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Introduction 
Solid Oxide Fuel Cells (SOFCs), convert 

chemical energy into electrical energy at high 
temperatures (600-1000oC). The performance of 
the SOFC depends on membrane electrode 
assembly (MEA) materials, operating conditions 
and other various parameters. 

Recently researchers are working on to 
develop MEAs that can operate at lower 
temperatures and thus lowering the cost of SOFC 
production. It is observed that researches 
concentrated on MEAs that operate at 400-600 oC 
and using methanol as fuel are attracting attention.  

High energy concentration of methanol and 
its easy decomposition in elevated temperatures, its 
cheap acquirement without being dependent to 
fossil fuels makes methanol an attractive fuel.     

On the other hand, current collectors 
developed for SOFCs constitute 70-75% (up to 
90% at home applications) by weight and 50% by 
cost [1]. Due to these reasons, by developing the 
current collectors, stack volume, weight and price 
of SOFCs can be largely reduced. Towards this 
reason, various versions are developed for current 
collectors [2]. 

SOFCs are produced in many sizes and 
functions such as home applications (0.5-2 kW); 
auxiliary power units (APU); portable (10-25 kW) 
and etc. It is important that home, APU and 
portable SOFCs are lightweight and compact. Also 
in order to reach the high temperatures for the 
system that operates, current collectors are needed 
to be made thin.  

Since fuel concentration (methanol+water 
mixture), pre-heater temperature of fuel, fuel and 
air flow rate, operation temperature, current 
collector construction have an important effect on 
the performance of fuel cell, detailed examination 
of these parameters are very important.  

In this study different type gas flow channels 
for direct methanol SOFC were tested both 
experimentally and using simulation program 
computational fluid dynamics (CFD).  

 

For experimental tests a system was 
designed and built up. The system is shown below 
(Fig 1). 
    

 
 

Fig.1. Schematic presentation of 
experimental setup. 

 
Because of its high resistance to corrosion, 

high electrical conductivity and low thermal 
expansion coefficient, interconnectors of the SOFC 
was made of Crofer APU22.  

Pressed MEA conssisted of sintered scandia-
stabilized zirconia (SSZ) electrolyte and NiO-SSZ 
and Sr-doped lanthanum ferrite (LSF) as anode and 
cathode material.  

Single test cell consists of anode current 
collector, cathode current collector and the 
membrane electrode assembly. Current collectors 
provide uniform distribution of fuel and oxygen 
along the MEA uniformly and collection of current 
from the active areas of MEA. Due to this reason 
the design of flow fields have important effect on 
the performance of the cell. Figure 2 shows two 
flow field designs used for the experiments. Each 
design has been examined. 
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Fig. 2. Fuel flow channels developed for 

direct methanol solid oxide fuel cells. a) Serpentine 
b) Spiral. 
 
Results and discussion  

 
Fig. 3. CFD analysis of fuel flow channels. 

 
Methanol consumption through the anode 

layer (Fig. 4), O2 consumption through cathode 
layer (Fig. 5) and the variation of current density 
on the cathode layer (Fig. 6) are shown on figures 
below. 

 
Fig. 4. Methanol consumption through 

anode gas channel. 

 
Fig. 5. O2 consumption through cathode gas 

flow channel.  

 
Fig. 6. Variation of current density on 

cathode.  
 

Conclusions 
Experimental results have shown that the 

current collector flow field design effects the rate 
of electrochemical reactions and hence the 
performance of the cell significantly.  
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