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In this study, performance of a coplanar single chamber solid oxide fuel cell with oxygen-methane-
nitrogen under steady state conditions is investigated. The cell geometry is considered two dimensional 
and the computational domain consists of gas chamber, anode electrode, cathode electrode and 
electrolyte. Oxygen-methane-nitrogen mixture is fed to the cell with initial mass fraction of 0.07, 0.14 
and 0.77 respectively. All physical properties are considered as temperature dependent. The fully 
coupled nonlinear governing equations including mass, momentum, species and charge conservation 
equations are formulated in commercial software and solved using finite elements method. To show the 
model accuracy, the current model results are compared with a similar numerical model. Finally, the 
cell performance analysis including velocity, temperature and concentration of all species is discussed. 
The results show that the maximum temperature occurs at anode side. This is due to methane oxidation 
reaction which is extremely exothermic. This temperature growth is an advantage for the cell to be able 
to reduce its working temperature. Furthermore, it is shown that a large amount of hydrogen leaves the 
chamber without any use. This is the main reason of the low performance that occurs in this type of cell. 
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Fig. 1 Schematic of problem 
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Fig. 4 Temperature distribution 
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Fig. 6 Oxygen concentration distribution 
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Fig. 7 Hydrogen concentration distribution 
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Fig. 5 Methane concentration distribution  
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Fig. 8 Water concentration distribution  
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Fig. 9 Carbon monoxide concentration distribution  
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Fig. 10 Carbon dioxide concentration distribution  
10   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
96

.1
7.

1.
54

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

23
 ]

 

                               7 / 8

https://dorl.net/dor/20.1001.1.10275940.1396.17.1.54.4
https://mme.modares.ac.ir/article-15-11053-fa.html


    

     --     

  

38  1396171  

eff   
 
a  
act  
c  
DGM - 
e  
eff   
el  
f  
io  
KN  
OC  
ref  
s  

7-   
[1] J. Larminie, A. Dicks, Fuel Cell Systems Explained, pp. 1-24, 

second edition, New York: Wiley, 2003. 
[2] Y. Hao, Z. Shao, J. Mederos, W. Lai, D. G. Goodwin, S. M. Haile, 

Recent advances in single-chamber fuel cells: Experiment and 
modeling, Solid State Ionics, Vol. 177, No. 19, pp. 2013-2021, 
2006.  

[3] Ch. Y. Chung, Y. Ch. Chung, Performance characteristics of micro 
single-chamber solid oxide fuel cell: Computational analysis, 
Journal of Power Sources, Vol. 154, No. 1, pp. 35-41, 2006. 

[4] S. Ahn, Y. Kim, J. Moon, J. Lee, J. Kim, Influence of patterned 
electrode geometry on performance of co-planar, single-chamber, 
solid oxide fuel cell, Journal of Power Sources, Vol. 171, No. 2, pp. 
511-516, (2007). 

[5] M. Yano, A. Tomita, M. Sano, T. Hibino, Recent advances in 
single-chamber solid oxide fuel cells: A review, Solid State Ionics, 
Vol. 177, No. 39, pp. 3351-3359, 2007.  

[6] N. Akhtar, S. P. Decent, D. Loghin, K. Kendall, Mixed-reactant, 
micro-tubular solid oxide fuel cells: An experimental study, 
Journal of Power Sources, Vol. 193, No. 1, pp. 39-48, 2009. 

[7] M. Liu, X. Qi, Zh. Lu, Q. Meng, Effect of flow geometry on anode-
supported single chamber SOFCs arrayed as V-shape, 
International Journal of Hydrogen Energy,  Vol.  38,  No.  4,  pp.  
1976-1982, 2013.  

[8] M. Andersson, J. Yuan, B. Sunden, SOFC modeling considering 
hydrogen and carbon monoxide as electrochemical reactants, 

Journal of Power Sources, Vol. 232, No. 1, pp. 42-54, 2013. 
[9] K. Wang, D. Hissel, M.C. Pera, N. Steiner, D. Marra, M. Sorrentino, 

C. Pianese, M. Monteverde, P. Cardone, J. Saarinen, A Review on 
solid oxide fuel cell models, International Journal of Hydrogen 
Energy, Vol. 36, No. 12, pp. 7212-7228, 2011. 

