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Fuel Cell Modeling



Basic Fuel Cell Model

Reversible Voltage (Chapter Z) Activation Loss (Chapter 3) Ohmic Loss (Chapter 4)

Call voltaga(\)
Call voltaga(V)
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Concentration Loss (Chapter 5)
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Call voitage(Vv')

P

_ Current Density (Alcm?) l Cument Densty (Akm?)

Call voltaga|V)
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Basic Fuel Cell Model

V=FE thermo — ' 4+ b.-‘l In .} ,l - ' e 1 bC" In _'.i'- I — I:-J. ASH ohmvz'c:] N ('r——' In ,;" = }')
L — .

® Moot = (aa+balnj)+(ac+beolnj): 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).

® Tohmic = JASR hmi.: The ohmic resistance loss based on current density
and area specific resistance (Equation 4.11).

8 Noore = cln 1-5";—} The combined fuel cell concentration loss based on
equation 5.25, where ¢ 1s an empirical constant.

Only valid for j>>j,



Leakage Current
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Typical Parameters

Parameter

Typical Value for PEMFC

Typical Value for SOFC

Temperature

E!h.[:!?‘?ﬂ@
Jo (Ha)
j[l (O‘E)
¥ (Hgfl
a (Oy)

A SRr::h. mic
jimk

Jr

C

350 K
1.22V

0.10 A/em?
107 A/em?
0.50

0.30

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

0.10 V

1000 K
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

Theoretical EMF or Ideal voltage

1.2 Theoretical EMF or Ideal voltage
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1-D Fuel Cell Model: PEMFC

©
®
|

convection

H.O " H0 ==== diffusion
2 2 -
'. _____ electroosmotic
8 @ —
Flow ;. drag
structure ° o electronic
:":"" @  onduction
Ot - 1ONIC
:,.:. conduction
N B
.:::. (® Hp2H+2e
N o s
H,O ':' Hzo ® 2H+ 2e +1/20,
a o; ~H,0

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

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

J _ I
2F 2




1-0 PEMFC Model: Water Flux

_—  CONVvection

H,0 ==== diffusion

electroosmotic
drag

electronic
conduction

[ )
—  ONIC
conduction
@ H>2H%+ 2e
He ® 2+2e+1/20;
; —+H,0

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

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

anode membrane cathode
A ; d . HED
JHE JHQD Jfggf] — an o= j
2F .
Z2F
. A M i
J T _ Jumo _ Jmo T

=gk — 935 — a0
2F 2 Ha 2 4 a 14+ a



1-D Fuel Cell Model: SOFC
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Flow :-:-' o'e’ @  onduction
structure o i 0 - ONIC
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|.I..
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9% () ® H+O=HO+2e
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% ® 1/20,+26-0"
:': y N,
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Anode Electrolyte Cathode

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

J M c
o = Jor- = J}“}E = 2Jg, = _Jﬁm



Full Model

D . S hEntmens Convection Diffusion Conduction Eﬂectroch‘}amca.l
omains Reaction
MH, H,0,,,,H,0 (9'H, H,0,,,H,O (3=
. : (g)-2 (1) 2: 2 ()2 )
Flow Channels ) g, H; O) (@ H,. H, O (3) o~
; WH, H,0(,),HOy “H,,H, 04, HoOy e~ .
Anode Electrode (I)Iﬁ‘,H;;O(g) Hy, H, Oy (3)E) - 0?2~ OV E, O —s Hy O 8¢
Catalyst UJHZ’H?O(Q)’HZOG) H,, H, 0, H20¢ @)= H+ WH, — 2H+42e"
) Hy, H, O ) Iy, Hp Oy @3)5) = 0P~ Hy+ 0P~ —H0+2e
(6) (B) g+ a
Electrolyte H20q) H 52'130(0
Catalvst (nNz,Oz,HzO(g) ’HZO([) [5)N2:02’>H20(g)’H20(” (3)[5)9—’1.1-'- [6)2H++%02+2E'_ _}HZOU)
”‘ W) Ny, 0, ) Ny, G, @) e 07 10,486 — 0>
‘ (UN3,02,H20(),H20q ™ Na,02,Hz 0y, H20¢) @~ _
Cathode Electrode (1) Ny, {jqz Ny, Oy (3)(5) o~ Ko (5) % Oy 48— 0P
(UN,,02,H,0 (2)N,,02,H20¢ ), H20 (Be-
F].OVV' Cha.nnels 2y 's 4 (g‘) 22yl L2 (g‘)s ¥4 (E)
(1) N,,0, (2) N,,0, (3) o~

