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Why PEMFC Modeling in Mass
Transport course?

A Fuel cells are becoming important in academic
and industrial R&D. Some already
commercialized. Much more development is
needed to enhance performance cost-effectively

A Excellent industrial illustration of a case where
math modeling of transport phenomena-
Including mass transport is critically important

A It is an excellent illustration of how very complex
transport processes can be modeled and what
are the different levels of math models which are
possible



Why PEMFC model?

A In ME6203 one objective is to look at advanced mass
transport problems of real interest and examine how a
model can be developed based on fundamentals

A ltis also an example of complex interaction between
various transport phenomena. lllustrates need for
significant information needed for such a model

A Due to time limitation, different levels of modeling e.qg.
1D, 2D,2.5D, 3D steady/unsteady, single phase/ two
phase models etc are not discussed. Model is only as
good as assumptions made- they must be realistic.



Mass Transport and PEMFC

A Whenever there is species movement causing
concentration changes 1 there is mass transport

A Mechanisms are: diffusion, convection, electro-osmosis
etc

A PEMFC includes flow in channels, flow in porous media

A Involves proton and electron transfer, catalytic chemical
reactions, heat transfer etc

A An excellent-but complex-example for study of transport
phenomena

A Here, please focus on the technique of math modeling
rather than the complex details which are beyond the
scope of this course.

A Suitable for Term Paper Projects e.g. 1D analytical
modeling of different types of fuel cells



Preamble

A With this preamble , let us proceed to fuel cells..

A Numerous resources are available on the web for
self -study

A Advanced models are being worked on at hundreds
of labs around the world -useful for innovation!

A Several excellent textbooks available as well

A No need to go beyond what is in this PPT  -except for
those who choose to work on term papers on this
subject.

A Poh Hee Joo will be happy to provide relevant
resources and ideas to those interested

A Caution: Some aspects are complex and are
included only for completeness of coverage. You do
not need to get into those details.



What is a Fuel Cell ?

A fuel cell is a device that generates electricity by a chemical
reaction taking place at two electrodes (anode and cathode)
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Physical Description of a PEMFC

PEMFC 1 Proton Exchange Membrane Fuel Cell

Hydrogen feed

Anode bipolar plate <
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Anode catalyst layer Assembly
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Basic Fuel Cell Operation

1. Reactant transport

A=fficient delivery of reactants by using flow field plates in
combination with porous electrode structures.

2. Electrochemical reaction

AChoosing right catalyst and carefully designing reaction
zones

3. lonic (and Electronic) Conduction

AThin electrolyte for ionic conduction, without fuel cross over
4. Product Removal

AFloodingd by product water
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A Transportation
A Stationary Power Generation '

A Residential

A Portable Power Generation

A Space and Defense



Fuel Cells: Classification

PEM fuel cell Solid oxide fuel cell
-

Anode

Cathode

Electrolyte

Characterized by

A lectrolyte materials
Auel used

KOperating temperature 11




Fuel Cells: Some Advantages

A Replacement for IC Engines in
transportation
I Higher energy efficiency
I Zero or ultra-low emission

A Replacement for batteries in portable
electronics
I Higher energy density
I Nearly zero recharge time

I Independent scaling between power
(determined by fuel cell size) and capacity

(determined by fuel cell reservoir)
12
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Fuel Cells: Some Limitations

High cost of fuel cell

Low volumetric power density comparing to |.C.
engines and batteries

Safety, Availability, Storage and Distribution of
pure hydrogen fuel

Alternative fuels (e.g. methanol, gasoline)
difficult to use directly and require reforming

Susceptibility to environmental poisons
Operational temperature compatibility concerns

13



Challenges to Fuel Cell Commercialization

A Simple question, but difficult answer

I Prototype developed by SERC-PEMFC for
2W portable battery charger fuel cell of
NOKIA mobile phone cost about $300

e
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Fuel cells: Interdisciplinary field of
science and engineering:

A Thermodynamics

A Electrochemistry

A Chemistry and Chemical Engineering

A Fluid Mechanics

A Heat and Mass Transfer

A Material Science (metallurgy) and materials engineering
A Polymer Science and specifically ionomer chemistry
A Design, manufacturing and engineering optimization
A Solid mechanics and mechanical engineering

A Electromagnetism and electrical engineering

A Etc etc

15



PEMFC (Interdisciplinary!)

