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Abstract

The lattice Boltzmann model is used to simulate nucleate boiling on a conical surface with regular
arrangement. The results show that on the conical structure surface, the phase change process oc-
curs firstly at the corners and in the grooves of the obstacle, and does not take place on the obstacle
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surface. In contrast to the rectangular surface, bubbles which appear on the conical surface com-
pletely depart from the wall. On the other hand, the effects of different surface structure space and
structure size on bubbles growth and heat transfer performance are compared. For the large struc-
ture space, bubbles depart from the wall earlier, the nucleate boiling heat transfer performance is
better, and the critical heat flux is higher. For the large structure size, bubbles depart from the wall
later, the heat transfer performance becomes worse, and the critical heat flux decreases.
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1. 51§

#4515 (Nucleate boiling heat transfer) & — M AN m R 407 200 L84y, V20988 K H &M T7
FIE R, FlInSCR R[], SCRREEWE[2], BCE N RMIHTSOE 3] . H, &
I S 7O TR B, AR, DRI A5 3R B 22 (1 O T

HH SR, R GG R FACT RO R, Bl — RSN TR, FER R B B A .
X7 fias w2 RS AA) RT AR i s S IR A% A s [4] - Kandlikar [S] Sk 25 R B, A E R HAHLL,
e LR R B T 8 4%, I SR B (Critical heat flux, CHF)IR 5 T 2.5 % . AN PR R ML T
R ZR RS, AR T INAE AR, RILSos 5 R A E i kae. SR
BOE X AZ A 0 3 A B s, (BRI T AMA 2 AR . BT RIEMER, FLLEEIRR
THIRFAEXTAZAS RIS 152 o R, VF 2001 9038 5 3R T AT R4k AR 22 . Dong 25 A [6]7F EA7 B HEF 1 [
TEGURZE R AT T BB 000, 45 RERW, WU s ERR M Rz S 2, AR ARSI R
#. FAUHh, Ma Fl Cheng [715%F b6 T HEIUHES ()l s 2 ThI AN GO R T, A BUUAIURE: 3 17D 545 5 7 A= B 40
TRILE, RUINFAERTH B8 25 2 WO R, R A 58 i) CHF . Shen %5 A [81#F 78 1 R IIHES 1 5 T A 35
THI PRIAZ AS S 40 8, R B v B T 0 0 P i 52 T K B PR Sl o a8 SRR el e, mT LR
HAEBFFRHE S R T B E R, KZHCCRF R TR . SR, AR RS0 %4 5 1
B BRI, I AHETZ RS Y. Liter 1 Kaviany [917E 1M 2 VRN 1 HET S5 4 (B rs 4, il s
IAEIR AT, RIFFEREAHLG, HER AR TR A 5N, RISI2E 5 R T 2
S LR THI 56 25 5y BRI, it DAHE T S5 44 3 11 AT 50 0 (R0 VR BE R BE 5 0 CHIF. AT, |l TS 30 1 =
BRYE, AR E BRI R SR, AR SR, — SR 54 10 2 50 5 74 1a)
PR, SEM RSEXHRE S TR IS R M AR AF . R, AR SO HE R 45 F) 3R T A S A e Mt — 2D 52 3

FESERRIBEIESE I, BTSRRI PRE], SRR AR RTBE B AR X SR B, X DAAERf b
OIHTER AT BT DN EO SR BE AL R SR . TR, VR 22 W 7 3 ol P AU R 0L PR D7 32 SR e A% A5
i o ISR, M3 IR 24 2 5 1% (lattice Boltzmann method, LBM)# )32 F Tk & 72[10] [11] [12]. 7£ LBM
H, AT s EPRAS (RAS BUER) AT PR RRYUE, DA 75 BARAME BRAR R« AR SRR
FAZ LBM A5EAY, AR S AFE[11]: 1) AT RE, GRS, 2) RIS T
L, 3) B LTI SR ], 4) THEEEN.
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2. WIERESREEIE
21 BERE
AICRH T Gong Fl Cheng 2t fAHAZ LB #EAL[11], FERCAIAIH, 5 FE 53 A ek BRI AL 7 FE 9 -

f.(x+ed,t+6,)-f, (x,t):—%[ f.(x,t)— f (x,t)]+Afi (x.1) 1)

Horh 5 AT, f (X t) REESAARE e REHCEEL, i REECEEITIA, Af RSN 7 A

S, £ (x,t) 2 AT AT AL, HARIE U
2

9 =wp 1+¥+—(ei L:) _L;J

< 2¢, 2c;

EARQF, p NREERE, u WFERRE, o W FRE, Hi e =1/3, o BEERH, HiE

SRR B RO O, AR D2Q9 (AU A, XA RECN: Bi=0, o =4/9; Hi=
1~410F, o =19; Mi=5~8H, o =1/36. e NESHUEE, D2Q9 ¥ HHE AL A :

O]

0 i=0
e =(cos[(i-1)n/2]sin[(i-1)m/2])c i=1-4 @3)
V2 (cos[ (i-5)n/2+n/4],sin[(i-5)/2+n/4])c i=5-8
Horp o Mg FER c=1, EARQ) P, ST AL KLy
Af (X, t)= £ (p(x,t),u+Au)- £ (p(x,t),u) (4)
HorAau=F6,/p, FNET, HE=#1HmK:
F=F,(x)+F,(x) (5)
Horprpy RRESEETT S, Ry WW-BAHEE 1. Ry RIEHAN:
Fint(X):_GW(X)Z@W(X+eid)ei (6)

