Reversible Voltage (Chapter 2)

Losses in Fuel Cells
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Current Density (A/cm?)

Net Fuel Cell Performance

Cell voltage(V)

Cell voltage(V)
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Current Density (AlcmZ)
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Fuel Cell Modeling



Basic Fuel Cell Model
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Basic Fuel Cell Model

V = Ethermo — (@a+balnj) — (ac +boIng) — (FASRormic) — (r In - L )

I —J

® Vot = aa+balnj)+(ac+bcIn ) The activation losses from both the
anode {A) and the cathode (C) based on the natural logarithm form of
the Tafel Equation (equation 3.41).

® ohmic = JASE hmie: The ohmic resistance loss based on current density
and area specific resistance (Equation 4.11).

® Noone = Cln FL:”___..? The combined fuel cell concentration loss based on

equation 5.25, where ¢ 1s an empirical constant.

Only valid for j>>],



Leakage Current
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Typical Parameters

Parameter Typical Value for PEMFC Typical Value for SOFC
Temperature 350 K 1000 K

AS R pmie
Jleak

JL

c

1.22V

0.10 A/em?
1074 A/em?
0.50

0.30

0.01 Qem?
1072 A/em?
2 A /em?
0.10 V

1.06 V

10 A/em?
0.10 A/em?
(.50

0.30

0.04 Qem?
1072 A/em?
2 A/em?
0.10 V




Typical High & Low Temperature Fuel Cells
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1-D Fuel Cell Model: PEMFC

convection

diffusion

electroosmotic
drag

electronic
conduction
ionic _
conduction

H*2H™ 2e°

2H+ 2e +1/20;
—-+H,0

Anode Electrolyte Cathode

(a) In a PEMFC, water(H20) and proton(H ™) transport through the electrolyte.

fluxr 14 = flux 5 = flur 1 — flur 4 = fluzx 8 — flux 13

7 Jir+ . -
S o =J§E=2Jgﬂ=5§ﬂg




1-0 PEMFC Model: Water Flux

@ @ — CONVection

H o er .
2 Hig --=-=- diffusion
H,0 N,

electroosmotic

Flow drag

structure - electronic

conduction
ionic
conduction

@ Hy#2H+ 2e

2H+ 2e +1/20;
H,0
o’ ® —H,0

Anode Electrolyte Cathode

(a) In a PEMFC, water(H;0) and proton(H ) transport through the electrolyte.

fluxr 2 — flux 3 = flux 6 — flux 7T = fluz 12 — fluxz 9 — flux 5

anode membrane cathode
r JM
: 7 140
Ji0 = Jng_’J Jﬁgm == &=
2F o
j JH+ A ¢ Jh0 JH o  Jmo,
— — JH —_ EJQE . 2 — 2

aF 2 ¥ ¥ 14+ cx



1-D Fuel Cell Model: SOFC

Flow
structure

Porous
electrod

Anode Electrolyte Cathode

®
®

convection

diffusion

electronic
conduction

ionic _
conduction

H,+0=HO0+2e

1/20,42e -0"

(b) In a SOFC, oxygen ions(0?~) transport through the electrolyte.

5 M
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o — Jﬂg — EJQQ — _Jﬁgﬂ
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Full Model

