Transactions of KSAE, Vol. 23, No. 5, pp.545-552 (2015) Copyright © 2015 KSAE/ 138-11
pISSN 1225-6382 / eISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE.2015.23.5.545

HE4AYE 0|Se ARTA| 2a2|E YZad 4

A Design of the Cooling Channel in the Bipolar Plate
of PEMFC Using Experimental Design Method

Xia Zhang « Oh-Jung Kwon * Byeong Soo Oh’

School of Mechanical Engineering, College of Engineering, Chonnam National University, Gwangju 61186, Korea
(Received 26 May 2015 / Revised 8 June 2015 / Accepted 9 June 2015)

Abstract : The heat generation in PEMFC is proportional to the electrical power output. Therefore, when the fuel cell
produced the maximum output, the maximum heat was generated. In order to maintain the performance of the fuel cell,
thermal management is as important as pressure and humidity conditions of the reactive gas. In this study, considering
the thermal management for the maximum output operation, the optimal cooling channel design specifications of
bipolar plate are found for the highest cooling performance. In the current bipolar plate research, many studies focused
on analyzing various factors individually but there is no more study on the interaction between design factors. In this
study, the heat transfer was simulated by COMSOL Multiphysics with the main design factors which are designated
shape, width and rib length. One of the experimental design methods, general full factorial design method, was used to
analyze the main factor and interaction on average temperature and maximum temperature for the design specification
of fuel cell bipolar plate. When analysis result shows that all of these three factors are highly important, it can confirm
that the interaction occurs between the factors.

Key words : PEMFC(ZL&#} A3l d = <1 &2 A]), Bipolar plate(©]= #2]3), Cooling channel(W§ ZH'3),
Experimental design method(Z &2 A1), Full factorial design($Hd 2.1 A))
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Fig. 3 Schematic of heat transfer in an air cooled PEMFC
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Table 1 Boundary condition and initial values of the cooling

channel
Cooling channel

Properties Notes Values
Flow phase Laminar -

Inlet spec. Velocity 3.5m/s
Outlet spec. Pressure outlet 1 atm

Inlet temp. Ambient 20°C

Thermal conductivity Constant 0.02588 W/m-K

Specific heat Constant 1005 J/kg-K
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Table 2 Boundary conditions and initial values of the bipolar

plate
Bipolar plate
Properties Notes Values
Material Homogeneous  Carbon graphite
Specific heat Constant 710 J/kg-K
Density Constant 1970 kg/m’
Thermal conductivity Constant 20.5 W/m-K
Heat flux Steady and uniform  2425.5 W/m®
Convection heat transfer Constant 10 W/m*-K
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Table 3 DOE (Design of Experiment) and result

Experiment factors Result
Channel Rib Max. Ave.
No. Ch}? mnel width length  temp.  temp.
T mm) mm) €O Q)
1 Rectangular 3 1 61.77  46.88
2 Rectangular 3 1.5 64.45  48.99
3 Rectangular 4 1 63.03 4832
4 Rectangular 4 1.5 6521  49.75
5 Rectangular 5 1 63.02 4733
6 Rectangular 5 1.5 64.69  46.79
7 Ellipse 3 1 63.52  48.58
8 Ellipse 3 1.5 6643  50.86
9 Ellipse 4 1 62.69  48.56
10 Ellipse 4 1.5 64.97  50.04
11 Ellipse 5 1 62.56  49.17
12 Ellipse 5 1.5 64.51  50.32
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Table 4 Convective heat transfer

Experiment
Result
factors est

No. Qheulflux Qwolunt Qdispursa

W) (W) (W)

1 34.03 14.48

2 32.87 15.64

3 34.73 13.78

4 33.72 14.79

5 35.55 12.96

6 48,51 34.81 13.70

7 ' 3245 16.06

8 31.39 17.12

9 32.64 15.87

10 31.78 16.73

11 33.16 15.35

12 32.41 16.10
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