A 4 A 4

A 4 A 4

Catalysis
and
Electrochemistry

Membrane Science

Thermofluids
and
Component Design

System Integration

Alternative catalyst

High temperature (reduce cost)

cation membrane
Reduce CO poisoning

High catalyst utilization
of catalyst) J Y

(reduce catalyst loading)

Membrane for DMFC Improved performance
(prevent methanol crossover)(eI
Anion membrane

Measurement and
(use of low cost catalyst)

Characterization
(relate performance to

electrochemical processes)

ectro-oxidation/Reduction)

Transport phgnomena System design & configuration
(molecular diffusion, (reduce cost, improved efficient)
ion migration,
convection) Interconnection
(increase power o/p)
Multi-phase physics
(water management)  Heat and water management

(operational stability)
Heat transfer

(performance stability)

Fluid dynamics
(flow channel design)

Courtesy of SERC Fuel Cell Project 16



Schematic of a cross sectional view of PEM
Fuel Cell unit

< Load <
e
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Catalyst Catalyst
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Bipolar Plate |Electrod¢ Electrod¢ Bipolar Plate
(GDL) (GDL)
Air 0, H* H, H,
channel channel
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1.

2.

3.

4.

5.

Role of Each Component

Cathode/Anode Bipolar plate
A Electronic Conduction
A Heat Transport
Air/H2 channel
A Reactant Transport & Product Removal (Mass Transfer)
A Heat Transport
Cathode/Anode GDL
A lonic and Electronic Conduction
A Reactant Transport & Product Removal (Mass Transfer)
A Heat Transport
Cathode/Anode Catalyst

A Electrochemical reaction (Mass Transfer i reactant consumption and

product generation)
A lonic and Electronic Conduction
Membrane
A lonic conduction
A Water transport

18



Water Management in PEMFC

Electrolyte
rane

Cathode Anode

Water is dr
anode to c
protons m
electrolyte

drag) Water i$ back diffused from

cathode to anode, if cathode side
holds more water

Water is supplied by
externally humidifying
air/O , supply

Water is supplied by
- externally humidifying

hydrogen supply
Water is removed b
O, depleted air

Water is removed by
) —>
leaving the fuel cell

circulating hydrogen
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Why Mass Transfer is Important in PEMFC

Component

Mass Transport Implication

Where mass transport
limitation exists

Air/H, channel

To provide homogenous distribution

of reactants across an electrode
surface while minimizing pressure

drop and maximizing water removal

capability

Reactant depletion for
downstream channel
Impurity contamination, e.g.
N2

Cathode/Anode GDL

Porous electrode support to
reinforce catalyst, allow easy gas
access to catalyst layer, and
enhances electrical conductivity

Liquid water flooding block the
pores for gas diffusion into
catalyst layer

Cathode/Anode Catalyst

Electrochemical reaction takes
place at the catalyst layer,
consume reactant (H, and O,) and
generate product (H,O)

Poor total reaction surface
area (catalyst loading) for
optimal electrochemical
performance

Membrane

To separate the air and H, while
allowing liquid water and ionic
transport across membrane

Membrane dry-out at high
temperature, and loss of its
proton conducting capability

20




Fuel Cell : Mass Transport

To produce electricity, fuel cell must be continually
supplied with fuel and oxidant. At the same time,

products must be continuously removed so as to
avoid Astranglingo the cell
supplying reactants and removing products is

termed fuel cell mass transport.

Why is it important? Poor mass transport can lead
to significant fuel cell performance loss, as the
reactant depletion and/or product accumulation
within catalyst layer (not at the fuel cell inlet) will
adversely affect performance. This is called
concentration or mass transport loss, and can be
minimized by careful optimization of mass
transport in the fuel cell electrodes and fuel cell
flow structures

21



Transport In Electrode vs. Flow
Structure

Difference between mass transport in fuel cell electrode and fuel
cell flow structures in one of length scale, and this lead to
difference in transport mechanism

For fuel cell flow structures, dimensions are generally on the
millimeter or centimeters scale. Flow pattern typically consisted of
well-defined channel arrays. Gas transport in the channel is
dominated by fluid flow and convection.

