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Abstract: This study focuses on the modeling of DMFC to predict the characteristics and to improve its performance.
This modeling requires deep understanding of the design and operating parameters that influence on the cell potential.
Furthermore, the knowledge with reference to electrochemistry, transport phenomena and fluid dynamics should be employed
for the duration of mathematical description of the given process. Considering the fact that MEA is the nucleus of DMFC,
special attention was made to the development of mathematical model of MEA. Multiscale modeling is comprised of process
modeling as well as a computational fluid dynamics (CFD) modeling. The CFD packages and process simulation tools are
used in simulating the steady-state process. The process simulation tool calculates theelectrochemical kinetics as well as the
change of fractions, and at the same time, CFD calculates various balance equations. The integrated simulation with multi-
scal modeling explains experimental observations of transparent DMFC.

Kevwords: direct methanol fuel cell, multiscale modeling, CFD, process simulation
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Table 1. Comparison Chart between FLUENT & gPROMS

Content FLUENT gPROMS

Detgil.ed treatment of fluid mechanics & 0 X
mixing

Solving equations in irregular geometries

Handing very large number of equations

Multi-component phase equilibrium

Multi-component inter-phase mass transfer

Modeling complex reaction schemes

Multiple units with recycles

Analysis of Multiple units

flowsheets  Control strategies
involving

O O 0|0 O O O O O

0O
0O
X
X
0
Capability to model any complex phenomena X
X
X
X
X

Complex operating procedures
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Fig. 1. General process modelling system.

gPROMS

Detailed modeling of
physical and chemical
phenomena

Detailed spatial modeling
of fluid mechanics

Fig. 2. Couple CFD and gPROMS model.
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Fig. 3. gPROMS objective for reactive CFD.
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Table 2. Physical & Chemical Phenomenon on MEA

MEA Component

Phenomena

Diffusion layer

[] Fuel supply and distribution (methanol/fuel)
(] Electron conduction (solid phase potential)
[] Heat transport from reaction zone

Anode

Catalyst layer

(] Catalyst of anode reaction (CH;OH + H,O — CO, + 6H' + 6¢)
[] Proton conduction into membrane (electrolyte phase potential)

[1 Electron conduction into substrate (solid phase potential)

(] Methanol transport

[ ] Heat transport

] Carbon dioxide generation

Proton exchange membrane

[] Proton conduction (electrolyte phase potential)
[] Water transport

- H,O electro-osmotic drag

- Diffusion (concentration gradient)

- Convection (pressure gradient)
[] Methanol transport

- CH3;0H crossover (parasitic current density)

Catalyst layer

Cathode

[ Catalyst of cathode reaction (O; + 4H — 2H>0 - 4¢)

L] Oxygen transport to reaction sites

[] Proton conduction from membrane to reaction sites (electrolyte phase potential)
L] Electron conduction from substrate to reaction zone (solid phase potentiai)

[] Water generation from reactive zone into substrate

[ ] Heat generation/removal

Diffusion layer

[] Oxidant supply and distribution (oxygen/air)
[] Electron conduction toward reaction zone
[J Water transport (liquid &vapor)

8) Membranes oW g 714, HHAS FHA7|A &

=t

9) MEAY] cathode ¥-EoA AAFHE B #

3) Species conservation

V- (puC*)=V-(p D},VC*)+5,

o tha A= A H
10) & #% 9

%ghet.
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2.6. Diffusion Lavyer
Diffusion layeroll A< A 7188 0k-g0] doju}x] &1
FAS 4 D A @l
[e]
o

B
Hg AHGSEL YA, iAARs SAEAFAL FF,
A9 Bk, &8 F)ol th2A A go] Hrie,12-14].

1) Continuity equation
V- (epu)=0

2) Momentum conservation

V- (epuu)=V (euVu)-eVp+pg+S,

o714 k = CH;0H, H,O, Oz, CO..

4) Charge conservation

0V, +S,=0

2.7. Catalyst Layer
Anode$} cathode®] catalyst layerol| A& ofef 9 22
7154 8gkgo] dojdtt

Anode Reaction

CH;0H + H,O = CO; + 6H+ + 6e- (E=0.02V)
Cathode Reaction
32 O + 6H+ + 6e- = 3 H0 (E=123V)
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ol 27 Wi o R o]Fdte] HAA A wolx &
a3l A7 BAsHA "ot ol9} vtAIAE cath-
ode?] catalyst layero| A= 22 53] o] 53 gho) L3}
vt RIS %?SH Aed AA7F g7 ek
=S ARSI oju A9 9 gad At T
[6,12-14].

1) Continuity equation

V.-(gpu)=0

2) Momentum conservation

V- (epuu)=V-(euVu)—eVp+pg+ S,

3) Species conservation
V-(puC*)=V-(p D,
974 k = CH;0H, H,0, O,, CO,.

