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Abstract. Forced-convection open-cathode proton exchange membrane fuel cells
have attracted much attention due to simple structure. The fan, as an important
component of the stack, significantly influences the mass density and performance
of the stack. Therefore, it is crucial to select the appropriate fan. In this study,
the performance of stacks with different fans is compared and the optimal duty
ratio and temperature of stacks under different load currents are determined. The
experimental results show that excessive air volume reduces the performance of
the stack, and the parasitic power should be taken into consideration. Addition-
ally, the weight of the fan is is a significant factor that needs to be considered.
Furthermore, the experimental results show that under the condition of sufficient
air supply, the appropriate temperature rise is conducive to the improvement of
stack performance. In order to reduce the weight of the stack, it is necessary to
choose a reasonable fan.
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1 Instruction

Proton exchange membrane fuel cell (PEMFC) has received a lot of attention in recent
decades due to low temperature start-up, high efficiency and zero emissions [1]. PEMFC
is a device that directly converts chemical energy to electric energy. Among several
proton exchange membrane fuel cell types, forced-convection open-cathode PEMFC
is more suitable for portable and unmanned aerial vehicles (UAV) energy because of
removing the complex oxidant supply system [2]. The forced-convection PEMFC utilizes
an axial fan as the air supply device. In addition to providing oxidant, the fan also serves
to dissipate heat and remove water. Using only fans can make the stack more compact
and reduce the mass of the stack and improve portability. However, because the cathode
absorbs air directly from the atmosphere, the stack performance is sensitive to changes
in cathode parameters, especially fans.

Water, thermal and gas management is critical for fuel cell. Fan air supply, heat
dissipation and water remove coupling, water, thermal and gas management is more
complex for forced-convection open-cathode PEMFC. Several studies have explored the
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effect of air flow-rate selection [3—7]. These studies focused on performance performance
and stack temperature variation. The research shown that the appropriate air flow rate can
ensure the stack working at the optimum temperature without Membrane dehydration
under adequate air supply. Other studies have explored the effects of parasitic power [8],
fan placement parameters [9, 10].

In this work, we discussed the variation in the performance of three axial flow fans
with different parameters installed on the same stack, and analyzed the possible causes
of the variation in performance, and considered the weight of the fan as a factor in the
selection of the fan. Finally, the relationship between fan duty ratio and fan temperature
and performance is studied.

2 Experimental

2.1 Experimental Setup

For this work, we used a laboratory designed stack. The forced-convection OC-PEMFC
consists of 15 cells. The 3 mm graphite was manufactured into bipolar plates using
CNC (Computer Numerical Control) technology. The active area is 3.5 mm x 1.5 mm.
Commercial MEA (Membrane Electrode Assembly) was used. Figure 1 shows the stack
used in the experiment.

Fig. 1. Open-cathode stack
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Fig. 2. Experimental schematic diagram
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A hydrogen generator is used as the hydrogen source. The reducing valve is used to
regulate the input pressure of the stack. An electronic load is used in order to obtain a
polarization curve. A PWM controller is used to regulate air flow rate. Figure 2 shows
the experimental schematic diagram.
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2.2 Test Conditions

The forced-convection OC-PEMFC performance was tested with different axial flow
fans. The fan parameters were shown in Table 1. Rated voltage of fan was 12 V. Tem-
perature changes in the stack were measured using thermocouples inserted into the
stack. The duty ratio varies from 100 to 30% to study the effect of the fan on the stack
temperature and net power.

Table 1. Fan parameters

Fan model Size (mm) Actual power (W) Air volume Weight (g)
RB0412H12B-6 40%40%28 10.36656 50.4CFM 42
YS4015B12L 40*40*15 1.95408 14.83CFM 21
HD4010H12B 40*40*10 2.57712 13.95CFM 14

3 Results and Discussion

3.1 Effect of Different Fan on Stack Performance

In this work, we test the performance of the stack under different axial flow fans. The
three axial fans have different parameters. Figure 3 shows the performance of stack. It is
clearly observed that for the experimental stack, the performance of the stack does not
change much under different fan conditions. From Table 1 we can see that the 4028 fan
provides more air, but from Fig. 3 we can see that the excessive air flow slightly reduces
the stack performance due to the excess water taken away.
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Fig. 3. Polarization curves

In open cathode stacks, the fan usually consumes the power generated by the stack.
The net power density curve of the stack is shown in Fig. 4. After removing the parasitic
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power of the fan, 4028 fan exhibited poor performance due to excessive parasitic power.
It seems that the 4015 fan exhibits superior performance over the 4010 fan due to the
smaller parasitic power. The performance gap between 4015 fan and 4010 fan decreases
with the increase of load current. In addition, we can see from Table 1 that 4028 fan
has the highest weight. This was followed by 4015 and 4010. The weight of the stack
excluding the fan is 205 g. Comparatively speaking, 4015 and 4010 fans are better
choices.
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Fig. 4. Net power density curves

3.2 Effect of Fan Duty Ratio on Stack Temperature and Performance

Next, the influence of air flow rate variation on stack performance and temperature is
analyzed. Adjust the air flow rate by adjusting the PWM duty ratio. The stack with 4015
fan was used for testing. Figure 5 shows the change of stack temperature with fan duty
ratio at 2.5, 3 and 3.5 A. It can be seen from Fig. 3 that with the decrease of duty ratio,
the temperature of the stack increases gradually, which can be attributed to the decrease
of the heat dissipation capacity of the fan. Figure 6 shows the change curve of the net
power density of the stack with the change of duty ratio under the load current conditions
of 2,2.5 and 3 A. It can be seen from Fig. 4 that with the reduction of duty ratio, the
performance of the stack first improves and then begins to decline.

Combined with the temperature variation shown in Fig. 5, it can be considered that
the performance variation is related to the temperature variation of the stack. Under
sufficient oxidant conditions, with the increase of the stack temperature, the chemical
reaction rate is accelerated, and the stack performance is improved. However, with
the increase of the stack temperature, the high temperature will cause the membrane
dehydration, the increase of ohmic resistance, and the stack performance is decreased.
In addition, it can be seen that under the load current conditions of 2 A, 2.5 A and 3 A,
the optimal operating temperature of the stack is about 44.3 °C, 49.8 °C and 49.5 °C,
and the optimal duty ratio is about 30%, 40% and 50%, respectively.
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Fig. 5. The change of stack temperature with fan duty ratio
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Fig. 6. The change of stack net power density with fan duty ratio

Conclusion
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In this study, stacks with different fans were tested. The polarization curve and tem-
perature of the stack were measured to investigate the effects of different fans and duty
ratio. The experiment proves that the reasonable choice of fan is necessary. A suitable
fan allows the stack to operate near the optimum operating point and effectively reduces
the overall system weight.
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