Hrb G M EARRJIBREE, w(X) N “BREE” w(x)zﬁlz(p—pcf)/coG , PRES. fEARH, ik
H{ Redlich-Kwong (R-K)RZ T FER A HA R ks st i, HRiEL8:

2

pPRT ap

=170 W (arbp) 0

HIEF ) Fy RIE N
FQ(X):('D(X)_paVe)g (8)

Hrp, g REIINEEE,  p,, 2 BNHE XIEEN PR %
Ty T3, IR A R A T R R DA DU A 4
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0, (x+€5,1+8) - (1) =——[ g, (x.1) - g (x 1) |+ S ©)
T
Horb, gy (xt) REIRE AT REL, o RIREERATIE,  of (x,t) IRl A sk A, HRIA N
eq _ g-U (ei'U)Z_U'U
9 _@TF+ c " 2c! 2¢? (10)
Hp T ORI, U hwmAE . EAX@0)H, JHDl¢ 5HEHR, HERIALA:
_tl1- L[ |y,
¢_TP pq[arl}VLJ 11)
Hre, Abe#e ZEMHREE, HEFNREZH T A4
p=2 1. pu=3ef, pU=3¢f+056F, T=3g, (12)

2.2. HRBIIGF

HRIEHT A TAE[13], AR TR, ARG R, HBE N W EAR S E RN, I
RDoclg|™ . R, KA LR LB B, VKT G R AT A K B R, %
KR RHAT IS

HIREIT, BT XIGE AN, A EE AR LN oy A Teo VS DI B R TE T 7 B I
PRI O — MR BN 5 A T IR, R IR Ty, RESHAMMX OV CR G, BRI
LRI T BRI R FUE AR AT LB Rt [14] . A IR I 5. fEAR S, el il FORIE
I ()L TR A S AL A% 3 [15] [16] THEL X/ 150 x 450, HLARSEIEN: T = 09T,
a=2/49, b=2/21, R=10, =10, =10, ¢,=6.0, p=5426, T,=0.98T,.

A S ELAR (OB B I S N ) 2 B AR A R R 1 PR B & s ARE TR B3R LB
BRAERE T ) TSI S B, ol ek, Bes RS E e Do g™, S%k%k
AWIE RIF[13]
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Figure 1. The relationship between bubble departure diameter and gravity
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DA TR (L AR, RN T A pro IREHE — DRIEWOIN TS KA, R
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T S5 M S R FEHES ], DA ECR A RN, RN T, WuAZIA, Indias bR & mimii
TN MRS aKA L, GRAmENH, REAMEEEREENN, %D, =k 05D, HEHLEH
MIEEEN Po T XU IR IN AL IR ARG T, TR A R R A %A [14], AL
NIRRT . A, Toi R i SN SR (L) 10 SR 2 S i AL A :U[15] [16]. & A A, A&
VRN SRR BN Te=09T,, p=5426, a=2/49, b=2/21, R=1.0, =10, r=1.0, ¢,= 6.0,
L =390, H=10.
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Figure 2. Model domain
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A TR R EIMIE R, K EE S, HAhZ%80y: AT, =0.095T,, D =30, P =54,
HAPAT, =Ty~ Toae WIEIFTR, 1E t=6000 Z, R0 HICEAE T S5 ORI AR A, R EHA R ™
B TR A B, 3X S 350A s A OB Pl P35 KT 1R N SR TR R B o DRI, AR A i S
A TR . t= 13,000 B ZI, R LLE BERANRESe KA T I ES I HLA m R s, RO EEE
MR A IS iR sl), IR = AR 1) HC e I [17]. 53— THD, S TR P R 8 P S e
JIhifd, RN RSB E IR, £E t=17,000 B %), FoOm B BRI B I HOR A G, P <
HEBERA R ESIE. XEE LM SHRIAFS], HRERHMEh R REEI, SIFEHRA
AT BB S, SHERENIRE D, AR AHEL, o) UG R 45 MR K SR A 5 i B,
BB M SV AR NG TR, ST S5 A8 2R A BRI ARCR, XA SIS 345 AR [19] [20]
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Figure 3. Bubble growth and departure process on conical structure surface
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NT SRS RTTIRAEKDE, B 4 Al TREEM S EK 2GR, nE AT
AN, KPR THURBTRE N #AEE TR 23 RSO0 AR ZE R BN & ), FuoRl Ry, J7 ¥ R°PAT T RETH Ho ) <0
AN AR, KPP RETTR BE = TR TR, B Fy>Fy, LA, R fEKSFIr M Eia ST
Fi, SRR B2 AT, Wi SGRIERET R =R B . TEREAMRIT, F TEKF 7 b
153718 0, SIELE Fy MPER PR 5 MM A K, I SIRE R 4R H RS N5 5 R AE &
FF[18].

Figure 4. Bubble evaporation momentum force Model domain
B 4. SAFAHENTEE

4.2. sEREEHIENEE RN

K525 H T HER 5 MR BE P = 110 I 0K S, HAamS808: 1, =0.095 T, D =230.
TEt = 4100 B %1, FRfS9 f mURIURS AR #1542 T AR, JF HoA AU SRR, X2 R A mikd
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Figure 5. Bubble growth and departure process at P = 110
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Figure 6. Boiling curves for different distances
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Figure 7. Bubble growth and departure process at D = 20
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Figure 8. Boiling curves for different sizes
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