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ABSTRACT 

One of the potential candidate substitute energy sources are fuel cells in the coming. Considering the climate 

change, global warming and fear of fossil fuel access, in this paper the impacts of operation parameters such as temperature 

and pressure on polymer electrolyte membrane (PEM) fuel cell performance were examined numerically and 

experimentally. PROTIUM-20 fuel cell is employed in order to investigate the effects of temperature ranging 25 °C, 30 °C, 

35 °C, 40 °C and 45 °C and pressure ranging 0.3, 0.5, 0.7, 0.9 and 1 bar on fuel cell performance. The net performance 

produced by PROTIUM-20 fuel cell was 20 W (2.38 A × 8.4 V). Experimental results showed that the PEM fuel cell 

performance enhances, when the operating temperature and pressure increases. Meanwhile, modelling results revealed that 

the performance of PEM fuel cell was enhanced, as the operating temperature and pressure both increased. 
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INTRODUCTION 
One of the most promising alternative energy 

sourcesare fuel cells in the coming years that are 

environmentally friendly due to the lack of polluting 

emissions. PEM fuel cells are one of the energy 

conversion devices where the chemical reactions that 

occur within the cell are converted into electrical energy 

directly without passing intermediate steps such as those 

that occur in internal combustion engines. Fuel cells are 

utilised owing to their zero emissions, higher efficiency 

compared with conventional internal combustion engines, 

simplicity, silence and free vibration due to lack of mobile 

parts. However, fuel cells possess several drawbacks, such 

as lifetime, cost and unavailable infrastructure for 

hydrogen [1-3]. Fuel cells exist in various types. One type 

of them is polymer electrolyte membrane (PEM) fuel cell; 

this type is commonly traded in engineering applications. 

Due toits advantages, such as rapid start up, high 

efficiency and low operating temperature and power 

output [4]. 

Low operating temperature reduces the cost of 

the metal used in fuel cell manufacturing. The operating 

temperature significantly influences water management, 

which is the key limiting issue for the PEM fuel cell 

performance due to membrane hydration. When ionic 

resistance increases, membrane moisture decreases, 

leading to a decline in cell performance and eventual cell 

failure. In addition, the decrease in membrane moisture 

leads to the decrease in proton conductivity. Conversely, 

excess water in fuel cells may lead to cell flooding [5]. 

Pérez-Page and Pérez-Herranz [6] investigate the impact 

of operating temperature on the performance of PEM fuel 

cell and watched that the performance of PEM fuel cell 

developed, when temperature increased from 20 °C to 40 

°C. The performance of PEM fuel celldeclines at higher 

temperatures, where the membranes can be dehydrated, 

results in a reduction in the fuel cell voltage. Belkhiri et al. 

[7] theoretically examined the outcome of temperature on 

the performance of PEM fuel cell and presented a 2D 

mathematical model, steady-state of the influence of 

operating temperature on the PEM fuel cell performance. 

The results indicated that the fuel cell operating 

temperature significantly effects the performance of PEM 

fuel cell. Numerous transport properties, likethe proton 

conductivity of membrane and diffusivities of gases, be 

contingent on temperature. Singh and Pawar [8] 

investigate experimentally the influence of operating 

factors on the performance of PEM fuel cell; they noted 

that the humidification temperature of the anode side 

affected the performance of PEM fuel cell. Lower fuel cell 

performances were observed at the high voltage (low 

current) range due to the poorer grade of humidification. 

Sasan Yousefi et al. [9] calculated the passive 

direct methanol fuel cell performance at different cell 

temperatures. The results showed that the increase in the 

operating temperature causes improved natural convection 

within the fuel cell. This increased in turn natural 

convection growths methanol crossover. Strahl et al. [10] 

studied experimental and numerically the effects of 

temperature on the performance of an open-cathode, self-

humidified PEM fuel cell system. They observed that 

thermal management developed the performance of PEM 

fuel cell. The most major temperature-dependent factor is 

exchange current density. Riascos et al. [11] offered an 

approach for the control temperature of the PEM fuel 

cells. Li et al. [12] studied a dynamic thermal affine ideal 

for the temperature control problem in fuel cell systems. 

