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Abstract — As the performance of PEMFC has been improved, the water and heat generated by reaction have increased so,
the water and heat management of PEMFC is becoming more important. In this study, hydrogen recirculation was
applied as the water management technique and the effect of recirculation flow rate, purge interval and duration on the
performance of PEMFC was investigated. Anode pressure, fuel humidity and utilization, water discharge amount was
measured to check the effect of purge conditions on performance. As the recirculation flow rate has increased, the
performance of PEMFC became lower due to decrease of anode outlet pressure. According to the purge conditions,
instantaneous voltage drop has occurred because of accumulated water. In frequent purge conditions, the performance of
PEMFC gradually decreased due to fuel humidity control failure. Stable performance and high fuel utilization was
achieved on this work by analyzing the effect of purge conditions.
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Table 1. Stack specification and test conditions

Stack spec. and test conditions Value
Number of cell 3
Active area 100 cm?
Cooling type Water cooling
Anode inlet pressure 0.35 bar
Operating Current 80 A
Current method Ramp (1 A/ 15s)
Flow rate / stoichiometry of Air 8SLM /2
Relative humidity of H, / Air 0% /100%
1. Measure supplied flow rate
H, N Air
2. Measure fuel humidity =
Humidifier

3. Periodic purge

e | L=

Coolant circulator

»V

4. Hydrogen recycle

Gas/Liquid Separator

Fig. 1. Schematic diagram of experimental system.
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Fig. 3. Influence of recirculation flow rate on stack performance
without purge (a) averaged stack performance during 15 min
(b) stack performance per second at 0.5 SLM and 3 SLM.
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Fig. 4. Stack voltage variation by purge duration under dead ended
anode system.
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Table 2. Amount of discharged water and fuel efficiency according to purge duration (During 3 hours)

Discharged of water Supplied fuel
0.5 SLM Total amount Purge cycle Average flow Fuel efficiency ~ Discharged unused fuel
Separator (g) Solenoid valve (g)  Solenoid valve (g) rate (L/min) (%) during purge cycle (ml)
3min/ls 429 75.5 1.26 1.86 89.9 302.6
3min/0.1s 504 59.5 0.99 1.76 94.6 108.92
3min/0.02s 48.89 58 0.97 1.75 95 59.9
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Table 3. Amount of discharged water and fuel efficiency according to purge interval (During 3 hours)

Discharged of water

Supplied fuel

0.5SLM Total amount Purge cycle Average flow Fuel efficiency
Separator (g) Solenoid valve (g) Solenoid valve (g) rate (L/min) (%)
3min/1s 429 75.5 1.26+0.01 1.86 89.9
15min/1s 93.18 20.2 1.76+0.08 1.77 94.0
30min/1s 102.6 10.3 1.85+0.15 1.76 94.6
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