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Abstract

It is necessary to apply a ghost fluid layer near the wall boundary to improve the simulation accu-
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racy of the single-component multiphase lattice Boltzmann method for the evaporation of a single
droplet on an isothermal substrate. In this paper, the fluid-solid interaction model based on
pseudo-potential method is used, and the effects of different contact angle schemes on the maxi-
mum spurious velocity and the near-solid fluid density deviation are studied in combination with
different methods of constructing the ghost fluid layer. The results show that: The pseudo poten-
tial method was used to construct the fluid-solid force, when the droplet contact angle 8 < 120°, the
duplicated fluid density method can produce the smallest spurious velocity and density deviation,
and there is an optimal contact angle with zero density deviation. It is an ideal contact angle
scheme to construct the ghost fluid layer and improve the simulation accuracy.
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1. 5|8

TR IR AE AR S Tl A 7E, WEARRSI[ 1] BRI R 21 R0 i A% #3155 . [l 443 1 (13
TR BBl A R B Ak, Bk A e ] S T FRORE R FE R 23 SO MESL RN e (4] T SEBR HOR 1 JR FR 1,
EE AN T BRI 8 55 e b A i SR 1 RS P FE AL B T AR B R

¥-¥ Boltzmann J7AE N —F - MBUETTVE, BA BHNEREE . 5 T B A% TUART TR AR A0 B 44 %
TR A AR e 27 VE AT 2 B T 0 STV IR G . 2 AH VIR B0 R A% B Joi [l R, 2 vk v it ok [
ERIE[5]. AR BEANZR 6], 22 FLA 5T P AR AL B[ 7] 0B T T 00 1 ok o I A A PR 52 [ 8155

¥k Boltzmann J7¥E(LA NEFR “LBM” )HH T H & e I8 AR AR R, &N AR
ZHWIZAH LB BAY[9]. fEX M7k, MRS R MR %, SRR S “effective mass” FEAUL 1 fO0
WKL Z B AR EAE o XA 7R A SAE T AL R A B AT AR B AR R AAAT Ay, AEAH AR I R rh s 3
RESTTHE, IF HAEM S RA Rk ER, & B5SEay . Seeth# 2 40 LBM A i1 [ {4 BE
GG NG E AE AR I, AT DS I 44 B 1 ()3 S AR PR (107, AT 44 B [ AR 4 i A7 pR U AR AR D 0
Feonesive MRUAHKL 55 BETH 5] RSB T Fagnesive 3EFRE , KL T IEEH ) Foohesive FIHRHE Shan-Chen 14
AR - AR AR R i A 0B o a1 1] (12095, AR 1 5 B TR ARG B T Fadbesive
KRN T A - TR AR BAE R SR EE, wT AR A 3] P dat ] AH LA A& 20107 [13] [14] [15].

SRIMAER A2 A LBM Hr,  20] ] 4 BE T B IR B 7T Faanesive I A B B T PRI 44585 252 O 25 17 4K 5%
TR EE[14] [16] [17] [18]. IX s BETH (19144 % B % (near-solid fluid density deviation, LT f&EFK
“NFDD” Y## A “artificial density distributions” [16], B{##%A “unphysical mass transfer layer near solid”
[18]c 1K) NFDD 250 e ZBEA0L 25 5™ A S 3 i AR B2 i . D3 LBM (1) 55— 32 1) jl R AR A Ul
T FRE S TH] BT = A JE K ) R BGE FE (maximum spurious velocity, PR fE#R “MSV” ) [19], HoHG
FSRHORARIEEE, SFEGREAE . KL, A % LBM B 745 BE [ R 1 [0 U, 878 NFDD
HIMSV (AR s mees T4 tH fe e Fefid /7 7 5814y B L

— BB [13] [20] [21 KA H 2 A0 LBM S B[] 44 BE T 422 i £ I, g8 UL B T PR A s — A Bt

DOI: 10.12677/mos.2023.123266 2888 e RSE TR


https://doi.org/10.12677/mos.2023.123266
http://creativecommons.org/licenses/by/4.0/

Wit &%

(R E R AT R T Faghesiver 1E/2 KR ZH08 S Oy 34 2 A0 LBM B THINEIR AR 1) SCHRAR VA B i
H2 A TERE T A N T IR AR 2 UL R BRI R 3G 7720, Bhah, 78 BETH BRI I8 s SR A4 2 5 72 A
MSV FI NFDD FJ5400 A~ B, F FLE &N A ELAE F 7 58 Hp s A B A 3 th A 22 h FOL LA 2 1R B AR
T3, W T R FEAE SCHR R 15 31 2 0 1 E AL