For fuel cell electrodes, it exhibit structure and porosity on the
micrometer and nanometer length scale. The tortuous geometry
of electrodes insulated gas molecules from convective forces
present in flow channel. Gas transport within electrodes is
dominated by diffusion.

‘Velocity scale could also affect transport

mechanism 22



Transport in Electrodes: Diffusive

Transport

Flow Flow Anode Catalyst Electrolyte

Structure channel Electrode Layer

| meactans (R , 3554435 —

An electrochemical v
reaction on catalystlayer e = | >
Slde Of an eleCtrOde and Products (P) O@ g, JP ................... .
convective mixing on the

other flow channel side of o
the electrode set up
concentration gradients,
leading to diffusive
transport across the
electrode.

Reaction in catalyst
layer consumes R,
generates P

uoneijusduo)d

v

Schematic of mass transport situation within

typical fuel cell electrode
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Faradayos Law

A From Far adeayré&stiavalwed by an
electrochemical reaction I1s a direct measure of

the rate of electrochemical reaction |j = 99 _ ;g 9N

dt dt

n is the number of electrons transferred,
F is Faradays constant, 96,485 C/mol,

dN
dt

“The current density |i =

IS the rate of electrochemical reaction, mol/s.

i al dNG
— =nkFge-—0=nkJ
A cA dt +

J is the molar flux, mol/cm?s.

24



Transport in Electrode: Diffusive Transport

A

To I

At steady state, the diffusion flux of reactants and
products down the concentration gradient across the
electrode (diffusion layer) will exactly match the
consumption/production rate of reactants and products
at the catalyst layer.

Diffusion flux (kmol/m?s) of reactants to the catalyst

layer may be described by dc i
Jgin == D= [[Jarr =- D%
dx d

Cr

. _ 55 Ga
From Far adl=-nFD Rd

Using the flux balance equation, one can solve for
reactant concentration in the catalyst layer

C, =Cp - g
R~ “R nFDeff 25




Transport In Electrode: Diffusive
Transport

. o
=nFD*" R
L p

A Limiting Current Density, |,

A Limiting current density of fuel cell will be encountered
when reactant concentration in the catalyst layer drops
all the way to zero.

A Fuel cell mass transport design strategies focus on
Increasing the limiting current density by:

1. Ensuring a high reactant concentration at flow channel by
designing good flow structures that even distribute reactants

2. Ensuring that effective diffusivity is large and diffusion layer
thickness is small by carefully optimizing fuel cell operating
conditions, electrode structure, and diffusion layer thickness.

A Theoretical typical j, are on the order of 1-10A/cm?

26



Question 1

1. Discuss the factors that determine |,
limiting current density. List three ways to
Increase |, .

27



Answer for Question 1

Aanswer

The limiting current density Is given by |; _ et S
- d

Factors determining the j, are reactant corrcermration at flow

channel, effective diffusivity and diffusion layer thickness. We
could increase |, by

I Ensuring a high reactant concentration at flow
channel by designing good flow structures that
even distribute reactants

I Ensuring effective diffusivity is large;

I Ensuring diffusion layer thickness is small

A by carefully optimizing fuel cell operating

conditions, electrode structure, and diffusion
layer thickness

28



Typical process of reactant
transport to reactant sites

A If considering the convection mass transfer across electrode surface,
how is the limiting current density being derived?

Xx=H

Diffusion and

Convection,h,, Diffusion reaction

AE

(0]

Cr

Flow channel

A
A\ 4

Gas Diffusion E:atalyst Layer'
Layer (porous) I(porous)

A
A 4

29



Process of reactant transport to reactant sites

Convection mass transfer at the electrode surface

J= hm(cﬁ’2 - cﬁ;)

(1)

Diffusion mass transport through the Gas Diffusion Layer

(2)

(3)

current

(4)

J:Deff%;_C;§
¢ He =
Combining Equation 1 & 2
c® - c. . 1 H
\]:_R_ R a.Rm_h Deff
a R, m
From Faradayos Law,
electrochemical reaction
i ___a1dNg el L He &6
=—=nF& —o=nF)| |l =NFgE—+—FgCr-C
AT " 5, oo 8%
1
al H,

Limiting current density

(5)

densi t

30



Transport In Electrode: Diffusive

Do o Io  I»

Transport

Concentration affects fuel cell performance through reaction
Kinetics.

