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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. 
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Problem Information

Example Problem Statement:
In this example problem we will study conduction and convection heat transfer in a fuel cell.
a) If you have a single cell fuel cell with cell voltage Vc = 0.8 V, what is the fuel cell LHV efficiency? If the current is 1 A, how much power is generated? What is the heat production in the fuel cell?

b) Assume that all of the heat generated is conducted through the fuel cell (with unkown thermal conductivity), and then removed by convection (with heat transfer coefficient 65 W/m2-K). The internal temperature of the fuel cell is 50 oC and the air temperature is 20 oC. Determine the surface temperature and the thermal conductivity of the fuel cell, assuming a linear temperature profile between the internal and surface temperatures. Note that the cell area is 10 cm2.
The schematic below may help you in analyzing this system. Note that heat conduction is inside the fuel cell, and heat convection is from the air to the surface of the fuel cell.


[image: image2]
Example Problem Solution:

Part a.

Step 1) The LHV efficiency is given by:

 = Vc/1.25 (this is given on page 34 of the 2nd edition of Larminie and Dicks). For Vc = 0.8 V, we have

 = Vc/1.25 = 0.8/1.25

 = 0.64

Step 2) The power produced by the fuel cell is equal to the product of the current and cell voltage:



P = IVc



P = (1 A)(0.8 V) 

P = 0.8 W

Step 3) The heat production is given by:

Q = P (1/ – 1) (this is equation A.2.11 on page 400 of the 2nd edition of Larminie and Dicks). Substituting the value of P and we have:

 Q = P (1/ – 1) = 0.8 W (1/0.64 – 1) 

Q = 0.45 W

Part b. 
Step 1) Since the heat transfer coefficient is given, we can calculate the surface temperature using Newton’s law of cooling. The formula is given by Q = hAT  (equation 15-11 on page 208 of the 4th edition of Welty, Wicks, Wilson, and Rorrer),  where h is the heat transfer coefficient, A is the cross-sectional area,  and T is the temperature difference between the surface and the bulk fluid (air).

Solving for the surface temperature we have:


[image: image3.wmf]hA

Q

T

T

air

surface

+

=



[image: image4.wmf])

cm

10

m

)(

cm

10

(

K

m

W

65

W

45

.

0

C

20

4

2

2

2

+

=

surface

T



[image: image5.wmf]C

9

.

26

=

surface

T


Step 2) Knowing the surface temperature we can now solve for the unknown thermal conductivity. To solve this problem, use Fourier’s law of heat conduction, Q = - kA T / x (this is equation 15-1 on page 201 of the 4th edition of Welty, Wicks, ,Wilson, and Rorrer), where k is the thermal conductivity, A is the cross-sectional area, and T is the linear temperature difference (here it is Tinternal – Tsurface) over a distance of thickness x. Note that this temperature profile is linear only under steady-state conditions.

Solving for k, we have
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Step 3) Analysis: If the fuel cell were less efficient, there would be more heat generation, and for the same values of h and k, there would be a higher internal temperature in the fuel cell, which could impact long-term performance.
Home Problem Statement: 
a. Consider a one cell fuel cell. The cell voltage Vc is measured as 0.65 V. What is the LHV efficiency of this fuel cell?

If the current density is 800 mA/cm2, and the cell area is 20 cm2, what is the electrical power production and heat generation rate in Watts? To solve this problem, recall that the current density is equal to the current divided by cell area, i = I/A. 

b. The surface of the fuel cell is at 35 oC. At the electrode, 5 mm away, the internal temperature is 37 oC. If the thermal conductivity of the fuel cell bipolar plate material is 10 W/m-K, what is the heat flux in W/m2, and heat loss in W? What fraction of the heat generation is being removed by conduction? 

c. A convective heat transfer coefficient h is removing 2 W of heat from a different fuel cell. The surface of the fuel cell is 35 oC, and the gas temperature is 25 oC. What is the heat transfer coefficient in units of W/m2-K? How does your answer compare to a typical value of 65 W/m2-K? What happens to the internal temperature of the fuel cell if h decreases?
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