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‘L General:;

Electricity is Research on

produced by RENEWABLE
COAL nd
ALTERNATIVE

Serious energy sources

environmental
iImpact
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‘L Energy research ...

.. Is actually focus on:

—

R

Energy sources (fuels, wind, solar, etc)
Conversion efficiency
® Emissions (sources, dispersion in
atmosphere, etc)
Fuel utilization (devices, technologies, etc)
Heat waste management
' ... and more
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‘L Utilization ...

.. can be treated by several points of view:

&l

Reaction kinetics

Thermodynamics

Material science

Devices used wm—p FUEL CELLS
Technologies applied
... and more
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‘L Fuel Cells...

... are energy devices that directly convert the
chemical energy of the feeding fuel into electricity

Several types of Fuel Cells:

e Solid Oxide FCs

e Polymer Electrolyte Membrane FCs
e Direct Fuel FCs

e Molten Carbonate FCs

e ... and more
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‘L How a fuel cell works:

Catalyst .
Proton Exchange Fuel electrode:

Membrane i 1

EHz > H +e

Air electrode:

102+H+ +e —>1H20
¢ 2

Electrical Circuit
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& Strong/Weak points:

el

I Zero emissions

The flue gas is steam
~uel flexibility

High costs

Low efficiencies
Small life-cycle
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‘L The efficiency of a fuel cell...

... strongly depends on the transport
phenomena occurred and on the
materials used
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‘L Difficulties in improvement:

™ Description of transport processes in micro-
level (too many phenomena to be taken into
account)

w Up- & Down-scaling (micro- & meso-&
macro-scale)

m Complicated geometries (porosity, etc)




‘L Application:

The investigation of transport
phenomena (momentum, heat,
mass, charge) occurred in a SOFC
and a PEM fuel cell.
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‘L Scope:

The development of a model which must

[

(!

® adequately simulate the microscopic
transport phenomena in a fuel cell

I be simple enough

I be transferable from one FC type to
another

® be easily applicable

(ml (ml
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i To start with...

.. some general assumptions have to be made:

f

Ll

(ml

(ml
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I feed stream is a mixture very rich in
hydrogen (H, >90%)

I hydrogen reacts only partially in the
catalyst/electrolyte interface

® pressure in both the anode and
cathode compartments is equal to 1
atm be simple enough

- T




One-dimensional model:
® Assumptions/Considerations

m Mass transport mainly occurs at the
direction parallel to the cell axis
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One-dimensional model:
m Area of interest

Cathode
4* Catalyst layer
Electrolyte
Catalyst layer
Anode Diffusion layer
l Flow channel
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®m Differential equations

‘L One-dimensional model:

d’C J—i 71\ dC b di
Deﬁ f Z(—-l— d j f 4 1-C. )=
N AF lWF dx 4F( f)dx PEM

d2Cf I-idC, T

di
off _ et
s dx>  4AF dx +4F (1 < )dx SOFC
Mass transport
d’i | y dC, 4aF di
— = +— R +R )i—RI |r—
dx’ {Cf dx RT [( nt R)I-R ]}dx Al
Current density
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®m Downgrade technigue

‘L One-dimensional model:

dC . di . :

Zr-¢| |%=i| transformation

dx dx

dc* 1 . d * Sk

& ~ampg [ -+#41)C +1(1-¢,) | PEM mass transport
dC’

= 4F;)eﬁ‘ (1-i)C;+1(1-¢,)i" || SOFC mass transport
f

l :{ L) [(Rm+Rs)z—Rsl]}z current density




® Boundary conditions

‘L One-dimensional model:




m Numerical solution

‘_L One-dimensional model:

|

Non-linear shooting scheme
Multidimensional Newton algorithm
Constant-step mesh

® The resulting nonlinear system of ordinary
differential equations was solved by using
the 4t order Runge-Kutta method.
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Integration by our own FORTRAN code




One-dimensional model:

m Parameter values

Tafel constant for anode, a,

Cell temperature, T (K)

Electro-osmotic drag coefficient of water, A
Order of reaction, ¥

Feed hydrogen concentration, CJ’ff (kg)