This Is because reaction Kinetics also depend on the reactant and
product concentration at the reaction sites.

Reactant depletion/product accumulation in the catalyst layers
lead to fuel cell performance loss.

This is called fuel cell concentration (or mass transport) loss.

hCOﬂC:E%-l-lg. JL .
an a-+j - |

h... - Voltage loss due to reactant depletion in the catalyst layer

Increasingj,can greatly extend a fuel
range; therefore mass transport design is an active area of
current fuel cell research.

31



Question 2

Using the limiting current density equation, calculate
the limiting current density for a fuel cell cathode
running on air at 1 Atm and 25 C. Assume only O, and
N, and ignore the presence of water vapor Mass
fractlon of O, in air is 0.23. Assume the diffusion layer
IS 500mMm and has a porosity of 40%.

Hint* : Using Chapman-Enskog theory (Chp 5, Cussler)
to find the binary diffusion coefficient, and

Bruggemann correction to account for the effective
diffusivity in porous structure. Molar concentration for
O, can be obtained by mole fraction of O, multiply by
the total molar concentration for the air mlxture nis
the number of electrons consumed per mole of the
reactant consumed. Molecular weight for N, and O,
are 28 and 32, respectively

32



Answer for Question 2

In the H,-O, fuel cell, the electrochemical reaction at
the cathode is given by O, + 4H* + 4e - H,0O. Hence
n = 4. F is the Faraday constant, 96,485 C/mol. The
binary diffusion coefficient is given by Chapman-
Enskog theory.s,, = 3.467. Sy, = 3.798. Sg,.\p =
3.6325. From the necessary calculation, W= 0.9186.
Therefore, D; = 2x10-5 m#/s. From Bruggemann
correction DI off = 5.06 X 10-6 m*/s. From the ideal gas
equation, total molar concentration for the mixture is =
40.9 mol/m3. Molecular weight for the mixture O,-N, is
= 28.92. Mole faction of O, = =0.20786. Therefore,
molar concentration of O, = 8.5015 mol/m3. Limiting
current density = 33,204 A/m? = 3.32A/cm?

33



Transport iIn Flow Structure:
Convective Transport

A Fuel cell flow structures are designed to distribute
reactants across fuel cell

A One could possibly use single-chamber structure, and
encapsulate the entire fuel cell collector in a single
compartment. Unfortunately, this would make reactants
tend to stagnant inside the chamber, leading to poor
reactant distribution and high mass transport losses;
hence poor fuel cell performance

A Conversely, employing intricate flow structure containing
many small flow channels keeps the reactants constantly
flowing across fuel cell, encouraging uniform convection,
mixing and homogenous reactant distribution.

34



Convective Transport Contd

A Analyzing convective gas transport in the
complex real world flow structures is only really
possible with numerical methods. A common
technique is to use CFD modeling

A However, basic analysis of sim

nle flow scenarios

IS still possible with the principle of fluid

mechanics, which can still yielo

great insight into

fuel cell mass transport and flow structure

design

35



Transport In Flow Structure:
Convective Transport

Inlet Outlet
u A
——»
X Dy,
[ E—
Y i Convection transfer at surface
b oA
V | Diffusion Electrode
Membrane

A Pressure difference between inlet and outlet drives the fluid flow.

A Although gas flowing in stream-wise direction along flow channel,
convective mass transport can also occur in transverse direction from

flow channel into (or out of) electrode. This happens when
concentration of species i is different at the electrode surface versus

the flow channel bulk.

36



Transport iIn Flow Structure:
Convective Transport

A Mass flux (kg/m2s) due to convective mass transfer
may be estimated by

Jei = hm(ri,s - 7.)

