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PESIgN Objective:

SWANIO0ICm? active area PEM fuel c_eII must be
de ned and built.

'r prOJect objective Is to designh and build a
iilel cell that is fully functional and not

—_--'—"'_.h._::v'-—

_'-:—-:ﬂecessarlly fully optimal.
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1 Constraints

JJ ‘at University of Waterloo
Co t of less than $2600 USD + MEA
2 _Lﬁ cm? active area MEA

*#ﬂ%’lamtalned at 80°C

- = Should not operate > 100°C
* Form of alignment
* Durable




DElIVErables: Explodedwiew

=i

Gas diffusion layer (E-Lat)

Graphite flow-channel block




PESIONTApproach

opImizereach naividbal su-aesign within the fuel cell

Anzlyze the compatibility of sub-designs:
BEWillFit function?
. Cost
= Elow’ characteristics
Fhemmal compatibility and compressibility

Pressure loss

3 f Incompatible, go back to (1) and determine where a
suitable compromise can be made

If fully compatible, final design is completed
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SHAPE & SIZE,

2eestrained by 10 cm x 10 cm active area
SMSe typical square shape
SAUSe minimal amount of material

e Make 17 cm x 17 cm overall cell
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Ailiminum or Stainless Steel

Ar“‘r”
= tructurally stable

=

-
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"% Ease of fabrication
@ | ow cost
e Suitable size and thickness




AP

Alungleltiey
cm x 17 cm x 1.25” = $27-$30

-"
"

:.3. 16?4 Stalnless Steel
' 17 cm x 17 cm x 1.25” = $26
Purchased outside of school




GURRENT COLLECTORS




—
GURRENT COLLECTORS

BOPPEr, Brass, or Gold-plated S.S.™

gliteria:
=STHigh conductivity

—* Ease of building a connector
® | ow cost
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al- Conauctivity:

rial: Electrical Conductivity (% IACS)

alloys (68-212°F) 27 — 61%
siainless steels (32-212°F) 2.3 - 2.5%
| : 12 - 37%
= "=Graph|te 0.22%
~ Copper (68-572°F) 100%

Cost = approx. $100 for brass, copper




IOV FIELD: PLATES

=i

Gas diffusion layer (E-Lat)

Graphite flow-channel block




=IOV FIELD, RLATES

efiaphite, Stainless Steel, or Coated S.S.

BT eria:
_ 1gh conductivity e Machinability
--:.'%-' 'ﬁnpermeable e Corrosion-resistant

m—

- e Syitable thickness e | ow cost

e Suitable size e Fase of fabrication
e Distribution of reactants




SEOW FIELD RLATES
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ROV FIELD, CHANNELSH

Width Depth

e Increasing # channels = increases pressure loss
e Flow channels too wide - GDL swells and blocks flow
e Flow channels too deep - inefficient

e Optimize? -> Through experiments
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BOWFIELD, CHANNELSH

pontanon from: Madrid, Spain

_"‘Fuel coRsUmMption Increases when decreasing the width”
= =Ghannels narrower than 1 mm are not viable in practice”

= ./\ tklns et al.
“Optlmum width for rldges and gas channels ranges are from

depth for gas channels is between 1. 02 2.04 mm
® Jest cell inlab uses 1 mm x 1 mm

e Professor X. LI
- “It will' work.”
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HOO0INGg Not.Reguireds s

tion: H, 2> 2H* + 2e-

-1

, .3%0 utilization rate of hydrogen (stoichiometric ratio of 1.2:1):
using Faraday's, since 1 A = 1 C/s)

=(100.0 A)(1_coulomb/sec)(1 equivalence of e7)(_1 g mol H, )(_100 g mol H,supplied ) = 6.22 E-4 g mol H,
( 1A )( 96,487 coulombs )(2 equiv. of €7)(83.3 g mol H, consumed) sec

PR———
e

==, = (6.22 E-4 g mol H,)(_2.0158 g )(_1kg ) = 1.25 E-6 kg H,
e sec (1 g mol H,)(1000 g) sec

-
s
— —
—
-

-

—

= M0 = (6.22 E-4 g mol H20)(__18.01g )(_1kg ) =1.12 E-5kg H2
sec (1 g mol H20)(1000 g) sec

For a 50%b utilization rate of oxygen (stoichiometric ratio 2:1):

m,;, = (2.99 E-3 g mol wet air)( 28.74 g )(1kg ) =8.60 E-5 kg air
sec (1 g mol wet air )(1000 g) sec
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FOICETON the membranes

=Ml v = (1.25 E-6 ka/5)(0.64 m/5) = 8.00 E-7 N

F=m, v = (8.60 E-5 kg/s)(3.06 m/s) = 2.63 E-4 N

WATIOLE side F / [p(D/4)?] = (8.00 E-7 N)/(28.27 mm?2) = 2.80 E-8 N/mm?
T-de Side  F/ [p(D/4)?] = (2.63 E-4 N)/(28.27 mm?) = 9.30 E-6 N/mm?