HHTH_ hen s Convection Diffusion Conduction ﬂectroch:en:uc.a.l
Domains Reaction
(UH, H,0,,,.H,0 (9H,,H,0,,.H,0 e
- » {g)=tL2%~ () 2y thar g2 )
Flow Channels {J}Iﬁ’ﬁé Ota) (2 H,. H, O) (3) o~
. (1) HE ,Hzﬁm ,.HZO i) (%) HZ?HZO[Q'] ,HED i) =) e .
Anode Electrode (1}&’1{20{?) Hy H, O (3)(8) ¢~ P~ OV H £ 0 — HyO4 2
Catalyst H2,H,0(,),H20 ('H, H,0(g),H20¢ B~ H+ @H, — 2H 42~
? WL, B, O (5) H, i Opg) (3)(8) g~ P Hot OF~ S Hp 042
(6) (B g+ o
Electrolyte H20¢ H ’H_‘?Ow
EIJNQ,DZ,HZO{Q},HZ'DM [EJNZJOE,HZG{F},HQG“} I:3?“:5:]13_,1'14' ['EJZH-I'—I—%C'Z-I—EE_ —.kHzﬂ{;}
Catalyst 0Ny, 0, (5 Ny, 0, O)6) ¢ 0P 10,486 — OF
‘ [ ™N,,02,H,0),H:00 @ Ng,02,H,0,H:0¢ OFs .
Cathode Electrode (1’] Nz,{fgz, : J:\rz, Gz : (3)(5) i ,02_ [5.]% GE—FEE‘_—}GE_
(UN2,02,H20y) 2IN2,02,H20(q), H20) (B~
Flow Channels ‘”J‘-Fz, 0, (2 N,.0, (@)

Table 6.2: Description of a full PEMFC {or SOFC in italics) model. Stx key assumptions, numbered (1-8) in parentheses, lead
to the simplified model shown in table 6.3.

“To be precise, this water transport phenomenon is due to electro-osmotic drag (See chapter 4). For convenience, it has
been categorized as conduction due to its close relationship with proton conduction.



Simplitying Model

Hh__:ﬁ Fhentmena Convection Diffusion Conduction Eﬂec:tr&ch.jemma.l
Domains Reaction
(H, H,0,,.H,0/ (%'H, H,0,,.H,O e~
T 2 i(g)+t 2~ () 2, M2 g2
Flow Channels ) i, H, O @ g, H, Ot (3)
WH, H,0(,),HOy “Hy,H, 04, HoO0y e~ =
Anode Electrode {I}EE,HZ-U{Q} Hy Hy Oy (3)5) e~ 0P BV 0 S HyO42e
Catalyst HyHoOg) H:0p)  WH HoO) HoOpy %~ HY @H, — 2H +2e-
: ) Hy, Hy Oy ) Hy, Hy Ogg) Cif) e OB~ Hpt O - H 042~
(6) (Gl g+ o
Electrolyte H20q H :H_?!D(ﬁ
EIJNZ,DZ,HZD@:,,HZDM Ef’]Nz,Og,HZD{g},HQD{;) ':3][536_,H+ [6]2H+—|—%Q2-|—2E_ —.kHzﬂm
Catalyst )Ny, 0, (5 Ny, O, @) o~ 0 10,486 — OF
‘ : (k% Nz s Dz? Hz D{g) ,HzD({} (e} Nz ,Dz, Hz D{g} ,HzD i () e .
Cathode Electrode i1) Nz,ﬂz -Nz, Gz (3)(5) G ,02_ EE.:]% GE—FEE‘_—?GE_
(UN2,02,H:0;, (2IN2,02,H20; ), H20 (e~
o 12, (g) 2y 2,120 g) » H2M(T)
Flow Channels W N,. 0, @N, 0, @)

Table 6.2: Description of a full PEMFC (or SOFC in italics]) model. Sx key assumptions, numbered {1-8) in parentheses, lead
to the simplified model shown in table 6.3.

“To be precise, this water transport phenomenon is due to electro-osmotic drag (See chapter 4). For convenience, it has
been categorized as conduction due to its close relationship with proton conduction.

