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Abstract: Proton exchange membrane fuel cells (PEMFCs) have been wildly used for
marine and aerospace applications as energy devices, where pure hydrogen and oxygen
are fed into the two sides of the membrane electrode assembly (MEA). The release of
unreacted hydrogen and oxygen not only reduces the efficiency of the system but also
causes the serious problem of hydrogen starvation. For this reason, fuel flow driving
devices and methods such as pumps, ejectors, and solenoid valves are designed to
recycle this unused gas. However, even with these devices, the release of gas into the
environment is still inevitable. Therefore, this paper introduces a novel method that
solves these problems and mitigates gas emissions using a dead-ended anode and
cathode (DEAC) system. Pressure difference is formed between the inlet and outlet of
PEMFC by controlling the purge valve to remove water and recycle hydrogen during
purging. The dynamic response characteristics of this system under different current
densities, pressure differences, and purging intervals are experimentally investigated in
detail. The results show that both the hydrogen and oxygen utilizations can reach 100%
and the collection of generated water during gas purging can be achieved in the DEAC
mode.
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1 Introduction
Proton exchange membrane fuel cells (PEMFC) has been considered as one of the most
promising energy converting devices that provide energy with high efficiency and zero
emissions while requiring short start-up times. For this reason, they are widely used in
automobile vehicles[1-4], stationary power generation[5, 6], marine [7, 8] and
aerospace applications [9-11]. However, water management[12, 13] and fuel
recirculation management[14-17] are two key challenges for PEMFCs. The percentage
of consumed hydrogen that is converted to generate electricity and thermal energy is
called fuel utilization, which is a degree to measure the efficiency of the utilization of
the supplied hydrogen. A fuel utilization of 100% implies that the amount of hydrogen
supplied into the anode is theoretically the same as that required for the electrochemical
reactions. However, there is a high risk of fuel starvation due to unstable voltages and
degradation at the outlet of a stack, which is caused by the accumulation of water, so
called flooding[18]. Poor mass transport also occurs in the stack due to flooding [13,
19]. As the main product of a fuel cell system, water exists in all parts of the system’s
key components; therefore, it is important to well manage water transport to maintain
the efficient and stable operation of PEMFCs. Two parameters defined by Tajiri et al.
[20] have been introduced to measure water vapor removal in which one represents
convective water removal and the other represents diffusive water removal.
Additionally, pressure was found to be one of the dominant factors affecting water
removal.
In H2/O2 PEMFC systems, pure hydrogen and oxygen are excessively fed into the

system to prevent fuel starvation caused by water flooding. More specifically, the rate
of supplying gas is higher than the required rate during the reaction in order to remove
the water by convective forces generated from the excess gas flow. To utilize the excess
fuel, recirculation devices or methods[21-23] are required to re-circulate the unused gas
back into the system to improve fuel efficiency. For this reason, the implementation of
the dead-ended mode is required and can be achieved with a dead-ended anode (DEA)
[24-28], dead-ended cathode(DEC) [29], and dead-ended anode and cathode(DEAC)
[30-32], each of which is required in different situations. The DEA mode is designed
to increase the consumption rate of hydrogen, resulting in an improvement in efficiency.
Fresh hydrogen is circulated into the inlet of the anode by an ejector or a hydrogen
pump while oxygen is released into the air, as shown in Figure 1(a) [33]. Han et al.[34]
designed, fabricated, and tested a 15-kW H2/air PEMFC stack by controlling the purge
valve to remove water and recycle hydrogen instead of using hydrogen recirculation
devices, achieving a fuel utilization more than 99.6%. A dead-ended anode is
implemented in a study by Jian et al. [35] to investigate the effectiveness of gas purging
to enhance stack performance. They assembled a PEMFC stack by connecting 40 cells
with an active area of 68.5 cm2 while ambient air with a relative humidity of 64% and
a temperature of 21°C was provided to the stack with a fan. In their results, each voltage
curve is mostly flat, but a sharp drop occurs when gas purging is conducted, resulting
in the dehydration of the membrane and a decrease in pressure. Zhao et al.[27] explored
the characteristics of voltage decay and net power output in a DEA-mode PEMFC and
proved the effectiveness of a DEA in improving net power by 3%. Wang et al.[28]