The tear strength of Teflon is 29-39 N/mm? at 23°C and 14-20 N/mm? at
150°cC.

Therefore, It can be assumed that the MEA can more than adequately resist
the force on it.




Vigiigtaining the, celll ats&0-C

Theoratical EMF or ldeal Yoltage

Region of Activation Polarization
(Reaction Rate Loss)

—
[ ]

Total Loss

Region aof
Zoncantration Polarzation
(3as Transport Loss)

o
o
@
ﬁ
=
[

Region of Ohmic Polarization
05 (Fesitance Loss)

Operation Voltage, ¥V, Curve
Currant Density (mAfom )

DG, ., = nFE® = (2 electrons / 1 mol H,)((96,487 C)(1.229 V)
= 237,165 J/mol H,




= ('d z Eactual)

@EIEstrons / 1 mol H,)(96,487 C)[1.229 V — (0.83)(0.6 V)]

211,064 J/mol H,

=

S -
- =

Oy = DG,y (6.22 E-4 mol Hy/s) = 87.7 J/s = 87.7 W

qg” =q/A=(87.7W)/(0.01 m?) =8,770 W/m?
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Approximate. Jiemperature™Drop™

qﬂ e UD = U(Tl —_ T

= _-".w(Rtot A)
Bk

=0 / —graphite graphlte brass

= JA(CL08175m)/(80 W/m.K) + (0.00635m)/(127 W/m.K) +
B (0-00635m)/(181 W/m.K) + 0.72 E-4 m2.K/W + 0.02 E-4 m2.K/W + 0.08 E-

/K +LAI/kAI+thl+th2 tcS)

brass

——

MKW
1 773.2 W/m2.K

Thus, T, =T,-(q”,/U)
= 80.0°C - (8,770 W/m?) / (1,773.2 W/m?.K)
= 75.1°C
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FRequired,

) = 2 (100 W/m2.K)(80°C - 25°C)

surr

= 11,000 W/m?

' ‘ =2 hair(Ts s |

-:"'

T—I" at reguired = Heat loss — Heat generation
0"reqa = 11,000 W/m=— 8,770 W/m=
= 2,230 W/m?
Oreqa = 9" A = (2,230 W/m#)(0.0196 m?) = 43.7 W
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ANABZE

MElmal Compatibility

erial:

timinum alloys (68-212°F)
__ tainless steels (32-212°F)

= =

- Graphlte

Copper (68-572°F)

-
'...,..

a (1/°C)
22.3 - 24.1 (x 10%)
14.9 — 18.7 (x 10°)
19.0 (x 10°9)
7.0 — 8.8 (x 109
16.7 — 17.6 (x 10%)







—_
SOIOrESSInIiby
oystem under 30 psi of pressure__

SVetals possess good compressive strength
BIEIaphite possesses ample compressive

= strength of 7,151 psi to 11,020 psi

[
-
—

——
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Elowain Elow: Eielddniets™

=m'/?A=m"/[?p(D/4)?]
= (1.25 E-6 kg/s) / [(0.06924 kg/m3)(p)(0.012 m / 4 m)?]
= 0.64 m/s

(8.60 E-5 kg/s) / [(0.9950 kg/m3)(p)(0.012 m / 4 m)?]
3.06 m/s

< 2100 - laminar

> 4000 - turbulent
= (0.06924 kg/m?3)(0.64 m/s)(0.012 m) / (98.8 E-7 N.s/m?)
= 53.8
= (0.9950 kg/m?3)(3.06 m/s)(0.012 m) / (208.2 E-7 N.s/m?)
=1,754.9




FHOWRUIough Flow FieldsGhannels==

BB = (006024 ka/m?)(18.10 m/s)(0.012 m) / (98.8 E-7 N.s/m?)
= 5702
RE = (0.9950 kg/m?2)(86.51 m/s)(0.012 m) / (208.2 E-7 N.s/m?)
= =49,6124

—
)~ -

=

-~ Tlaking Into account an average of fuel consumption:
Re,, = 1,827
Re,, = 37,209
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ACCEPTabIe Pressure [s0SsES

2NN < + 702, = P, + Y2 %v,5 + 7097, + _ShL
o = ?(vy” - v4°) + Sh

= 11.34 Pa + 22,2/1.00 Pa

— 22.28 kPa = 7.8% P,

OUE

?Pcathode = 2 ?(VZZ - V12) e ShL
= 4.83 Pa + 25,359.17 Pa
= 25.36 kPa = 8.9% P,
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SEANNG & COMPRESSION

Sliiable bolts and pressure
_event leakage
"Tinimize contact resistance
_ = \aximize electrical conductivity
_-"— Maximize reactant diffusion
— Uniform distribution of pressure
— Optimize pressure through experiments
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ViISEEllaneous,costs ~+$400
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B Having a fuel cell

that works?
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