1. Ignore convection in flow channels



Simplitying Model

HH_HT__ e Convection Diffusion Conduction Eﬂec:tmch..jemca.l
Domains Reaction
UH, H,0,,,H,0 @H,.H,0,H,0 Ble~
Flow Ch 1 2. tLoM )Ll () 2, Lot (). 1ol )
A ) iy, Hy O) P Hy, B, Oy (3) g~
| | UH, H,0,.,,H,0 OH, H,Oy,H,Of @~ .
o Oy, B0 B0, OO 0 OHL0n L0420
Catalyst UJH?HZDWHZ‘}G; ':ﬂHﬁ’ H20(g),H200) i,”f”e?H,* “H; — 202"
: i, H; Oy 5) iy, e Opg) (3)8) g~ P Hoyt OF~ S Hp 042
(®) S a
Electrolyte H20q H :H_?!O{ﬁ'i
‘ EIJNZ,DZ,HZOEQ},HZGM IZE]NZ,OQ,:HZG{F},HQO{{} (3]E5]E—,H+ [ﬁ]2H++£02+29— —}HZC'{;}
Catalyst ) Ny, 0, (5 Ny, G, 6)6) 0P~ 10,426 — OF
‘ [ TUN,,02,Hz0y H2O0iy @ Ny,04,Hz0¢y,HO @e- .
sofan) Bl N0 Mo @0e - ®10,48c 0
] a2 - 8 2
(UN,,0, H. O, (2)N,,02,H20¢ 5, H2O1y OFs
Flow Channels e taigiad | 2,02, 2V g), B2 ()
M N, 0, @N,,0, (3)

Table 6.2: Description of a full PEMFC (or SOFC in italics) model. Six key assumptions, numbered {1-8) in parentheses, lead
to the simplified model shown in table 6.3.

“To be precise, this water transport phenomenon is due to electro-osmotic drag (See chapter 4). For convenience, it has
been categorized as conduction due to its close relationship with proton conduction.




Simplitying Model

: Phenomena . il ; Electrochemical
N Convection Diffusion Conduction Reaction
WH, H,0,,,H,0 (@H,,H,0,,.H,O g, B
. ’ (g): 12 (1) 2: 2% (g) 0]
Flow Channels ) gy, H; O E m’)&_’& E}m @ -
Ly H2 ?HEO (g) PHZD ) (1G] HZ? HzD @) #HED O (= o .
Anode Electrode () iy, H, Oy H,, H, Oy (3)(8) o~ 07~ OVH, £ O — Hy 042
Catalyst HyHoOpp) H:O)  WHp HoO HoOpy B~ HY @H, — 2H 4 2e-
& ) Hy, Hy Og) ) 1y, B, O Bl P~ Ht O — H04+2%
Electrolyte “H:0( WH H:00p"
(ON;,02,H00) HoOy  ®N2,02,H20(5,H.0py @ HY  ®2HT 10,42~ —H,0y
Catalyst M) Ny, O (% Ny, Gy (B)E) e~ 02 1 01; 106 —s O
(1) Nz,Oz,Hz O{Q} :HZU{I}I {éﬁ NE :OZpHZ O{H::l ,HZO {[} (3 e i
Cathode | Electrode VN, 0, N,,0, OO &~ 07 ©10, 26— 0P
{HN?!O?!H?DIIHJ _[EJN%Oz-aHzﬁ(E}aHEﬁﬁ) (e
Flow Channels WN,.0, (2 N,.0, (3) -

Table 6.2: Description of a full PEMFC (or SOFC in italics) model. Six key assumptions, numbered {1-8) in parentheses, lead
to the simplified model shown in table 6.3.

“To be precise, this water transport phenomenon is due to electro-osmotic drag (See chapter 4). For convenience, it has
been categorized as conduction due to its close relationship with proton conduction.