Table 6.2: Description of a full PEMFC {or SOFC in italics) model. Six key assumptions, numbered (1-6) in parentheses, lead
to the simplified model shown in table 6.3,

“To be precise, this water transport phenomenon s 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

y L Deupxens Convection Diffusion Conduction Electrochjemca.l
Domains Reaction
WH,,H,0(,),H20 (9'H,,H,0,,.H,O e
. 3 (g) L2~ () 2tz gtz )
Flow Channels g, rE (z) Hy, H, Oy (3) o
; () HZ.‘HZO[Q) ,HZO (] 1) Hz,Hzo(g] ,HZO )] =) a .
Anode Electrode O g, H, O H,, H, Oy (3)(5) ¢~ 07— OVH, £ 0 — HyO4 2
Catalyst MH,H,0)HOp  PHpH,04),HO0p O HY @H, — 2H+Ze-
B NI, B, O ) Hy, B O (3)8) g~ 0P~ Hy+OF~ —HyO+2e
(6) (6) g+ E
Electrolyte H:0q H 32{_20(0
Catalyst (HNg,Oz,HzO(gj,HzOm ':5)N2,02,H20(g)aH20({) (3)[536_,H+ (6)2H++%02_|_2e— —*Hzc'(t)
‘ ' DN, Op (5 N, O (3)(5) g~ , 0P~ 10,42 =0
(N2, 02,H;0), HaOppy ¥ N2,02,H20(g),H20¢) e~ .
Cathode Electrode WN, 0, ) N, 0, @) ¢~ 02 (5) % O+ — OP~
(UN;,02,H0; (2)Nz,02,Hz0y4),H20 OFS
r Ch 12y (g) 2y2,2 128 (g) y H22(T)
Flow Channels WN,.0, @N,,0, 3 -

Table 6.2: Description of a full PEMFC {or SOFC in italics) model. Six key assumptions, numbered {1-6) in parentheses, lead
to the simplified model shown in table 6.3.

“To be precise, this water transport phenomenon s 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. lgnore convection in flow channels



Simplitying Model

. L henomens Convection Diffusion Conduction Electroch.emca.l
Domains Reaction
UH, H,0,,,H,0, @H, H,0,,H,0 e~
M ' {g)+t22~ () Pl ) E e (]
Flow Channels g, Hi O) (2) B, B, Oy (3) o~
: () Hz,Hz'O(g) H,0 0 1) Hz,Hzo@.] ,H20 ] Ha- .
Anode Electrode O, H, O ' B, H, 0 (3)(8) = 02~ OVH, L0 — H, 042
Catalyst H4,H,0(),H2Oq HyHyO(g),H:0p @0 HY @H, — 2H 42~
: ) Hp, Hy O ) Hy, Hy Ogg) Cie)e” 0P~ Hyt O —H042e~
(6) (B) g+ o
Electrolyte H20q) H égfo(f)
C&t&l rst (lez,Oz,Hzo(g),Hzoﬂ) [5)N2,02,H20(g),H20“) (3)[5)6'_,H+ (6)2H++%02+2E_ —?HzO([)
LaLys (1) Ny, Op (5 N,. Oy @) o 02~ 1 0426 —OF
‘ (N3,02,H0), H2Oppy % Na,02,Hz Oy, H20 ) (3e- i
Cathode | Electrode 0,0, N,,0, OO0 ©10,48 0P
(UNz,02,Hz0y) #IN2,02,Hz Oy, H2Oq1 (Be-
Flow Channels O, o, g Gy, 5; O] @ -

Table 6.2: Description of a full PEMFC {or SOFC in italics) model. Six key assumptions, numbered (1-6) in parentheses, lead
to the simplified model shown in table 6.3,

“To be precise, this water transport phenomenon s 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