Dilara et al. [13] created a 3D,single-cell, and non-

isothermal model with triple mixed and serpentine flow 

fields using an active area of 25 cm
2
 by means of the 

computational fluid dynamics built-in in COMSOL 

Multiphysics 5.0. Modelling results demonstrated that the 

performance improved when the operation temperature 

increased. Dhahad et al. [14] investigated experimentally 

the impacts of different working temperatures (50 °C, 58 

°C and 65 °C) on the PEM fuel cell performance using a 
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rated power of 100 W. Experimental results showed that 

the performance of PEM fuel cell decreased as operation 

temperature increased. Al-amir et al. [15] investigated of 

the effects of hydrogen mass flow rate and inlet hydrogen 

pressure on the performance of PEM fuel cell. They 

observed the remarkably identical experimental and 

theoretical results. Yan et al. [16] inspected experimentally 

the effects of operating settings, such as inlet oxygen flow 

rate, oxygen inlet humidification temperature and fuel cell 

temperature on the PEM fuel cell performance using 

traditional and interdigitated flow fields. From results 

showed that, the performance of PEM fuel cell improves, 

as an oxygen inlet flow rate, cathode humidification 

temperature and PEM fuel cell temperature are increase. 

However, when the operating temperature of PEM fuel 

cell was higher than or equal to the anode temperature, 

PEM fuel cell the performance deteriorated owing to the 

dehydrated membrane. Berning & Djilali [17] investigated 

the impacts of numerous operating and geometric 

limitations on PEM fuel cell performance and transport 

and kinetic properties. Chen et al. [18] did a investigate 

the impacts of pressure variance among the adjacent 

channels on PEM fuel cell performance and local current 

density using an adjustable flow field. Experimental 

results showed the peak local current density occurs below 

the land area. On the other hand, the local current density 

in the inlet channel superior the local current density in the 

outlet channel. There good pressure difference was 

occurred between adjacent channels. This study aimed to 

explore the impacts of varied operating temperatures 

ranging 25 °C, 30 °C, 35 °C, 40 °C and 45°C and different 

operating pressures ranging 0.3, 0.5, 0.7, 0.9 and 1 bar 

numerically and experimentally on PEM fuel cell 

performance. 

 

MATHEMATICAL MODEL 

This section summarises the modelling and 

simulation of the effects of operating temperature ranging 

25 °C, 30 °C, 35 °C, 40 °C and 45 °C and operating 

pressures (0.3, 0.5, 0.7, 0.9 and 1 bar) by using the Matlab 

software. In this study, PROTUM-20 fuel cell was 

modelled to examine the effects of operating temperatures 

on PEM fuel cell performance. Figure 1 displays the 

imaging of PROTIUM-20 fuel cell, which is a fuel cell 

system with a Z-flow technology flow field. The cell 

contains six cells and a 1 × 12 V cooling fan. PROTIUM-

20 is PWM-controlled and operates at 40 °C. The power 

interface is a terminal block at the maximum level of 5 A. 

The fuel cell features a dimension of 100 × 72 × 55 mm 

and weight of 205 g. PROTIUM-20 fuel cell possesses an 

electronic controller and the Fly driver board version 3.0 

(80 × 55 × 25 mm
3
 and 105 g). The net performance 

produced by PROTIUM-20 fuel cell reaches 20 W (2.38 A 

× 8.4 V). Modelling and simulation of fuel cells were 

conducted in several studies for easy understanding of 

certain phenomena occurring inside the fuel cell. 

Furthermore, these approaches provide indications of fuel 

cell performance and behaviour. Any parameter and 

design can be developed easily in a mathematical model. 

The system can also be improved without using hydrogen, 

but it still presents safety concerns and is expensive for 

low-volume use. Several parameters are needed to model 

and simulate PROTIUM-20 fuel cells. The current 

parameters are obtained from the specifications of 

PROTIUM-20, and a few are lifted from literature [19]. 