Simplitying Model

HHT__ s Convection Diffusion Conduction Eﬂec:tr&chiemma.l
Domains Reaction
UH, H,0,,,H,0 (JH,. H,0,H,0 Ble~
e : (g)tt2~ (1) 2, Lo gyt lah i
Flow Channels ':l}Hz,HzO{g) . (2}&2}}%}?@} (3) o
_ WH,, Ho0y,),H20 “Hz,H, 0, HoOy Fla -
s 0, H,04) By, H; 0 OO, 0~ O 10" H018
Catalyst LIJHZstD'{g}*HZD{!) (2)H,, H;04),H20¢ @)®e - H+ WH, — 2H+2e-
i I:I}Hm:irirz*ﬁ"(gj ) H,, By Org) RS (F~ H,+ P~ — H,0+2
(6) () g+ o
Electrolyte H20q H :H_?!D{ﬁ
EIJNZ,DZ,HZDEQD,HZQM EHNZ,OE,HZO{Q},HQG{;) ':3][5)9_,1'1"' ['EJZH-I'—I—%OZ-I—ZE_ —.'*Hzo{{}
Catalyst ) Ny, 0, (5 Ny, O, ) o~ 0 10,486 — OF
' _ (B8] Nz y Dz? Hz D{g) ,HzD({} p= Nz ,Dz,Hz D{g) ,HzD {I,'i ] e .
Cathode | Electrode W N,,0, N,,0, (O ¢, 07~ ®)1 0,426 0P~
(UN,,0:,H. 0 (2IN,,02,H, 0, H2O1y (Be-
T 1 3 (g} 2yl A gy, BT
Flow Channels W) N, 0, @N,,0, (3) -

Table 6.2: Description of a full PEMFC (or SOFC in italics) model. Six key assumptions, numbered {1-8) in parentheses, lead
to the simplified model shown in table 6.3.

“To be precise, this water transport phenomenon is due to electro-osmotic drag (See chapter 4). For convenience, it has
been categorized as conduction due to its close relationship with proton conduction.




Simplitying Model

HHT__ Fhentmena Convection Diffusion Conduction Eﬂec:troch_jemc.a.l
Domains Reaction
UH, H,0,,,H,0 (JH,. H,0,H,0 B~
e : (g)tt2~ (1) 2, Lo gyt lah i
Flow Channels ':lj'Hz,.Hz O - ‘i’ffz;ﬁégm (3) o~
_ WH  HO/ H,O CH, H, O, Ho O He= .
Anode Electrode ﬁ} Hi IE_]IO{; ) 2}15? Hz%.(gjz ® @) e~ 02— BV E, O —s HyO4-2
Llez,HzD{g),Hzo{!) (E}HQ,HQO[F),HED[I] (3][5.'19_’}1"' {G}Hﬂ — 2H++2B_
Catalyst O, 0, () H,, H, O (3)(8) = 02~ Hy+ OF = H0+2e
(6) (6 g+ n
Electrolyte H20q H :H_?!D{ﬁ
Gabelyat (ON,,02,H;0(),H:0) | ®IN3,03,Ho0),H20p | ©®e= H¥  ©2HT{10,+2e~ —H,Oy
M Ny, 0y %) N, Op ) ¢= 0P~ 10p+2e"—= 0%
‘ : - ﬁl‘.Nz,DmHzO{g) ,HzD({} (€} Nz ,Dz,HzD{g) ,HzD{{;I me‘ - .
Cathode Electrode i1) ﬁ.‘fz,{j’z NZFDZ (3)(5) e_,m_ [53%02_;_2&__* Og_
(UN2,02,H:0;, IN2,02,H20(), H2Oy ~ Ple= B
Flﬂw C]:I.&HHEIS 2? sL 12 l;g:l 242,102 {g}! 2 {I) .
ON,.0, 3 N,,0, @

Table 6.2: Description of a full PEMFC (or SOFC in italics) model. Six key assumptions, numbered {1-8) in parentheses, lead
to the simplified model shown in table 6.3.

“To be precise, this water transport phenomenon is due to electro-osmotic drag (See chapter 4). For convenience, it has
been categorized as conduction due to its close relationship with proton conduction.




