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 Abstract: This paper discusses different air management technologies for fuel cell systems. 
Two different types of compressors are analyzed for Proton-exchange membrane fuel cells 
(PEMFC). Some important criteria are analyzed thoroughly for the selection of turbo 
compressor among different types of compressors illustrated with the help of matrix 
representations. The impacts of various input parameters for Fuel Cell (FC) are also explained 
thoroughly. Later the numerical modeling of an automobile fuel cell system using a high 
speed turbo-compressor for air supply is explained. The numerical model incorporates the 
important input parameters related with air and hydrogen. It also performed energy and 
mass balances across different components such as pump, fan, heat-exchanger, air 
compressor and also keeps in consideration the pressure drop across the flow pipes and 
various mechanical parts. The model is solved to obtain the characteristics of the FC system 
at different operating conditions. Therefore, it can be concluded that the high speed turbo 
compressor with a turbo-expander can have significant effects on the overall system power 
and efficiency.  
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1.  Introduction 

The world is facing a significant energy crisis due to 
increased energy demand (Malik et al., 2020; Mehdi et al., 
2019). The conventional sources alone cannot fulfill this 
ever-increasing demand for energy because conventional 
energy sources are mostly nonrenewable energy sources 
that tend to deplete with time (Mushtaq et al., 2016). So, it 
is a fact that there is a great need for energy sources that 
do not deplete and damage the environment (Faiz Ahmed 
et al., 2016; Mondial et al., 2013). Renewable energy 
sources are on the other hand ecofriendly. One such 
source for energy catering energy crisis is fuel cell 
(Akinyele et al., 2020). 

 

Fuel cell technology is more than a century old. Many great 
scientists and researchers worked to develop the perfect 
fuel cell (FC) and they also succeeded to some extent (Al-
Baghdadi, 2017). However, apart from the fuel cell itself 
there are many important factor and design parameters in 
the shape of primary and secondary components of the 
whole FC system. Still there is a vacuum for further 
research in the area of air and fuel management system 
(Gimba et al., 2016). 

Air compressor is one of the key components in a FC 
system. It plays a vital role in the overall system 
performance and efficiency (Bethoux, 2020; Weyers and 
Bocklisch, 2018). It is basically a machine in which a 
specific fluid is compressed with the help of an impeller. 
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The compressor can have single stage or multi-stages for 
larger proportions of compression (Yu et al., 2015; Zhao et 
al., 2012). The next important component inside the 
compressor is the diffuser. In the flow path downstream 
of the impeller, the conversion of remaining kinetic energy 
(high velocity) of the gas into pressure is carried out by 
the diffuser. The last component is the volute which 
provides a smooth swirl path for the pressurized fluid to 
exit the compressor (Ahsan et al., 2019). 

This study investigates the development of a preliminary 
design method for turbo compressors (Pakle and Jiang, 
2018). The design process begins with the aerodynamic 
analysis of the preliminary design and its dependence on 
the input parameters. Six manufacturing factors are 
considered related to the compressor pre-designing 
process (Sugawara et al., 2016). The minimum and 
maximum input parameter values are taken into 
consideration. The limits of the diffusion factor were also 
considered. 

2.  Evaluation Model for Air Compressor 

The type of fuel cell used in the system is the Proton 
Exchange Membrane Fuel Cell (PEMFC), due to the 
obvious reason that this type of FC can be easily stacked 
together to produce a power output to run an automobile 
and has an operating temperature which is optimum for 
an automobile (Pukrushpan, 2003). The fuel cell stack 
(FCS) size is modeled to produce 132 horse power 
(98.5kW) which is equal to the horse power of the world 
renowned medium sized car i.e. Toyota Corolla. This size 
of a FC system would be sufficient to power an average 

sized vehicle. The FCS is made up of 346 individual FCs and 
has a total area of 1117 cm2 (Kulp, 2001). 