Effective diffusivity of hydrogen in catalyst layer, Djﬁ (cm?/s)

Universal gas constant, R (J/mol K)
Faraday’s constant, F' (J/mol V)
Effective ionic resistance in catalyst layer, R (Q/cm)

Effective resistance of solid phase in catalyst layer, R (Q/cm)

0.7

1073 (SOFC) / 373(PEM)
3.16

0.25

3.069X10”

1.9X10°

8.314

96484
312.5

264550.3
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Results:
= Hydrogen concentration

1.0

0.8 ______ f('
T (3 e

0.4
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Results:
® Jonic current density

0.6 -
—+—SOFC, I=0.1
---¢--- SOFC, =0.2
2 44| ——-SOFC, I=0.3
z O.
< ——SOFC, I=0.4
S —x—PEM, I1=0.1 e
g ---x--- PEM, 1=0.2
£ 02 —-->-PEM I=0.3 g
© ——PEM, 1=0.4 2
0.0 1 = =
0.0 0.2 0.4 0.6 0.8 1.0
distance
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Results:
® Qverpotential

0.50 -

——SOFC, I=0.1
---¢--- SOFC, 1=0.2
- —-——-SOFC, I=0.3
—e—SOFC, 1=0.4
—x—PEM, I=0.1
---x--- PEM, 1=0.2
- > —-PEM, I=0.3
—«—PEM, I=0.4

overpotential

0.35 ‘ ‘ ‘
0.0 0.2 0.4 0.6 0.8 1.0
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Two-dimensional model:
m Area of interest

Current callectar : 0.5 mm
Air - I 2mm
Cathode : 045 mm
Electralyte 04 mm
Anode 3 nasmm
Fuel L I -
Current collector : 0.5 mm
40 mm
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®m Differential equations

‘_L Two-dimensional model:

(pg)-V@ =—Vp+ uVu| Flow

V -[(,OCPT)Z] = Q—I—V-CIV(IOCPT) Heat

u-VC,-V-(D,,,VC,)=0/ Mass

1, mix

I =1,| ex (a“F j—ex (—aCF j Ch
0| €XP RTU p RTU arge
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® Boundary conditions

‘L Two-dimensional model:

(ml

I Constant mass flow rates at
anode & cathode
Fixed pressure (1 atm)
Fixed temperature

Voltage (0.73 V)

Wall BCs

=
[
]
L
=
L
=
m \W




m Numerical solution

| Two-dimensional model:

(m!

I Finite volume method
The four problems are solved as coupled

(!

PDSL-2007



Two-dimensional model:
= Parameter values

Density, o (kg/lcm®) Calculated by CFD-RCO using Ideal Gas Law
Kinematic viscosity, v(kg/cm s) Calculated by CFD-RC®O using Mix Kinetic Theory
Specific heat, ¢, (J/kg K) Calculated by CFD-RC®© using JANNAF model

Calculated by CFD-RC®© using Schmidt number (=0.7
for each species)

Exchange current density, i, (Alem®)  1X10°

Diffusion coefficient, D). (cm?/s)

anodic charge transfer coefficient, a, 0.7
cathodic charge transfer coefficient, ¢, 0.7
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Results:
= Hydrogen concentration

SOFC

=
]

CODOOoo0
e W R
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Results:
1

® Jonic current density

0.6

o
~
|

o
N
!

current density

0.0 | | \

0.0 0.2 04 0.6 0.8 1.0
distance
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Results:
1

® Qverpotential

SOFC

Welt 0.67

(S L ) B o L
O —brag B inm

—-2.187%7
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‘L Summary:

Two approaches (1-D and 2-D) and two

types of fuel cell (SOFC and PEM) have

been adopted

Both models describe adequately the

operation of a fuel cell in terms of

feedstock concentration and

overpotential produced

m A slight advantage of SOFC has been
underlined compared with PEM

(ml
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i Conclusions:

o A slight advantage of SOFC has been
underlined compared with PEM

e The 2-D model presented unexpected
molar fraction profiles due to

incomplete incorporation of physical
properties of materials 5

We are working on a more detailed 3-D approach !
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