Simplitying Model

Hh__:ﬁ e Convection Diffusion Conduction Eﬂec:tr&ch.jemma.l
Domains Reaction
WH, H,0,,,.H,0 (JH,. H,0,H,0 B~
e : (g) 12 (1) 2, Lo gyt lah i
Flow Channels ) g HZ Ol | 7(27} B0y (3) o
_ WH,, Ho0y,),H20 “H,, H; 0, HoOy e :
.tl"'LﬂOd'E Electrode {l}Hé,HE O{g] 5 Héj Hz D{g} {3]{5)&_,02_ {5}-&4_02_ —}HgO—}—,@ﬁ_
Catalyst H,H,0¢g), H,O ®H,, H, 0, H20¢) @)% H+ WH, — 2H+2e"
i O, B, O {5}32;1"50{;] 3B e~ 0P~ H,+ P~ — H,0+2
(6)
Electrolyte HzOq)
Catalvet || " N2,02,H:0) H:0( | ©Nz0,HO0),Ho0py | 0= HF T ®12HY 10,420~ —H,0
¥ M) Ny, O (5) N, Oy (38 = 2~ 10,42 — 0%
, | {I}NZaDZaHZD(Q) !HZ'D(IJ (8 NﬂsDZsHZD{F}ﬁHZD([I' | e [ | -
il i . M) N,, 0, | R Ny, O, (3!(5; gj—,og— G110, + 2P~
Nz,02,Hz04) N2,02,H20), H2Oq e ;
Flow Channels ; K 5
M N, 0, A N,, 0, (2) =

Table 6.2: Description of a full PEMFC (or SOFC in italics) model. Six key assumptions, numbered {1-8) in parentheses, lead
to the simplified model shown in table 6.3.

“To be precise, this water transport phenomenon is due to electro-osmotic drag (See chapter 4). For convenience, it has
been categorized as conduction due to its close relationship with proton conduction.

6. Single phase assumption (no liquid water)




Simplified Model|

Reactions || - ; - . Electrochemical
I ins | Convection Diffusion Conduction Reaction
Flow Channels "
- T Hp, Hio(ﬂ}
Anode Electrode H,, H,04)
Catalyst : : : H,+0% —H,Opp+2¢

Catalyst : ' - H"+30:+ 1,0()

Cathode | Electrode : B s
Flow Channels

Table 6.3: Description of a simplified PEMFC (or SOFC in italics) model. The items to be modeled in this table are described
by governing equations which are developed in next section.




Model Validity For SOFCs

Anode supported

Electrolyte supported

Cathode supported

atEatE gty

atEatE gty

atEatE gty
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Lt ot

Lt ot

Lt T ot
(1Al
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Governing Equations: Electrode

Diffusion model

. . . dﬂi de.
Binary diffusion  Ji=—Dy——  Jj=—Dj o Di; = Dj;.
dzx; e J. — p. T
i ivj ji
Maxwell-Stefan = RT; Pijff

For simplicity, we use
—Fﬂfjﬁ dx;
RT  dz

=



Governing Equations: Electrolyte

M
SOFC Tlohmic = l{. 45H:Jhm f:} — j{tﬂ_ )
B Ae" w2t
0= —7
PEMFC

M J A par
Tis0 = Maress 535~ 3p VT




Governing Equations: Catalyst
Simplitied B=V

o4

j =348 ( “R E(MET'Q))
RT  jc,

Heathode = 1aF In jﬂfﬂ

For ideal gas

RT : i
Teathode = Ao In ‘mP Ly




Example 1: 1-D SOFC

Anode

convection
eff
diffusion . _}JADHB:-HEO dr g,
P|Pr'(|irnr1ic' Hg RT dz
conduclion eff
ionic 74 —P" Dy, w0 depo
conduction wHeQ T RT dz
HAO™H0+2e
1/20,+26 0" , . #4 JRT
ZTrlh = THyla T
2'p" Py im0
. JRT
Anode Flectrolyte Cathode I-'H;,t'!|h = -'I-"Hgﬂ|n. +1i 9 AU:H
(b) In a SOTC, axygen ionsg(1?~) transport through the alectrolyte. P ~H 1.0

c _}'RT
4PEQD§$%

Cathode L0, ﬂ_l'ﬂ3|d—f



Example 1: 1-D SOFC

Cathodic overvotalge

Nohtaie = T8 = § =P
Johmie J 4 S?‘_g?nﬂ_ j‘ﬂlg RT

Ohmic overvoltage

RT

Meathode = 7 In

Overall

ﬁM t M T

A

j

jop© (IDQ la — t¢ JRT

V = Eth-ermﬂ — Nohmic — Neathode

tM IB

RT

In

=i Eihermﬂ — ] AG
e BT

dev F

APpe DGy

J

).

jop® (Iﬂg|c£ —tC

jRT

AFpC D

efy
O W

)



Example 1: 1-D SOFC

For j=500mA/cm?