In order to power a medium size automobile, a FCS needs 
to be integrated with other components to form a FC 
system. The diagram in Figure 1 shows the minimal 
components required for a FC system. The FCS requires 
four flow systems: 

a) Hydrogen supply system to the anode 
b) Air supply system to the cathode 
c) Water separator to separate the air and water 
d) Humidifier to humidify the hydrogen and the air flows 

The reaction rate is significantly improved by high air 
pressure, and thus, the FCS efficiency and power density. 
Therefore, a compressor is required to increase the 
pressure of air to the optimum pressure level. As a result 
of high temperature of the air leaving the compressor a 
humidifier is used to add vapor into the air flow, as 
illustrated in Fig. 1, in order to cater the dehydration of 
the membrane. The air is saturated as it leaves the FC. For 
an automotive FC system, a water separator is necessary 
to recover the excess water. On the anode side, hydrogen 
is supplied from the storage tank. A valve is used to 
control the flow rate of hydrogen after frequently 
checking the temperature and pressure of the hydrogen 
gas via the temperature and pressure sensors. Since the 
temperature of the stack should be controlled below 
100℃ to protect the membrane from any damage, 
excessive heat released in the FC reaction is extracted and 
supplied back to the humidifier/heat exchanger to 
overcome the drop in air temperature due to frictional 
losses.  

 

Fig. 1 FC system flow diagram.
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As a result of cell reaction, heterogeneous air and water 
stream coming out of the FCs is passed through the water 
separator. The water separator separates the air stream 
from the mixed stream. Water is channeled to the 
humidifier for humidification of incoming air, while the air 
stream is passed into the expander which converts the 
kinetic energy of air stream into mechanical energy. The 
expander and compressor both are joined by a single 
shaft, so when the expander rotates the mechanical 
energy is transferred to the compressor also which also 
starts to rotate. In this way, the waste air stream is utilized 
to do compressor work. However, the major portion of 
compressor work is done by the electrical energy which is 
supplied by the FCS. Only a small portion of the electrical 
energy produced by the FCS is used by the compressor 
motor while the rest is used by the vehicle drive train 
(Ahsan et al., 2019). In order to achieve some 
fundamental goal in the simulation of system some 
assumptions are taken into consideration. 

a) Specific heats are assumed to be constant and ideal 
gases are assumed. 

b) No change in the air and fuel properties within the 
operating range of the system.  

c) No pressure drops in the flow channel except across the 
FC and the expander.  

d) No flow resistance in the whole system. 

The properties and design points of important mechanical 
components which are turbo-compressor and expander 
used in the model are listed in Table 1. 

The polarization curve is an important representation of 
FC performance. It reveals the output voltage of the FC for 
a given current density. These curves are usually obtained 
with a galvanostat, which draws a fixed current from the 
FC and measures the output voltage. Fig. 2, shows the 
typical polarization curve of proton exchange membrane 
FC (Wilberforce and Olabi, 2020). 

3. Selection of Suitable Compressor Type 
Generally, air compressors are categorized into the 
following two different classes based upon the operation 
principle. 

a) Positive displacement 

b) Aerodynamics 

Turbochargers belong to the aerodynamic compressors, 
while other compressors (or mechanical paddles) belong 
to the volumetric compressors (Robison and Beaty, 1992), 

 

Fig. 2 Typical polarization curve 

Table 1 Properties of Compressor and Expander 

Specifications Compressor Expander Units 

Design type  Centrifugal Centrifugal  

Efficiency 88.0 81.0 % 

Temperature of air at inlet 298 358 K 

Temperature of air at outlet 363 298 K 

the important criteria for choosing a compression system 
suitable for the FCV application listed and compared in the 
form of weighting and rating matrix. 

