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Fig. 1. Schematic diagram of the physical problem.

WITRETZ, FEAR DX S8 e i M R T = 0.9T
BIE N oy RS ANRAAR. TIn#ie R N Tu
T AR EE Ty > Teo . A 3C LB WS AC R
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SERFR, MINAEHE R = PR AR R, R A &
. R-KEOS H S E R T, = 0.1961, a =
2/49, b=2/21, R = 1.0, MR A AR
WHEEY BN pr = 5.426, p, = 0.8113, AR ¢ =
cn=4.0, cpy=cw=2.0, B JIFHE 1=0.3257, p, =
0.0487 , Y W R 4L ay = 0.05, oy = 0.06, WA FN
ZAFIEL R A\, =11.15. SCHK [37] ZERFFEI
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0.4, 1.0 #1 1.5, KBL=34 CHF 225K, Hitk, A3
B (pep)s/(pepi =1.0, B (pcy)s =21.704, ay =15,
D FEL S /AR A A /SR R AR A/ =
30, As/Av =334.4. FSAHEHI e = 2.2360 , 78
KGR E RN ey /a1 = 0.4472.

2 S BN R S B S 2, AR SOREVR A
o SR [38) 1 it i A AR RSB AR SO

Ny o e WAL FoR
lo = m, Uy = \/9705
to =lo/uo, qo = vpihg/lo, (23)

Ho ey AR AR, T AN RE | TG A ],
Jo i I P € LA LF = L/ly, t* =t/to,
¢ = q/q0, MRS EAIRE T A7 L5 ) BN Fe
WL 1. T3 Az il s I vy 2 5 I ) 1 2 ] S 2

o=/ o] /1), (24)

e, 2 ¢, i 18] BOZ BB IS 140 5 BOAR K — Bt a],
q Rz

L),

THE AR Pl R SEOEE N hy = 0624, 0 =
0.095, g = (0, —0.00008) .

# 1 KTHRAS YRR

JLu.  (25)

Table 1. The unit conversion from lattice unit to

physical unit.
5 AL /LU R A FEAR

P 5426 570.02 kg/m’ 106.16 kg/m?3
pv. 08113 86.13 kg/m?> 106.16 kg/m?3
lo 16 472 x107%m 2.95 x 10~" m
uo  0.0358 38.56 m/s 1077.09 m/s
to 4478 1.224 x 1077 s 2.734 x 10710 g
v 0.06 0.19x10"*m?/s 3.18 x 10~* m?/s
T.  0.1961 647.2 K 3300.36 K

Pe  0.1784 0.221 x 108 Pa 1.24 x 108 Pa
cl 4.0 1405.9 J/(kg-K)  351.48 J/(kg-K)
htg  0.624  0.726 x 105 J/kg 1.16 x 10° J/kg
As 32556 390.67 W/(m-K)  12.0 W/(m-K)
g0  0.01269 1.69 x 10° J/(m? -s)1.33 x 10 J/(m? - 5)
€oer 2236 1.98x 10711 F/m 8.85x 1072 F/m
€0€y 1 8.85x 10712 F/m 8.85x 1072 F/m
% 1 1096.96 V 1096.96 V

4 BPHER

41 ZEBHEANEERESHEBREL
T 335 B 1t BE AR IR
TERFSE 24 5) v VR T B B0 235 4 2R T b
[ ¥R 2 R, A BN IC L SR AT 2R (B
& 1 TCHEASSHIE O T AR R 45 T 1
s P ARG AT S BUE R, HER SR RT
Nhxl=6x12.