Fhysical properties Values
Thermodynamic voltage, Eyrme (V] Lo
Temperature, T(IK) L1073
[Iydrogen inlet mole fraction, zx.|, R EL
Oxveen inlet mole fraction, 2o, s 021
Cathode pressre. p© (atm) 1
Anode pressure, p*{amm)| 1
Eflective Hydrogen {or waler) dillusivily, D?__.’-Z’THEG.:':HE;“H}I L1
Effective Oxvgen diffusivity. D5y, (m?/s) 2% 10 5
Transfer coefficient, o 03
Exchanpe current deusity, jo(d/vin?) 1
Electrolyte con=tant, A(K,/Qm) o001
Elortrolyte Activation encrgy, AG. . (kI/mall 100
Flectrolvte thickness, £ m) 10
Anode thickness, #4( um) 50
Cathode thickness t(gm) 800
Gar couslant, R(J/mol K) 5414
Fureduy constoul, F(C/ mol) U485

0.00001m - 1073 K

_ 2
Nohmic = 014/ cm 100000k 7/ m ol

0.0018 . [{/?n 83147 mol-K 1073K
= 0.14/em? x 1.45 - 107*Qm?* = 0.145V

1073K

In

8.314—

A
ol K 05m2

Neathodic —

4.0.5- 96485%

1
A J
0.5-258.314 1 - 1073K

o 3
-96485-2-101325 Pa-0.00002 2~

(0.21 — 0.0008m-
= 0.147V

V =10V — 0.145V — 0.147V = 0.708V

D.lcm% - latm %

)



Example 2: 1-D PEMFC

canveclion
diffusion

. electroosmotic

drag
electronic
conduction
ionic
conduction
H+2H'+ 2e
2H™ 2 +1/20,
—+H,0
Anade Flectralyte Cathode
(a) In s PEMEC, waler(Ha0) and proton{H ") tranaport Chrough the eleciroly le.
- o | S i BT
Anode  Ji = P Difymo dr, THlb = Tl — 1) —— =5
: RI — d: 2FpA Dy, 1,0
A o +
J’A —F UHE,HQG dﬁngO T Q|{, — D| f‘A Ck ‘}RT
Ha) — - SsHaCi == “SHalla = & ef f
RT dz QFFADHQ,HQD
C JRT

I C = T t : ]
Cathode "%~ %l ¥ ipopar—
(1 +a*)jRT

9Fp ?‘D;J;{H 5

ra.0le = vmo0ld + 1°



Example 2: 1-D PEMFC

Nafion model from Chapter 4 with constant water diffusivity

o 11a® N
AMz) = o7 + Cexp
ndra.g

22FparyDy | 25
jl[A/em?] x 1.0kg/mol x 2.5 i
22 x 96500C /mol x 0.00197kg/cm? x Dy[em?/s]”
0.000598 - j[A/cm?] - :;:[crm]) 6
Dy lem?2 /s | ’

jMan3AT ] _ e

+C exp [

= 4.4a™ 4 C exp(

Als = A(0) = 4.40* + C

e | 0.000598 - j[A/em?] - tM[em].
Ae = AtY) = 440" + Cex
e () a” + Cexp( Dy [cm?/ s]




Example 2: 1-D PEMFC

Linearized water contents at Nafion surface

A= lday for O<awy <1
A=126+1day for 1 <aw <3

C,
: __ P Ty ols
using ﬂ-w|,5 — —E_PSAT

pfl’ | 4 ﬂ*jR'T
—— | 2H,0la — " ———=77
pSaT 2FpADIT,

p© (1+a*)jRT
Al =12.6 + ldaw |, =126+ 1.4 = -'I-‘Hgf:r|d-|—fc_t' Ta J}Ff
2 QFPGDEDLHED