\ L henomens Convection Diffusion Conduction Electrodlfamlca.l
Domains Reaction
UH, H,0,,,.H,O H, H,0,,,H,0 3o~
. ¥ (g)tiz~ ) 244 ()2~ ()
Flow Channels (1) H, Hi'O(g) (2) Hz, H Q[E) (3) o~
WH, H,0O (a):Hz0() (9H,,H,0 @ H00 B .
Anode Electrode VH, H, O) Hy, H, Oy (B)®) = 02~ OV E O — Hy O 2¢-
U‘)HZ,HQO(Q),HZOU) (E)Hg,Hzo(g),HEO([) (3){5)9_,H+ [4]H2 — 2H ++2E_
i (I)H%Hzo(y) ) Hy, Hy Og) @) e~ OGP~ H+ P~ —H0+2¢
(6) (6) I+ a
Electrolyte H20q) H él;l_zow
Catalyst ONz,02,H20() H20p  ®N2,02,H:0(5), H:Oy |~ O~ HF  ©2HF110,+2e- =H0,
Y (1) NE’OZ (5) NZ:OZ (3)(5) e_;ﬁ_ %021"28_—502_
(UN;,05,H; 05 HoOpy ™ Nz,02,H20(5),H20 @ )
Cathode | Hlectrode N, 0, N0, OB, 0= O10,48 0
MN;,0:, H:0y) | @IN2,02,Hz0(q),Hz01 @e—
Flow Chanmnels O, 0, g O, g: , (1 @ o

Table 6.2: Description of a full PEMFC {or SOFC in italics) model. Six key assumptions, numbered (1-6) in parentheses, lead
to the simplified model shown in table 6.3.

“To be precise, this water transport phenomenon s 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

' i Convection Diffusion Conduction E]e;ttroc];}?mlcal
Domains Reaction
UH,,H,0,,H,0, (@H, H,0,.H,0 @~
. 1 (g)»t 2 (1) 23 RO (g LI
Flow Channels . Hi O (2; H, 5 Oy (3)
[IJHE,Hzo(g),HZOm 1) Hz,H;,O@),HEO ] e .
Anode Heakonde O H,04 Hy, H, O BB e 0P~  OH 10" L H,04%"
Catalyst U)le.aHzO(g)sto(! ) (SH,, H;0;),H20q @)= H+ WH, — 2H+42e~
i O H, Hy Oiq) (5) Hy, H Og) ol P H+ O~ — HO+2
(6) (6) g+ E
Electrolyte H20q) H 52{;?0(0
Catalvst (lez,Dz,szO(g),HzOm ijg,Og,HgO@),H;O([) (3)(5]6_,H+ (6)2H++%02+2e_ —>H2O([)
alyst (1] _N'z ’ 02 (5) Nz: Oﬂ‘ (3J (5) e -"02_ T]"’:Oz +2€_ — 02_
1 () stoZyHZO( )nHZO([) (e) Nz 02 HzO(g) ,HzO([}. (3)8_ .
Cathode Electrode (lez’ C':;'z J ’ J’\’z, 0s OO ¢ 02 (5) % 0426 — 0P~
cl}st'DanzO( 3l {1)N2:025H20( ) Hzo(l | (3)9_
Flow Channels O, 0, £ @N,, C';;’ ) @) -

Table 6.2: Description of a full PEMFC {or SOFC in italics) model. Six key assumptions, numbered (1-6) in parentheses, lead
to the simplified model shown in table 6.3,

“To be precise, this water transport phenomenon s 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

' i Convection Diffusion Conduction Eleptroc];}?m.lca.l
Domains Reaction
UH,,H,0,,H,0, (@H, H,0,.H,0 — Bla
. 1 (g)»t 2 (1) 23 RO (g LI
Flow Channels g HZ O @, H Oy (3) o
() HEEHZO(Q) ,HZO i) 1) Hz,Hf_;O(g] ,Hgo (i = .
e e O, B0y Hy, H, Oy @B e, 0~  OVH 10~ H,0+%
Catalyst U)le.nHzO(g)sto(l) (B)Hanzo(ﬂ)sto(l) @)% — H+ @H, — 2H*+42e"
§ () Hy, Hy Oy) () Hy, By Ogg) BB e 0P~ Hy+ O~ — H, 042~
(6) (6) g+ o
Electrolyte H20q) H égfo(ﬂ
Catalvst (l:lNz,Oz?HZO(g},Hzocf) ‘ mlﬁg,o;,Hgb(g},HZO(;} I ﬁj:iae_:ﬁdl' ‘ (6)2H++%02+2e_ —>H2O([)
aly W N,, 0, 3 Ny, 0, O &, 0P 10,426 -0
. (l)NzaomHzo( y,HaOpp (&) N, 102,Hz Oy, H20 @ -
Cathode | Hlectrode ON,0, N,.0, ©)6) ¢ 02 )10, ¢ 26— 0P
(UN2,0z,HzOqq) #IN;,02,Hz0¢g), H2Op1y (3)g—
Flow Channels O, 0, & @N,, C-;; ) (@) o

