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Abstract. Leaf shape biometric design shows promising potential as a flow field to supply air
reactants in Polymer Electrolyte Membrane Fuel Cell. However, studies that discuss the
dimensions of biometric flow field in detail are rarely encountered. The channel width can affect
the supply of reactants, the better the supply of reactants the better the cell performance can be
achieved. In this study we investigated the effect of the mother channel width on the biometric
flow field towards cell performance using numerical simulations. The model is composed of 9
layers with 25 cm? of active area. The channel dimension is varied by considering Murray's
theory. Simulation results show that the optimal width of the mother channel can increase power
density by up to 6% compared to other variations. This increase can be achieved due to a more
uniform distribution of oxygen concentration.

1. Introduction

Energy needs continue to increase due to technological developments and population growth, including
clectrical energy needs. At present various assistive devices lead to the use of electrical energy because
it is easily obtained from various sources that are converted, easily stored and zero emissions. However,
storing electrical energy in batteries still requires a relatively long recharging time and the battery is
relatively heavier than the fuel with the same amount of energy. One solution to facilitate easier
distribution of electrical energy is in the form of hydrogen energy [1].

Fuel cell technology can be used to convert hydrogen into electrical energy. Fuel cells convert
hydrogen energmdirectly without combustion and without mechanical work so that it has a fairly high
efficiency [2]. One type of fuel cell that can work optimally at a relatively low temperature is the
Polymer Electrolyte Membrane Fuel Cell (PEMFC). Therefore, PEMFC is easily applied to portable
electronic equipment and transportation equipment. Until now, the problem faced with the use of
PEMEFC is the price of MEA and bipolar plates which are still expensive. One way to reduce prices is
by increasing PEMFC performance in the same MEA area [3].

One effective way to improve PEMFC performance is by modifying flow fields to be able to
distribute reactants well [4.5]. Previous researchers have found that flow fields inspired by leaf shapes
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are superior to conventional flow filed [6-9]. Some researchers use Murray theory to determine the
channel width in the bio inspired flow field but there is no clear explanation on the thin channel.

2. Method

In this study we investigated the Polymer Electrolyte Membrane Fuel Cell (PEMFEC) performance using
numerical simulations. The model is composed of 9 layers [10] with 25 cm?® of active area (Figure 1).
Leaf shape biometric flow field are used at cathode side with variations of mother channel input width,
that are: 1.6 mm; 3.8 mm (Figure 2); and 6 mm, by considering Murray's theory. Serpentine flow fields
are used on the anode side. Cell performance is also compared with conventional parallel flow fields.

Note:
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Figure 1. The model of 9 layers PEMFC.
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Figure 2. Leaf shape biometric flow field design.

The transport equation used is the following [10]:
V.(pgV) = V.(I,V9) + Sy (1)

whiglie p is the mixture density, Vis velocity, ¢ is the transported quantity (mass, momentum, energy),
1, 1s diffusivity, and S, is the sgurce term.

Electrical current at anode and cathode side, Ra and Re, obtained from the Butler-Volmer equation [ 10]:

. H. Ya aaFna _aeFna
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gﬁ:re {is a specific active surface area, j..ris reference exchange current density per active surface area,
a, and e, are the anodes and cathode transfers coefficients, j, and y. are anode and cathode concentration
ex;ﬂ:ems, na.and #. are the anode and cathode overpotentials, and V.. is open circuit voltage.

Il

¢ model is assumed to be a single phase laminar flow with a working temperature of 333 K and
operating pressure of | atm. Hydrogen and oxygen flow mass as reactant gas are kept constant at 6,107
kg.s' and 2.10° kg.s'. The operating voltage is varied by 0.8 V; 0.6 V; 0.4 V; and 0.2 V. The detailed
model parameters are shown in Table 1, which were based on several references [11].

Table 1. Model parameter.