established a quasi-2D model with hydrogen recirculation and verified the positive
effects of self-humidification of hydrogen and the uniformity of current distribution.
By implementing exhaust oxygen recirculation at the outlet of the cathode channel,
Rodosik et al.[36] reported a positive effect of the humidification of gas in the DEC to
improve humidity from 25% to 85% in automotive applications. Bozorgnezhad et al.
et al[37] demonstrated the water distribution in the cathode channel through direct
visualization and image processing and developed a two-phase flow model for the water
distribution in the cathode channel. Choi et al.[29] applied the hydrogen pulsation effect
to the outlet of the cathode channel to decrease the performance degradation rate and
found that the purging intervals should be minimized to improve oxygen utilization.
In marine and aerospace applications, requirements on room and environment
conditions limit the release of gas, necessitating the implementation of the DEAC mode.
In these power systems, pure hydrogen and oxygen are fed into the anode and cathode
without emitting gas or water to the external environment, avoiding the risk of severe
hazards due to flooding and/or the accumulation of impurity gas. Compared with H2/air
PEMFCs, it is more difficult to remove water in dead-ended H2/O2 PEMFCs and
improve fuel utilization since water and extra fuel can be removed from H2/air PEMFCs
to the surroundings by an excess of reactant. By using direct visualization to analyze
the water management in a PEMFC with a dead-ended mode, Rahimi et al. [30]
investigated how different designs of flow field affect the water distribution in the
cathode and anode. Additionally, they selected the current density as the parameter that
determines when to perform the purging to increase the utilization of hydrogen and

oxygen. Barzegari et al. [38] developed a mathematical model for a cascade H2/O2
PEMFC stack to reuse the excess hydrogen and oxygen with an integrated humidifier
and separator to remove water in the DEAC mode. The stack was separated into two
stages with the second stage using the exhaust gas from the first stage. Chen et al. [31]
utilized time regulators to control the purging intervals and durations in a PEMFC
implemented with DEAC and studied the performance degradation during operation.
They divided the degradation process into three stages, which include dehydration,
quasi-equilibrium, and flooding. Koski et al.[39] presented a method to understand the
gas composition dynamics and how does it to decouple the fuel utilization and
efficiency in a DEAC PEMFC system with a recirculation pump. Dirk et al.[40]
designed and assembled a PEMFC system with ejector-based recirculation to improve
hydrogen utilization efficiency and found that the designed system demonstrated a
performance similar to that of conventional designs; however, the ejectors were not
capable of overcoming the pressure drop at low power outputs. Jia et al.[41] mitigated
hydrogen starvation in an open cathode system by adding an exit reservoir at the outlet
of the anode to alleviate the hydrogen starvation. Alizadeh et al.[42] proposed a cascade
PEMFC with a humidifier and separator to improve hydrogen and oxygen utilization.
From the literature, however, it can be noted that strategies for improving fuel
utilization in dead-ended mode have been focused on hydrogen recirculation, whereas
fewer studies involve improving oxygen utilization to a higher level or even to 100%.
In this work, a novel method to improve the efficiency of the H2/O2 PEMFC by gas
purging to remove water without consuming parasitic power using a kW-class PEMFC

system in DEAC mode is newly proposed. As shown in Figure 1(b), pure hydrogen and
pure oxygen are used as reaction gases for the cathode and anode, respectively, and the
excess gas is fully stored during the purging interval and reused during purging. Two
transparent buffer tanks are utilized to store the unreacted gas, provide a reactant, and
store the liquid water during operation. The dynamic characteristics of the PEMFC
under various current densities, pressure differences, and purging intervals are tested
and analyzed by experiment. The proposed DEAC system improves the hydrogen and
oxygen utilization efficiency to 100% and reduces the rate of performance degradation
due to water flooding by collecting the generated water.

