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 PEM Fuel Cells: Frano Barbir, ELSEVIER.
 Fuel Cell Explained: Larmie & Dicks, WILEY.
 Fuel Cell Fundamentals: O’hayre, Cha, et al., 

WILEY.
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PEM FUEL CELL 
HUMIDIFICATION

IS CRITICAL
Wa t e r  in  a ir  w ill e va p ora t e  
w / t e m p e ra t u re  t o  e n su re  t h a t  e n ou gh  
WATER VAPOR is  p re se n t  in  t h e  AIR t o  
e n su re  e q u ilib r iu m .
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HUMIDITY is how much water is 
dissolved into air. Has UPPER limit as 
a function on TEMPERATURE.

RELATIVE HUMIDITY is ratio of how 
much water is dissolved compared to 
the MAXIMUM possible. Expressed as 
% of maximum at this temperarure.

DEWPOINT is an ABSOLUTE measure 
of how much moisture is in the air 
and is the temperature air needs to 
be COOLED to reach 100% RELATIVE 
HUMIDITY.

https://www.youtube.com/watch?v=OiejHVHrdOo


Humidity Ratio (MASS/MOLAR)
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 Saturation Pressure of a vapor which is in equilibrium 
with its liquid (as steam with water); specifically :the 
maximum pressure possible by water vapor at a given 
temperature.
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Temperature vs Molar Ratio at Constant Pressure
P = 1 BAR
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Temperature vs Molar Ratio at Constant RH
RH = 0.7

Increased Temperature w/Pressure = DECREASED Water Content (DRY) at 
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 In limited operating conditions, a PEMFC can be run
without extra humidification. Review the figure
below for exit air humidity versus its temperature
with S = 2 and 4 at operating pressure of 1 bar.
Between the operating temperature of 50 and 60°C,
the PEMFC can be run without humidification.

As PRESSURE increases, RELATIVE 
HUMIDITY decreases, i.e. air becomes 
dryer.

As TEMPERATURE increases, RELATIVE 
HUMIDITY increases, i.e. air becomes 
moist.
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A100 plate fuel cell with 300-cm2 active area operates at 0.6 A/cm2 and 0.65 V.

Air is supplied at stoichiometric ratio of 2 and at a pressure of 1.15 bar,
and it is HUMIDIFIED BY INJECTING HOT WATER (60°C) just before the stack inlet.

AMBIENT AIR CONDITIONS ARE 1 BAR, 20°C, AND 60% RH.

The requirement is to SATURATE INLET AIR AT CELL OPERATING TEMPERATURE OF 60°C.
Calculate the air flow rate, the amount of water required for 100% humidification of air at the inlet,
and heat required for humidification.

Adopted from Frano Barbir

1BAR. 20C, 60%RH

1BAR, 100%RH
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Adopted from Frano Barbir
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Adopted from Frano Barbir
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Adopted from Frano Barbir
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 10kW H2/Air FC operates at 0.7V/cell at TFC=70C, ambient pressure 
(101.3kPa), T0=23C, RH=75%, and So2=2.25. How much water is needed for 
seven days of operation?
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Problem 5.1
I 100 Amps
Vcell 0.6 V
q_dot_H2_in 1.8 Nl/min
q_dot_Air_in 8.9 Ni/min

rho_H2 0.090 kg/m3 (g/l) from P = rhoRT
rho_Air 1.287 kg/m3 (g/l)

m_dot_H2_in 0.0027 g/s
m_dot_Air_in 0.1909 g/s

S_H2 2.58 from Eq. 5-50
S_O2 5.36 from Eq. 5-53

c_O2_out 0.1778 from Eq. 5-17

Fuel cell generates 100 amps at 0.6V. H2 flow  is 1.8 Nl/m,
Air flow is 8.9 Nl/m. Find
a. H2 Stoic; b. O2 Stoic, c. O2 at Oulet
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