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Abstract

Heat management in the polymer membrane fuel cell is
very necessary in order to achieve the maximum suitable
temperature and temperature distribution inside the cell.
The heat pipe, with its unique features and no power
consumption, is a very suitable option for cooling and heat
management of the fuel cell. In this article, in the first step,
by presenting the governing equations of the heat pipe, the
simulation of the heat pipe is dealt with separately. In the
second step, the heat pipe(s) are installed inside the fuel
cell and the modeling of the heat pipe-fuel cell coupling
and the effect of the installation position and the number
of heat pipes inside the fuel cell for its cooling are
discussed. The results show that for the selected fuel cell,
1 heat pipe is not suitable (the maximum temperature of
the cell is 396 K) and 2 heat pipes are needed. By installing
2 pipes symmetrically with a distance of 25 mm from the
side of the fuel cell and 25 mm from the center, the
maximum temperature of the fuel cell becomes 361
Kelvin, which reduces the maximum temperature in the
fuel cell compared to other positions of installing the
pipes.. This shows that the symmetrical placement of the
pipes reduced the maximum temperature and creates a
more uniform distribution of the temperature on the fuel
cell.

Key Words polymer membrane fuel cell, cooling,
temperature distribution, heat pipe.

1. Introduction

Proton Exchange Membrane (PEM) fuel cells are
characterized by their high efficiency; however, a
considerable amount of heat is generated during operation,
comparable to the electrical power output. To ensure
optimal performance, it is crucial to effectively dissipate
the heat produced within the cell. Since the membrane
must retain adequate moisture to facilitate proton

conduction, operating the cell at temperatures exceeding
the optimal range leads to membrane dehydration. This, in
turn, increases the cell’s ohmic resistance and may result
in  membrane rupture. Conversely, operating at
temperatures below the optimal range diminishes reaction
rates and output power, promotes water condensation, and
exacerbates concentration losses, thereby impairing cell
performance.

Maintaining a uniform temperature distribution within
the fuel cell is essential to extend its service life and
prevent the formation of localized hot spots. The
integration of heat pipes into the fuel cell cooling system
offers an effective solution for removing excess heat and
mitigating temperature non-uniformities.  Additional
advantages of heat pipes include their compact structure,
absence of moving parts, reliance on thermal phase change
mechanisms, and elimination of the need for external
power sources for cooling. These features collectively
simplify the cooling system design and enhance the overall
efficiency of the fuel cell. A heat pipe transfers thermal
energy from a hot source to a cold sink through capillary
action driven by a wick structure and a working fluid.

Although the application of heat pipes in fuel cell
cooling systems has attracted some attention, only a
limited number of studies have been conducted. In most
cases, the heat pipe is modeled as a conventional pipe with
high thermal conductivity, and the thermal performance of
the fuel cell is subsequently analyzed. Typically, the
temperature distribution along different sections of the
heat pipe is first determined. Thereafter, the heat pipe is
coupled with the fuel cell to evaluate the temperature
distribution within the bipolar plate.

2. Heat pipe technology in fuel cell
In a heat pipe, heat is transferred from a hot source to a
cold source using capillary forces generated by a wick or
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porous material in combination with a working fluid. A
heat pipe consists of a sealed chamber lined with a wick
and filled with a liquid near its saturation temperature. As
shown in Fig. 1, the length of the heat pipe is divided into
three regions: the evaporator, located near the heat source;
the condenser, positioned near the heat sink; and the
middle section, referred to as the adiabatic region.

The vapor-liquid interface, typically located near the
inner edge of the wick, separates the liquid phase inside
the wick from the vapor phase inside the tube. Heat
transferred to the evaporator through the chamber is
absorbed by the liquid-saturated wick, causing the liquid
to evaporate and the vapor to flow toward the evaporator.
The capillary force generated at the evaporator interface
increases the pressure difference between the vapor and
liquid phases. The vapor then flows through the adiabatic
section and enters the condenser. In the condenser, the
vapor condenses, and similar capillary forces are
produced. The heat released during condensation is
transferred to the cooling reservoir through the wetted
wick material and the chamber wall.