BRIt ARSCRA A Z A LBM, 456 =FiaiE Bz 177k 22], H 53T Oy S it E
YER T (15454, DASRIREE TR0 728 RAE A, BFF0 T 56T Do 350 [T 1 FH 7 8 Hh by 2 m UL A 25 1) B
s, I&HfsE 77745/ NFDD Fl MSV [ AR B fih £ 7 %

2. BEFZESEEEER
2.1. HES*®

TEN 2 AT Boltzmann #E84, FANT SRR R #I B “effective mass” , x AbIRAKRRL
] “effective mass” AJ KR AN[9]:

Z(p—p(x)cf)

v(p(x))= " @
Hobie,=6. g=-1. p(x) NRIKERL, o =1/\3. JEJ P Al Ft P-R K& 7RSI ):
P= 1'0—122 _1+C;/ijng—(;)p2 e
Hrha=04572R°T? /p, b=0.0778RT./p, » H e(T)Wilid FRIH5H:
&(T)=|1+(0.3746 +1.54230-0.26990 ) (1-T/T, )T (2b)
Forfr Te F1 Pe FoR I SHRE G S JT, A SCHIKI @ 4 0.344, Fepesive 1T H R AT 5453
Foesie (X) = —ﬂw(X)glG(xax’)l//(x')(x'—x)—%gff’(xax’)wz (x)(x'=x) (3)

TITEQ) P G (x, x") IR WL G(x,x")=G(x',x), Hp=116.
1% 7 Boltzmann 75 %A F L AORE 1 Gl 1 (0 20 A1 B KL £, (x,0) REFAETHE XK AR 038 30, BAT
LBGK filiA8 571 £, (x,¢) IS0 B2 B 7 PR R

£ (x+eAtt+Ar) - f,.(x,t)z—%[ S0 = £ (x0) |+ A7 (x.1) 4)

Horb f, (,0) NN ZIBL T oo B RN e AR T A B 2 AT B8R, A 2B, — Az =1, ¢
NG IRARIZ BN R BEA R TCREANRATE], £ (x,0) RIRAKL TR RS AR EL A (1) IR
T3, w1 N A EAR R

Af, (x,t):ff" [p(x,t),u(x,t)+Au]—ffq [p(x,t),u(x,t)] (5)
K Au=F(x)-At/p, F(x)N&, AIRERA:
F (x):Fcuhesive (x)+Eddhesive(x) (6)

Fot Fgnesive 227 M2 5 BE [ 22 [R)FRORG PR 70, HAERUA 55 TR E AR AR 70 F SRk - LR
—_E[_'ﬂf)fﬁjj thost ‘Zﬂ] ’ EI] Fadhesive = Fs + thost°
VAR LA ) F rT AR LA i ] AH B AR TS 15]
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F, (x) = —GS(//(x)Zi:a)l.s(x+ei)ei

S ~ BEADR A AR T 77 Fgpon W1 AR = M7 SR R [22]
A. TR )Z

thOst (x) =0
B. S HVEM IR E

thost(x):_ﬁ‘//(x)zi:G(xax+ei)'//( nelghbor) [1 B /Z}ZG X, x+e)l// ( nelghbor)ei

;H;EPX%?E%E, (xneighbor’yneighbor) = (xsolid’ysolid + 1) °
C. WHUEM BRI :
thost (x) = _ﬂ‘//(x)ZG(x’x"'ei)l//(pim)ei —[(1—ﬁ)/2]2G(x,x+ei)l//2 (pint)ei

;H\: EP pint = (pliquid,sal + pvapor,sal )/2 °
D. i A P2 R AU 2 -
F

ehost (x)=—ﬂl//(x)zi:G(x,x+ei)t//(x)ei —[(l—ﬂ)/Z]Zi:G(x,x+e,.)l//2 (x)ei

Table 1. Contact angle schemes in this paper
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o NS T LEIES

1A ST Oh 3% - ERERARR 3

1B BT b33 - RENEME EREZ 9
1C BT Ok - WA FLE IS AR 3
1D HeF b3 - SR BRI AR R

2.2. [E)EEHEIR

(7

®)

)

(10)

(11

BT g 7 oRAIER | S SRl U7 58, B T SRR R 2 R R, BRSO B I KPR .

M5 Maxwell F3& FI7BEAF HIZR[15], W AR BIMEATBA 3L p, = 5.91, WAL p= 0.58.

