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Theoretical efficiency of a fuel is defined as in the gas-liquid 
operation mode, i.e. the evaporation heat is included
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Taking into account the entropy increase evaluates,
the corresponding Gibbs free enthalpy change is 

actual electric power

the “lost power” of transport processes

The relation of  to the total efficiency to transport efficiency is
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FUEL CELL
direct conversion chemical energy into electrical energy
Hydrogen Fuel Cell --- Proton Exchange Fuel Cell (PEFC)
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Methanol Fuel Cell --- Direct Methanol Fuel Cell (DMFC)
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Entropy production          depends on the balance laws formulation( )Sσ

Heat transfer
Mass & el. Charge (      ) transfer friction Chemical

reactions

For isothermal case

( )
( )

i + +
2 3 2 2

i
e e e

v -v ,difusion fluxes for , , H O, H O ,H , H ,O

v -v ,electric current of charged component 

, chemical reaction rates for , cath,anode

i i
D

i i

j

i

r L A

α α α

α α

ρ ρσ σ
σ

ρ α β

ρ α

ρ σ

= =

=

= =∑

[ ]79.6495 10 C/kmolF = ⋅

Zα



Nafion-Perfluorosulfonacid-polymer

SO3 H- complex induced  dissociation by water 

Electric conductivity
depends on water content



Distribution of all relevant quantities between electrodes
by Frank Meier, Universität Stuttgart
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for water only

( )cασ water surface tension depends on a solute concentration
on the surface         in 1  m3 of the porous membraneαA
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Thermodynamic analysis of transport processes
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hrough membrane or catalyst layers depends 
on coupling coefficient

1

from experiments (H.van Bussel .,1998) and analysis (A.Kulikovski, 2003)
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Extreme “efficiency” of electric power depends on electrophoresis 
coef. q2 only

Conclusion
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( )2

Water content has close conection to thecoupling coefficient
representing the diffusion flux through membrane or catalyst layers

1

From thecomparison with the experiments (H.van Bussel .,19
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corresponding analysis (A.Kulikovski, 2003) we have
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Typical operational conditions
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Diffusion coefficient is defined by ( ) ( ) or ( )

m( ) is estimate by the experiments (H.van Bussel .,1998)
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Electroosmotic drag coefficient  nd applied in calculations
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Applied chemical reaction for thermodynamical analysis
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Theoretical efficiency of a fuel is defined as in the gas-liquid 
operation mode, i.e. the evaporation heat is included
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Taking into account the entropy increase evaluates,
the corresponding Gibbs free enthalpy change is 

actual electric power
the “lost power” of transport processes

The relation of the thermal efficiency          to the total efficiency 
tη
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Conclusion for fuel cells following from the thermodynamics analysis:

• The gradients of  electric potential and water concentration can be both 
conformal (electric power generation) and opposite (electrolysis). 

• The characteristic dimension of polymer membrane is in a certain relation 
to the water concentration and water diffusivity.

• Total efficiency is in the close relation to transport efficiency, which 
is a function of the water content

SUMMARY
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