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Abstract: The mesoscopic phase change lattice Boltzmann method was used to study the effect of the medium
porosity on pool boiling heat transfer at the pore scale. The motion processes of bubbles were mainly consid-

ered for different porosities, and the force balance was analyzed in typical states of bubbles in porous media, to
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explore the mechanism of the influence of medium porosity on boiling heat transfer. The results show that,
compared with the flat surface without a porous medium, porous materials can effectively reduce the wall su-
perheat of initial nucleation, enhance the disturbance of fluid, and significantly improve the critical heat flux
(CHF). In the simulation case, the CHF value grows the greatest with porosity & = 73.2% , which is about 3.6
times that of the flat plate case. In the cases of other porosity values, the presence of porous media can in-
crease the CHF value for at least 2.3 times that of the flat plate case. The numerical simulation further demon-
strates that, as the porosity gradually decreases from 97.7% , the CHF value will gradually increases, and the
boiling heat transfer curve will shift to the upper left. This is because a decrease in the porosity can increase the
effective heat transfer area, reduce the wall superheat of bubble nucleation, and strengthen boiling heat trans-
fer. When the porosity decreases to ¢ = 73.2%, the heat flux density will suddenly drop and the boiling heat
transfer performance will significantly decrease with the reduction of the porosity. The analysis of force balance
of the bubbles during the boiling process indicates that, for a low porosity, too small pore diameters would sig-
nificantly increase the escape resistance of bubbles, reduce their rising speed, and lengthen the time of bubbles
leaving the porous medium; at the same time, bubbles will gather on the surface of the heater under the com-
bined actions of the evaporation momentum, the contact pressure, and the friction, thus deteriorating the boil-

ing heat transfer performance.
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Fig. 1 Schematic diagrams of physical problems and heat conduction between porous media
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Table 1  The unit conversion from lattice units to physical units
parameter lattice unit physical unit conversion factor
P 5.426 570.02 kg/m? 106.16 kg/m*
Py 0.8113 86.13 kg/m? 106.16 kg/m?
ly 16 4.72x107 m 2.95x107" m
1w, 0.035 8 38.56 m/s 1 077.09 m/s
t 447.8 1.224x1077 s 2.734x1071 5
v 0.06 1.9x107% m?/s 3.18x107* m?*/s
T, 0.196 1 647.2 K 3300.36 K
Pe 0.178 4 2.21x107 Pa 1.24x10% Pa
e 4.0 1405.9 J/ (kg -K) 351.48 J/ (kg *K)
By, 0.624 7.26x10° J/kg 1.16x10° J/kg
A, 32.556 390.67 W/(m -K) 12 W/(m -K)

30 B g R

31 AREMETSANRHRKENINAETH

AR T AR T REZ AN T i, A, W3, LIt BT DL Gk i 2L A
TS A REE R T L AEAT M AEAN R SRS T 22 5, JRATERL T IR 2 2350k 0.987,, 1.017, LA
K 1.0ST, (yBbIE R, FREXT 2R 3 A ARIFLER 20 BT, ENTRFLBRR5 50 92.6% , 73.2% DL &
61.2% ,BRFLERSN AT RSHO B AR, AR LB Py, = 351, @ b7 = 7.25, AT HE
A = 32.556, RIEEAABLE N 57°.

Bl 20 e =92.6% MZFLA AE 3 FMARIREE T, b B i 1 B v R 2 SRS B Foh B 2(a) \2(b)
F2(c) BIMPGREE 732508 0.98T,1.017, AKX 1.05T, & 2(a) FRTLAL I 7E ¢ = 33.50 B2, i does
A AR B B S (RS AT, XA B WA 78 ¢ 7 = 60.29 B, th T 2 LA B A BELAR & 2
TEAE (ANE A LL A B ERAE TR ) | RS PSSR AETE T P VE R G2 A28 22 1, LA B B8 SR AR A T
PN ATER P EAE ¢ © = 69.23 F 2% i Z LA TS IFa% | b — Ak 200 5% A e I 3028 25 1 9 <03
MFLRAR B A2 5 T — Bk B S PR R, AR Ui Sy M i 4225 0k B IR 2. A 8] 2.(b) B,
BEE PR B4R S 2 1,017, , AT RAAI . 24040 o v A6 04 1A o7 5 D 184 00, A% B (v A, i =2 3217, 7 ¢
= 8.93 W Z, NG - F AT 4 AN [R1FR PN A AR B B SR AR K BB R T 2L B BR A, X 5
TR IS O — 3, (EORTRI A, i ot SR 3, AR SE sl 20, AR s < B s B B 3 (¢° =
33.50) (B, X EESAETE ST IPE T M BT, IF Bk 20 BT, PO B SR iR (¢ = 40.20) ,



354 A R~ G SO | ) = 2024 4 5545 45

LI IEIAE ¢ © = 44.66 N 2145 7 (G585, JF HAE /- B i i A b il TR R | 2o A — 4
ANTHIREZ 73 7 ARSI MR 28 1,057, , M 2(c) Hmf DU B . ey TR d I £Ale B A 384, A% st ]
HE— PR (17 = 6.70)  WIAEE —FEAHL ™ A BRI IR IS (1° = 26.80) , HT— 5 B RAE A s
BER LR T R (e =35.73) , WARILT O BIA R E IS h AR,

t'=8.93 t"=33.50 t"=40.20 t"=44.66

(b) T, = LOIT,

t"=6.70 =17.87 t"=26.80 t*=3573

(e) T, = LOST,
2 fLERRN 92.6% M Z LA FAEMBGREE T, = 0.98T,,1.01T,,1.05T, T B2 S HR A K
Fig. 2 Bubble state diagrams of porous media with a porosity of 92.6% at heating temperatures 7\, = 0.98T,, 1.017, and 1.05T,
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Fig. 5 Bubble state diagrams of porous media with a porosity of 61.2% and a contact angle of 73° under heating temperature 7)) = 1.017
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Fig. 8 Bubble state and heater temperature field distributions of porous media with different porosities

at 0.997, heating temperature (¢* = 51.36)
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Fig. 9 The aggregation states of bubbles during the boiling processes of samples with & = 73.2% and ¢ = 67.6% at 2 heating temperatures
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Fig. 11  Force analysis of the bubble aggregation process in & = 67.6% samples
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Table 2 Maximum contact pressures of bubbles in porous medium samples with different porosities ',

and average rising speeds V, . (lattice units)

porosity & /% z* R, d, o Foom Vive
97.7 33.50 47.37 258.79 0.009 5 10.55 4.50x1076
92.6 37.96 51.06 285.21 0.009 5 11.89 5.24x1076
85.2 42.43 51.53 289.66 0.009 5 12.15 4.38x1076
73.2 46.90 50.20 312.58 0.009 5 14.52 4.30x1076
67.6 53.60 56.84 353.96 0.009 5 16.45 3.83x107°
61.2 58.06 58.80 372.42 0.009 5 17.60 3.49%x107
53.5 69.23 56.44 374.01 0.009 5 18.49 2.60x107
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