3.1. Weighting and Rating Matrices 

The weighting and rating matrices are a critical element in 
evaluating the various concepts and choosing the most 
suitable among them. Firstly, selection of the important 
design features which are to be included in the weighted 
matrix is carried out. Secondly, those factors are 
compared with each other. All rows and columns were 
compared with each other. The factor which has greater 
significance compared to its counter-part then digit ‘1’ is 
entered at the respective position in the matrix. Likewise, 
the factor which has less significance compared to its 
counter-part then digit ‘0’ is entered at the respective 
position.  After that scores are calculated and allocated to 
the different factors according to their significance. 
Afterwards, rating matrix is formulated. Similar to the 
above matrix, several factors were compared according to 
their usefulness and score between 0, 1 and 2, are 
allocated to each of them. Score ‘2’ shows that the factor 
meets the requirement completely, while score ‘0’ shows 
that the factor does not meet the requirement at all. At 
last, the concept with the highest cumulative score is 
considered the best possible concept. This practice is very 
subjective as an apparent strong feature could distort the 
results. The design features which have been taken into 
consideration are discussed below; 
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3.1.1. Efficiency 

First and one of the most significant design feature 
selected is efficiency because the fundamental idea of the 
whole project is to improve the efficiency of the individual 
compressor by optimizing the different input parameters. 
In order to get multiplied output in terms of efficiency of 
the whole Fuel Cell System. 

3.1.2. Manufacturing Cost 

Second design feature is the manufacturing cost of the 
compressor. Cost also plays an important role, when we 
need to focus on mass production. The compressor will be 
used by the automotive industry so the unit cost of the 
product has to be kept as low as possible in order to step 
into the market competition. 

3.1.3. Vibrations 

Third design feature is the vibrations produced during the 
operation. The more vibration compressor produces, 
means the whole system is jerky and noisy. As a result, the 
system is unstable and hence the performance of the 
vehicle is not up to the hill. However, vibration is not one 
of the most important factors because vibrations 
produced by the compressor can be damped by using 
other mechanical components to make the system stable. 

3.1.4. Mass Limitation 

Fourth design feature is the mass limitation. It can be 
considered as the most crucial factor in the selection 
strategy because all the mechanical and electrical 
components are installed very closely to each other. 
Therefore, availability of space for the installation of 
compressor is the major issue which has to be kept in 
mind before designing the compressor. 

3.1.5. Complexity 

Fifth design feature is the complexity of the compressor 
and ease of maintenance in case of failure. Design 
complexity is also an important feature but in case of 
rotating machinery, the design complexity cannot be 
overcome completely. Almost all the compressor types 
have a specific kind of design complexity and troublesome 
maintenance when a failure occurs. 

3.1.6. Safety 

Sixth design feature is the safety of the compressor. 
However, safety should be the first priority before 
designing a product but keeping in view the installation 
place and other safety components in the vehicle it can be 

over seen. This is because in case of explosion, the 
compressor parts would not come into contact with the 
people seating in the car. The car is equipped with many 
of the safety equipment for the protection of the driver. 

4.  Air & Fuel Input Parameters 
The most important and pre-designing step of a turbo-
compressor is defining the different air and fuel input 
parameters which will be analyzed and optimized to get 
the best results in the form of Fuel cell system’s overall 
efficiency improvement (Wan et al., 2017). Some of the 
input parameters are following: 
a) Pressure of air  

b) Temperature of air 

c) Humidity of air 

d) Types of flow  (laminar/turbulent) of air 

e) Mass flow rate of air 

f) Ratio of fuel and air 

4.1. Pressure 

Pressure of air coming out of the compressor and going 
into the FCS is the most significant parameter which 
affects the efficiency of the FC system. The pressure of air 
going into the compressor is not a matter of issue because 
the air going into the compressor is always at ambient 
pressure which is approximately equal to 1 bar. Therefore, 
there should be minimum pressure drop across the pipes 
and other components of the system. Too low air pressure 
will result in the lower efficiency of the system likewise 
too high pressure may damage the FCS. 

