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' Phosphoric Acid Fuel Cell (PAFC)

¥ Alkaline Fuel Cell (AFC)

" Molten Carbonate Fuel Cell (MCFC)
¥ Solid Oxide Fuel Cell (SOFC)
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do (689)9
#include "udf.h"

[* UDF for Viscosity mu */
DEFINE_PROPERTY/(Cell_Viscosity, Cell_index, thread){

/* phi needs to be set to the correct value */

real phi = ;
real mu_nf; /* this is the end result */
real mu_w; [* intermediary result */

real t = C_T(cell_index, thread);
mu_w = 2.414e-5 * pow(10, 247.8 / (t - 140));
mu_nf =mu_w * exp(4.91*phi / (0.2092 - phi));

return mu_nf;

/* UDF For Thermal Conductivity ¢ */
DEFINE_PROPERTY/(Cell_Thermal_Conductivity, Cell_index, thread){

/* phi needs to be set to the correct value */

real phi =;
real k_nf; [* this is the end result */
real kK_w; [* intermediary result */

[* get the temperature of the cell */

\YY



real t = C_T(cell_index, thread);
real tstar =t/ 298.15;
k w=0.6065 * (-1.48445 + 4.12292 * tstar - 1.63866 * tstar * tstar);

k nf=k w™* (1+4.5503 * phi);

return k_nf;

DEFINE_PROFILE(X_Velocity,thread,nv)
{
float X[ 3]; /* An Array For The Coordinates */
float y;
face tf; /*fisaface thread index */
begin_f _loop(f, thread)
{
F_CENTROID(x,f,thread);
y=x[1];
real vm; /* vm is the average speed at the entrance */
F_PROFILE(f, thread, nv)
= vm*(1.-y*y/(.00225*.00225));
}

end_f_loop(f, thread)
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Abstract

One of the most important issues in the field of “Polymer Electrolyte Membrane Fuel
Cells (PEMFC)” is the heat management in the cell. In fact, heat management deals with
keeping the operating temperature at the proper range in the cell and trying to uniform
temperature distribution in the cell surface. Temperature distribution, has a great impact
on the effectiveness, efficiency and durability of the fuel cell. Usually for cooling the
polymer membrane fuel cells, water is flowed in the channels embedded in the cooling
plates. To date, very few studies have been carried out to improve the cell cooling system
and almost no research has been done on the cell cooling system using nanofluids.

In this research, polymer membrane fuel cell cooling using nanofluid is numerically
studied. Among the various nanofluid simulation methods, single phase homogeneous
technique has been selected and thermophysical properties of the nanofluid as a function
of temperature and nanoparticle concentration have been considered. Accuracy and
precision of the selected technique for the simulation, is evaluated through numerical
analysis of laminar flow heat transfer of nanofluid flow in the tube. The results show that
the selected technique is accurate. In this thesis, fuel cell cooling and laminar flow heat
transfer of nanofluid is investigated in four cooling plates with four different cooling
fluid. The first fluid is water and the rest of three are nanofluids with different
nanoparticle concentrations. The flow of each fluid is considered under three different
Reynolds numbers. The performance of different cooling fluids as well as different
cooling plates is studied and the results are compared in terms of different quantities such
as “maximum surface temperature difference”, “uniformity of surface temperature
distribution” and “pressure drop”. Then the impact of different parameters such as
Reynolds number, geometry and concentration of the nanoparticles, on these quantities is
investigated. The results show that, among the different cooling plates, the “Multi-Pass
Serpentine Flow Field” has the best performance. It is also proved that the use of
nanofluid, in general, will benefit the cooling and significantly improve those parameters
directly impact the fuel cell performance and efficiency. By increasing the nanoparticles
concentration by 0.006, the temperature uniformity index will decrease about 13 percent,
the minimum and maximum temperature difference at the cooling plate surface will
decrease about 13 percent and the pressure drop will increase about 35 percent.
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