A Mass transfer convection coefficient, h_, is dependent
on the channel geometry, the physical properties of
species i and |, and the wall conditions. It can be found
from the nondimensional Sherwood number

)

37



Transport iIn Flow Structure:
Convective Transport

A Gas is depleted along flow channel

A As hydrogen or air is consumed continuously along
a flow channel, the reactants tend to become
depleted, espeually near the outlet. Depletion poses
adverse effect on fuel cell performance, since
concentration losses increase as reactant
concentrations decrease.

A A simple 2D mass transport model for fuel cell
cathode is developed. This is to determine how the
oxygen concentration decreases along flow channel
using macro-scale mass flux balance.

A "Refer to Note 1 for O, mass concentration profile
along cathode catalyst layer.

"important 38



Transport in Flow Structure: Convective

Transport
Y a Gas is depleted along flow channel
To find oxygen concentration profile along the catalyst
layer
Electrolyte
J RXN
c ﬂ % ly=c Cathode catalyst layer
A DIFF
| “ly=e Gas diffusion layer .
A
E conw i
uin I H Yo, y=E :
—
roz : I roz C
| Cathode flow channel | X

Schematic of a 2D fuel cell transport model including diffusion and convection
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Convective Transport in Flow Structure :
Assumptions

Steady state and isothermal operation
Flow channel has a square cross section.
The catalyst layer Is infinitely thin.

Water exists only in vapor form.

Diffusive mass transport dominates in
the diffusion layer. Furthermore, only y-
direction diffusion is considered.

Convection mass transport dominates in
the flow channel

40



Transport iIn Flow Structure:
Convective Transport

FromF ar ad ay,dfsel delhisproducing a current density at location X,
then the O, mass flux (kg/cm2s) that is consuming is given by

=M m

O,
x=X,y=C 4F

N

Jo,

(1)

The O, flux consumed by the electrochemical reaction must be provided by

dlffu5|on in the gas diffusion layer, describedby Fi ck 6s | aw
A | diff I - ro
J — _ Dce)ff x=X,y=C 2 1x=X,y=E
O, 5
x=X,y=E H E (2)

O, mass flux due to mass transport through the gas diffusion layer is provided
by convective mass transport between the flow channel and gas diffusion layer

=-h %02

x=X,y=E g

A |CcOonv

Jo,

~|

8

x=X,y=channek (3)

r
x=X,y=E O,

41




Mass flux balance between convective transport in flow
structure and diffusion transport in GDL

1. O, mass flux consumed by the
electrochemical reaction at the catalyst
layer

2. O, mass flux due to diffusion mass
transport through the gas diffusion layer

3. O, mass flux provided by convective
mass transport between the flow channel
and gas diffusion layer surface.

Mass flux 1 = Mass flux 2 Mass flux 342



Transport iIn Flow Structure:

Convective Transport

To maintain the flux balance, O, mass flux in equations 1, 2 & 3 must be same

A |TXN A | diff A |COonv
302 = 302 = J02
x=X,y=C x=X,y=E x=X,y=E
The following relations can be derived
A | diff .
. _y (X)
. T
x=X,y=E
O2lx=x,y=c Oz lx=x,y=E % AF Dg;f
O |yx=x y=£ = O2|y=x y= O,
=X, ¥= x=X,y=channel 4F hm

(4)

(5)

(6)

(7)
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Transport iIn Flow Structure:
Convective Transport

Couple y direction O, mass transport in the diffusion layer to the x direction O,

mass transport in the flow channel by considering the overall flux balance in
the control volume (dotted box)

uchro 'uchr@

2

X
-NJ dx
x=0,y=channel x=X,y=channel rc.)] O, (8)

O, leaving out of the top of the control volume can be related to the current
density produced by fuel cell.