Table-1 lists the parameters in detail. These parameters are 

detailed in Table-1. 

 

 
 

Figure-1. Shows imaging of PROTIUM-20 fuel cell. 

 

Table-1. Parameters used in this modeling. 
 

Parameter Value 

n 6 

T 318 K 

A 9.84 cm² ℓ 178𝜇𝑚 [19] 

PH2 0.7 atm 

PO2 0.4 atm 

Rc 0.0003 Ω [19] 

B 0.0002 V 

 1 -0.948 [19] 

 2 
0.0286 + 0.0002. 𝑙𝑛 +(4.3. 10−5). 𝑙𝑛𝑐𝐻2 [19] 

 3 7.6.10−5 [19] 

 4 -1.93.10−4 [19] 

  19 [19] 𝑚𝑎𝑥 0.305 A/cm² 

C 3 F [19] 

 

The parameters tabulated in Table-1 can be 

defined, where n refers to the number of cells used 

throughout the current model, T represents the membrane 

temperature used in the tests (K), A is active area of the 

membrane (cm
2
), ℓ refers to the membrane thickness 
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(µm), PO2indicates partial pressure of oxygen (atm), PH2 

specifies the partial pressure of the hydrogen (atm), Rc 

corresponds to the membrane equivalent contact resistance 

(Ω), B is the coefficient parameter of concentration losses 

(V), and  (𝓲 : 1…4 ) are the coefficient parameters 

established on thermodynamic, electrochemical, and 

kinetics laws. In addition,   is the coefficient parameter 

used to model the membrane resistance (minimum of 14, 

maximum of 23), 𝑚𝑎𝑥 refers to the current density 

maximum (A cm
2
), and C is the equivalent electrical 

capacitance used to model the stack dynamic behaviour 

(F). 

The PEM fuel cell voltage was calculated from 

following equation: 

 V FC = E Nernst − V act − V ohmic − V con.                (1) 

 

Where V FC is the open circuit voltage (V); E 

Nernst represents reversible voltage and the 

thermodynamic potential of the fuel cell [19]; V act 

represents the voltage of the activation region; V ohm 

represents the voltage of ohmic region drop, the 

conduction of protons through the membrane and electrons 

during the internal resistance is associated with ohmic 

region; and V con represents the voltage of the 

concentration region linked with mass transportation of the 

reacting species [19].  

V act; V ohmic; and V con represents the second 

term of the above equation and reduction in voltage V FC. 

each part of them can be calculated from following 

equation. 

 𝐸 𝑁𝑒𝑟𝑛𝑠𝑡 = 1.229 − 0.85. 10−3  . (𝑇 − 298.15)+ 4.31. 10−5 . 𝑇. [ln(𝑝𝐻2)+ 12 . ln(𝑝𝑂2)]                                         (2) 

 𝑉 𝑎𝑐𝑡 = − [ 1 +  2. T +  3. T. ln(co2)+  4. T. ln(𝒾FC)]                                 (3) 

 𝑉 𝑜ℎ𝑚𝑖𝑐 = 𝒾𝐹𝐶. (𝑅𝑀 + 𝑅𝐶)                                               (4) 

 𝑉 𝑐𝑜𝑛 = −𝐵. 𝑙𝑛 (1 − 𝐽𝐽 𝑚𝑎𝑥)                                              (5) 

 

Where Co2 represents the oxygen concentration 

in the catalytic interface of the cathode side (mol /cm³); 

CH2 represents hydrogen concentration in the catalytic 

interface of the anode side (mol/ cm³); 𝒾𝐹𝐶 𝑖𝑠actual 

current of fuel cell (A); RM equal membrane resistance ( 

Ω); and J denotes the actual current density of fuel cell (A 

cm² ). 

The oxygen concentration was computed using 

next equation 𝐶𝑜2 = 𝑃𝑜25.08 × 106. 𝑒−(498 𝑇⁄ )                                                (6) 

 

The hydrogen concentration was calculated from 

following equation. 