4.1.1 K

T LR 7 - 8 2 TR B S 3R T 1) 0 s 46
PVERE, 22 T R AP S £, InfEl 2 Fw,
ﬁ*ﬁfﬁﬁﬂﬁi AT = (Tb - T'sat)/Tc 3 /E\:EF‘ ONB
(onset of nucleate boiling) &7~ 1% 2 W 15 AL i £
WLEE AL 3 0.06 < AT < 0.14, WAL TR
fis BB, LU B B 2 1 () PR B R T R
I 24 AT > 0.14 , BEE AR B RO, R %
S ISTI NS TR, B RS 7 BB
1o Y T i T BRI 2 0l JS I B, 3 A B B
PR /N T A, B B B
ZEROR, WEZS B S B B 22 BE /N LA, Sl 2
() CHF RTF 1 200 1 Ui WX T AN [ A 15 B
B, P SRR R AW RE A P22 .
TARFEA I 1 B B P A 1T ) W S H AL, L
TR MAZZS T | a P RS R 3 4B Bk
Frotr.
0.48
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0.40
0.36
0.32f
.28}
0.24f
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—=— Smooth surface

—4— Conical surface
04 Lo . . . . A ) ) . .

0.05 0.07 0.09 0.11 0.13 0.15 0.17 0.19 0.21 0.23
AT

Pl 2 - T R S 5 TR )l S 1 £

Fig. 2. Boiling curves for smooth and conical surfaces.
H 3s Hh

ARG 2 T RTS8 2 T ) A 2 i ot
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4.1.2
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Ivi] S} 220 () A< A R . LR A 3(a) & PR, 7
t* = 33.50 BF 2], 7E -1 2% 181 A0 A6 B 4> /N R
S, SEIRAE EAE R 55, kA TR A A A
o B, BEAE A% R R, 7E ¢+ = 37.96 B ZI
ML BN RSTHER, IFTE = 42,43 I ZI 7R TR
I3 (FFJIREE J7) ROVE R B B RE . X T A SR
il (& 3(b)), t* = 33.50 i ZI 763 538 =2 [] A p
4 A, BRI AT Rl Rm. ¢ = 37.96 i)
2, HER R AR IR, IRTE ¢+ = 42.43 1 %)
SO 000 A= I R 1A, L v ) A R 3R TR R
BRI LG, X P FR i B AS, T LA
HER TR I T A A, HA R ST K.

t* = 33.50 t* = 33.50

[ I— e 8 _ 8 _ 0"
[ S e S
t* = 37.96 t* =37.96

[ . . . : [ ] . [ ) : . :
t* =42.43 t* =42.43

. .
. . .0

[ A S
(a) (b)

K 3 T, = 0.96T; I, -7 2 1f 1 532 3% i A4 b 6 i 7
Fig. 3. Snapshots of the boiling processes on smooth and

conical surfaces under Ty, = 0.967¢ .

AT R R R U A L, A 4
JER T 5I& 3 v tx = 33.50 B Z0 % 07 F-) G 25 1t A
HER T P TR A0 A . AT LA BRI T [ R N
&b S TR R BT i S N N 9
JE, 3R EA R SRR TR, EREEY
[T A PN B B s, T A SR A AR PR (BT A T
Fric i) R I s T P A, 3K Tk 5
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Fig. 4. Temperature distribution during the boiling process
with T}, = 0.96T; and t* = 33.50.
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Fig. 5. Snapshots of the boiling process and the flow field
distributions on smooth (a) and conical (b) surfaces under
Tp, = 1.047; .
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Fig. 6. The time histories of space-averaged heat flux on

smooth and conical surfaces under Ty, = 1.047¢ .

4.1.3 FEHE

AT 5T ' 1 2% 1R1 RTS8 2% 1T 1) 3o 0 s s ok
&, MPGEFEER T, = 1.067, . [# 7 RIFELSH T T
0T R o 2 T AT A A D R Y R 2 4 55
A7, W] LA BT 2 RN R T A A AR S K T
T S AR IS, SO EAEH 1%, X F
WG FRT, SUTE ¢ = 82.63 I (i H K43 Ik
FM, JEAE ¢ = 84.86 I % KA G, T REM
YRR, S A 9T A A AY KRS i ) = AH
ST LA Bl JRTE ¢ = 87.09 I 21 i B
PRI, AT T AT S R S S AR R A T
AT A SIS, AR T A T P B S A
B X THER T (A 7(b)), TR
S IR, ¢ = 82.63 I Zl ik i A i 2%
W, BB S E e, 16t = 84.86 %57, 5F
WM, B FRER —AH 5 84.86 £ 87.09 B
6] BEAX ) H O B 32 10 K TR S, 9F H
t* = 89.33 I 2B A IR TH B 78 B A 75, X i

AP 3 28 2 TR R T AT A3 ) shBEL 7. 26
T 4 45 4 BHL A I R 3 B L4, Ezzatneshan
8 R TR HETE I S AL R 25 A R i xS sh 1
AT R M AL Z5 8.