X A |CONnv _ X J(X)
N Jo, ) dx= N Mo, Vs dx 9)
y=E

Combining equations 6, 7, 8 & 9

_ Mo, 8j(X)  Hei(X), x i(x) .8
f02 x:X,y:C_ < x:X,y:channeI_ 4F ?hm - Egﬁ +r(.)] uinHC dxg (10) 44




Transport iIn Flow Structure:
Convective Transport

Assume current density is constant along the x direction

a 0
ro =ro - Mg, J gl He , X g
2 x=X,y=C 2| x=X,y=channel 2 4F &h Deﬁc U, H O (11)
c'm 0, C =
h., can be determined based on constant-flux Sherwood number
_ShbD,
" H, (12)

Final expression for oxygen concentration profile along the catalyst layer

l’02 +

+
O, x=X,y=channel © 4F ?SQ D02 Dce)zf U

x=X,y=C

=r _M J%HC HE X
H

{leHe}e}

. (13)
Linear profile 45




Transport iIn Flow Structure:
Convective Transport

Three terms that affect O, concentration profile at the
reaction site for fuel cell are

1.Inlet flow velocity, u

I Supplying more O2 Improves mass transport, thus
Increasing O, concentration at the catalyst layer

2.Diffusion layer thickness, Hg

I Decreasing diffusion Iayer thickness also increases the
O, concentration at the catalyst layer.

3.Channel size, H.

I Alittle trrcky as H. appears in both numerator of the
first term and denomrnator of third term in the
parentheses. However, with constant volume flow rate,

u,.Hc is constant. Therefore decreasing channel size
W[]I Increase the O, concentration.

46



Transport iIn Flow Structure:
Convective Transport

—low Structure Pattern

~low plate typically contain dozen or even
nundreds of fine channels (or groves) to
nomogenously distribute gas flow over the fuel
cell surface. The shape, size and pattern of
flow channels can significantly affect fuel cell
performance.

In PEMFCs, flow field design effort often focus
on the water removal capabillity of cathode
side.

a7
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1

1

2.

1

Transport iIn Flow Structure:

Convective Transport

Three basic flow structure patterns are
Parallel flow

Low overall pressure drop between gas inlet and
outlet

However, when the width of the flow field is relatively
large, flow distribution in each channel may not be
uniform

Serpentine flow

Excellent water removal capability, as only one flow
path exists in the pattern and liquid water is forced to
exit the channel

However, in large area cell, serpentine design leads
to large pressure drop

Interdigitated flow

Promotes forced convection of the reactant gases
through the gas diffusion layer.

Far better water management, leading to improved
mass transport

Significant pressure drop, but possible to be
overcome by employing extremely small rib spacing.

/() Outlet

~

Inle’/

/() Outlet

Inle./

/() Outlet

Inle./
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A Basic Fuel Cell Model-Real Voltage

Real fuel cell voltage could be written by starting with _
thermodynamically predicted voltage and subtracted the various over
potential losses

V= Ethermo_ hact - N

V = Operating voltage of fuel cell
E = Thermodynamically predicted voltage of fuel cell

- N

ohmic cong

thermo
h,.. = Activation losses due to reaction kinetics
honmic = Ohmic losses due ionic and electronic resistance
h,. = Concentration losses due to mass transport

Mathematically, the fuel cell ]-V behavior (polarization curve) can be
written as

- . - é . =
V = Ethermo_ (aA +bA In J)_ (aC +bC ln J)_ (JASRohmir)- %In JL . a
¢

jL - )

In its most general form, the above simple mathematical model has
seven nAfitting coaysd.,db-SCOASR Q.. athe t ¢
JL-

In the extreme streamli— R  NYy[ RT pmeters are required,

acs Jocr ASRopmic and j (2 =+ an—FIn Jo| [P= anF 49




A Basic Fuel Cell Model

A The pictorial summary of major factors that
contribute to fuel cell performance is shown above

Reversible voltage Activation loss Ohmic Loss
A A A
0 @) @)
< < <
o o o
& & &
«Q «Q «Q
() D D
s R R S
Current density (A/cA) Current density (A/cA) Current density (A/cA)
Concentration loss Net fuel cell performange
A A
@) @)
@ (8
< <
o o
& \ = &
Q Q
() (0]
3 | 3 \\ ‘
Current density (A/cA) Current density (A/cA)
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A Basic Fuel Cell Model