}u|{, = liL-r.’twh, = 14




Example 2: 1-D PEMFC

Physical properties Values
Thermodynamic voltage, Eipermo( V) 1.0
Operating current density, j(A /cm?) 0.5
Temperature, T(K) 343
Vapor saturation pressure, pgar(atm) 0.307
Hydrogen mole fraction, xg, 0.9
Oxygen mole fraction, zo, 0.19
Cathode water mole fraction, zy,0 0.1
Cathode pressure, p“(atm) 3
Anode pressure, p*(atm) 3
Effective hydrogen (or water) diffusivity, Dgf molcm?/s) 0.149
Effective oxygen (or water) diffusivity, DE";,'HEG{‘E-HLE/ s) 0.0295
Water diffusivity in Nafion®, Dy (cm?/s) 3.81x107°
Transfer coefficient, a 0.5
Exchange current density, jo(A /cm?) 0.0001
Electrolyte thickness, t¥ (um) 125
Anode thickness, t4(um) 350
Cathode thickness t“(pm) 350
Gas constant, R(J/mol K) 8.314
Faraday constant, F(C/mol) 06485




Example 2: 1-D PEMFC

3atm * 0 0.55pm—y - 8.314— - 343K
Alp = 14— (0.1 — 0.00035m—— 00000 —
0.307atm 2. 96485@ -3 x 10132513{1 -0.1497’“
— 13.68 — 0.781a" (6.47)
p 1 0.5 . 8.314—_ . 343K
Ne = 126+ 1.4—%M (61 1 0.00035m— T } e b m{; ;
0.307atm 2. 96485-S . 3 x 101325 Pa - 0.0295%.0001m*
— 14.36 + 0.394a* (6.48)

Alp = A(0) = 4.4a* +C
0.000598 - 0.5A4/cm? - 0.0125¢m

3.81 x 10-5 )

A = 4.4a™ + C exp(
= 4. 40" + 2.667C

a=2.25 and C = 2.0.



Example 2: 1-D PEMFC

0.000598 - 0.5-
3.81 x 10-°

1 1 %
X exp [IQGS (3[]3 343)]

= (0.0784 4 0.0169 exp(78.482)

o(z) = [IJ 005193(4.4a + C exp( 2)) — 0.00326

tm d*‘“ 0.0125 d.z;
Fom = /;, a(z) :/[; 0.0784 4 0.0169 exp(78.48z)
= 0.117Qcm?

Nohmic = J %X Bm = 0.5(A/em?®) x 0.117(Qem®) = 0.0585V



Example 2: 1-D PEMFC

RT j
Neathode = 7— 0 _
| . " i
jop®© (i‘ﬂzm_ C.ﬂi‘pjﬂf” )
- Cg.Ng
8.314— 343K 0. ﬁg
Heathodic = ~ = I | ;
4.0.5-96485-5 " 1 0.00012; - 3atm

1

0.5—278.314 1 =343K
P
4.96485-3.101325 Pa-0.0295x 10—4 1= | |

(mg — 0.00035m
= 0.134V

V = 1.0V — 0.0585V — 0.134V = 0.807V



Example 3: 1-D SOFC

)\H J, Ha inlet

Stoichiometric number S - 1
'-‘TID ginlet

C s

Z0 |d _ Clo,outlet
: Jgg,ﬂutiet g J;%'ig,auﬁef

7C , C C J & — ¢
J‘jg,ﬂﬂﬂ&:t — Jgg ganlet — j{:}g — Jﬂ'g,iﬂiet i F jﬂg,iniet — ‘:I"D'E “Iﬂg
Jgg,auﬂef — ()"OE o I'j '}ég - [:AGE o I}E

{‘:’.'f _ 'I::'T _ C’I —_— ‘::'r —_ 1 _j
JNngutEet — “ Ng,inlet — "I"Jﬂgjiniet - ""”:!""32 Jﬁg - """’}"G:! AR