 𝐶𝐻2 = 𝑃𝐻25.08 × 106. 𝑒−(498 𝑇⁄ )                                               (7) 

 

The equal membrane resistance was 

calculated[19]. 
 𝑅𝑀 = 𝜌𝑀. ℓ𝐴                                                                             (8) 

 

where 𝜌𝑀 represents specific resistance of the membrane 

(Ω.cm) was calculated from following formula. 
 ρM
= 181.6. [1 + 0.03 (𝒾FCA ) + 0.062. ( T303) ² (𝒾FCA )2.5][ − 0.634 − 3 (𝒾FCA )] . e[4.18.(T−303T )]         (9) 

 

the term 181.6 (𝜓 − 0.634)⁄ isthe specific resistance 

(Ω.cm) at no load. 

 

EXPERIMENTAL SETUP 
The front panel of the test rig PEM fuel station. 

The main components of the test rig include the fuel cell 

(PROTIUM-20) pipes, regulator pressure, power supply 

rheostat and a laptop and data acquisition software in the 

present study, the effects of parameter conditions (i.e. 

temperature and pressure) were investigated. 

Temperatures ranging 25 °C,30 °C,35 °C, 40 °C, and 45°C 

with a five-step pressure ranging from 0.3 bar to 1 bar 

were used to analyse their effects on PEM fuel cell 

performance. The working medium (fuel) was of hydrogen 

purity, which must be considered to be equal to 99.999%. 

The solenoid valves, in which air enters through the cell 

fan, were used to supply or purge control to complete the 

chemical reaction mechanisms within the cell. Table-2 

provides in detail all operation conditions. Hydrogen rate 

was set to 3 L/min by the hydrogen flow meter, and the 

pressure of PEM fuel cell was changed from 0.3 bar to 1 

bar via a pressure control. The loader rheostat was used to 

obtain further loading of the cell, resulting in a drop in 

voltage. A data acquisition graphic user interface, type RS 

232, was applied by using the software Spectronik.  
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Figure-2. The PEM fuel cell test station schemed. 

 

Table-2. Operating conditions of fuel cell. 
 

10 - 40° C Temperature 

0.3 to 1 bar pressure 

7- 11.4V Voltage 

3 L/min Flow rate of hydrogen 

1 to 3 S Startup of fuel cell 

 

RESULTS AND DISCUSSIONS 
Figure-2 demonstrates the polarisation curve of 

the experimental data of the PEM fuel cell at changed 

operating temperatures varies 25 °C, 30 °C, 35 °C, 40 °C 

and 45 °C. As shown in the polarisation curve, the 

increase in temperature enhanced the voltage drop; our 

results rematch with those of prior readings [16, 20, 21]. In 

general, the polarisation curve comprise three types of 

losses responsible for the reduction in performance, 

namely, the region of activation of polarisation (activation 

losses), region of ohmic of polarisation (ohmic losses) and 

region of concentration (concentration losses). Activation 

losses are uninfluenced by operating temperature. 

Therefore, the voltage drops are approximately the same at 

the given temperatures. Meanwhile, the ohmic loss 

represents the linear part on the polarisation curve caused 

by membrane resistance. Concentration losses are the 

voltage losses connected with the mass transport of 

species at which the current density reaches the maximum 

value. Figure-3 illustrates the power curve for the 

experimental setup of the PEM fuel cell at various 

operating temperatures varying 25 °C, 30 °C, 35 °C, 40 °C 

and 45 °C. The modelling results showed the increased 

PEM fuel cell performance with increased operating 

temperature. By way of demonstrated in the power curve, 

the power transferred to a high current as a result of the 

reduction in ohmic losses. The power output resulting 

from PEM fuel cell performances at 25 °C and 45°C 

reached 13 and 14.5 W, respectively. From experimental 

measurements, at each measurement point, the system of 

fuel cell test station reached a steady state.   