Table 6.2: Description of a full PEMFC {or SOFC in italics) model. Six key assumptions, numbered (1-6) in parentheses, lead
to the simplified model shown in table 6.3,

“To be precise, this water transport phenomenon s 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

' i Convection Diffusion Conduction Eleptroc];}?m.lca.l
Domains Reaction
UH,,H,0,,H,0, (@H, H,0,.H,0 — Bla
. 1 (g)»t 2 (1) 23 RO (g LI
Flow Channels g Hz Ot | () H,, H, Oy (3) o~
WH,,H,0,).HO “H,,H,05,,H20 We~ :
e e O, B0y Hy, H, Oy @B e, 0~  OVH 10~ H,0+%
Catalyst U)le.nHzO(g)sto(l) (B)Hanzo(ﬂ)sto(l) @)%le- H+ @H, — 2H+42e-
g ) Hy, Ky O ) Hy, Hp Og) @) e P~ H+ 0~ s H0+2e
(6) (6) o+ e
Electrolyte : HzOq H C:gfom
Catalvst (l:lNz,Oz?HZO(g},Hzocf) ‘ ‘mNg,o;,Hgb(g},HQO({} I ﬁj:iae_:H+ ‘ (G)QH'F—}%OZ—{—QE_ —>H20(1)
. @ N,, O, 3 Np, O, @) ¢ 07~ 10486 — O
. (Nz,02,Hz20(g),H2Oqy ¥ Nz,02,Hz 0y, H200 e .
Cathode Electrode Oy, CS;Z j N, 029 OO o~ o2 (5) 10,48 — 0P
(l)N25023H20( ) {2)N2:025H20( ),Hzo B OF S
Flow Channels O, 0, & @N,, C-;; ) (@) o

Table 6.2: Description of a full PEMFC {or SOFC in italics) model. Six key assumptions, numbered (1-6) in parentheses, lead
to the simplified model shown in table 6.3,

“To be precise, this water transport phenomenon s 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 ligquid water)



Simplified Model

D s | Convection Diffusion Conduction I on
Flow Channels " ,
o ) . Hz, H20(g
Anode Electrode . Hy, H, 0@
Catalyst '

27 +30;+2e7 — 1,0,
Catalyst S , 10,42 — 0>
Cathode |  Electrode ' " T W ' '
_ NZ! 02
| Flow Channels .

Table 6.3: Description of a ssmplified 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
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Governing Equations: Electrode

Ditffusion model

dﬂg dC‘
Binary diffusion i = —Dij——  Jj=—Ds_

dz; x;.J
Maxwell—Stefan = RTZ PDEff

For simplicity, we use
—pD fjff dx;
' RT dz




Governing Equations: Electrolyte

L | - .t-‘M.
SOFC Nohmic = J [_s‘qb Rah?nir:) = (?)
Ae" R
T

PEMFC




Governing Equations: Catalyst
Simplified BV

CR
RT = jc)
Teathode = Ay F n nf';z
For ideal gas
RT C

Neathode = Ao F [n - P ,..1?02



Example 1: 1-D SOFC

Anode

convection
A nelf
diffusion JA _ = Dy, m,0drg,
eleclironic He RT dz
conduclion
ionic - _pADHQ JHaO dx g,0
conduction “HoOQ T RT dz
H, +0" HO+2e
V2042608 A JRT
ZHy b = THala T
202 DTy 5
; JRT
Anode Flectrolyte Cathode 1’H;,(7|h = 2’H9(7|n. +t-

) 1"pA Ucf f
(b) In a SOT'C, oxygen iong(?~) transport through the electrolyte. Hz H20

% (c_ JRT
Cathode — e:l=ro.la=t"m crery

2 1*““?




