. @I HE—8 Sl isisd . ik
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FasE M. Huang®s (190 LBMZ A THE S FE T, ARSI HITEIN T 12 S BG40 T R 170 B
Fe, AJa IR EUE S B B4t TARYE. ATIAT T, AAEC) T LBMAIEE /1 3R T L KR FILBMXY
SR S A I R T R LI T [15].
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2.1 LBMZHREE

LBM 2 T A R T G A Je e R 1) — Mt A 50 ) S O A0 7 k. R H AT A PR O R 1 3 B 2 R il

Al DO 2R 0 2 AR B I AT L. A SR i Bhatnagar-Gross-Krook (BGK) #.44 i Shan-Chen £ AH
BRI AL [17). LBMEZHI 5 FEN

ol 4 eadt,t 4 5t) — fal@,t) = — [fa(@,1) ~ f52(p, )] + Sula, ). 1)

A fo BRI R b hl . BAG WO FE e RT3 25, BI% FE A0 ek . AR JR iR 5 B R R A p(2,t) =
S for JRIBINEER RN pu =Y, eqfo. ASCKHALBM-D2QOFERY [16], I\ 475 [ ok v B A5 OFf n]



REFTBHORSE, o = 0, 1, ..., 8. AKX (1) AEmFRBRANIEREZE: £ NED6 (= 1)%, Bk bk
BREx + endt. D2QIBA Hd% sl b 1 B HUE EER IR A
0, (a=0)

€q = [cos(m(a —1)/2),sin(m(a —1)/2)],  (a=1,2,3,4) (2)

V2[cos(m(2a — 1)/4),sin(7(2a — 1)/4)], (a = 5/6/7,8).
A (1) PEE S L DR AE . AEAE TS S R TR, UL FF Rl S S A T R A 2 8] ) o A
T Maxwell 7347, 1230 s R A St RN R). e f a2y Mascwell 40 A BRCECTE AH 25 8] b (1 B HIOE X

€a-u (e - u)? /w0
2 1 3
2 2c; 2¢2

2 = pwy |1+

3)

ﬁqjcsi%?éﬁ (D2Q91‘;%§1_JEPE4JCS = 1/\/§>, wa%ﬁlﬁl?\ﬁ: Wol = 4/9, W1—g4 = 1/9, Wr_8 = 1/36
LBMHZEGIITRES, SoRAE T 40 1A E XKL 73 Aw R R 52 m, Hn] DU KARRARRR I/ER, AT Bl
FERER T IRVER - A SCR F KupershtokhF F Z1BEEY RO 3R 1515 F 0 2EO0URL 73 B 7 1) B i) “ 4™

Sa = fl(pu + Kw) > f3(p,u), Au=Fdt/p,

HFRRINIRE. HNRRAERSEWEER T AU = (3 faea)/p + Fot/2p. FEXTT Guoii$g i FI1E
F 711540, Kupershtokh{E H 48 B % BE b e e . (i A e YEIF 0% 23 [19]. Shanfl Cheni@ i 55 %
FHORC ) 35 R B KA 38 73PN S T A FH D

F(2,1) = ~G(,1) Y watd(@ + eadt, ea

2 EN T APIRAS TG RE N 3 R 0T ARIE

2(p — pc?)

V= Gc?

GR—AEH. AR H Carnahan-Starling R3S 5 F2# Ep(p) R R

L+bp/d+ (bp/4)* = (bp/4)° 4
(1 - bp/4) &

Hrf a =0.4963(RT.)2/pe, b = 0.1872TRT, /p.. AL Eilla =1, b=4, R = VJFEIHHE, HILEIER]

p(p) = pPRT

Il 2 B ARG FURLEE: pe = 0.1136, T, = 0.0943. ¥ S ARNLBMEZE 7 FE, v LS B AR B AR S AR 5 1o 15
P, JF H AT DA RN B AR AR AR (20, 22, 24].



2.2 OstwaldB LI

19584 LifshitzMSlyozov x4 #idz hil I #AL HEAT THLERAT T [29], MAT S et fiid 1 4 Hh 0K A AE
W AR EESIN TR T E 2 AR EF (R, t) (RAKLTIIEAR, tIE), JFS T
WITRE. Wagneritt — 50 I B B2 59 HCEZE M P REREAT TRE T, AT EESL 1 i WOk i i R

FILSWELBIA R [1, 2] ZIER R R HBIE S (kinetic) JFE. LM (continity) <IfE Al & 57185 77 FE 40
B SRR ZIE T RN G RNE, A S W FEIESAH AT A S o RR 1 E e iR
2 dR . 1 1
vie=o, =R= k(Rc R) ()
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TIREEA R, IwF R AT LUERE T i i 2 2R

. Jo/ RFAR
R (t)/~ W (5)
SRS T REIE 1L A2 00 AT R H AL L
OF 9
o " oR (I R) (©)

HBA 42 RA R (F AR NG HO A2 A0 3, R TV OERIE K. [(FAR/dt) gy — (FAR/dt) 5. %KL
R BEORLAE A FR NG B R A B IR & PR RERUE T 4 A BB A

/ R*F(R,t)dR = const (7)
0

A e AL B AR BRI RIGIENTY (%),

ASSCEE R S A T R BT SE, B0 VAR FEEL M B 05 IR, AR (4) A R R
B BRLE K0 B R E, 8O IR TT A2 LifshitzZE40% EHESH T 240 — ool B B b it e
o R S S HUM K bR A [29]). 2% Watanabe [14]JTR M bR BEREHE QUL /L, T LMSE] 45 F T
FICRTE LTS K0S U (MERAL):

R, x t'/2, (8)

N ot (9)



[RIF, 50 A bR B A T AR BLOG AR -

F=h(t)g(z), z»=R/R., (10)

Hrp

5
%<2EZ> exp(2 Z), 0<z<?2
0,z2>2

PR ) 5 R ) 58 B U 75 I BB SR A 7 A 3RAS.