AN

WA SR A SERE B 0 5N 0,= 017, o, =1, WEHRIVIIEFEAE R =50, SiRIEWREE H= 20Ay, T
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Figure 1. Diagram of droplet evaporation on isothermal substrate
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3. 2B

N T BGAE AT FH 9 LBM BRI BRI M, SR FH 7 B 0 e RS AT T AT SR A IS . AN SORF BN
BT EIER G, AR RCE AN AR AT, AU BT 20 20, 25, 304 35, 40,
45, 50 BEFHhL, SR E 2 fon. WEHRRTLUE M, MRk —eh, WMHNMEZES /R R44H4
KR, ¥4 Laplace B

ARSI R AR R D 23100, D IAE TR (R P . R R ok R R
THR XSGy, SRS B AR 1 S 25 pF, VR IR W BN AR, Hoh Dy NI E R, DA
W ZE R JGIER, 193 TTUUEH (D/D, ) S KNI &R R, FE O D* EH, H 5 Nishiwaki
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Figure 3. Verification of D? law
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4. BER5VHE

K FE T O 347k B [ R A% 55 & DU R B AR 2 R s 7 vk (% 1 777 1A, 1B, 1C fil 1D),
ol A6 5 JEE A ] 3 VR 75 A i AR 2 AR ) MSV T NEDD 25 0] R ATAR 78, (ERF— DNl A il o, [
YEF 1 Fo B RR(AH Faon B TFRS~1D)AH, B ZARXTEAR R /1 5 K E 7% 1A, 1B, 1C
1D HHAE o

4.1. BREREEMSV)HITHR

P 4 R T DR 3GE - AR REANARZ (LA T 0830 - WRUAS REA(1C), fEBE AN [FH Ay
PR S A I R R B JE (MSV yHo AL, HARB T AR AR 2R T =, TRfr

max

FER/NEUE ;s DL SRS FEE (B B R Z IS, FEHEAl A 0 < 120°1F MSV 4EHFER/NEUE, H
R 0 > 12071, MSV SRR, TRERA S RBOLERIARE: DAIRAE BEA(1D) M
REANGARZ IS, 75 S MSV BT Hoth )5 SRAFAE S B i, JF H MSV 2 BEE Al A iR N mi 22 K
R PR, IE 4 TR, R T OR 3 R E R T S, AR R(A) RHREB)HE £i%(C)
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Figure 4. Comparison of MSV in different ghost fluid layer construction methods in the pseudo-potential-based interaction
scheme at different contact angles 6 (1A: no-ghost fluid layer method; 1B: duplicated method; 1C: constant value method,;
1D: local fluid density method)
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21~24), JRAHE BEARREC TR RVA % FE i 28 AR 2 R FE N TAY (v =21~27), WIS ESE, AER L
WS FE 9 0 AR 0= 90", 4F%Efik MW 25 0= 90° I, 3/ B T VAURE /MR JAAR 1) 25 A 125 R 2 R AR
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Figure 5. Effects of different ghost fluid layer construction methods on near-wall fluid density distribution using the pseu-
do-potential-based interaction scheme: (a) no-ghost fluid layer method (1A), (b) duplicated method (1B), (c) onstant value
method (1C), (d) local fluid density method (1D)
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LR F A ATTZAA, 1B, 1C F1 1D)SEILAF I BE M R EIN . i 5 Pos, JEBEm K
VRORHASRE RROIRU R J2 8 B2 S MR T R AU 8 P A AR AR B i 2, O T 08 R PP IR A AR B A 8 T
i 22, A6 AL B T VRURH (AR B 5 P Al 22 AL 1 5 SO =

Eiqua = |P(NX/2,H +1)= p(NX/2,H +10)|/ p(NX/2, H +10) (12)
Erapor :|p(0.84><NX,H+1)—p(0.84><NX,H+10)|/p(0.84><NX,H+10) (13)
Hr p(NX/2,H +1) FoR 5 x = NX2 AP BERSIRAA R (v = H + DI, p(NX/2,H +10) B

I x = NXI2 A SRR AR B2 5 SO A4 SR IBAR AR B8 A BUPE y = H + 10, ereljji}&l%l 5 ATLLE
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Figure 6. Comparison of near-wall liquid density deviation &, and near-solid vapor density deviation & in different

vapor

ghost fluid layer construction method by using the pseudo-potential-based interaction scheme at different contact angles
(1A: no-ghost fluid layer method; 1B: duplicated method; 1C: constant value method; 1D: local fluid density method)
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