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The present study was undertaken to design and analyze three different configurations of SOFC (solid 
oxide fuel cell) and MGT (micro-gas turbine) hybrid system. The first presented configuration is a 
hybrid system with one fuel cell which is considered as a basic mode. Two other configurations are 
considered with two fuel cells that are mounted upstream of the turbine in series and parallel forms. The 
aim of the current study was thermodynamic analysis of designed hybrid systems and achieving the 
optimum fuel consumption factor for fuel cells that are used in hybrid systems. Therefore, other 
performance parameters such as turbine inlet temperature, compressor pressure ratio and the number of 
cells, which play an important role in implementation of SOFC and gas-turbine, were parametrically 
analyzed and the obtained optimum values were used in analyses. In this regard, the parameters 
associated with electrochemical processes within cells are considered as a function of their chemical and 
thermodynamic conditions, and their modeling code combined with the modeling code of micro gas 
turbine cycle. The results of this study revealed that fuel utilization factor has direct impact on the 
SOFC/MGT hybrid system performance. Also we demonstrate that the optimal fuel utilization factor for 
basic mode hybrid system was 0.85, hybrid system with 2 series fuel cells were obtained 0.7 and 0.8 
respectively and hybrid system with two parallel fuel cells were calculated to be 0.85(for both fuel 
cells). Moreover, the SOFC/MGT hybrid system with two series fuel cells account for the highest 
electrical efficiency (more than 48%) and was selected as the most efficient configuration. 
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Fig. 1 Schematic of SOFC/MGT hybrid system 
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Fig. 2 Schematic of SOFC/MGT hybrid system with two series fuel cells 
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Fig. 3 Schematic of SOFC/MGT hybrid system with two parallel fuel cells 
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Table 1 Main operating parameters of SOFC-MGT systems 
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Table 2 Activation polarization input parameters [13] 
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Fig. 4 Flowchart of SOFC-MGT modeling 
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Fig.  5 Comparison of experimental data and present model results for 
cell voltage 
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Table 3 Comparison of Horlock and present model results 
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Fig.  6 Variations of system electrical efficiency with fuel utilization 
factor 
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Fig.  7 Variations of system electrical efficiency with fuel utilization 
factor 
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Fig.  8 Variations of system electrical efficiency with fuel utilization 
factor 
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Fig. 9 Variations of system electrical efficiency with second fuel cell 
fuel utilization factor 
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Fig. 10 Variations of system electrical efficiency with first fuel cell fuel 
utilization factor  
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Fig. 11 Variations of system electrical efficiency with second fuel cell 
fuel utilization factor 
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Fig. 12 Variations of system electrical efficiency with first fuel cell fuel 
utilization factor 

12             

0.4 0.5 0.6 0.7 0.8 0.9
0.41

0.42

0.43

0.44

0.45

0.46

0.47

0.48

U f,2

el
ec

,s
ys

Uf ,1=0.4
Uf ,1=0.5
Uf ,1=0.6

Uf ,1=0.7
Uf ,1=0.8
Uf ,1=0.9

0.4 0.5 0.6 0.7 0.8
0.465

0.467

0.469

0.471

0.473

0.475

0.477

U f,1

el
ec

,s
ys

rp = 3
rp = 5
rp = 7

0.4 0.5 0.6 0.7 0.8 0.9
0.38

0.39

0.4

0.41

0.42

0.43

0.44

0.45

0.46

0.47

U f,2

el
ec

,s
ys

Uf ,1=0.4
Uf ,1=0.5
Uf ,1=0.6

Uf , 1=0.7
Uf , 1=0.8
Uf , 1=0.9

0.3 0.4 0.5 0.6 0.7
0.454

0.456

0.458

0.46

0.462

0.464

0.466

U f,1

el
ec

,s
ys

rp = 3
rp = 5
rp = 7

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

    

    

  

308  13951612  

 4     
Table 4 Optimum parameters of fuel utilization factor in series mode 
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Fig. 13 Variations of system electrical efficiency with second fuel cell 
fuel utilization factor 
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Fig. 14 Variations of system electrical efficiency with first fuel cell fuel 
utilization factor 
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Fig. 15 Variations of system electrical efficiency with second fuel cell 
fuel utilization factor 
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Fig. 16 Variations of system electrical efficiency with second fuel cell 
fuel utilization factor 
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Table 5 Optimum parameters of fuel utilization factor in parallel mode 
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