4.2. Temperature 

Temperature of air coming out of the compressor and 
going into the FCS is also one of the most significant 
parameter which affects the efficiency of the FC system 
(Shamim et al., 2015). The temperature of air going into 
the compressor is however a matter of issue because the 
air going into the compressor is always at ambient 
temperature which is assumed to be at 25℃. But the inlet 
temperature is more fluctuating compared to the inlet 
pressure. The temperature may vary from -20 to 50℃ 
from place to place at different seasons. Too low air 
temperature will result in the lower efficiency of the 
system likewise too high temperature may damage the 
fuel cell membrane. 

4.3. Humidity 
Humidity of air coming out of the compressor and going 
into the FCS is also another important parameter which 
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affects the efficiency of the FC system. Similar to 
temperature, the humidity of air coming into the 
compressor can vary to large extends. It not only varies 
from season to season but can vary from nearby 
surroundings. For example, the humidity of air near the 
sea shore can be very high but as soon as we go to a 
desert the humidity of air can be extremely low. In order 
to overcome this issue a humidifier is used to between the 
compressor and FCS to keep the optimum level of 
humidity in the air when entering the fuel cell stack  
(Pischinger et al., 2001). As fuel cell itself produces water 
in the form of reaction products so there is no need of 
adding water from any external source. Controlling the 
optimum quantity of water within a PEMFC is necessary 
for proper operation. Excess of water will cause the cell to 
become flooded; likewise, shortage of water will cause the 
cell membrane to become dehydrated and may severely 
degrade cell performance. 

4.4. Other input parameters 

Other input parameters may also have a prominent 
impact on the FC performance and may prove of equal 
importance in increasing the overall efficiency of the FC 
system (Hoogers, 2002). Some of those parameters are 
type of air flow, for example the flow of air should be 
laminar of turbulent. The smoother the flow is the higher 
the diffusion of fluid through the membrane. Vice-versa, 
the higher the Reynold’s number is (i.e. turbulent) the 
higher mass flow rate and hence the higher the rate of 
diffusion. Other parameter can be mass flow rate, 
continuity of low and the concentration ratio of the 
reactants. The ratio should be kept optimum in order to 
utilize the same amount of hydrogen for a longer period 
of time. The continuity of low can be described as the 
frequency of flow; it should be pulsating or continuous. If 
the flow will be continuous there are higher chances of 
some hydrogen molecules to expel out without taking part 
into the reaction. If the flow will be pulsating the voltage 
generated by the stack may experience a minor but rapid 
fluctuation. 

5.  System Modelling 

The simulation is done by using the software MATLAB. The 
program is used to simulate the FC system with the turbo 
compressor (Yun and Joseph 1996) and gives system 
efficiencies and other output values such as pressure and 
mass flow operating lines to get the highest FC system 
efficiency.  

The MATLAB model consists of seven sections and three 
programming loops as shown in Fig. 3. At the beginning of 
the model there are Several constant values to the system 
are used such as physical constants, compressor-specific 
constants, FC specific constants, and any user input 
values. Once the values are provided, the model starts to 
simulate accordingly and performs various iterations for 
every section in ascending order. Firstly, some initial 
calculations are performed to obtain the stack power, 
stack efficiency, stack voltage, mass flow rate of fuel 
required and mass flow rate of oxygen required and hence 
mass flow rate of air.  

