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Fuel Cell Charge Transport



Mass Transport

Flow Anode
Channel Electrode

l 1, — —p
A B
A=
»— ==
I 3
2 Layer et e
Anode Electrolyte Cathode

Concentration

Flow Channel : Electrod
Distance

Convectiondominantin flow channels

Diffusion dominantin electrode



Flow
Structure

Concentration Drop

Anode Catalyst
Flow Channel Electrode Layer

Electrolyte

Reactants (R) In I«ls]
! =

Products (P) Out .+i«. :EIZ o as’s

Reaction in

Concentration

catalyst layer
consumes R,
generates P

II*IIIIIIIIIIIIIIIII EEEEEESEEEE .

Vi
n F Hp Reactants



Diffusion In Electrode
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Limiting Current Density

L0
; , eff “R
L = nkF D —S

C

Typical values for § are around 100—300gm and D/f are around 10~2cm? /s.
Therefore typical limiting current densities are on order of 1 — 104 /em?. This

- To increase j_

1. Ensuring a high ¢}, (by designing good flow structures that evenly dis-
tribute reactants).

2. Ensuring that D/ is large and § is small (by carefully optimizing
fuel cell operating conditions, electrode structure, and diffusion layer
thickne

S5 ).
Q: Are 1 82 2 are easy?

Q: Does anode has larger j ?



Diffusivity & Effective Diffusivity

Diffusivity from kinetic theory

b
T vLIZ 5/12 L
P Ba =\ Tt ) et Uela) G 3

Substance | Molecular Weight, M T,(K) p.(atm)

H, 2.016 333 12.80
Air 28.964 1324 370
N, 98.013 126.2 335
0, 31.999 1544  49.7
CcoO 98.010 1320 345
CO, 44.010 3042 728
H,0 18.015 647.3  217.5

Effective diffusivity
ef 5 eff __ 7
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Nernst Effect
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Concentration Effect
B-V for high current density
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Mass Transportation Loss

Adding two losses
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Pictorial View

Theoretical EMF or ideal voltage
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Pictorial View

Theoretical EMF or ideal voltage
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A Very3 Tricky Example
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PEMFC with or without temperature control



Convection
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Viscosity

Temperature effect

I T . ., Gas po( 107%(kg /m-s) TD[I{] n S
—~ (=) or Air 17.16 273 0.666 111
[o 1% CO, 13.7 273 070 229
CO 16.57 o073 071 136

N, 16.63 973 0.67 107

o Q 0, 19.19 973 0.60 130

Mo (E]MM H, 8.411 273 0.68 97
Lo 15 T+ 5 H,O(vapor) 11.2 350 1.15 1064

Mixture

N
fnie = 3 :
mir T N
i=1 i = ﬁ( .r -U-
E Ij{I}ij Ve I£'3 K




Viscosity: Example

Example 5.1 Consider a fuel cell operating at SOFC. In the cathode, hu-
midified air at 1 atm is supplied with a water vapor mole fraction of 0.2.
If the fuel cell employs circular channels with a diameter of 1 mm, find the
mazimum tolerable air veloeity that still ensures laminar flow.

T\n oo 353.15
iz soec = po()" = 16.63( 0319

)" = 1076 % 107 kg/m s (5.37

Similarly, we can obtain po,|seec = 22.92 x 107° kg/m - s and pg,olsec =
11.32 x 107° kg/m-.

Species  Mole fraction, x;  Molecular Viscosity,
Weight, M; 11;(107%kg/m - s)

1. N5 (0.8 (. 79=0.632 28.02 19.76

2. (0.8 (.21 =0.168 32.00 29 .92

O
H,O 0.200 18.02 11.32




Viscosity: Example

3
Species 1 Species j | M;/M;  pifp;  $y 2P Z z; Di;
j=1
1. Ny 1. N» 1.000  1.000 1.000 0.632
2. Os 0.876 0.862 0.930 0.156 1.059
3. HO 1.555 1.746 1.356 0.271
2. O 1. Ny 1.142  1.160 1.079 0.682
2. Oy 1.000  1.000 1.000 0.168 1.146
3. H>O 1.776  2.025 1.482 0.296
3. H,O 1. Ns 0.643 0573 0.776 0.491
2. Oy 0.563 0.494 0.732 0.123 0.814
3. H,O 1.000  1.000 1.000 0.200
0.632 =% 19.76  0.168 x 22,92  0.200 x 11.32 e
Hmiz = } » 10

(
17

1.059
93 x 107 kg/m - s

1.146

.814



Viscosity: Example

N
Mz = Y 2:M; = 0.632x 28.02+0.168 x 32.00+0.200 x 18.02 = 26.69 g/mol
=1
P 101325 Pa | 4
o= T = 53T mal K om N . = ().921 k’gf,-"l??l
Mz 0.02669kg,/ mol (273.15 4+ 80)T

Roughly, laminar flow holds for Re~ 2000, thus:

Re™™ iz 2000 x (17.93 x 10-° kg/m-s) . . ,
= — , - = 38.03 m/s

p L (0.921 kg/m?3) x (0.001 m)
(5.39)

This is very fast flow considering the channel is only 1 mm in diameter.

V mar =

In general, flow in fuel cell is laminar.
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Pressure Drop In Flow Channels
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Convective Mass Transport

'-If__‘,é — hmlzfj'i,s — 151]

e’
Cross section (0.2 0.4 0.7 1.0 20 25 Haoo 10,0
Shp 1.36
‘@’ Shy 3.66
ot | Shp | 480 3.67 308 297 338 3.67 480 5.86
"3:¢:+ Shp | 5.74 447 375 361 4.12 447 574 6.79
Shp | 0.83 142 202 244 310 3.39 391 497
T Shrp | 096 1.60 226 2.71 3.54 3.78 4.41 4.85




Convective Mass Transport in PEMFC

electrolyte

Inlet Qutlet

1. The catalyst layer is infinitely thin.?
2. Water exists only in the vapor form.

3. Diffusive mass transport dominates in the diffusion layer. Furthermore,
only v-direction diffusion in considered.

4. Convection dominates in the How channel.

5. Flow velocity in the channelis constant.



Convective Mass Transport in PEMFC
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Convective Mass Transport in PEMFC
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Convective Mass Transport in PEMFC

Density of oxygen at catalyst layer (kg/nd )
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A More Realistic Alternative Solution
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A More Realistic Alternative Solution

If constantVoltage instead of constantcurrent is assumed

-OCE Fn/RT
ankFn/

7 =173075,¢€
Cr
dx C
c(x)=Ae™
c0)=c, =A
j(x) = Ke™

*Current drop Exponentially
«Concentration also drop exponentially

*HW 5.10



Flow Channel Design

e High electrical conductivity
e High corrosion resistance

e High chemical compatibility
e High thermal conductivity
e High gas tightness

e High mechanical strength

e Low weight and volume

e Fase of manufacturability

e (Cost effectiveness



PEMFC Flow Channel Design
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PEMFC Flow Channel Design

(@)  Parallel channel
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Wide ribs in flow field

(Generated water

underthe ribs)

Toyota Metal Mesh Flow Field

Air flows obstruction caused
by generated water

Cell pitch1.68

O, dispersionis notgood,
especiallyunderthe ribs

Narrow ribs in flow field
(Generated water under the ribs )

Generated water is taken up
quickly by the 3D fine-mesh
flow field.

Cell pitch1.34 The electrode contact area is
(A20%) smallto prevent accumulated
water from inhibiting O, diffusion.