Figure 1. The comparison between normal dead-ended anode purging and our proposed
DEAC purging: (a)Normal DEA purging and (b)Proposed DEAC purging methods.
2.Methods and materials
2.1 System Introductions
A H2-O2 PEMFC stack assembled with 10 cells has been designed and its parameters
are shown in Table.1. Straight flow fields proposed in our former work[43] were used
in this investigation and placed vertically to use gravity to improve water removal. The
membrane electrode assembly (MEA) provided by WUT New Energy Company was
fabricated through the catalyst coated membrane (CCM) technique with 0.4 mg‧cm-2 Pt
loading at two sides. The Nafion ® XL membrane from Dopont ™ was used as
electrolyte.
The experiments were conducted on a kW-class test platform as shown in Figure 2. The
system consists of four parts: a hydrogen supply subsystem, oxygen supply subsystem,
cooling subsystem, and monitoring subsystem. As shown in Figure 2, the essential
components of the system include two buffer tanks, an electronic load, a controlled
purging subsystem, data acquisition instruments, and related sensors. The buffer tanks
serve as a liquid separator to remove water and as a gas storage to store unused fuel.

Industrial PC (Adam 4150 and Adam 4017) served as data acquisition instruments to
collect the data from sensors, including pressure with accuracy of 1kpa and error of
0.25% and potential with accuracy of 110-4V and error of 0.5%, and feedback and
control signals. Solenoid valves (AiTAC,2V025-08) are crucial for the monitoring and
control system because they efficiently control the gas supply through their own
opening and closing mechanism. The current density can be artificially controlled to
meet the energy requirements of the electronic load.
The control strategy is shown in Figure 3 and conducted as following steps: 1) Initialize
the controlling parameters, purging interval tp, purging pressure Pl, and stop time ts; 2)
Initialize the purging time tx;3) The solenoid valves at the inlet of the stack are open
whereas those at the outlet of the buffer tanks are closed, indicating that the fresh
reactants are served the gas source. 4) When the purging time tx reaches the purging
interval tp, the solenoid valves at the outlet of the buffer tanks are open whereas those
at the inlet of the stack are closed, indicating that the gas stored in the buffer tank is
used as the gas source. 5) As the PEMFC consumes the fuel, the pressure for the system
decreases due to the limited amount of gas. When the pressure drops to the purging
pressure Pl, then step (2) is conducted and a new loop starts. The control strategy will
be stopped until the total operating time reaches the set stop time ts.

Table 1. Geometric parameters of the PEMFC stack
Parameters

Units

Value

Electrochemical active area

m2

500×10-4

Depth of channels

m

1×10-3

Width of channels

m

2×10-3

Width of ribs

m

2×10-3

Thickness of gas diffusion layers

m

200×10-6

Thickness of membranes

m

25×10-6

Thickness of catalyst layer

m

10×10-6

Figure 2. (a)The schematic of the overall system(b) The in-site scheme of test
platform with 1kW PEMFC stack, 1-stack 2-hydrogen concentration alarm 3-Control
interface 4-electrical load 5-presssor sensor 6-gas supply system (top to down,
hydrogen, nitrogen and oxygen) 7- solenoid valve 8-hydrogen buffer tank 9-oxygen
buffer tank 10-heat transfer 11-water pump

Figure. 3 Flow chart of time-pressure based purge process.
2.2 Experimental Procedure
To ensure the stable operation of the system, hydrogen with a purity of 99.999% as the
fuel and 99.999% oxygen as the oxidant are fed through fixed regulator valves. The
stack is activated by gradually loading current from 0 to the required current in steps of
2.5 A per minute to maintain stability and uniformity of the current density. When the
output performance of the stack keeps stable, the control strategy as Figure 3 is
conducted with recording the potential and pressure. To accurately measure and
evaluate the performance of the PEMFC, the pressure and voltage data from these