Example 1: 1-D SOFC

Cathodic overvotalge

tﬂ-f tﬂrf-T
r L — iR =4 — g
Johmic = ] J sigma J Ae .&;-Ta“

Ohmic overvoltage

RT j

Teathode = In
4ol _
3.mC [ m _ 40 jRT
_]op (l-oz o — 1t 4Fp°DFT ) |
Overall
V = Ethermo — Nohmic — Neathode “
M7 RT j
i Ethermo —J AG — i In
— 4 F' ) : iRT
¢ jop© L0, la — ¢ E—-? el T
= it D'Dz.Nz -




Example 1

For j=500mA/cm?

Physical properties Values
Thermodynamic voltage. Eyrrmn (V) 1.0
Temperature, T(K) L1073
[Tydrogen mlet mole fraction, zg. |, 0.95
Oxvgen inlet mole fraction, xg,|s 0.21
Cathade pressure. p©(atm) 1
Anode pressure, p{atm) 1
Eflective Hydrogen {or waler) difTusivily, Dpz a0 2fe) 1= 1074
Effective Oxvgen diffusivity. Dgzﬂ,(m-, s) 275¢10:8
Transfer coefficient, o 0.5
Exchanpe current deusity, jo(A/cin?) 0.1
Electrolyte conztant, A(K,/(m) 0.001
Fleetrolyte Activation energy, AG (kI /maol) 100
Flectrolvte thickness, ##4{m) 10
Anode thickness, #(um) 50
Cathode thickness tY(um) 800
Gae conslant, R(J/mol K) 8.414
Forudoy coustaul, F(C/mol) Y6435

1-D SOFC

0.14/ 9 0.00001m - 1073 K
Tlohmic = Y. cm

100000k J/mol

0.001S - K/m 83147 /mol- K 1073K
= 0.14/cm? x 1.45 - 107*Qm? = 0.145V

([ 05
105 -96480m Y012 tatm

Neathodic —

1
(0_21 _ 0.0008m 0.5-4,8314 7 - 1073K )

496485 101325Pa 0.00002— m2

mol

= 0.147V

V =10V — 0.145V — 0.147V = 0.708V



Example 1: 1-D SOFC

>
o 0.8
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Example 2: 1-D PEMFC

conveclion

diffusion
clectroosmotic
drag

electronic
conduction

ionic
concuction

H*2H'+ 2e

2H" e +1/20,
+H,0

Anade Flectrolyte Cathode

(1) In s PEMEC, waler(Ha0) and proton(H 1) transport Chrough (he electroly Le.

_ADES ; A JRT
Anode J.éz _ wR§2~320 d;fe THy|b = Topla — ¢ QFPAD%{HQO
Jfo— _pAU;;;{HEO 42 8,0 ri0lh = Tmol. — ik
: RT  dz 2 e aFpAD 0
o 1 RT
Cathode  “0ale~ %ol tbﬁleg'D?;-J;fngn
(1 +a")jRT

TH8,0|c = THy0la + 1€

aFpCDGl o



Example 2: 1-D PEMFC

Nafion model from Chapter 4 with constant water diffusivity

11a*

SAT
Ndrag

A(z) =

+ C'exp

jMy, 'n.gig i 1la*
2FpayDr | ~ 25

i[A/em?] x 1.0kg/mol x 2.5 i
22 > 96500C /mol x 0.00197kg/cm3 x Dy [cm?2/s] “'}
0.000598 - j[A/cm?] - z[em] ) (6
Dy [em? /] |

+C' exp {

= 4.4a™ + C exp(

Alp = A0) =4.4a* + C

M 0.000598 - j[A/em?] - tM[em]
— M = A iy § 1 T
Ale = At ) =4.4a” 4+ Cexp( Dy [cm2/s] )



