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ABSTRACT

A heat and mass transfer numerical study is conducted in DMFC in presence of the heat sources. The model is
used to investigate the current density effect at operation conditions (temperature) and at water, methanol,
carbon dioxide and oxygen concentration. For the numerical resolution, governing equations are discretized
by the finite volume method. A program written in FORTRAN language was developed in order to obtain the
temperature, water, methanol, oxygen and carbon dioxide fields. The results show that there is a temperature
rise at the membrane which involves the membrane drying. However, for the water concentration field, a
dehydration problem solution in the membrane is considered. The current density is the key parameter

simulation since it is present in Joules effect terms.
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1. INTRODUCTION

The Fuel cells are devices which harness electrical energy
from electrochemical. Direct methanol fuel cell (DMFC) is
one. It has several advantages such; higher energy density,
easy liquid fuel storage and the simple structure. The
technical issues are related to the transport. This transport not
only affects the performance and stability of DMFC operation,
but also influences the DMFC energy density. General
descriptions of mass and heat transport processes are
developed.

A several studies about various heat sources resulting from
DMEFC reagents (methanol, oxygen and water) and products
(water and carbon dioxide) is presented.

The literature reviewed is selected by the source term type.
Others in reference [1] examined heat transfer by natural
convection. The source term is composed by the flow
resistance, the electrochemical reactions, the over potential,
the entropy change due to the electrochemical reaction and
the methanol reaction cathode heat loss.

Others in paper [2] studied the oxygen starvation. The
source terms used are those due to; electrochemical reaction,
Joule effect, water condensation or evaporation and the
dissolved water and fuel adsorption or desorption to the
electrolyte.

The results in the studies [3, 18, 20] showed that the mass
and heat transport affect the DMFC performance and depends
strongly on the methanol concentration in the tank. The
studied works [4, 5, 12, 19] focuses on the evaporation and
condensation effects, water and fuel management in a DMFC.
[5] studied the effect of a forced air flow at the cathode
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channel. The others of reference [6] considered the effect of
diffusion, electro-osmotic drag and convection. A two-
dimensional model was developed with the mass transport in
two phases for a DMFC [8, 9]. Numerical results show that
methanol mass transfer is dominated by the resistance in the
porous anode structure, which is affected by the physical
properties of the porous medium, such as porosity,
permeability and contacting angle.

A fluid dynamics model (CFD) is developed to study the
influence of geometric and operating parameters on DMFC
performance. Temperature, methanol concentration and the
methanol flow rate are selected as operating parameters in
papers [10, 11, 13, 14 and 21]. The model in [17] presented a
two-phase model, multi-components components in three
dimensions to a liquid supplying DMFC methanol.

The modelling field comprises the membrane, two catalyst
layers, two diffusion layers and two channels. For the
electrochemical Kinetics, the Tafel equation incorporating the
effects of the two phases is used both on the side of the
cathode and the anode.

However, all these articles contain at least one heat source
term such as in papers [13], the source term due to the flow
resistance. At [8, 17 and 21] papers, in addition to the flow
resistance term, electrochemical reaction heat source.
Additively to the term mentioned above, source terms due to
mass transfer are in [1, 3, 4, 9 and 14]. In addition, reference
[11] considered phase change, in addition to terms previously
seen.

The source term due to the phase change comprises at least
more differences due to model study; condensation /
evaporation [19] or latent heat [12]. The mass source term




also includes it in some review the mass transfer and chemical
reactions [14]. The heat generation is caused by the over
potential and the entropy change [6]. The source term due to
the phase change comprises at least more differences due to
model study; condensation / evaporation [19] or latent heat
[12]. The analytical model selected [8, 13, 17 and 21] is
rapidly implemented and is therefore suitable for inclusion in
real-time system level DMFC calculations.

In this study, a numerical simulation is developed in order
to predict the DMFC behaviour when the heat source is
variable; the heat source terms due to the flux resistance, that
due to the electrochemical reactions and that due to Joules
effect. Both temperature and (H20, O2, CH30OH, CO,) mass
fields are visualized.

2. MATHEMATICAL MODEL

The study focuses on a DMFC elementary cell coupling
between the electrochemical and dynamic model. Gas
channels are considered continuum, while the diffusion layers,
catalyst and the membrane are porous media. Fig.1 shows a
physical considered here, which can be divided into seven
regions:

(1) Anode channel (ac);

(2) Anode diffusion layer (adl);

(3) Anode catalyst layer (acl);

(4) Polymer membrane (mem);

(5) Cathode catalyst layer (ccl);

(6) Cathode diffusion layer (cdl);

(7) Cathode channel (cc).

The following hypotheses are considered: The catalyst
layer is treated as an infinitely thin surface. Single phase fluid
is homogeneous.
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Figure 1. DMFC schematic model.

