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Mathematical model of heat and mass transfer in wet coating
coupled with hot air and electrode plate

WANG Jiajun, ZENG Yue, MA Hongqiang, XIE Yue, WANG Shengxun

(School of Civil Engineeringand Architecture, East China Jiaotong University, Nanchang 330013, China)

Abstract; In order to address the complex numerical calculations of the heat and mass transfer processes in the wet
coating of electrode plates during convective drying, this study comprehensively considers the combined effects of
hot air and the aluminum substrate on the thermal and mass transfer characteristics of the wet coating. Based on the
multi-field coupling theory in porous media, a three-dimensional mathematical model of heat and mass transfer in
the hot air-electrode plate wet coating is established using a meshless parallel method. Meanwhile, a difference
calculation method for the heat and mass transfer process in the wet coating is proposed. Due to the high
requirements for computational accuracy in mathematical model, a scale simulation method based on similarity
theory is proposed to improve computational efficiency. The reliability of this method is validated through the
comparison of temperature and humidity variations of wet coatings at different scaling ratios. The results show that
the determination coefficient R* of humidity assessment of the wet coating at different scaling ratios is greater than
0.99. The simulation time for the original-scale model is 5 hours, while the simulation time for the scaled model
with a scaling factor of 800 is 2. 77 hours, representing a 44.6% reduction compared to the original model, thus
effectively improving the numerical computation efficiency. Finally, the reliability of mathematical model is
validated based on scale simulation method. The results show that the simulation temperature and humidity values
from the hot air-electrode plate wet coating heat and mass transfer model have errors within + 15% of the
experimental data, with only a few data points exhibiting slightly larger discrepancies, indicating that the model is
reliable.
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field theory in porous media; difference calculation method; scale simulation method
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Fig. 1  Physical model of hot air and electrode plate wet coating
in convective drying process
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Tab.1 Model parameters and material properties

FESH BAH Hfy FESH Hf B,

KAUE P, 101 325 Pa PR T, 373.15/383.15 K
WEHEMEHERR 8.314 J/(mol-K) || TBIREMWILGEE T, 301.65 K
B2 THILIAE C, 1 005 J/(kg-K) || PP u,, 0.8 m/s
KIIHEAE C, | 4186 1/ (kg-K) || ZMEEIREE M, 0.028 kg/mol
[ RTEBTY LIS C, 710 J/(kg-K) || /KIYEE/R G M, 0.018 kg/mol
M2 TR p, 1.205 kg/m’ M SN FI B 2x107° Pa-s
IKHIFE p, 998 kg/m’ TEIRIEIIREE 8,00 1.0x10"* m
[ PR FE BT 2 BE o, 990 kg/m’ BRI JEEEE 8, 1.0x107° m
M2 AP TAR A, 0.042 4 W/ (m-K) || SIERIZHRIG WL 5, 3.27x107° m
KRR A 0.59 W/ (m-K) || MIRZWIEE KA S, 0. 506 —
[ RS I FAF A 2250 W/ (m-K) || {BERZENILER ¢ 0.642 —
ARG A 401 W/(m-K) || HXBE ¢, 0.45 —

2 HMREZVSHY
Tab.2 Parameters of scaled model

FEHESH B (m =400) B (m =800) Hfir

TEEAR K S5/ 1.4/1.25/1.375 0.7/0.625/0.687 5 mm

X 320 640 m/s

M S 1.205 1.205 kg/m®

s S g 2x107° 2x10°° Pa-s

T 25 S04 i U B e 1.6 x10° 6.4 x10° 1/ (kg+K)

M YT IR FE TR 2.56 x10'° 4.096 x 10" kg/m?

i V7t B A 1143 B AR 1 1 —

it VAR AR 1438 B R 1.3 1.3 —
2 S LA 1 005 1 005 J/(kg-K)

PR 373.15/383.15 373.15/383.15 K
s S AR 0.042 4 0.042 4 W/(m-K)

TEHIEREE R 0.8 m/s FREE N 373,15 K/
383. 15 K DA M FREEAHXR BE N 55% B &40 F , i
4 RO m =400 F1 m =800 F 14 )2 10 & K4 Fn

JE 2 SR BT UM BOR B, A R 18] 4
s . ARYE(55) , IR 00 R 46 R LG T )
FE R IIT 0.99 IR 45 KA BA W 5EdE, 55
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Fig.4 Comparison of water saturation (S, ), air saturation (S,) and D, of wet coating at different scaling ratios
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Fig.5 Schematic diagram of boundary conditions for hot air and
wet coating
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Tab.3 Boundary conditions

it WA (1) NF(2) BH(3) NF(4) BH(5)
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R,) and temperature of wet coating at different temperatures of hot air
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