(a) (b)

7 Ty =1.06T;, V¥R (a) LM (b) 19
Tk R L 4 3 3 43 A

Fig. 7. Snapshots of the boiling process and the flow field
distributions on smooth (a) and conical (b) surfaces under
T, = 1.06T¢ .
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Fig. 8. Snapshots of the boiling processes on smooth (a) and
conical (b) surfaces under Tj = 1.127T¢ .
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Fig. 9. Local heat flux on smooth and conical surfaces with
Ty, = 1.127; and t* = 96.03.
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Fig. 10. Snapshots of boiling processes on the conical surface at T, = 0.967; under different electric field intensities: (a) E, = 0;

(b) Ey = 0.0517; (c) E, = 0.0862; (d) E, = 0.1207.
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Fig. 11. The time histories of space-averaged heat flux on
the conical surface with T}, = 0.967; under different elec-

tric field intensities.
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Fig. 12. Snapshots of boiling processes and the distribution
of localized electric field forces on the conical surface at
T, = 1.04T: with Eg =0 (a) and Eg = 0.0862 (b).
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Fig. 13. Distribution of electric field strength |E| around

the conical structure (potential difference V =50, t* =
44.66 ).
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Fig. 14. The time histories of space-averaged heat flux with
Ty, = 1.04T; under different electric intensities of Eg =0
and Ep = 0.0862.
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Fig. 15. Snapshots of boiling processes and the distribution
of localized electric field forces on the conical surface with
Eo = 0.1207 under different wall superheat degrees: (a) Ty, =
1.06 T,; (b) T, = 1.12 T,.
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Fig. 16. The time histories of space-averaged heat flux with
Eo=0 and Ep =0.1207 under (a)Tp =1.067c and
(b) T, = 1.12T¢ .
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Fig. 17. Boiling curves on the conical surface for different

electric field intensities.
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Abstract

The saturated pool boiling heat transfer on a conical structure surface under the action of an electric field
is numerically investigated by using the lattice Boltzmann (LB) model coupled with an electric field model. A
comparison study of boiling heat transfer phenomenon smooth surface and conical surface without the action of
an electric field is first conducted in order to quantitatively analyze the mechanism of the electric field effect on
boiling heat transfer on the conical structure surface. It is discovered that the conical structure has more active
nucleation sites during the nucleate boiling regime, improving the boiling heat transfer efficiency and enhancing
the critical heat flux (CHF). However, in the transition boiling stage and film boiling stage, the conical
structure increases the flow resistance of the fluid on the fin surface, hindering heat transfer between the vapor
and liquid and producing lower heat transfer performance than smooth surface. Based on the aforementioned
findings, the boiling heat transmission on the conical structure surface is enhanced by applying an electric field.
Numerical results indicate that the effect of the electric field on the boiling heat transfer performance on the
conical structure surface is related to the boiling regime. In the earlier stage of the nucleation boiling regime,
when an electric field is present, the onset time of bubble nucleation is slightly delayed, bubble size decreases a
little, and boiling is slightly suppressed. However, the combination effect of electric field and conical structure,
especially the tip effect, prevents the spread and diffusion of dry areas on the heating surface, thereby enhancing
boiling heat transfer in the fully developed nucleate boiling stage. The tip effect grows more evidently in the
transition boiling regime and film boiling regime, and increasing electric field intensity causes boiling to
continue in the nucleate boiling regime at a higher superheat level. As a result, boiling heat transfer

performance is greatly improved, and CHF steadily rises.
Keywords: conical structure, electric field, lattice Boltzmann method, pool boiling
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