sensors are recorded every second and temperature sensors are used to control the
operating temperature of the system. Additionally, valves are installed at the bottom of
the buffer tanks in case of an emergency.
2.3 Performance evaluation
According to Equations (1–8), the pressure difference and purging intervals are the key
factors influencing water management during operation and, thereby, affect the
performance of the PEMFC. The voltage of single cell V is strongly influenced by the
pressure in the Nernst equation, which can be written as,
The output voltage of single cell V depends on the Nernst potential Enernst , Ohmic
overpotential Vohmic ,activation overpotential Vact , and concentration overpotential Vconc ,
V=Enernst -Vact -Vohmic -Vconc
Enernst =1.229-8.5×10-3 (Tref -298.15)+

RTcell
2F

(1)
*

ln[p*H (p )0.5 ]
2

O2

Vact =-[ξ1 +ξ2 Tcell +ξ3 Tcell ln C*O2 +ξ4 Tcell ln (jAc ) ]
Vohm = -jAc (Rm +Rs )
Vconc =-b ln (1- j

j

)

(2)
(3)
(4)
(5)

max

where Tcell and Tref are the operating and reference temperatures, respectively; and

p*H2 and p*O2 are the partial pressures of hydrogen and oxygen, respectively. 𝜉1 , 𝜉2 ,
𝜉3 , 𝜉4 , and b are empirical constants; 𝑗 and jmax are the operating and maximum
temperature current densities, respectively; 𝑅m and 𝑅s are the membrane and solid
resistance, respectively; C*O2 is the dissolved oxygen concentration; and Ac is the
active area of the PEMFC.
In addition, dissolved oxygen concentration C*O2 can be defined by Henry’s law as

shown below.
p*O
*
2
CO2 =
5.08×106 exp(-498/T

cell )

(6)

The membrane resistance was closely related to the water content in the electrolyte, as
shown in the following expression [37].
l 181.6(1+0.03j+0.062(Tcell /303)2 ∙j2.5 )

Rm = A

c

(λ-0.634-3j)exp(4.18(Tcell -303)/Tcell )

(7)

Here, λ and l are the water content and thickness of the membrane, respectively.
The volume of water generation 𝑉wg can be obtained as follows,
t P

𝑉wg = ∫0 2Ve F
c

(8)

which, 𝑉wg is the total volume of water generated for t seconds; Pe is the output
power with the unit of W, Vc is the voltage with the unit of V, and F is the Faraday
constant with the value of 96485.33289 C/mol.
The value of parameter was chosen depending on the assembled PEMFC stack and is
given in Table 2. The theoretical and experimental polarization curves of the assembled
PEMFC stack are showed in Figure 4. The theoretical data are in good agreement with
the measured voltage.

Table.2 Parameters for theoretical model of the assembled PEMFC
Symbols

Parameters

Values

Ref

𝜉1

/

-0.948

[44]

𝜉3

/

7.6×10-5

[44]

𝜉4

/

-1.93×10-4

[44]

p*H (atm)

/

0.6

-----

p*O (atm)

/

0.6

-----

AC (m2)

Cell area

500×10-4

-----

𝛿𝑚 (m)

Membrane thickness

25×10-6

-----

R(J·mol-1·K-1)

Universal gas constant

8.314

[44]

F(C·mol-1)

Faraday constant

96485

[44]

λ

Membrane resistivity parameter

12.5

[44]

2

2

Figure 4. Comparison of theoretical and experimental polarization curves of the

assembled PEMFC stack
3. Results and Discussion
3.1 Effect of current density
To further improve the fuel utilization, the valves at the bottom of the buffer tank were
kept closed at all time during operation, while the solenoid valves at the buffer tanks
were opened after every 600 s of operation (tp=600 s) with a purging pressure limit of
0.25 bar (Pl=0.25 bar). Figure 5(a) shows the dynamic characteristics of the PEMFC
stack within the purge cycles operating at 65°C under a current density of 150 mA‧cm2

and 200 mA‧cm-2. After the first 600 s of operation, the voltage at the current density

