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Modeling and optimization of fuel cell vehicle driver system with power of 50kW
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In recent years, using the renewable energy resources has attracted the attention of researchers and
Received 08 January 2016 automobile companies, because of limited fossil fuel resources, low efficiency of internal combustion
Accepted 11 February 2016 engines and their contribution to environmental pollution. By using the fuel cell systems instead of

Available Online 01 March 2016 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

Keywords: . . . N
Polymer electrolyte membrane fuel cell article, by using the real component of system, the fuel cell system components including stack,
Vehicle membrane humidity of air and hydrogen, air compressor, water pump and pump cooler stack have been
Membrane Humidifier modeled in MATLAB Simulink environment. The mentioned model can evaluate the power
Optimization 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 / cm?, 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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Table 6 Working conditions of the system examined
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Table 5 Pressure drop relations in the shell of humidifier
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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. 4 Comparison the power curve of fuel cell stack and the
pure power system with Wishart results [3]
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Fig. 8 The effect of inlet air relative humidity on the output fuel
cell voltage
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Fig. 9 The relative humidity of air at the outlet of humidifier
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Table 7 The Range of optimization variables
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Fig. 12 Power production of stack and net power of system
s Al 508 g 009 (sadgr 08 12 Sl

s (S 3lsding —4
Fhb s (8l 4 e (pwige 5 Siledinge Slahy 5l eslial
Sy i)l Lol g (b oloy g anpa uals el g ool e
B2 e b Bas i el o3V syl s iloainge sl 050
Wte ) plae clie (gilutinge b9y So QBT L (g 0,5 L
s E95 (nl Sl g 00 placs 53 4 (S Ban @b Sl o
o onds pled Cwed Plax (29 LAl Djad Sl wilg e
Sas b adl opd 5 0j9 Sl (B S 009 bz Jlas wesily
g Oyd Jold Wlgh oo a5 sl o)gkaie iz 0l (69)lge o oaud bl
&b 93 5l Sl Syge e sl Al 008 5 CaaeB 5 033l b g Cae
Sy Lad LSl el Bas a5 cul sad solitul o jglaie S5 o
ol s JS 033 5 (29,5 LA

el )3 a5 )l 352y alide la o, o8 siledite ln
9 9 (N My Silednd (o8l Semiar (S5 lap oSl
sl 00 00! s (65l sl SQP 5 >

w950 50 30 (Jg wlo 1 3l areaS 8L HUlss Jgl o o3l 4
S 890 e (sl 1) owe aneeS 505 adsl s> o Sl L 3
@ Camd oS 1S5 olaw g 5V Gy (gl 5T 0 oS g0 aiiS oy

AL Oyadanin Baa b SSgw by (65,955 e $lp e J> 8 Jgu

Table 8 Optimal solution for fuel cell vehicle with the aim of maximizing the net power of system
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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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Fig. 13 Net power system for both bass and optimized
conditions
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Table 9 Optimal solution for fuel cell vehicle with the aim of maximizing efficiency of system
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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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