Example 2: 1-D PEMFC

Linearized water contents at Nafion surface

A= ldawy for O<aw <1
A=1264+1lday for 1l<aw <3

C.
: Ay o F BH ol
USING aw |b = —E_PSAT

]

p© rol — 1A a*jRT
LTHoO|a — L
PSAT : 2Fp4 Di{mo

Alp = ldaw|, = 14

| | - pf 14+ a*)jRT
Ae=12.6 + Ldaw|, = 12.6 + 1.4- }J (-THgﬂld + tc_.( +,[?a é)e.;’}f )
PSAT 2Fp“ Do a0,



Example 2: 1-D PEMFC

Physical properties Values
Thermodynamic voltage, Eipermol 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, =g, 0.9
Oxygen mole fraction, zg, 0.19
Cathode water mole fraction, rm,0 0.1
Cathode pressure, p®(atm) 3
Anode pressure, p*(atm) 3
Effective hydrogen (or water) diffusivity, Df-_{f molcm?/s) 0.149
Effective oxygen (or water) diffusivity, Dg;, m0lcm?/s) 0.0295
Water diffusivity in Nafion®, Dy(cm?/s) 3.81x107°
Transfer coefficient, a 0.5
Exchange current density, jo(A/em?) 0.0001
Electrolyte thickness, tM (um) 125
Anode thickness, t*(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 * 05550y - 8.314— - 343K
Ap = 14— (0.1 — 0.00035m —— 00001 S
0.307atm 2 -96485-5 - 3 x 101325Pq -ﬁ.149“—“021m
— 13.68 — 0.781a* (6.47)
3atm 1 0.555mr - 8.314—1 - 343K
Ao = 12,6 4 1.4—2m (01 4 0.00035m—. +“‘g, 2 5.000m IR ¢
0.307atm 2.96485-< . 3 x 101325Pa - 0029"—” 0001m
= 14.36 4 0.394a* (6.48)

Al = A(0) = 4.40* + C
0.000598 - 0.5A/em? - 0.0125¢m

Al = 4.4a™ 4+ C exp( 381 % 10-6

= 4.4a™ 4+ 2.667C

)

= 2.25 and C' = 2.0.



Example 2: 1-D PEMFC

| o 0.000598 - 0.5-
o(z) = [0.005193(4.-—1& + Cexp( 381 % 100 z)) — 0.00326

1 L
oF _
X exp [1~68 ( 203 3—13)]

= 0.0784 4+ 0.0169 exp(78.48z)

tm d: 0.0125 d,‘;
= /u o(z) ~ A 0.0784 + 0.0169 exp(78.48z)
= 0.117Qem?

Nohmic = ] X Bm = O.E(A/cmg) X D.ll?(:ﬂcmz] = 0.0585V



Example 2: 1-D PEMFC

RT j
Neathode = Ao E In
40 iend® [ o [ oo $0 FET
_JUP (l":"?'d wpcﬂé‘ng) il
8.314— K343A 0.5%,
Teathodic =
leathodie = 10 E 06485 " | 0.00012; - 3atm

1

0. a—gs 314—7 — 343K
P
4.96485-3.101325 Pa-0.0295 x 10— 42—

(0.19 — 0.00035m
= 0.134V

V = 1.0V — 0.0585V — 0.134V = 0.807V
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Example 2: 1-D PEMFC
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Current density (A/cm?)



Example 3: 1-D SOFC

}‘H L JHZ,inlet

Stoichiometric number S |
JD ginlet
}\Og — ;—C

& O

TO | g = C-;z,outiet
'Oq|d = . =
'}gz,outiet +J Na,outlet

c B Y _ g0 J
JOg,Gut.let — Jg Jg T jozaiﬂiﬁt Cun

inlet

a,inlet AR
Jgg,auﬂef = ()‘02 o ]‘) Jgg — ()‘Oz o 1)—
| AF
o : | - J
J;—\"g,ouﬂet — .-};S:aj'iﬂlet - wjgg,inlet — ';"""}‘02 Jég - """")"Oi_,_
4F
Ao, — 1)L
3:02 Id — ( »2_.7_— /4F —L
(Ag, — L)% +who, 5

. Ao, — 1
B (1 +£d)/\02 —

- )\GE jgg



Example 3: 1-D SOFC

RT | J

Teathode = In
daF |
T c  RT
JopP L0, |d —1 WPCDE”-'.

