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Abstract--One of the methods of water management in PEM
fuel cells is the humidification of gases, which has a great
impact on the performance of the fuel cell. In this study,
modeling of a membrane humidifier with moist air and for
two gases, hydrogen and air on the dry side by ansys fluent.
The equations of mass, momentum, energy and components
have been discrete by finite volume method and solved by the
simple method. Also effect of the flow rate on the dry and wet
side on the moisture percentage of the dry side output,
temperature dew point, water transfer rate and water
recycling ratio were investigated. The results show in a
constant flow on the dry side, if the wet side mass flow rate is
1.1 g/s, the dry side outlet moisture, water transfer rate and
water recovery ratio in hydrogen are about 4%, 0.4% and
0.5% higher. Also that in a constant flow on the wet side, with
an increase in the flow on the dry side, the dew point
temperature difference in hydrogen and air decreases and the
transfer rate and water recycling ratio increase. In a constant
flow rate on the dry side, with an increase in the flow rate on
the wet side, the dew point temperature difference in
hydrogen and air increases and the transfer rate and water
recycling ratio decrease. The results generally show that the
efficiency of hydrogen air humidifier is higher than that of air.

Key Words. Membrane humidifier, fuel cell, heat transfer,
relative humidity, water transfer ratio.

1- Introduction

Water management has a significant impact on fuel cell
performance. Low water levels inside the cell cause the
ionic conductivity of the membrane to decrease. There are
various methods for humidifying gases, each with its own
advantages and disadvantages [1]. Humidification methods
are usually classified into two categories: internal and
external humidification. The difference in water
concentration and pressure on both sides of the membrane
causes water to pass through the membrane surface and, at
the interface between the membrane and the dry channels,
causes evaporation and humidification of the gases on the
dry side. A cyclic system can be used to humidify the air,
in such a way that the humid air entering the humidifier is

the same air exiting the cathode of the polymer membrane
fuel cell, which has been humidified due to the production
of water on the cathode side [2]. Many studies have been
conducted in the field of modeling membrane humidifiers.
Florian Wolfenstetter et al [3]. studying different
membranes in a humidifier, concluded that relative
humidity has the greatest effect on water penetration
through the membrane. Increasing temperature also
reduces water absorption by the membrane. Chen et al [4]
investigated a plate membrane humidifier numerically and
experimentally. They found that by increasing the wet side
temperature from 50 to 80°C, the outlet gas temperature
increased and the membrane vapor transfer rate tripled.
Previous studies have examined air humidifiers; in this
study, the heat and moisture transfer of a hydrogen plate
humidifier is addressed. Also, the effective parameters
(dew point temperature at the dry side outlet, water transfer
rate through the membrane, moisture recovery ratio) on the
performance of the membrane humidifier in fuel cell
application have been investigated and with the help of
numerical modeling of these two humidifiers, their
performance at different flow rates on the dry and wet sides
has been compared.

2- Modeling

A schematic of a membrane humidifier modeled with
parallel channels is shown in Figure (1). According to
Figure (1); a cold, dry stream and a warm, moist stream are
passed through channels located on the sides of the
membrane. Due to the difference in temperature,
concentration, and pressure on both sides of the membraneg,
mass (water) and energy (heat) transfer occurs from the hot
and wet channels and through the membrane to the cold and
dry channels.

3- Equations
Flow is Incompressible, Re<2300, Fully developed and Air
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is the ideal gas. The membrane is homogeneous and only
passes water vapor. Based on the above assumptions, the
equations governing membrane humidifiers include the
conservation equations of mass, momentum, energy, and
species.

4- Validation

To ensure the numerical solution method, one of the
important parameters in the humidifier must be
investigated. According to Figure (2), the output
temperature of the dry side has been compared with the
numerical results of Chen and Peng's study[4]. In the
different discharges of the dry side shown, there is a good
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agreement between the present study and the results of
Chen and Peng and indicates the correctness of the solution
process. The results show that the highest percentage of
error is 0.9%.

5- Results

Figure (3) shows the pressure drop in the dry-side channels
of the air-air humidifier and the hydrogen humidifier with
dry and wet gas temperatures of 300 and 330 K with a flow
rate of 30 mg/s, respectively. In the lower discharge, the
pressure drop is 27 Pa, and in the higher discharges, it
reaches 120 Pa.
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Fig. 1. A schematic of a modeled humidifier
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Fig. 3. Pressure Drop in the Dry Side Channels of Air-Air Humidifier and Air Hydrogen Humidifier
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Fig. 4. The effect of dry side discharge on dew point temperature and output relative humidity

Figure (4) shows the effect of dry side discharge on dew
point temperature and relative humidity percentage of dry
side output at a constant wet side discharge in a membrane
humidifier. Figure (4) shows the effect of dry side
discharge on dew point temperature and relative humidity
percentage of dry side output at a constant wet side
discharge in a humidifier.

6- Conclusion

1) Due to the long path of the canals, the lowest and
highest pressure drops of 27 and 120 Pa are related to
the beginning and end of the canals.

2) At a constant flow rate on the wet side, with the
increase in the flow rate on the dry side, the dew point
temperature and outlet humidity in the hydrogen air
humidifier are higher than in the air humidifier. The
highest temperature of the dew point and the outlet
humidity are equal to 2 K and 4%, respectively.
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