EVCHY+S,

4) Charge conservation
oV, +S,=0

2.8. Membrane

Membrane2 a node A A d ol eut-g A
OB FHAANANH, AR ol & Aol = A
oM =A e AL JhA ok T} Membraned] AEA
Adego] ve A9 Adux e AR A% Agy
FEL & F AP $£40]L0] membraned EHHOZ
%317] 93] membranee YFF B2 FHota g
olof 3k, o]& WA Tl B o5 S 5o
ol folFT}, To] AxRFH FaolL AEwrt sty
A9 ool AsteEs Wi, #F9 Zo] cathodeE
CR kil o o AAEE EF A o] Loy
AR 43 A7), welA] DMFCO) A membrane
o & g Ade 23 u|E A, o]d gt
A7t EsiA AP Aoh6,12-14].

9] 0|5 anode9} cathodedll TIgH A9 ol o)A
cathode®l| Al anodeZ o} E3ls F40]L9 electro-os-
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1) Continuity equation
V-(epu)=0
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Table 3. Source Term

Source term S, S,
Diffusion layer 0
_ M CH;OHj
¢F  for CH;OH
M co, J
¢F for CO,
Catalyst layer . J
— % ]
4 for O,
My,
2F for H,O
Membrane 0 0

2) Momentum conservation

V (epuu)=V - (euVu)-eVp+pg+ S,

3) Species conservation
V(puC*)=V-(p D ;VC*)+5,
o}7]4 k = CH;OH, H,0, O,, CO».

4) Charge conservation
oV, +5,=0

2.9. Source Term

FAY ol 7 It o2 ALEEH = 42 Navier-
Stokes Equation®|t A& A2 79 anode®} cathode
A dofjube AU gsigod el B84 d4E 1y
ok gt £ Ao diffusion layerol A drtald
Darcy Equationg AH-3}%121, catalyst layertt mem.
brane® A& Schldgl’s Equation®] Uxtsle FJef& }
&t £33 md& £ Table 32 7|3}
ghak-3-of oal WslEE B9 source termdl] thdted
ER 2ATH6,12-14].

|

2.10. Boundary Condition
A4k Bk Bad FAZRA 2 MEA UlFollA 2y
5 & potential £3EE= Fig. 401 YeERIATH9,16].

3. 21t ¥ 1H
3.1. A % 2H=xA

MEAS] SRWE HEE,
3349 FIA Ao ek WshE, old] W md
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Electrolyte phase potential
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»
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0.0 0.5 1
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Fig. 5. Polarization curve.

B AMRAE =857 e Fig. 59 7o) FLUENT
4 mapping 39t} Fuel channel anode air
channel- cathodeZ, solid™ membranes Z+7F UER) 2L
At Fuel channel®} air channel 47)8}8HakS-0] 2]
3H4 OB % FLUENTE 53 A9 4584 st
HARE sty A7) 8ukgo] dojus solid -
g 7E2 gPROMSE 38k A2alA Ak, Solidl
¥ 737)(boundaries)l A A4t A3 32017 protocol o]
o) FHA ek, HAAmA] Agd G HR 9 44
3 24 2£3L Table 4] vehiiglon, 997z e

44 3 o AW ZES Table 500 713K

Table 4. Operation Conditions of 1.4 cm” DMFC

Parameter Value
Cell length 0.07 m
Anode height 0.002 m
Cathode height 0.002 m
PEM thickness 0.000185 m
Operating temperature 353 K, 333 K
Cathode channel pressure 1 atm
Anode channel pressure 1 atm
Inlet velocity of cathode channel 0.2 m/s
Inlet velocity of anode channel 0.0006 m/s
Inlet methanol concentration 0.032 (1 M) kg/ke
Inlet oxygen concentration 0.21 kg/kg
Table 5. Values of Parameters
Symbol Parameter Value
a, Anodic transfer coefficient 0.239
a, Cathodic transfer coefficient 0.875
% giefrfr?;zt:lﬂig e(if anode/cathode 1.0 % 10" [m?]
€ Porosity 0.5
alo”,i?” fggggnﬁzecurrent density in 24 % 102 4 /cm3]
ai%, f;;};e:lr;g; gzrrent density in 3.0 % 10° [4 /cm3]
O.. Solid phase conductivity 60 [ohm™ « cm'']
) i\;[;;nlz?ne phase conductivity 0.068 [ohm" - cm’]
" ?;Iggnt;gne phase conductivity 0.041 [ohm” - o]

F Faraday constant 96485 [C]

R Universal gas constant 8.314 [J/mol - K]

3.2. Hletg =£9 Electrolyte Phase Potential
Anodedl A ¥E 9 TQF<%0] 0.0006 m/s, cathode
AX F719 =UR4E 0.2 mss, cell potential2 0.7 V

2 W, anode BN FHETo| S A3uS

electrolyte phase potential®] ¥ 3-& A4FsIA ) Fig. 63

Fig. 7& 425353 K, 333 K)o W& anode 942

catalyst layerol Al WEHE E5-89 W39l electrolyte

phase potential®] ¥W3}E Yebd Aot}
71882 Zu)7} E2A8H= catalyst layerol A 5F
A8, anode catalyst layerdll A= 449] Abglukgo]
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Fig. 6. Schematic of the computation domains.
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