[10] N. Akhtar, Single-Chamber Solid Oxide Fuel Cells: Modeling and 
Experiments, PhD thesis, Department of Chemical Engineering, 
University of Birmingham, Birmingham, 2010. 

 [11] N. Akhtar, S. P. Decent, D. Loghin, K. Kendall, A three 
dimensional numerical model of a single-chamber solid oxide fuel 
cell, International Journal of Hydrogen Energy, Vol. 34, No. 20, 
pp. 8645-8663, 2009.  

[12] N. Akhtar, S. P. Decent, K. Kendall, A parametric analysis of a 
micro-tubular, single-chamber solid oxide fuel cell (MT-SC-
SOFC), International Journal of Hydrogen Energy, Vol. 36, No. 1, 
pp. 765-772, 2011.  

[13] Y. Hao, D. G. Goodwin, Numerical Modeling of Single-Chamber 
SOFCs with Hydrocarbon Fuels, Journal of Electrochemical 
Society, Vol. 154, No. 2, pp. B207-B217, 2007.  

[14]  N.  Akhtar,  K.  Kendall,  Micro-tubular,  solid  oxide  fuel  cell  stack  
operated under single-chamber conditions, International Journal of 
Hydrogen Energy, Vol. 36, No. 20, pp. 13083-13088, 2011.  

[15] N. Akhtar, Micro-tubular, single-chamber solid oxide fuel cell 
(MT-SC-SOFC) stacks: Model development, Chemical 
Engineering Research and Design, Vol. 90, No. 6, pp. 814-824, 
2012.  

[16] N. Akhtar, Modeling of novel porous inserted micro-tubular, 
single-chamber solid oxide fuel cells (MT-SC-SOFC), Chemical 
Engineering Journal, Vol. 179, No. 1, pp. 277-284, 2012.  

[17] N. Akhtar, K. Kendall, S. P. Decent, Modeling of co-planar type 
single-chamber solid oxide fuel cells, Journal of Fuel Cell Science 
and Technology, Vol. 8, No. 4, pp. 410-414, 2011. 

[18] J. H. Cha, Y. CH. Chung, H. R. Kim, J. W. Son, J. H. Lee, H. W. 
Lee, Computer modeling of single-chamber SOFCs with 
hydrocarbon fuel, Journal of Ceramic Processing Reseach, Vol. 8, 
No. 3, pp.224-228, 2007. 

[19] M. Kamvar, M. Ghassemi, M. Rezaei, Effect of catalyst layer 
configuration on single chamber solid oxide fuel cell performance, 
Journal of Applied Thermal Engineering, Vol. 100, No. 1, pp.98-
104, 2016.  

[20] M.M. Hussain, X. Li, I. Dincer, Mathematical modeling of planar 
solid oxide fuel cells, Journal of Power Sources, Vol. 161, No. 2, 
pp. 1012-1022, 2006.  

 [21] R. Taylor, R. Krishna, Multicomponent Mass Transfer, pp. 13-95 
first edition, New York: John Willey and Sons, 1993. 

[22] J. Milewski, K. Swirski, M. Santarelli, P. Leone, Advanced 
methods of solid oxide fuel cell modeling, pp. 17-39, First edition, 
New York: Springer, 2011. 

[23] B. Todd and J.B. Young, Thermodynamic and transport properties 
of gases for use in solid oxide fuel cell modeling, Journal of Power 
Sources, Vol. 110, No. 1, pp. 186-200, 2002. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
96

.1
7.

1.
54

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

23
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://dorl.net/dor/20.1001.1.10275940.1396.17.1.54.4
https://mme.modares.ac.ir/article-15-11053-fa.html
http://www.tcpdf.org