Then the program moves to compressor section and 
perform iterations on data gained from the compressor 
maps. Since the compressor characteristic values are 
normalized, in order to manipulate its size the maximum 
values for the compressor can be used (Ganesan, 2010). 
For the desired FC temperature and relative humidity all 
ambient conditions (inputs to the compressor) are 
specified. Several initial calculations have been carried out 
before the primary components of the FC system run in 
the program. These include the expected values for the 
maximum flow rates and the calculation of the 
compressor pressure. The equation for determining the 
power (in Watts) required by turbo compressor is the 
following: 

 Pcomp= 
ቌ൬

ṁdry air
Mair

+ 
ṁvap
Mvap

൰ R T k
൫k-1൯

൬Pout
Pin

൰
൫k-1) k⁄ ൯

-1ቍ

ƞcompƞmotor
 (1) 

 

 

Fig. 3 MATLAB model flow chart. 
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where Pୡ୭୫୮ is the power (W) consumed by the 
compressor, T is ambient air temperature (K) and k is 
specific heat ratio. P୧୬andP୭୳୲ are inlet and outlet 
pressures (bar) respectively. ṁdry airandṁvap are mass flow 
rates (kg/s) of air flowing. R is the universal gas constant 
(J/mol·K) M is the molecular mass, ƞୡ୭୫୮ and ƞ୫୭୲୭୰  are 
combined stages efficiencies of compressor and motor 
repectively. The model calculates power, speed, 
temperature and pressure rise inside the compressor. 

Once the calculations are performed, the program enters 
the humidifier section and checks the humidity of air 
entering the fuel cell stack. If the humidity is low, then a 
message is sent to the humidifier section to further 
increase the humidity of air to get the optimum 
performance of stack.  

After that, the program enters the most important section 
which is fuel cell stack. In this section several parameters 
are calculated while using different formulae. 
Temperature rise inside stack, pressure drop of air inside 
stack at exit point, stack power, water produced, stack 
voltage and stack efficiency are calculated based on data 
from the previous sections. The most important aspect of 
this section is the voltage equation, which also gives the 
polarization curve: 

௙ܸ௖ = 1.03 − (ܬ)ଵ଴݃݋ܮ 0.06 − (1.12 − 0.0025 ௢ܶ) ܬ
              + )ଵ଴݃݋ܮ 0.14 ைܲଶ) + ( ௢ܶ − 333) × (ܬ)ଵ଴݃݋ܮ 0.0004

  (2) 

where; V is cell voltage (V), J is cell current density 
(A/cm2), To is cell average temperature (K) and PO2 is 
average partial pressure of oxygen in cell (bar.abs). 

The above equation provides the voltage output of each 
FC based on the current load, temperature and oxygen 
levels available. FCS output such as efficiency and net 
power, are calculated in this section. Iterations are 
performed to keep the stack temperature below the 
critical temperature limit for the safe operation of stack. 

Then the program enters the expander section and 
calculates the power produced by the expander by 
utilizing the excess compressed air coming out of the 
stack. In this section mass flow rate, air temperature and 
pressure are used from the stack section to calculate the 
above parameters for the system. If the results obtained 
from expander sections are not within the range of 
operational values, then the program again moves back to 
compressor section and humidifier section while using ‘for 
loops’. The program again performs iterations on 

preceding sections and modifies the values to recheck the 
output results obtained at the expander sections.  

Once the results obtained are within the operational 
range of system then the program moves into the last 
section where the results are obtained. All the important 
results of different sections and overall system are shown 
in the form of graphical representations; the results are 
plotted keeping the x-axis same. Current range has been 
kept limited because the system cannot exceed the too 
much current to prevent the system from any irreversible 
damage. There are several programming loops in the 
program such as current-loop, pressure-loop, and 
temperature-loop and simultaneously iterations are being 
performed by the model to obtain the refined results of 
the fuel cell system integrated with turbo compressor and 
expander.  

6. Results and Discussion 
6.1. Performance evaluation of air compressor 

In the designing of highly efficient FC system, it is 
important to analyze the operating parameters and their 
consequences on the system performance. However, in 
practical scenario the operating parameters of a FC 
vehicle are constantly changing due to change in 
surrounding conditions. 

These include ideal operating conditions (for highest 
expected efficiency), minimum mass flow operation and 
frequently changing ambient conditions, stack 
temperatures and stack pressures. Design parameters and 
characteristics of FC system are shown in Table 2 below. 

