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Time-dependent measurements of pressure drop in different flow fields on the cathode of a PEM fuel cell
with different operating conditions of mass flow rates and cell temperatures on water accumulation were
conducted. The results show that, among four flow fields studied herein, the interdigitated flow channel
has the biggest pressure drop as well as the largest water accumulation at an early phase (630 min) com-
pared to those of the other three channels. In addition, the more water produced, the bigger the pressure
drop that occurs. Similarly, the effects of mass flow rates at a fixed cell temperature were also examined
and discussed.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

With the advances in MEMS technology, various micro-systems
such as micro heat-sinks, micro-biochips, and micro fuel cells have
been developed in recent years. Among these micro fuel cells, the
proton exchange membrane (PEM) fuel cells are considered to be
one of the most promising power sources, especially for 3C prod-
ucts, because of their high efficiency, clean, quiet, easy handling
for fuel delivery, simple cell design, and fast start-up, even at low
temperature [1–5].

So far, relatively few papers have reported on the study of the
flow dynamics aspect in both anode/cathode flow field except
Hsieh and Chu [6], in which pressure drop measurements in a ser-
pentine flow channel for a micro PEM fuel cell were performed
experimentally. In addition, Hsieh and Her [7], employed 3D math-
ematical model incorporated with Fluent computer code to simu-
late the developing laminar flow and heat transfer in a micro
direct methanol fuel cell with serpentine flow channels.

In this paper, we report on in situ measurements of the pressure
drop across the cathode flow field of a PEM fuel cell with four dif-
ferent flow fields. Time-dependent data were recorded as to how
the pressure drop varied as current density increased as well as
produced water accumulated at a fixed cell temperature of 25 �C.
The reason for chosen such a low temperature of 25 �C is that
the present design is aimed at providing useful information for cell
phone application. The effects of various operating parameters,
ll rights reserved.

ax: +07 5254215.
. Hsieh).
including: hydrogen and air (oxygen) flow rates on the pressure
drop, and water accumulation were also examined and discussed.
2. Experimental

2.1. Test loop for pressure measurements

Following Hsieh and Huang [8], the pressure drop measure-
ments were conducted in the test loop. The reactant gases are
fed in series to the cells. Hydrogen (H2) and air (oxygen) are con-
ducted in parallel flow mode on both anode and cathode of the sin-
gle cell. The purified hydrogen (99.99%) was supplied at different
flow rates with a humidity of 70% at the anode with the corre-
sponding air flow rates at the cathode. The cell operating pressure
is fixed at 97 kPa on both anode and cathode, and the operating
temperature is fixed at 25 �C. A pressure regulator (model 44-
5200, TESCOM, USA) and a pressure transducer (model PSS-AE/
BE/AF/BF, KYOWA, Japan) with a precision of 0.1% were employed
to measure the pressure drop between the inlet and outlet of the
cathode flow channel. A nitrogen purging system was used to clean
the fuel and air reactant left in the test system tube-lines and fuel
cells.

2.2. Data reduction/experimental procedure

The experiments were performed when the flow channels of the
test fuel cell were oriented vertically. The reactant gases (H2 and
air) entered into the anode (cathode) flow channel from the upper
(lower) left (right) corner and exited from the lower (upper) right
(left) corner, respectively.

http://dx.doi.org/10.1016/j.ijheatmasstransfer.2009.07.010
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Measurements were performed under three cell temperatures
and four air flow rates on the cathode when ambient conditions
were stable. The pressure drop was measured for each consecu-
tive time interval, and after the cell reached a steady state, a
polarization curve was measured. Following Hsieh and Huang
[8], water accumulation measurements and the associated photo
images of the area of 22.5 mm � 22.5 mm were taken at different
times, upon disassembling the fuel cell, through a digital camera
(Fuji film, FirePix F40fd) with 10 frames/min. Each measurement
was repeated at least four times with the deviation between them
being less than �5%. Finally, average data were then taken and
recorded.
3. Results and discussion

The friction factor deduced and calculated from the present
pressure drop measurements can be read in Table 1 with 25 �C
cell temperatures at different air flow rates for 180 min. Without
considering the variations of thermophysical properties due to
the temperature change, the corresponding Reynolds number
and Knudsen number (k/D) with gas molecule mean free path k
were also calculated and listed in Table 1. It is found that the pres-
ent channel flows are all laminar with very small Knudsen num-
ber (�10�4–10�5), which indicates that the continuum theory still
holds in the present micro-channels. In Table 1, at 25 �C, the f Re is
also nearly constant of about 68, irrespective of types of flow
channels except for interdigitated flow channels. This is mainly
caused by the lateral convection in interdigitated flow channels
as compared to serpentine, parallel, and mesh flow channels,
especially when the air flow rate is changed, even though an
‘‘equivalent flow passage” concept was adopted and modified
for the present interdigitated flow channels.

Based on the present study, the liquid volume fraction (b) of
the produced water is a strong function of time, air flow rates, cell
temperatures, and the channel configurations, as evidenced by
one of the typical plots as shown in Fig. 1 at cell temperature of
25 �C. Roughly speaking, with four different flow channels at
three different air flow rates of 30, 60, and 90 sccm, respectively,
the liquid volume fraction (b) seems to have a definite slope at
different times with a common initial gradual increase at the ini-
tial 30 min, with a larger slope following a slow increase with a
little bit lower slope, and finally, reaching a saturated value at
about 180 min. For a relative long operation (say 3 h), it is seen
that the mesh and parallel flow channels have the bigger b
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(�48%) as compared to those of serpentine and interdigitated flow
channels, even at the lowest air flow rate of 30 sccm.

Fig. 2 presents the ratio C, amplification factor, of a two phase
friction factor to that of single phase (f0/fs), as water accumulates
in the channels in terms of the liquid volume fraction of b for four
different channels. The present C is always bigger than 1, partly be-
cause the two phase mixture has a larger mixture density than that
of single phase air and partly because the two phase flow main-
tains the acceleration pressure drop. Once the liquid volume frac-
tion reaches saturation, the pressure drop seems not to change
any more irrespective of the variation of the time, as expected.
Two group data can be identified; one is for interdigitated flow
configuration, and one is for the other three channels as one would
expect; it is known that the flow in interdigitated channels is con-
vective; while diffusion is dominant in the other types of channels,
both groups appear to be approximately fitted with a linear func-
tion of liquid volume fraction (b). Two different slope straight lines
are found as shown in Fig. 2 with all the amplification factors
(C = f0/fs) P 1 as expected. In addition, these C are also found to
be time independent.
4. Conclusion

The effect of pressure drop in different flow channels at the
cathode on water accumulation and current distribution for a mi-
cro PEM fuel cell was studied at a cell temperature of 25 �C and air
flow rates of 30, 60, and 90 sccm. Several salient features are
discovered:

1. Among four different flow configurations the total pressure drop
was found to be the biggest for interdigitated channels, followed
by serpentine, parallel, and mesh types of flow channels.

2. Transient behavior for pressure drop, water accumulation, and
local current density across the cathode flow channels was
measured and the relevant data was extracted and examined
via parametric analysis.

3. The total pressure drop was strongly influenced by the liquid
volume fraction of the product water in the flow channels for
a definite flow configuration.

4. It is found that water formation, accumulation, and flooding are
strongly dependent on the cathode air flow rate and channel type.
An amplification factor of C (f0/fs) was defined and found to be a lin-
ear function of liquid volume fraction (b) of water accumulation.
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