(.}"{32 - ljff

ey |d= - —; :
’ (Ao, — 1)& + who, 7=

Yol
[l —1

w=0.79/0.21 =3.76



Example 3: 1-D SOFC

RT | J

4da P '
. of . c__ JRT
0 | Toyla — 1
Jop” | Toula = " Smtper )

Neathode =

-{.* — Etharmg - ﬂﬂhmiﬂ — T}E‘ﬂ.fhﬂdf

- tM'T
— Ethermﬂ —J AG g
e~ RT
RT J

41':1'." F jap{ﬂ Ao a0 1 . t{'__f jRT
L (1+w)Aoy—1 WFpoD Ty )



Example 3: 1-D SOFC

Ao, = 1.2 and j=500mA fem?

8.314—J - 1073K [ 0.5-2,
Neathodic = 0.1

In
105964855 | 0.14,

—— - latm

1
1.2-1 0.5-278.314—] = 1073K
‘ — U'.'Dl_'ll:l&'ﬂ.il i

— = 3
(1+3.76)1.2—1 96485 —=-101325 Pa-0.00002 2~

mol

= 0.219V

V =10V — 0.145V — 0.219V = 0.636V

Compare with cathodic overpotential of 0.147V in example 1



Computational Fuel Cell Dynamics(CFCD)

Hydrogen
Inlet
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Computational Fuel Cell Dynamics(CFCD)
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Figure 6.7: Oxygen concentration in the cathode at 0.8V overvoltage. This cross-sectional
cut across the center of the serpentine pattern illustrates how the oxyvegen concentration in
the flow channel slowly decreases from inlet to outlet.



Computational Fuel Cell Dynamics(CFCD)
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Figure 6.8: Oxygen concentration in the cathode at 0.8 V overvoltage. The plan-view
figure shows the oxyegen concentration profile across the cathode surface. Low oxygen
concentration is observed under the channel ribs due to the blockage of oxyegen flux.



Computational Fuel Cell Dynamics(CFCD)

Category Equations
1. Mass conservation %f ep) + V- (eplU) =10
2. Momentum conservation %{Ep[” +V  (epUU) = —eNip+V - (e() + #
3. Species conservation 2(epX;) +V - (epUX;) =V - J; + S,
4, Charge conservation V o lglee = =V - Lion
1. Mass conservation
9, , . _
—(ep) + V- (eplU) = ()
ot
rate of mass change net rate of mass change

per unit volume per unit volume by convection




Computational Fuel Cell Dynamics(CFCD)

2. Momentum conservation

9
d . . . , . e“pU
—(epU) + V. (epUU) = —eVp + V- (e{) +
ot K
rate of net rate of
momentum momentum change
change per unit volume by
per unit convection  pressure viSCous — pore

volume friction structure



Computational Fuel Cell Dynamics(CFCD)

3. Species conservation

< JPR— : " ,.
_ELL = ]LL}LQ' ] = V- | € JI‘JI_.Tja i) = AV | i + xlj.é_ ':ME
ot |
rate of a species net rate of
mass change a species mass change
per unit volume per unit volume by
convection di f fusion electrochemical
reaction
r J
S; = Mj——
ng F'
PY,
J;=pDyp VX, +5LD,, VM - pMZD VY, - pVMZ g

M eff .i



Computational Fuel Cell Dynamics(CFCD)

4. Charge conservation

V-i=0
Volgee + V " 10 =0
-V - i-é;_‘.in =V - i-:‘tE-st-: — J'
V  (OionV Pion) = =V  (Oclec VPelee) = J

naF : G
llm ":I:|I won {I} E:EE’C:' }

" SN R 1
j = joexp{ 0



Computational Fuel Cell Dynamics(CFCD)

5. Energy conservation

%(sphﬁVo(epUh):VqurSt2VU+8%—J'TU 1S,
O

q=k,VT+ Zthk

k=gas