(11)

3 BESHRE

— M &, Ostwald Bl 1 A2 — Pl P 45 (K 3 ) S BENAN K EEOK B 71 I . BUETHE 916

SRR R I L. FERGRI RV e, e R BOTT AR 0 B I DU AT T B, MR SRR
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PIGIIHL AR A Ry, Ry, ¥R PR BE TN (o1 pav ) /2, (pr + par) /2. FEBGRIATIAG 2% 1 R HER

AT LAEMTIRA R 22, AT ASEAT R AT RIS . 56 T 270 IR, AC S % A0 (11) 07

o AT BT SER TR B B B2, EEARIE N ORGSR eI IRTR . . N TR AER
TR R R A RS . R W A A BETE I RT SR 2 1, VRO AR ARAE 2 95 K.

AR SCER O T4 2 A 2 JRVER S R TT R LBMASURT 78, TF SIRIBCARTE, S0 A R A HoRiR
RN, BUIE 2 T AR AR T AR /NLL000 X 500, 2 7KLHL3600 x 3600, LLEF WA EUE £
800. T Y AL SR A . FE G A B R b, ACSCR B AR FEEAR (I 80 1SR, Xt
VA R R AT UKL URT RS E SR A, 7T ARARIE 8. MR B B (5 S

3 BUNLERE WL
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3.1 MRBALLIE

AW = 1.0 (ZSHE TRAKPIRE, ASCEATSHEMN), Ry = 57, Ry, = 60, RiEH
Fid = 500, T = 0.8T. NHI, A4 HIGRBEIEFETH B R, ZRET, I R HYIEZEE 23N py =
0.01853, pr, = 0.3064, K- KM K )1 E¥o = 0.0075. BTN EY, FiREREFHLEIL T AR

R [20].

B 1(a) 28 1 B AL RN R AR, F R T /NEIEAE DRI KRR, 3B GiihR
TR I, W NI I RME R AR T Rk 1, X SEA U IX S AR (S) IR (K 1(b)+ (c)).
HR W] BERAEBEAT ST BN, B . I WIIRA R AN K 1, SR 1 AP (K30 20) IS 1 AE
BRI A R Bl 1, TSR VO ARV IR . S S O T AR A BB By S5, AT DA H VO L TR
TR I, H AR B 21 B RV T AR 1 TR IR TR, 1 R LSW R 18 14 57 2 <3 1H 29 TR 2%
. R 5K B 2 SR A K (cavitation) I J 3 FEA ) 2 50 [20]. KRR A T AR e 50
JERRLAS, AT RASRAS B SE Ny Al AL 72 (I (b) I ZLLL).

5 —J7 1, AT AR AN N 21, 3 PSR i Bl 2 b iR B AT SE R (B 2(a)). W]
CAF AR A R b A BB AR CR AN, TRV X 0 B sl DR 3RAT T AT BLiE i Laplace 5%
R PFAFA I 0L KR BB R TS (pr = pe — o/ Re, ppRoniTGRANIETT), /N
MEERIE T (ps = bp — of/R)BUE. B 2(b)4H 7/ME. KIRiEHG, BRI B X
A e (B 2(a) A BT Spmid) B I3 ey 7. BE2(b)H, ¢ < 20008, AR JJREAR, BT RS0 %
SRR, RIS H TR BRy ~ R, PRITVBUAH rh W AN 5500 s ) 22 55 L7 70 HE AN ok BEAE VO
SPARZERRRLN, VUM IS B B I k. X IS ) 2 R AE B 2% L S Laplace 2 s T & W) H:
(PL — Ps)t=1400 ~ 3 x 1074 IERWAH PRI IBEEE, BRA) 1A BRI — MR 5, AL JER KNG
X I IZ B P ST S . AR SO AL AR T, 2 8 8 Ostwald VL ERRASAY v oy B SSOR IR A
FEIRBN A TUT AL WA SCEE AE, Watanabe [14]5KH 1% Ge O3 BUER B0 280300 R b g A2 3t
AT IR A R T M.
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Fig. 2 The pressure distribution in bubble and liquid phase during ripening_, (a) The pressure distribution at different time,
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W = Pv (1 — 1) .
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Lattice Boltzmann Simulation on Two Dimensional
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Abstract

Ostwald ripening refers to a process of a particle/droplet /bubble system
under local thermal equilibrium state adjusting the size distribution spon-
taneously to reduceAbe total surface energy. With knowing insufficiency
in numerical“studies, a lattice Boltzmann approach is used to simulate the

ripening ‘process of two dimensional vapour bubble cluster dominated by

* Project supported by the National Natural Science Foundation of China (11872315, 51879218,
52071272), the Basic frontier project (JCKY2018-18), Natural Science Basic Research Program of

Shaanxi (2020JC-18)).

T Corresponding author. E-mail: xchen76@nwpu.edu.cn

T Corresponding author. E-mail: huhaibao@nwpu.edu.cn

18



phase transition kinetics. By comparing the numerical results with the the-
oretical prediction derived in two dimensional space, it is shown that the
lattice Boltzmann method is accurate in the simulations. The results also
indicate that the mass transfer in liquid phase is driven by, hydrodynamic
pressure distribution and the hydrodynamic collapselof bubbles influences
the size distribution function in small size region. “The impact of the param-
eters in the equation of state of the material is studied further. A positive
relation between phase transition speed-and specific internal energy is pro-

posed, which enhances the thermalMundamental of phase transition.

Keywords: Ostwald H>aipening, lattice Boltzmann

method, phase.transition, Lifshitz-Slyozov-
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