CACHE Modules on Energy in the Curriculum

Fuel Cells

Module Title: Energy Balance with Convection and Radiation Heat Transfer in a Fuel Cell 

Module Author: Zachary Edel and Abhijit Mukherjee
Author Affiliation: Michigan Technological University

Course: Heat Transfer
Text Reference: Incropera et al., 2007, Fundamentals of Heat and Mass Transfer, Sixth Edition.
Concepts: Energy Balance, Newton’s Law of Cooling, Radiation Heat Transfer
Problem Motivation:

Fuel cells are a promising alternative energy technology. One type of fuel cell, a proton exchange membrane fuel cell reacts hydrogen and oxygen together to produce electricity. Fundamental to the design of fuel cells is an understanding of heat transfer mechanisms within fuel cells. Heat removal from fuel cells is critical to their scaleup for large power applications.
Consider the schematic of a compressed hydrogen tank feeding a proton exchange membrane fuel cell, as seen in the figure below. The electricity generated by the fuel cell is used here to power a laptop computer. We are interested in analyzing heat transfer within the fuel cell, which involves the determination of heat transfer coefficients, thermal conductivities, and temperatures at certain locations within the fuel cell. 

[image: image1]
Problem Information

Example Problem Statement:
The temperature of a 7-Watt, single fuel cell is regulated by forced convection heat transfer to air at 20oC and exchanges radiation with the surroundings, also at 20oC.  The fuel cell consists of a Membrane Electrode Assembly (MEA) and two gas distribution plates.    Each square, graphite plate has an external area of 50 cm2 and an emissivity of 0.80.  The fuel cell is 45% efficient and operates at a steady-state temperature of 80oC.  Assuming the air cooling system can be modeled as laminar flow over an isothermal plate with Pr ≥ 0.6, the average Nusselt number can be determined from Nu = 0.664*ReL1/2*Pr1/3.  How fast must the air be flowing to maintain steady-state operating conditions?

Example Problem Solution:

Fluid:  Air,  T∞= 20oC,  Tsurr = 20oC,  Ts = 80oC

ε = 0.80,  η = 0.45

Atotal = 2(50 cm2) = 100 cm2 = 0.01 m2 
Characteristic length for convection:  L = Aside1/2 = 7.071 cm

Film Temperature:
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Properties of Air at 323 K:

ν = 18.20 x 10-6 m2/s

α = 25.9 x 10-6 m2/s

Pr = 0.704

k = 28.0 x 10-3 W/m-K

Let 
η      = Efficiency of fuel cell
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   = Electrical work produced by fuel cell
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Thermal Energy Balance on Fuel Cell:


[image: image8.wmf]0

=

=

-

system

out

in

dt

dE

E

E

&

&



[image: image9.wmf](

)

0

=

+

-

rad

conv

gen

q

q

E

&



[image: image10.wmf]rad

gen

conv

q

E

q

-

=

&



[image: image11.wmf](

)

(

)

(

)

(

)

(

)

[

]

W

K

K

m

T

T

A

q

K

m

W

surr

s

tot

rad

7

.

3

)

293

(

353

10

67

.

5

01

.

0

80

.

0

4

4

8

2

4

4

4

2

=

-

´

=

-

=

-

s

e



[image: image12.wmf]W

W

W

q

conv

 

86

.

4

 

7

.

3

 

56

.

8

=

-

=



[image: image13.wmf]3

1

2

1

Pr

Re

664

.

0

L

L

k

L

h

Nu

=

×

º



[image: image14.wmf]2

1

3

1

Pr

664

.

0

÷

ø

ö

ç

è

æ

×

×

=

n

L

V

L

k

h



[image: image15.wmf](

)

(

)

¥

¥

-

÷

ø

ö

ç

è

æ

×

×

×

=

-

=

T

T

L

V

L

L

k

T

T

A

h

q

s

s

conv

2

1

3

1

Pr

664

.

0

2

n



[image: image16.wmf](

)

(

)

(

)

K

m

W

s

conv

K

K

m

W

T

T

A

q

h

2

1

.

8

293

353

01

.

0

 

86

.

4

2

=

-

=

-

=

¥



[image: image17.wmf]3

1

2

1

2

1

2

1

Pr

664

.

0

×

×

×

×

=

k

L

h

V

n



[image: image18.wmf](

)

(

)

(

)

(

)

(

)

2

3

6

2

3

1

2

2

3

1

704

.

0

10

0

.

28

664

.

0

1

.

8

 

07071

.

0

10

20

.

18

Pr

664

.

0

ú

û

ù

ê

ë

é

´

´

=

÷

÷

ø

ö

ç

ç

è

æ

×

×

×

×

=

×

-

-

K

m

W

K

m

W

s

m

m

k

h

L

V

n



[image: image19.wmf]s

m

V

306

.

0

=


Home Problem Statement: 
The temperature of a single fuel cell is regulated by forced convection heat transfer to air at 20oC and exchanges radiation with the surroundings, also at 20oC.  The fuel cell consists of a Membrane Electrode Assembly (MEA) and two gas distribution plates.    Each square, graphite plate has an external area of 150 cm2 and an emissivity of 0.90.  The fuel cell is 40% efficient and operates at a steady-state temperature of 80oC.  Assuming the air cooling system can be modeled as laminar flow over an isothermal plate with Pr ≥ 0.6, the average Nusselt number can be determined from Nu = 0.664*ReL1/2*Pr1/3.  What is the power generated by the fuel cell if the air velocity required to maintain steady state operating conditions is 2.0 m/s?
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