of 150 mA‧cm-2 dropped from 0.685 V to 0.625 V, then returned to approximately 0.68
V. The voltage at the current density of 200 mA‧cm-2 dropped from 0.63 V to 0.55 V,
then returned to 0.68 V. The recovery of voltage and output power after the first cycle
were 0.071 V and 35.5 W, respectively, for the current density of 150 mA‧cm-2 and
0.112 V and 111.6 W, respectively, for the current density of 200 mA‧cm-2. It can be
observed that before purging, the voltage continued to decrease due to the accumulation
of water, but increased again because of the fresh fuel flowing into the stack in addition
to the re-pressurizing of the anode after the closure of the purge valve [39]. The effects
of purging demonstrated a high recovery percentage of voltage loss, especially at a
higher current density (the percentage of voltage recovery was approximately 18%),
indicating that the positive impact of purging is more obvious under higher current
densities. What’s more, there was no external emission during entire operating
procedure in this DEAC mode to improve the hydrogen and oxygen utilization to 100%

which is greatly higher than that of other methods in Table 3.
Table 3. Comparison of the utilization of reactants of PEMFC
Methods

H2 utilization

O2 utilization

Mode

Ref

Multi-staged gas supply

99.6%

-----

DEA

[34]

Ejector

100%

-----

DEA

[40]

Compressor

-----

95%

DEC

[36]

Recirculation pump

-----

88.46%

DEC

[45]

Recirculation pump

88.5%

62.5%

DEAC

[46]

Our method

100%

100%

DEAC

-----

The voltage distribution for the stack under the current densities of 150 mA‧cm-2 and
200 mA‧cm-2 is shown in Figure 5(b). The average voltages for the stack under 150
mA‧cm-2 (black dashed line) and 200 mA‧cm-2 (red dashed line) are 0.692 V and 0.6172
V, respectively. The voltage distribution is more uniform for the current density at 150
mA‧cm-2 (with a standard deviation of 33.9 mV) than for the current density of 200
mA‧cm-2 (with a standard deviation of 54.6 mV).
The relationship between the average voltage and pressure variations of the designed
DEAC system is shown in Figures 5(c) and (d). When the operating time reached 600
s, the solenoid valves placed at the inlet of the oxygen and hydrogen tanks were closed,
indicating that the hydrogen and oxygen consumed in the stack were from the stored
gas in the buffer tanks. Hence, the pressure continued to decrease until it reached Pl but
there was no obvious drop in the voltage because there were residual reactants in the
reactant interface during the short time. Then, the gas supply was switched back to the

stable and fresh gas through forced convection produced by the pressure difference due
to gas purging to remove water, contributing to the voltage recovery. In Figure 5(c), the
pressure differences under the current density of 150 mA‧cm-2 at the hydrogen inlet,
hydrogen buffer tank outlet, oxygen inlet, and oxygen buffer tank outlet are 0.41 bar,
0.4 bar, 0.15 bar, and 0.16 bar, respectively. In Figure 5(d), the pressure differences
under the current density of 200 mA‧cm-2 at the hydrogen inlet, hydrogen buffer tank
outlet, oxygen inlet, and oxygen buffer tank outlet are 0.294 bar, 0.288 bar, 0.062 bar,
and 0.062 bar, respectively. Liquid water can be easily removed from the channels to
the buffer tanks by convection caused by the purging pressure difference. Although the
purging pressure difference is beneficial for the performance of the PEMFC, the voltage
cannot be completely recovered because it is slightly lower than the voltage in the
previous cycle, especially for the current density of 200 mA‧cm-2. Under the same
purging pressure differences, the performance of the PEMFC at the current density of
150 mA‧cm-2 is higher than that of 150 mA‧cm-2 owing to the higher amount of water
generated and accumulated in the channels under higher current densities.

Figure 5. (a) Voltage and power variation of PEMFC stack under different current
densities. (b) Voltage distribution of single cells. (c) Voltage and pressure variations at
150 mA‧cm-2. (d) Voltage and pressure variations at 200 mA‧cm-2.

