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Abstract: The effect of an increase in the temperature of inlet air on the performance of a membrane humidifier
for a PEMFC (Polymer Electrolyte Membrane Fuel Cell) vehicle was investigated both experimentally and
numerically. A shell-and-tube type gas-to-gas humidifier with Nafion membrane was tested. The experimental result
showed that water transfer varies nonlinearly with the temperature elevation. Numerical analysis based on detailed
modeling was also conducted in simplified geometry of a single tube to explain this nonlinear behavior. The
simulation revealed that the local water flux varies nonlinearly and dramatically along the tube. The analysis was
based on the inverse relationship between the increase in temperature and decrease in relative humidity, both of
which seriously affect the water conductivity of the membrane.
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Table 1 Specification of the shell and tube humidifier
(PermaPure, FC150-480-7PP")

Parameters Value
Inner radius of the humidifier shell, R 17.96 mm
Number of the membrane tubes, n 480

Inner radius of the membrane tube, 7uem 0.458 mm
Thickness of the membrane tube, Ouem 0.05 mm
Length of the shell and tube, L 177.8 mm
Membrane density,(z) Prmem 1000 kg/m3
Membrane molecular weight,(z) Moyem 1.0 kg/mol
Membrane thermal conductivity,(g) kmem 0.2 W/m/K

Table 2 Experimental condition

Parameter Value
Dry side flow rate 80.0 slpm
Wet side flow rate 74.0 slpm
Wet side inlet temperature 65 C

Wet side inlet dew point temperature 67 C
Dry side inlet temperature variable

Dry side inlet dew point temperature 0 C
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