A In reality, j..., associated with parasitic loss due to
current leakage, gas crossover and unwanted side
reaction is needed to reflect the true fuel cell
behavior. , ,

Theoretical EMF or ideal voltage

No leakage loss

-~
-~
-~
—
—
~ o~
~

: — AL
FC with leakage loss Jgross J Jleak

l (A) abeyjon 18D

Current density (A/cA)

A As reaction kinetics and species concentration are
affected by leakage current, the -V fuel cell
behavior is modified to become

. . . a ' .
V = Ethermo_ [aA +bA In(J + Jleak)]_ [aC +bC In(] + Jleak)]_ (JASRohmir)_ %In . -JL .
C Jo- (J+J|eak)i
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Putting It A

| Together

A Basic Fuel Cell Model

Typical value for PEMFC Typical value for SOFC Unit
Temperature 350 1000 K
Enermo 1.22 1.06 v
i (Hy) 0.1 10 Alcm?
i,(0,) 1.00E-04 0.1 Alcm?
a(H,) 0.5 0.5
a(0,) 0.3 0.3
ASR,, . 0.01 0.04 Wem?
. 1.00E-02 1.00E-02 Alem?
i 2 2 Alcm?
c 0.1 0.1 \%
eRT | 2 eRT | 2 i ~ M, 1S very small
Y% Ethermo_ € —— U é& —-——u (JASRohmlt‘) %In . _
Z S Z S _ + -
@nAF lorg @éNc F Joc g In (J Jleak) = h,. is large
o . ~ é ~ . ~
V=E RT ol thead & RT pd*Jea (jasr,,,,)- %'ﬂ :
ey

9

JL - (J + jleak) :

=
»

=
N

I
©

Typical PEMFC

Voltage (V)
o
o

N
~

o
o N

—— PEMFC ‘w.\
—— Ideal Voltage 3
0 0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8

current density (A/lcm2)

Joc
Typlcal SOFC
1.4
1.2
1 ~
% 08 v\’\’\‘\o\,\‘
S \’\‘\9\,\
£ 06
Z 04| " SOFC \
0 L——Ideal Voltage \0\
0 T T T T T T T T T
0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 18
current density (A/cm2)



1D Fuel Cell Model

This is the potential topic for term paper. Please refer to
Chapter 6 of Fuel cell fundamentals Chapter 6, pp. 173 -
192 / Ryan O'Hayre ... [et al.], John Wiley & Sons, 2006
for the necessary reading. You can choose either 1D
PEMFC or 1D SOFC as the assignment topic. Contents of
the assignment could include (but not limited to):

Flux Balance in Fuel Cells
Simplifying Assumptions
Governing Equations
Examples

Additional Considerations

Additional reading materials for this term paper are also
listed behind

> > I>» I>» >
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1D Fuel Cell Model-References
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221-230 / Franco Barbir. Elsevier Academic, 2005

3. Ryan OOHayre, et al|, Engi n
planar air breathing fuel cell cathode, Journal of Power

Sources, Volume 167, Issue 1, 1 May 2007, Pages
118-129
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Fuel Cell Modeling - Summary

A Fuel cell models are used to predict fuel cell behavior.

A Simple models can be used to understand basic trends
(e.g. what happens when temperature increase or
pressure decrease)

A Sophisticated models can be used as design guides
(e.g. what happens when diffusion layer thickness is
reduced from 500 to 100 nm)

A All fuel cell models incorporate assumptions

A When interpreting model results, major assumptions and
limitations must be taken into account.
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Closing Remarks

A Mass transport is critical for enhanced fuel
cell performance T solution could be
obtained through simple analytical or more
complicated computational fuel cell
dynamics simulation

A All fuel cell model necessarily incorporates
assumptions - accuracy Is strongly
dependent on validity of assumptions
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Closing Remarks

A We considered a simple-even simplistic i model
for PEMFC as an illustration of mass transport
modeling

A Please pay attention to assumptions made

A Model results are only as good as the
assumptions it is based on

A Removing several assumptions requires
numerical solution to the governing model
equations which are highly nonlinear.

AObjective here is to #fl e
modeling and understand the principles and its
limitations.
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