Table 2 System parameters. 

Specifications Values Units 

Design power 98.5 kW 

No. of cells 346  

Cell effective area 1117 cm2 

Fan power 0.412 kW 

Pump power 1.482 kW 

Mass flow via pump 5.19 g.s-1 

Max current load 475 A 

Min current load 5 A 

Ambient temperature 298 K 

Desired stack temperature 358 K 

Exit stack temperature 363 K 

Ambient pressure 1.0 bar 

Max Stack pressure 4.0 bar 

RH entering compressor 0.5  

RH entering stack 0.9  

RH of hydrogen gas 1.0  
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The system is designed to work on these input parameters 
and the optimum fuel cell working parameter values are 
obtained by matrix calculation illustrated below in Table 3. 
The program worked by inserting different values from a 
given range and finding out the best exact value to get the 
highest overall performance of the stack. 

According to the particular application requirements of 
the FCV, the turbocharger, the compressor and the 
electric centrifugal turbocharger are clear advantages in 
size, weight, ratio of pressure, noise and pressure 
fluctuations shown in Table 4. With the expander, the 
turbocharger and the electric turbocharger can reduce the 
power requirements of the scroll compressor. In addition, 
scroll compressor, screw compressor and rotary piston 
have better performance at high temperature (efficiency). 

The centrifugal compressor was chosen because it has a 
greater efficiency, a compact size and therefore a low 
cost, less vibration and low noise and without oil mist, 
which is also one of the main causes of degradation of the 
FC. The above weighting and rating matrix also showing 
that the turbo compressor is better choice because it has 
a score of1.868 i.e. 58.3% of the total score which is much 
higher compared to the twin-screw compressor. 

Table 3 Weighting matrix 

Factor A B C D E F Total Weight 

A   1 1 0 1 1 4 0.267 

B 0   1 0 1 1 3 0.2 

C 0 0   0 1 0 1 0.067 

D 1 1 1   1 1 5 0.333 

E 0 0 0 0   1 1 0.067 

F 0 0 1 0 0   1 0.067 

∑ 15 1 

A - Efficiency; B - Cost; C - Vibration;  
D - Mass limitation; E - Complexity; F – Safety 
 

Table 4 Rating matrix 

Factor Weight Concept Weighting and rating 

  I II I II 

Efficiency 0.267 2 2 0.534 0.534 

Cost 0.2 1 2 0.2 0.4 

Vibration 0.067 1 2 0.067 0.134 

Mass 
limitation 

0.333 1 2 0.333 0.666 

Complexity 0.067 2 1 0.134 0.067 

Safety 0.067 1 1 0.067 0.067 

      ∑ 1.335 1.868 

I – Twin Screw Compressor; II – Turbo Compressor;  
0 – No match; 1-Partial match; 2-Full match. 

6.2. System performance 

Figure 4 shows the relationship between the current and 
system efficiencies. The graph shows two curves 
decreasing exponentially which tell that both the factors 
are inversely related to each other. As the current 
increases, the system efficiency decreases and vice-versa. 
However, there is an exception for the current range of 5 
to 30 A, during this period the relationship is linear. The 
maximum efficiency of the system was also observed 
during this period i.e. at 30 A, which is 62.4% for both with 
and without expander. The minimum system efficiency 
with expander and without expander are 49.6% and 47.5% 
respectively which were recorded at the upper limit of the 
current. 

Figure 5 shows the relationship between the current and 
the FCS voltage also known as the polarization curve. The 
graph shows a curve decreasing exponentially which 
shows inverse relationship between both the variables. 
When current rises, stack voltage drops and vice versa. 
The values for maximum and minimum voltages are 
306.90 V and 259.05 V respectively, corresponding to the 
lower and upper limits of the current. 