V = Ethermo — Nohmic — Teathode

. tﬂv'f T
— Ethermo —J T AGpg
e RT
RT J

— In
da F e -)‘Dg_l . t{'_-" JRT
Jof (L+tw)ro,—1 ~ * aFpoDelT

On Ng



Example 3: 1-D SOFC

Ao, = 1.2 and j=500mA fem?

8.314_7 - 1073K l 0.54,
HNeathodic = | 01

I -
il 4 . s T B FL i . /
4.0.5-96485—= — - latm

1
; A i
12-1  _ 0008m—" a2 e ' — = 1073K
(1+3.76)1.2—1 4-96485-5101325Pa.0.00002= | |

= 0.219V

V =10V — 0.145V — 0.219V = 0.636V

Compare with cathodic overpotential of 0.147V in example 1
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Example 3: 1-D SOFC
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Current density (A/cm?)
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Computational Fuel Cell Dynamics(CFCD)
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Computational Fuel Cell Dynamics(CFCD)
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Computational Fuel Cell Dynamics(CFCD)
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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 oxygen concentration in
the flow channel slowly decreases from inlet to outlet.



Computational Fuel Cell Dynamics(CFCD)

Air Outlet

(1R}

Adr Inlet

Figure 6.8: Oxygen concentration in the cathode at 0.8 V overvoltage. The plan-view
figure shows the oxygen concentration profile across the cathode surface. Low oxygen
concentration is observed under the channel ribs due to the blockage of oxyegen Aux.



Computational Fuel Cell Dynamics(CFCD)

Category Equations
1. Mass conservation %{ ep) +V-(epU) =10
2. Momentum conservation %{E{J[_I} + V- (epUU) = —eVp+ V- () + ng:_U
3. Species conservation 2(epX;) +V - (epUX;) =V - T, + S
4. Charge conservation V e = =V - lion

1. Mass conservation

o \EP) -+ Vo (epU) =0
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

i )

d . . , ‘ o -l
—(epU) + V- (epUU) = —eVp + V- (e() +

I'_-)"t I
rate of net rate of
momentum momentum change
change per unit volume by
per unit convection  pressure vViSCOUs — pore

volume friction structure



Computational Fuel Cell Dynamics(CFCD)

3. Species conservation

J. =

%( epX;) + V-(epUX;) = V- + S; (E
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
S = M-
) ng

PY,
= pD.y VX, +7E Dy VM - pMZD VY, - pVMZ Y



Computational Fuel Cell Dynamics(CFCD)

4. Charge conservation

V-i=0
V igee +V - lign =0
—V " ljon = V * lglee = .}
V - (OionV Pion) = =V - (etec Veiec) = J

n;a
.} — ?U prl (_{I} lon {I)f-fe }j LI

RT




Computational Fuel Cell Dynamics(CFCD)

5. Energy conservation
iei

g coh)+VelepUh)=V e +81::VU+8d—p— n+—x+S
(g0h)+V e (gpUh)=V e q Jirtl ;
ot d¢ o

q=Fk,VT+ > J.h

k=gas



Comments on Two Phase Model

Mass
Vipu) =0
Momentum
? Vipuu) =- Vp+ V145,
Species

Viyuc) = v (Z DRV ) -V (E —m)
k
VikH Vo) +5,=0
Electron transport
Vie'" Vo )+ 5. =0

Proton transport

o= — Dk,eff [E(l )JISD)';

iy A
- o( HlO + —ngat) for water
M Py

Ve
PAg

for other species
pg(l - S)

Molar concentration

Ci=Cye+ C’Ls(l [7]
Density
p=ptpgl -2 (8]
Relative permeabilities
;‘-ﬂ = 53 [ga]
krg = (1 - '5')3 [gb]
Kinematic viscosity
kg kg \7!
V= ( 1y —fs) [10]
v,
Relative mobilities
s
A = 2y [11a]
¢!
hg=1-1y [11b]

The advection correction factor in Eq. 3 can be derived as’
PGy + A Ciglpy)

i = 12
& [12]
The mass flux, j,. can be expressed as
. o KMA
h=-lg= Ve [13]
v
where the capillary pressure, p_, is defined as
Pe=Pg— P [14]
The capillary pressure can be further expressed as
& 12
Do = z acos §,.7(s) [15]



Liguid Saturation

Comments on Two Phase Model
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