 

 
 

Figure-3. The polarization curve of experimental work of 

PEM fuel cell at various operating temperatures 

varying25° C, 30 ° C, 35° C, 40° C, 45° C. 

 

 
 

Figure-4. The power curve of the experimental work of 

the PEM fuel cell at various operating temperatures 

ranging 25° C, 30 ° C, 35° C, 40° C, 45° C. 

 

The present study considered the effect of 

different operating pressures (0.3, 0.5, 0.7, 0.9 and 1 bar) 

on fuel cell performance (Figure-4). As mentioned, the 

losses in each region in the polarisation curve are 

associated with the phenomena occurring inside the fuel 

cell. Polarisation increased with increasing operating 

pressure, leading to improved voltage drops compared 

with that at low operating pressure. The power curve of 

the experimental performance of the PEM fuel cell at 

different operating pressures (0.3 bar to 1 bar) are 
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illustrated in Figure-5. The simulation results indicate the 

enhanced performance at gradually increasing operating 

pressure. 

 

 
 

Figure-5. The polarization curve of the experimental work 

of the PEM fuel cell at various different operating 

pressures ranging 0.3,0.5,0.7,0.9,1 bars. 

 

 
 

Figure-6. Shows the power curve of the experimental 

work of the PEM fuel cell at various operating 

pressures ranging 0.3,0.5,0.7,0.9,1 bars. 

 

The polarization curve of the PEM fuel cell that 

modeled at changed operating temperature ranging from 

25° C, 30° C, 35° C, 40° C, and 45 ° C are shown in figure 

6. the power curve of the PEM fuel cell that simulated at 

various operation temperatures (25° C, 30° C, 35° C, 40° 

C, and 45 ° C) are depicted in Figure-7. The current 

against voltage curve of the PEM fuel cell that simulated 

at changed operating pressures ranging from 0.3 bar, 0.5 

bar, 0.7 bar, 0.9 bar, and 1 bar are shown in Figure-9. 

Figure-10 demonstrates the power curve of the PEM fuel 

cell that simulated at different operation pressures 

(0.3,0.5,0.7,0.9, and 1 bars).    

 

 
 

Figure-7. The polarization curve of theoretical data of the 

PEM fuel cell that simulated at different operating 

temperatures ranging25° C, 30 ° C, 35° C, 40° C, 45° C. 

 

 
 

Figure-8. The power curve of the theoretical data of the 

PEM fuel cell that simulated at dissimilar operating 

temperatures varying(25° C, 30 ° C, 35° C, 40° C, 45° C. 
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Figure-9. The polarization curve of the PEM fuel cell 

that simulated at various operating pressures 

(0.3,0.5,0.7,0.9,1 bars). 

 

 
 

Figure-10. The power curve of the PEM fuel cell 

that modeled at various operating pressures 

(0.3,0.5,0.7,0.9,1 bars). 

 

From the acquired results, we observed the 

variances between the results attained from the 

experimental work and those from mathematical 

modelling. These variances are due to several factors, such 

as failure of theoretical modelling to illustrate the 

processes and phenomena occurring within the fuel cell, 

where several parameters are assumed for easy modelling. 

However, the experimental setup of the PEM fuel cell 

provides all the processes that occur within the cell and 

considers surrounding and laboratory conditions. 

 

CONCLUSIONS 

In this study, modelling and experimental studies 

were conducted in order to explore the impacts of 

operating parameters, such as temperature and pressure on 

the PEM fuel cell performance. Based on the experimental 

results, the PEM fuel cell performance improved with 

increasing operating temperature (25 °C, 30 °C, 35 °C, 40 

°C and 45 °C) and pressure (0.3, 0.5, 0.7, 0.9 and 1 bar). 

Furthermore, the modelling results demonstrated a 

similarly improved PEM fuel cell performance under the 

same conditions. From the acquired results, there is no 

agreement between the experimental results and those of 

the mathematical model, as mathematical modelling 

provided no visualisation of the sequenced phenomena 

within the cell. 
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