3.2 Effects of pressure difference
Figure 6 shows the output dynamics of the system under different purging pressures (Pl
=0.1 bar, Pl=0.2 bar, Pl=0.25 bar) at the current density of 150 mA‧cm-2 and a
temperature of 65°C for the voltage variations, water generation, and pressure
variations. Figure 6(a) shows the output characteristics of three cycles in which the
voltage decreases first and then increases in each cycle. As mentioned in section 3.1,
the decrease in voltage was due to the accumulation of water. When the pressure drops
to Pl, the gas supply switches back to using the stable fuel supply, causing a sharp
increase in voltage due to the water removal caused by the pressure difference and the
increase in pressure. Based on Equation (1), the pressure played an important role in
the voltage variations. The performance of the PEMFC in cycle 1 for different
conditions is the same in the purging intervals but there were differences in performance
between the purging durations when gas purging was conducted. The voltage of the
PEMFC at a purging pressure of 0.1 bar maintained a relatively stable value in each
cycle as a result of efficient water removal under a large pressure difference whereas
the voltage of the PEMFC at a purging pressure of 0.2 bar or 0.25 bar did not return to
the initial value. Figures 5(c–e) show the relationship between the average voltage and
the pressure variations under different purging pressure limits. The recovered voltage
under the anode purging pressure of 0.1 bar is higher than that for 0.2 bar and 0.25 bar,
indicating that the larger the pressure difference, the more voltage is recovered when
considering the lower viscosity of the richer recirculated gas. The forced convection
produced to remove water can be enhanced by improving the pressure difference and,

thereby, mitigate flooding in the cathode and anode and enhance mass transfer.
Furthermore, a longer duration was needed to reach a lower purging pressure, indicating
that the overall temperature and humidity of the recirculated gas were slightly higher,
benefiting membrane hydration [39]. However, the pressure difference cannot be
maximized without limits because fuel starvation will occur with the decrease in
pressure and the power output will be too low to satisfy the power needs of external
energy consumers.
Figure 5(b) shows the volume of liquid water under different purging pressures
collected in the two buffer tanks within one cycle after 600 s of operation. The data
represents the volume of water in the cathode and anode buffer tanks after 600 s of
operation and the red dashed line is the theoretical volume of water. It can be observed
that the sum of water collected in the two tanks operating at the anode purging pressure
of 0.1 bar, 0.2 bar, 0.25 bar, and 0.3 bar is 95 mL, 92.5 mL, 91.3 mL, and 90.7 mL,
respectively, values of which are very close to but less than the theoretical volume of
96 mL calculated by Equation (2). The difference in volume between the actual and
theoretical water is due to the residual water in the stack and the walls of the pipeline.
The difference in the volume of the collected water is due to various pressure
differences caused by gas purging. The uniformity of the local current density can be
improved and part of the generated water can continuously be removed with the help
of gravity using vertical placements [25]. With the advantages of gas purging and the
use of vertical placements, almost all of the generated water can be completely collected
in the two buffer tanks. With the decrease in purging pressure, the pressure difference

increases and the volume of water collected increases as well. The anode and cathode
purging pressure differences are 0.47 bar and 0.1 bar, 0.37 bar and 0.08 bar, and 0.295
bar and 0.05 bar, respectively, for three cycles. Although the pressure differences in the
cathode are lower than those in the anode, the increase in the volume of water collected
in the oxygen tank is higher than that in the hydrogen tank when the pressure difference
increases, indicating that flooding is more serious in the cathode. The cathode pressure
is higher than the anode pressure at all times to enhance water transportation from the
cathode to the anode by back diffusion, thereby suppressing the occurrence of water
flooding in the cathode. Additionally, water transportation by back diffusion can
humidify dry hydrogen in the anode, accelerating the mass transfer and achieving better
performance[47].

