PROBLEM 3.118

KNOWN: Dimensions, convective conditions, bipolar plate, hydrogen and air temperatures
within afuel cell.

FIND: (a) Thedifferential equation governing the membrane temperature distribution, T(x), (b)
Solution of the equation of part (a), (c) Temperature distributions associated with carbon
nanotube loadings of 0 and 10 volume percent.

SCHEMATIC:
N
Hydrogen Air Air: T, =80°C
] q h, = 35 W/mz-K
e
il B e 2L =3 mm

qconv,h qconv,a
Hydrogen: T, = 80°C
h,, = 235 W/m2K

t=0.42 mm _>\‘\<_

ASSUMPTIONS: (1) Steady-state conditions, (2) One-dimensional heat transfer, (3) Uniform
volumetric energy generation, (4) Negligible contact resistance.

ANALYSIS:
(&) Performing an energy balance on the differentia control volume,

q;( + dq;;] = q;( + dx + dq;:onv,a + dqzzonv,h (1)
q;<+dx = q; + (dq;( /dX)dX

where dqy =q-t-dX, dggony,a = Na(T - Ta)dX, ddggnypn = i (T - Tyydx
Noting that T,= Ty, Eq, (1) becomes
q-t-dx = (dg / dx)dx + h,(T - T,)dx + hy, (T - T}, )dx = (dg; /dx)dx + [(ha +hp)(T - Th)]dx

From Fourier’'s law,

q, = -kt dT/dx
T 1 g

and — - ——[(h, +h.)(T-T)]+ =0 <
dx? keffyxt[ a " a] keff,x
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o d’T _ d% : . _
(b) Defining 6 =T - T, and F = d_z , the differential equation becomes
X X

4% (ha+hy), . 4

. =0
dx Kesr x Kest x

Thisisthe second-order, differential equation, and its general solution is of the form

0=Ce™ +Cre™ +5/22

o 12 .
where A= |2ath | g__d
keff,x

Appropriate boundary conditions are;
0(0)=T, - T, =04, d0/dx),_ =0.

Hence, 0, =C; +C, +S/A?
de/dx)x _L=Cpe™ SCone™ =0 C, = Ce?t
Hence, C;=(0p-S/2%)/(1+e®")  Cp=(0p-5/22)/(1+e™)

X -AX
9=(60-S/x2){ o, e }S/xz. <

1+ e2)»L 1+ e—27»L

(©) For h, =35W/m? K, hy, =235W/m?-K and kg, =0.79 W/m-K

35W/m2. K + 235 W/im? K |-
A= - =902 m*
0.79W/m-K x0.42x10° m

10 x 10° w/m®
0.79 W/m-K

For g=10x 10° w/m®, S= =12.7 x 10° K/m?

The temperature distribution without, and with carbon nanotube loading, is shown below. <
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keff,x = 0.79 W/m"2K
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With carbon nanotube loading.

COMMENTS: (1) The carbon nanotubes appear to be effective in reducing the maximum
temperature of the membrane. (2) Contact resistances between the bipolar plates and the
membrane can be large. Hence, the actual membrane temperature will be higher than indicated
with thisanalysis.



