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Analysis of Thermal Effect by Coolant Plate Number in
High-Temperature Polymer Electrolyte Membrane Fuel Cell Stack

BYUNG WOOK CHOI, HYUN CHUL JU '
School of Mechanical Engineering, Inha Univ. 253, Yonghyun-dong, Nam-gu, Incheon, 402-751, Korea

Abstract >> High-Temperautre Polymer Electrolyte Membrane Fuel Cell (HT-PEMFC) with phosphoric acid-doped
polybenzimidazole (PBI) membrane has high power density because of high operating temperature from 100 to
2007C. In fuel cell stack, heat is generated by electrochemical reaction and high operating temperature makes a
lot of heat. This heat is caouse of durability and performance decrease about stack. For these reasons, heat
management is important in HT-PEMFC. So, we developed HT-PEMFC model and study heat flow in HT-PEMFC
stack. In this study, we placed coolant plate number per cell number ratio as variable and analysed heat flow
distribution in stack.

Key words : HT-PEMFC(21-2% 1 EXA )& o & A X)), Coolant channel(\dZ}3'd), Temperature distribution(<-
T BT, Stack(XH®)

Nomenclature p : pressure, Pa
Q . heat, W

A area, m’ T : temperature, K
C : molar concentration, mol/m’ Z - velocity vector, m/s
¢y, : specific heat, J/Kg'K Up : thermodynamic
F : faraday’s constant, 96487 C/mol equilibrium potential, V
h : enthalpy, kl/kg Veen : cell potential, V
I current density, A/m’ v : anode channel
k : thermal conductivity, W-m/K inlet velocity, m/s

p : density, kg/m’

t . .
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Subscripts
0  : standard condition
a  : anode
c : cathode
CH : channel
cool : coolant
in  : channel inlet
mem : membrane
H, : hydrogen
O : oxygen
P : pressure
rev : reversible
irrev : irreversible
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Total 3cells
3 cells per 1 coolant plate

Total 4ce||s
4 cells per 1 coolant plate

Total Scells
5 cells per 1 coolant plate

In-plane view
ZIn-plane

Y Along —channel direction

inlet < Thru-plane outlet

——

Length : 80cm

Fig. 1 Stack configuration

Table 1 Properties

Description value

Specific heat capacities

GDL, CL. MEM, Bp | 0% 3300, 1650, 2930 Jkg K

Specific heat capacities

anode, cathode, coolant 10413.6, 1018.27, 2415 JkgK

Thermal conductivities GDL,

CL. MEM, BP 1.2, 1.5, 0.95, 20 W/m'K

Thermal conductivities

anode, cathode, coolant 0.151, 0.029, 0.252 W/m'K

Density

42, 1.24, 1111.4 kg/m’
anode, cathode, coolant 0.42, > g/m

1.2946x107, 2.0709x107,
1.57x107 kg/m's

Viscosity
anode, cathode, coolant
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Table 2 Cell dimensions, operating conditions

Description

value

Cell length

0.8 m

Anode, cathode
channel/rib width

1x107 / 1x10° m

Anode, cathode

3
channel height 0.7107 m
Coolant channel/rib width 0.3x10” / 1.4x10° m
Coolant channel height 0.375x10° m
Thickness of the anode, 3
cathode GDLs 0.35x107 m
Thickness of the anode, 3
cathode CLs 0.05x107 m
Thickness of the membrane 0.1x10° m
Anode, cathode inlet pressure 1 atm
Anode stoichiometry 1.2
Cathode stoichiometry 2.0
Anode, cathode inlet 433 K
temperature
RH of the anode, o
cathode inlet 0 %
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Table 3 Simulation Cases

Case 1 Case 2 Case 3
Voltage 0.6 V 0.6 V 04V
Current density | 3800 A-m?| 3800 A'm”| 8200 A'm™
Coolant AT 10 K 50 K 10 K

Table 4 Calculated Q, inlet velocity (anode, cathode, coolant
CH)

Case 1 Case 2 Case 3
Inlet velocity 2.74/ 2.74/ 591/
(anode/cathode) 7.61 m/s 7.61 m/s| 16.43 m/s
Coolant inlet 0.807/ 0.161/ 2.396/
velocity 1.076/ 0.215/ 3.195/
(3cell/4cell/Scell) | 1.345 m/s| 0.269 m/s| 3.994 m/s
Q 325 W 325 W 9.65 W
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(a)
Case 1, 5cells per 1CP

max : 462.34 K min:433.0 K

(b)

max : 462.24 K min:437.33 K

Case 3:5cell per 1CP

max :499.96 K min:433.0 K

s

44
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44033
43887
437.40 Y
43593 ‘i i'
43447 X
43300
Temp (K) max : 450.97 K min : 433 K max : 455.82 K min : 437.1 K
Fig. 2 Case 1:Temperature contour at middle surface (a) Stack along flow direction, (b) Membranes at each cells
(a)
_— Case 1:5cell per 1CP Case 2:5cell per 1CP
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443.04 Y
439.70 ,[; Z
436.35
433.00
Temp (K)

max : 462.24 K min:437.33 K

max :488.62K min :438.34K

max : 499.66 K min:442.03 K

Fig. 3 Case 1, 2, 3: Temperature contour at middle surface (a) Stack along flow direction, (b) Membranes at each cells
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