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In recent years, using the renewable energy resources has attracted the attention of researchers and 
automobile companies, because of limited fossil fuel resources, low efficiency of internal combustion 
engines and their contribution to environmental pollution. By using the fuel cell systems instead of 
internal combustion engines overcome these problems can be partially overcome. In this regard, the 
present article examines a PEM fuel cell system for use in an urban vehicle. In the first part of this 
article, by using the real component of system, the fuel cell system components including stack, 
membrane humidity of air and hydrogen, air compressor, water pump and pump cooler stack have been 
modeled in MATLAB Simulink environment. The mentioned model can evaluate the power 
consumption of system and its auxiliary components and also the required water, hydrogen and air for 
system. At the base case and the current density of 0.7A / cm2, 14% of power productions of stack are 
consumed by auxiliaries units. At this current density, the overall and net system efficiencies are 
48.15% and 34.3%. Also, by increasing the air stoichiometric coefficient due to increased compressor 
power consumption, there is not a significant increase in output voltage. In the second part of this 
article, the system from the point of view of the first law of thermodynamics has been optimized with 
objective functions of maximum output power and maximum efficiency. The results indicate that first, 
the model search method is the best method for optimization, second, the optimization with the aim of 
maximum power, pure power and system efficiency are increased by 11.9% and 4% respectively and 
the power consumption by auxiliary unit is reduced about 42%. 
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Fig. 1 Schematic of the fuel cell car system 
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Fig. 2 Fuel cell stack MK902 Ballard website [13] 

2 MK902 ] 13[  

1   MK902  ]13[ 
Table 1 Specification of MK902 fuel cell stack Ballard website 
[13]   

  (cm)  75    4  
(cm)  34  (kW)  68  
(cm)  24   (kg) 72  

   68  (lit) 61  

2  
Table 2 The coefficient of activation voltage loss 

Fowler [15]  Amphlett[14]  

-0.948 0.9514  
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Fig. 3 Schematic a shell and tube air membrane humidifier 

 

3  Perma Pure 

Table 3 Specification of membrane humidifier Perma Pure for 
H2 and Air 

  
  

  
FC300-1660-7Lp  

  
FC600-7000  

(mm) 1.02  0.76 

(mm)  0.97  0.71 

  (mm)  177.8  177.8 

(mm)   280.88  154 
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Table 4 The value of k  for different kind membranes 

               
 

( m) 
Nafion  

20 × 10  25 111 

8.9 × 10  50 112  

6.7 × 10  87 1135 
5.3 × 10  125 115 
2.3 × 10  175 117  

Water out 

Dry air 

Water in 

Humidified air 
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 5        
Table 5 Pressure drop relations in the shell of humidifier 
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Table 6 Working conditions of the system examined 

    
(K) 355  
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Fig.  4 Comparison the power curve of fuel cell stack and the 
pure power system with Wishart results [3] 

4  
] 3[ 

 
Fig. 5 Comparison the water consumption rate of shell and tube 
membrane humidifier of Perma Pure 150-480-7PP with Kang 
model [25] 

5 Perma Pure 150-480-
7PP 25[  
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Fig.  6 The effect of air stoichiometric ratio on the output fuel 
cell voltage 
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Fig.  7 The  effect  of  air  stoichiometric  ratio  on  the  power  
consumption of compressor 
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Fig. 8 The effect of inlet air relative humidity on the output fuel 
cell voltage 

8   

  
Fig. 9 The relative humidity of air at the outlet of humidifier 
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Fig. 10 Stack heat production rate and consumer power fuel 
cell system  
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Fig. 11 The total efficiency of the fuel cell system 
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Fig. 12 Power production of stack and net power of system 
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Table 7 The Range of optimization variables 

   
333<T<353 T (K) 

1.5<P<5 P (atm) 
1.2< <5 air 

8   
Table 8 Optimal solution for fuel cell vehicle with the aim of maximizing the net power of system 

  

     (kW) 
 

T, airst, Pca  
  (s) 

SQP(fminimax)  48.60  ]2.971.5344[  16  60  

  46.19  ]2.641.5341[  50  1125  

  46.18  ]2.621.5342[  50  1130  

  46.18  ]2.621.5342[  705  300  

 46.20  ]2.621.5342[  550  280  

)   46.20  ]2.621.5342[  52  108  

  46.20  ]2.621.5342[  52  120  
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Fig. 13 Net power system for both bass and optimized 
conditions 
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Fig. 14 Compressor power consumption for both base and 
optimized conditions 
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Fig. 15 Stack power of fuel cell for both base and optimized 
conditions 
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Fig. 16 Fuel cell system efficiency for both base and optimized 
conditions 
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9   
Table 9  Optimal solution for fuel cell vehicle with the aim of maximizing efficiency of system 

      %        

 T, airst, Pca  

  (s) 

SQP(fminimax)  49.44  ]1.991.5333[  8  23  

  49.38  ]1.981.5333[  30  421  

  49.42  ]1.991.5333[  30  422  

  -  -  -  -  

 -  -  -  -  

)   49.40  ]2.01.5333[  14  19  

  49.42  ]1.991.5333[  14  26  
  
 

 
Fig. 17 Net powers system for both base and optimized 
conditions 
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Fig. 18 Fuel cell systems efficiency for both base and 
optimized conditions 
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