 

Fig. 4 System efficiencies with and without expander 

 

Fig. 5 Fuel cell system voltage 
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Fig. 6 Mass flow rates at FCS inlet and outlet 

Figure 6 shows the relationship between the current and 
air mass flow rate. The graph shows two curves increasing 
exponentially which tell that both the factors are directly 
related to each other. As the current increases the air 
mass flow rate also increases and vice-versa. The 
minimum mass flow rates recorded of both inlet air and 
outlet air is 27.3 g/s at the lower current and the 
maximum mass flow rates of inlet and outlet air recorded 
are 150.2 g/s and 168.5 g/s respectively at the upper limit 
of current. 

6.3. Compressor performance 

Figure 7 shows the relationship between the current and 
power required by compressor. The graph shows a curve 
increasing exponentially which tells that both the factors 
are directly related to each other. As the current 
increases, the power required by compressor also 
increases and vice-versa. The maximum power required 
by compressor is 24.8 kW at the upper limit of current. 

Figure 8 shows the relationship between the current and 
temperature rise in compressor. The graph shows  a  curve  

 

Fig. 7 Power consumed by compressor and stack 

 

Fig. 8 Temperature rise inside compressor 

increasing exponentially which tells that both the factors 
are directly related to each other. As the current 
increases, the temperature rise in compressor also 
increases and vice-versa. The minimum temperature rise 
recorded is 12.2℃ at the lower limit of current and 
maximum temperature rise recorded is 146.1℃ at the 
upper limit of current. 

Figure 9 shows the relationship between the current and 
output pressure of compressor. The graph shows a curve 
increasing exponentially which tells that both the factors 
are directly related to each other. As the current 
increases, the output pressure of compressor also 
increases and vice-versa. The minimum output pressure 
recorded is 2.96bar at the lower limit of current and 
maximum output pressure recorded is 1.1bar at the upper 
limit of current. 

Figure 10 shows the relationship between the current and 
adiabatic efficiency of compressor. The graph shows an 
unpredictable pattern, initially the adiabatic efficiency      
is approximately  constant  at  78.1 %  for  the  increase  in  

 

Fig. 9 Pressure rise inside compressor 
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Fig. 10 Adiabatic efficiency of compressor 

current then a slight peak is observed in adiabatic 
efficiency for a current value of 70 to 80 A. After the small 
peak, again a straight line was observed till 270 A, and 
then a sudden increase in adiabatic efficiency was 
observed to a maximum value of 79.6% corresponding at 
360 A of current. After that the adiabatic efficiency 
decreases suddenly to a minimum value of 74.1% at the 
upper limit of the current. 

The model developed to depict the performance of fuel 
cell system with a turbo compressor shows the results in 
the form of graphical representation. The most important 
graph which shows the performance of fuel cell system is 
the known as the polarization curve. However, in this 
model Figure 5 shows the polarization curve of the system 
and Figure 2 shows the typical polarization curve. It is 
quite obvious that both the figures have similar trends 
which prove that the model is correct. Whereas, other 
results such as system powers and compressor outputs 
are also in alignment with the published literature (Kulp, 
2001; Pukrushpan, 2003; Wan et al., 2017). 

7.  Conclusions 

The paper presents a performance analysis of the turbo 
compressor for efficient air management of PEMFC 
system incorporated in automotive applications. For 
system performance, the overall fuel cell system has 
higher efficiency for higher current loads with an 
expander. The air mass flow rate increases with the 
increased current load, however, the outlet air mass flow 
rate is higher compared to inlet air mass flow rate this is 
mainly due to higher absolute humidity of outlet air. For 
compressor performance, as the current load increases 
the required power of compressor also increases. 
Similarly, for higher loads the compressor does more work 
as a result, final temperature and pressure of the air 

increases. For this system the turbo compressor is 
designed to have a maximum efficiency at a value of 360A 
current load which corresponds to the 3/4th (i.e. 75.8%) 
of the peak load. The paper is quite useful to evaluate the 
performance of the turbo compressors used in fuel cell 
systems. 
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