Figure 6. (a) Voltage and power variations of PEMFC stack under different purging
pressures. (b) Water collected under different purging pressures. (c) Voltage and
pressure variations at 0.1 bar. (d) Voltage and pressure variations at 0.2 bar. (e) Voltage

and pressure variations at 0.25 bar.
3.3 Effects of purging interval
Figure 7 shows the dynamic response of the system under different purging intervals
operating at 65°C with the current density of 150 mA‧cm-2. In Figure 7(a), the voltage
with tp=100 s completely returns to initial values periodically while there exist
unrecoverable losses in tp=500 s and tp=600 s. The purging duration lasts approximately
10 s and consumes 10%, 2%, and 1.67% of the purging period at tp=100 s, 500 s, and
600 s, respectively. The voltage recovered for purging intervals of 100 s, 500 s, and 600
s is 0.0134 V, 0.01577 V, and 0.01961 V, respectively. It can be observed that with the
extension of the purging interval, the recovery of voltage decreased. For short purging
intervals, the accumulated water is removed quickly and the performance of the
PEMFC stack is efficiently recovered. For long purging intervals, as the reaction
proceeds, increasing liquid water is generated and gradually adheres to the porous
electrode pores and gas channels, resulting in a decrease in the effective electrochemical
reaction area and an obvious voltage drop [48]. When the purging is performed, the
liquid water attached to the surface of the membrane is partially removed and the gas
mass transfer is enhanced up to a limit. Hence, decreasing the purging interval is
beneficial for increasing the stability and performance of the PEMFC.
The pressure variations for the interval of 100 s, 500 s, and 600 s are shown in Figures
7(c–e), respectively. A limited convective force to remove a specific amount of water
was produced by a specific pressure difference, but with the shorter purging intervals,
the water accumulated in the channels was repeatedly removed to maintain stable

operation. An interesting phenomenon in the slight voltage decay after the instance of
purging can be explained by the plug flow of recycled gas and fresh gas alternatingly
passing through the stack and eventually forming a uniform mixture with high humidity.
But before the formation of this uniform mixture, there is a momentary mismatch
between the gas supply and consumption [49]. Different purging intervals have a
significant influence on the recovery of performance. The experimental results show
that the shorter the purging intervals, the smaller the effects of water flooding, rendering
purging more effective. In particular, the voltage variations under the intervals of 100 s
can be periodically repeated without obvious degradations of the voltage peak,
demonstrating that the shorter intervals can efficiently promote the recovery of
performance of the PEMFC by removing the accumulated water[50]. However, that
doesn’t mean it can be unlimited shorten the purging interval for irreversible
mechanical damage will be happened in membrane, like cracks or defects[51, 52].

Figure 7. (a) Voltage and power variations of PEMFC stack under different purging

intervals. (b) Voltage and pressure variations with tp=100 s. (c) Voltage and pressure
variations with tp=500 s. (d) Voltage and pressure variations with tp= 600 s.
4. Conclusions
In this paper, a pressure-based purging strategy is proposed to study the effects of
different operating conditions on the performance of a PEMFC with a dead-ended
anode and cathode. A buffer tank at the outlet of the PEMFC is used to generate a
pressure difference between the PEMFC and gas inlet when the purging strategy is
applied. Liquid water can be removed effectively by the gas flow induced by the
pressure difference during gas purging. The utilizations of hydrogen and oxygen can
both reach 100% with the application of this strategy. A 10-single cell PEMFC stack
with a dead-ended anode and cathode is fabricated to verify the effectiveness of this
strategy. The following are our conclusions:
(1) Hydrogen and oxygen utilizations of this PEMFC stack with a dead-ended anode
and cathode both increase to 100% without employing recirculation devices, and the
stability of this system was verified during long-term operation.
(2) Particularly under a high current density, a large purging pressure difference
provides a more powerful gas flow for water removal, which is used for the
performance enhancement of the PEMFC.
(3) It is difficult to blow water out of the PEMFC when it gradually permeates into the
micro/nano pores of the gas diffusion layer or catalyst layer. A decreased purging
interval is beneficial for both water removal and the performance stability of the
PEMFC.
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