The principal reactions in a DMFC are the oxidation
reaction mainly occurs at the anode catalyst layer and the
reduction reaction occurs at the cathode catalyst layer:

Oxidation: CHSOH + HZO - 002 +6HT +6e”

3 _
Re duction: E02+6e +6HYT > 3H,0

3
Overall : CH3OH +EOZ — C02+2H20
These electrochemical reactions can be summarized as:
K i’k — -
] =N. 1
ZSR| lVlk an € 1)

Kk

where k, My, Sk, zx, and ng; represent species k, chemical
formula of species k, stoichiometric coefficient, charge
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number of species k, and the total number of electrons
produced in reaction of oxidation respectively

3. GOVERNING EQUATIONS

The governing equations are:

UER) 4 v (epuy=0

ot O]

where ‘g, p, u’ represent porosity factor of the corresponding
region, methanol solution density and fluid velocity vector,
respectively. The first term on the left side of Eq. (2) is the

item of unstable state and the second term on the left side is
the item of convection.

M+V(8puu)=—sz+V(s-uVu)+Su

5t @)

where ‘S, is momentum source term (N m3), which is caused
by porous media and is zero in the channel. S, is defined by:

where ‘k’ is the permeability of porous media (m?).
Species conservation
v(ouc, )=v(Df" ve, J+s (5)
k k k k
where ‘Si‘is the source term that represented the

electrochemical reaction in the anodic catalyst layer when the
oxidation reaction of methanol product carbon dioxide and
current density and the reduction reaction of oxygen product
the water in the cathode catalyst layer.

=M

k=CHs30OH, H.0, CO,

3, /6F (6)

Sk,reaction k

where ‘M’ (kg kmol?) is the molecular weight of species ‘k’,
‘F’ is the Faraday constant (9.6485x 107 C kmol) and local
volumetric current density (A m-) at the anode defined by Eq.

().

Mmem

(7)
Loc Rmem

where ‘Rmem ‘is the area specific resistance of the membrane
(Q m?).

Heat transfer
v(pcp uT)zv( KVT)+So ®)

For the term source ‘St’, different heat generations are
involved in the DMFC, including the generations from anodic
and cathode electrochemical reactions in the CL, latent heat
of the phase change of water and methanol in the porous
region and Joule effect.



4. RESULTS AND DISCUSSION

Discussion as mentioned above, the cell is operated at a
varied current density of 0.5, 1, 1.1, and 1.20 [A cm].

5. NUMERICAL RESOLUTION

For the equations, numerical resolution, a discretized by
the finite volume method is done. The source terms and
physical properties are implemented through the program.
While the equations for solid-phase, electrolyte potentials,
dissolved water, dissolved methanol and liquid water are
implemented also in program.

A program written in FORTRAN language was developed
in order to obtain the temperature, water, methanol, oxygen
and dioxide of carbon fields. To make the numerical
implementation more practical, the single-domain approach is
used.

5.1 Effect of the current density on the water flow of cell
DMFC

At a current density, 1 =1,2 A/lcm?, the flow of water flow
appears in the input membrane. By decreasing the current
density, 1 = 1 to 0,5A/cm?, a proportionality is between the
current density increase and the field water concentration. But
increasing water concentration flow is due to the water
production in the catalyst layer of the cathode side and to the
transport from the anode side in Figure 2.

5.2 Species concentration fields

The field concentration can be seen in Fig.3.The
concentration of each species (MO3sOH, CO», H20), and the
location of this last as well as the movement of species
between the anode, cathode and membrane. A change in the
species concentration in different parts of the cell ensures the
reliability of our programming in FORTRAN.
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Figure 2. Water concentration field distribution at several
current density values. (a): 1=0.5, (b): 1, (c): 1.1, (d): 1.2
(A/em2)
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Figure 3. Species field concentration at 1=1.2(A/cm2).
(a): Oz:(b) CH30H: (C) CO,

5.3 Current density effect at water and temperature
distribution

The current density of the cell is strongly dependent the
temperature distribution and the water concentration Fig.4.
Indeed, if the current density increases the water
concentration and the temperature increase. The cell
preservation of the operating conditions is vital.

If the water concentration does not increase a drying occurs
in the membrane which entails the increase of the cell
resistivity this affects the cell operation.

Certainly, the electrolyte drying disrupted the active sites
and makes some catalytic sites not effective because of the
ionic strength. It is therefore crucial to ensure a good level of
hydration in the cell.
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Figure 4. Current density effect at water concentration and
temperature distribution.

6. CONCLUSIONS

The model is used to investigate the current density effect
at operation conditions (temperature) and at water, methanol,
dioxide of carbon and oxygen concentration.

The simulations show that the water and reagents
concentrations depend on the current density (electrochemical
reaction in the catalyst layer). There is proportionality with
the current density increasing.

The DMFC performance can be enhanced by increasing
the water concentration. It can be also used to improve the
cell performance. This results show the solution of
dehydration problem in the membrane.

The results show that there is a temperature rise at the
membrane which involves drying of the membrane. However,
for the water concentration field, a dehydration problem
solution in the membrane is considered. The current density is



the key parameter simulation since it is present in terms of
Joules effect.
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