_Bioperty Value Unit
Anode concentration exponent 1
Cathode concentration exponent 1
Open circuit voltage 1.05 \Y
Anode Reference concentration 0.0008814 kmol.m?
Cathode Reference concentration 0.0008814 kmol.m?
Anode charge transfer coefficient 1
Anode reference current density 7.17 A.m? Pt!
Cathode charge transfer coefficient 1
Cathode reference current density 7.17x10°  A.m? Pt!

In this study, Murray Law is used to calculate the width of the mother channel. The cross section of the
mother channel on the input side is large and narrow at the end, adjusting the number of branches behind
it. Determination of cross-sectional area based on equation (4) [6]:

d3, = £d3 (4)

Where d,, is the hydraulic diameter of the mother channel and dq is the hydraulic diameter of the
daughter channel. In this study, the hydraulic diameter of the daughter channel was fixed with 1.25 mm
width and 1 mm depth. The depth of the mother channel is also made | mm so that the hydraulic diameter
of the mother channel only affects the width of the mother channel.

3. Result and discussion

Comparisons were made to validate the simulation results with experiments conducted by
Limjeerajaruus [11] in parallel flow fields. The results of the comparison are shown in Figure 3. In the
experiment, the active area of 5 cm? was used so that just for the comparison simulation also used the
same active area. In the broader active area of MEA, the channel gets longer so that the change in
reactant concentration will be even greater. This will affect the current density and power density.

3.1. Distribution of oxygen concentration with variation of mother channel width

In Figure 4 we can see that at 3.8 mm the mother channel width in the input section produces a more
uniform distribution of oxygen concentrations than the 1.6 mm channel width or 6 mm channel width.
At the 1.6 mm channel width, the mother channel that is too narrow causes oxygen to move sideways
towards the branch channels at the front near the entrance. As a result, the branch channels behind it
become deprived of oxygen. Whereas in the 6 mm channel width, the mother channel that is too wide
causes oxygen to be less depressed to enter the branch channel. So that the end of the branch channel
looks more dark blue when compared to the 3.8 mm channel width.




gn Annual Applied Science and Engineering Conference TOP Publishing
Journal of Physics: Conference Series 1402 (2019) 044042 doi: 10.1088/1742-6596/1402/4/044042

09
08
0.7
06 +
05
04
03 +

== Simulation
—#— Experiment

Voltage (V)

0.1 +
0 ; f i
0.00 050 1.00 1.50 2.00

Current density (A/cm?)

Figure 3. Validation of simulation results with experiments
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Figure 4. Distribution of oxygen concentration with variation of mother channel width.

3.2. Effect of mother channel width towards current density

From Figure 5 we can see that the 3.8 mm channel width produces the highest current density compared
to other flow field variations. At 0.4 Volt voltage, 3.8 mm mother channel width produces current
density 0.96 A / em?, 1.6 mm channel width produces 0.92 A / cm?, and 6 mm channel width produces
0.91 A/ cm?, while parallel flow fields produce 0.68 A / cm?. This shows that the optimal channel width
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in leaf shape flow fields can increase current density up to 5.49%. This increase in current density is
caused by an increase in the uniformity of oxygen distribution [4].
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Figure 5. Graph of the effect of mother channel width towards current density.

3.3. Effect of mother channel width towards power density

From Figure 6 we can see that 3.8 mm channel width produces the highest power density compared to
other variations. At 0.4 volts, 3.8 mm channel width produces 0.38 Watts, 1.6 mm channel width
produces a current density of 0.37 Watts, and a 6 mm channel width produces 0.36 Watts. This shows
that the optimal use of channel width will increase power density to 5.55%. Similar to current density,
the increase in power density is caused by an increase in the uniformity of oxygen concentration at the
cathode side so that the reactant supply is more guaranteed in each position [4,8].
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Figure 6. Graph of the effect of mother channel width towards current density.

4. Conclusion

Based on the previous discussion, we can conclude that the optimal use of channel width on the input
side of the mother channel will increase current density and power density by 3.49% and 5.55%. This
is caused by an increase in the uniformity of oxygen concentration at the cathode side so that oxygen
supply is more assured.
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