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Technology for Estimation of Fuel Cell Stack Temperature
Using Transient Heat Transfer Simulation in Cell Stacking Direction
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A simulation of transient heat transfer in the
cell stacking direction was developed that makes it
possible to estimate the temperature of the MEA at
different arbitrary stacking positions within the stack,
including the case components and the end cells, at a
high level of accuracy under all operating conditions
that can be assumed for the vehicle environment.
With regard to factors that have a considerable effect
on the temperature of the MEA but necessitate a
high volume of calculations, the introduction of a
correction term based on fundamental data measured
in a stack while generating power simplified the
calculations. In addition, by contrast with conventional
simulation technology, factors that have little effect
on the temperature of the MEA were identified and
omitted. These initiatives have made it possible to
conduct coupled calculations for the constituent
components of the stack without any decline in the
accuracy of temperature estimations. It was verified
that the simulation of transient heat transfer in the
cell stacking direction was able to realize the target
figure for temperature estimation accuracy of within
+5% against actual measurements for both steady-state
stack generation conditions and stack warm-up mode,
including transient states.
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List of Symbols

A,, Heat transfer area of external air [m’]
A, Heat conduction area [m’]
A,, Coolant heat transfer area [m’]

C Heat capacity [J/(kg-K)]

hys  Coefficient of heat transfer between A and B [W/(K-m®)]
h,,,  Heat transfer coefficient of external air [W/(K-m*)]
Heat transfer coefficient of coolant [W/(K-m?)]

1 Current [A]

I Length [m]

m Mass [kg]

t Time [sec]

T, Surface temperature of A [°C]

T Surface temperature of B [°C]

T,, External air temperature [°C]

T., Coolant temperature [°C]

T, Temperature of n components [°C]
T,  Temperature of n+1 components [°C]

0, Amount of heat transfer between A and B [W]
0y Amount of heat conduction in B [W]

Q.. Amount of heat release to external air [W]

Q... Amount of heat exchange with coolant [W]

0. Amount of heat conduction [W]

0, Amount of internal heat generation [W]

Q1 pans Amount of internal heat generation for general components [W]
O, uea Amount of internal heat generation for MEA [W]
O Amount of heat generation at interface [W]

0,, Amount of heat conduction for n-1 [W]

0, Amount of heat conduction for n [W]

0, Amount of heat transfer [W]

R Specific electrical resistance [Q]

Interface electrical resistance [Q]

Voo  Coolant flow rate [L/min]

a Correlation coefficient [-]

A Thermal conductivity [W/(m-K)]

AE  Voltage drop [V]

I ‘1‘

an

fi 5 il il
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