Subsequently, the condensed liquid is returned to the

evaporator by the pressure difference generated by the
capillary forces between the evaporator and condenser.
This cycle continues as long as sufficient capillary
pressure exists to drive the return of the liquid.
In polymer electrolyte membrane (PEM) fuel cells, in
addition to removing the heat generated during operation,
achieving a uniform temperature distribution and
minimizing temperature gradients are critical for
maintaining performance. Due to the use of a phase-
change mechanism, heat pipe technology can be
effectively applied for fuel cell cooling. The selection of a
suitable type of heat pipe for PEM fuel cell cooling
depends on the required heat transfer capacity.

Figure 2 illustrates the integration of a heat pipe within
the fuel cell structure. The evaporator section is embedded
inside the bipolar plates, while the condenser is positioned
outside the cell and cooled by either natural or forced
convection.

Fig. 1. Schematic of heat pipe

Fig. 2. Schematic of the heat pipe and its location in the
polymer membrane fuel cell.

3. Results

The mathematical model of the heat pipe is compared with
reference data in Fig. 3. According to the figure, the results
of the mathematical model are in very good agreement
with the experimental results in such a way that the
maximum error is less than 3%. Therefore, the
mathematical model provides good estimates of the heat
dissipation capacity of the pipe. The heat pipe considered
in this study is used in a sintered wick structure fuel cell.
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Fig. 3. Comparison of the mathematical model and
experimental data: heat dissipation capacity by the heat

pipe

The temperature distribution inside this fuel cell plate
is shown in Fig. 4 by installing a heat pipe inside its polar
plate and applying a 50-W heat flux on a cell surface (the
lower surface of the polar plate). The heat pipe is mounted
in the middle of the polar plate, leading to that the center
of the polar plate to cool down sufficiently. The purpose
of this paper is to assess cooling process using a heat pipe
and the walls of the cooling plate are insulated; hence, only
the effect of the heat pipe is investigated. However, in
practice, the outer surface of the cell exchanges heat with
the surrounding. Heat exchange due to free or even forced
convection causes the edges of the polar plates, which have
high temperature according to Fig. 4, to cool down as well.
If the heat pipe cools the temperature of the middle part of
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the fuel cell sufficiently, part of the heat of the cell can be
removed and the side areas of the cell can be cooled.
Therefore, the installation location of the heat pipe is
appropriate. The applied heat flux is actually obtained
from the analysis of the electrochemical performance of
the fuel cell. Other surfaces are insulated. As it is observed
in the figure, the maximum temperature of the cell is 396
K. The maximum temperature obtained is high, which
indicates the inadequacy of using one heat pipe.
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Fig. 4. Temperature distribution through the fuel cell using
a single heat pipe.

The temperature distribution is illustrated in Fig. 5 by
integrating two heat pipes inside the fuel cell and a heat
flux of 50W applied on one the fuel cell surface. The
distance between the pipes is 25mm from the sides and
25mm from the center. The maximum temperature of the
cell is 361K. The symmetrical placement of the heat pipes
reduces the maximum temperature and creates a more
uniform distribution of the temperature on the fuel cell.
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4. Conclusions

This paper presents the mathematical simulation of a heat
pipe combined with a polymer membrane fuel cell. One or
two heat pipes are embedded inside the fuel cell to perform
simultaneous numerical modeling of the heat pipe and fuel
cell. The main results are as follows:

1) Using one heat pipe leads to of the cell maximum
temperature becomes 396K; hence, one heat pipe is not
suitable and two heat pipes are required. The capacity of
the heat pipe is not the only technique for heat removal
from the fuel cell thermally.

2) When two heat pipes are installed in the fuel cell
symmetrically, the maximum temperature of the cell
becomes 361K, which is better than the installation of one
heat pipe.

3) Symmetrical placement of heat pipes mitigates the
maximum temperature and creates a more uniform
distribution of temperature on the cell. Uniform
temperature results in uniform distribution of current
density, improving the cell performance.
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