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Name Expression and Value Description

1[atm] Atmospheric pressure
800[degC] Temperature

| dpa | 2[Pa] Pressure drop, anode

6[Pa] Pressure drop, cathode
1le-10[m"2] Anode permeability
1e-10[m"2] Cathode permeability
0.05[V] Initial cell polarization
1[V]-V_pol Cell voltage

| 0a | 0.1[A/m"2] Exchange current density, anode
| ioc | 0.01[A/m"2] Exchange current density, cathode
1e9[1/m] Specific surface area, anode
1e9[1/m] Specific surface area, cathode
5[S/m] Electrolyte conductivity

0.2 Electrolyte conductivity correction factor, anode

flc 0.2 Electrolyte conductivity correction factor, cathode

[ A |

| kseffa | 1000[S/m] Solid effective conductivity, anode
1000[S/m] Solid effective conductivity, cathode
0.4 Porosity

2[g/mol] Molar mass, H2
32[g/mol] Molar mass, 02
28[g/mol] Molar mass, N2
18[g/mol] Molar mass, H20

0.4 Inlet weight fraction, H2 at anode
1-w_h2ref Inlet weight fraction, H20 at anode
| Mn0a | 1/(w_h2ref/Mh2+w_h2oref_a/Mh20) Initial mean molar mass, anode
w_h2ref*Mn0_a/Mh2 Inlet mole fraction, H2 at anode
1-x_h2ref Inlet mole fraction, H20 at anode
0.15 Inlet weight fraction, O2 at cathode
0.37 Inlet weight fraction, H20 at cathode
1-w_o2ref-w_h2oref ¢ Inlet weight fraction, N2 at cathode
1U(w_ /_h2oref_c/Mh20+w,_ ) Initial mean molar mass, cathode
w_o2ref*Mn0_c/Mo2 Inlet mole fraction, O2 at cathode
w_h2oref_c*Mn0_c/Mh20 Inlet weight fraction, H20 at cathode
1-x_h2oref_c-x_o2ref Inlet mole fraction, N2 at cathode
x_h2ref*p_atm Reference pressure, H2 at anode
x_h2oref_a*p_atm Reference pressure, H20 at anode
x_o2ref*p_atm Reference pressure, O2 at cathode
0.5e-3[m] Gas flow channel width
0.5¢-3[m] Rib width

le-4[m] Gas diffusion electrode thickness
le-4[m] Electrolyte thickness
0.5e-3[m] Gas flow channel height
10e-3[m] Flow channel length
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V_pol(9)=0.8 V

Multislice: Electrolyte potential (V)
Arrow Volume: Electrolyte current density vector
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V_pol(9)=0.8 V Species H2: Streamline: Tetal flux Streamline Color: Mole fraction (1) »

z

<

y

V_pol(9)=0.8 V Species 02: Streamline: Tota \i line Color: Mole fraction (1) o
ol :
DR

e X
) 0.06
a\ A 0%
\ ¥,
el \
%107 m \ W 0.04
\ W
6\
0.02

ol o s 3585 Sy (5] S5 1 sl 5lS 1Y) S
slid Coomnd O pais

Y4

VEY 50l —pam ojled —p205l Jlo =30 30 (g Clids paadt - ods dxe

ool )18 2 ety 550 Ly S sl lges o

Sl ools é) L)'))S M SHygo & Lb)ﬂ.’> 9 s J.’> Lf)?)
Iy divs Jo o2 Lodls JisS job a0 Mo aiz a5 coaS cpl @
Saige |y altas g 00,9] b | SYolae poe LIS oy Qipd oo plox]
Fomb el 5l pan aasio jlade Glgise (hgy I b aiS oo
aels oo ,o Probe ;i cell current density 5,51 caws 4 (gl
GSoslail ] Lo e Sl 3ga5 Jlade ety B oo solatwl 5lS" 54,25l
Cwlrd 00 S gw Jm (655 Hlade alal, sIProbe (sl gly 0,8
el 00l oolazwl W3S
Stationaryy Current Distribution Initialization alsw. b, Sl>
-cdl> o Hydrogen Fuel Cell 58 > sl p Jol K> a8 aciws
&l 4 4o 9o Stationary > 5l .0ed o oolaiwl 4,9 g adgl slo
dor gl Al S g Jrdxie o o olj ok, Gl Ssd
S lgs oo Sl 4 el oo oslisinl LT slacidysS g lacSy 8
Ll Plass (sl Jo slagbyy oo it 51 (o e gy onl &S
do > o alire (s il )b o gy ol jo a5 1y .l dga0e
whg Jo slp dolas 9o b Sy plaS58 (sl g Wb oo (S
J= 35 5 Current Distribution Initialization sls > (sl .2igs oo
-y 5l e lase jo by oSG8 4 by e Stationary
Segregated g, ;I Stationary > yegas Gl ool oolainl oo
Gl Ll gy e > ano e gl 1) Jo VO LB L
5y adgl ke oS &y o8 il Bk Sl Jske Sy oy
5 ate @l os] Cews o0 jslate 4 05T e ojll paan M
s V_pol (Initial Cell Polarization) Lk 5,50 el )l (sl yilelS
!y Auxiliary Sweep o jo b 48,5 las o Parameter Sweep
Ok Ll slaSilysS 5 1o 5d plos 4 by, e Stationary Sl
9 0 9,19 0.05 range (0.1, 0.1, 0.8)

Silwaands s -0

O0) U8 098 o0 (o) 2 3 8Ll (S 3ludnnd S Caand il 5o
oy o ity i sm 5 1y S 55 oy 35
T 50 Jely Jladie o yieS g WS 0 09,00 el a5 5 yles
Sz ole wads ool Hlas slayloy Cute e JSKG ol 0 0y
3 e sl i 45 ol 5] 5 ool (S S S5
8555 el yin o] Co Coons 4y S slizd YU g sl Conn
B9 o odpline K& o aS el Syee 4 sl


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.3.4.0
https://jeps.dezful.iau.ir/article-1-430-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-10 ]

[ DOR: 20.1001.1.23222468.1401.11.3.4.0 ]

Journal of Novel Researches on Electrical Power - VVol. 11 -No. 3- Autumn 2022

e ety 5 el g oo 00s (V0) S5 55 ezl
o ook slad mhaw woly Uy Ol S Sl 1B 4
Sl o0ldl 3last o 5 D5 g a4 Cans ool ol ralS Lo jen

i Vg =1=V _pol o504 Joho 5l a5 b 5|
D Comd J}l.w )L:JS CJ‘):.:_!J J.jj) 99)s° )Ua.a.;| o Sl 00
sdalio JB (VF) 52 0 &5 jsbolen (o obyr JB (25l
s g logad ol o Lol sl axils _ialS s,
el gl

Sl 4 G ok )l awgie Slyss (VY) JSG 0
I ole (el Cipds jo el oad ools lis i b, JBe
2 Jsbe 3B o palols Gloa g ol (gilwand 5l (29,5 (o et
Sl sben oamliv Jloged cnl ool Sy oby> JB eSks
bsgie gy qapoye g2 el Woo (pi e 4 o> S8z
Siboterd (nl bl Bam a5 oniw; 095 ke iSTas a4 Jobo Ol

Polarization curve L

0.95F — : H : L ]

sl [corvree ]
0.851- \
0.8 1
0.751 b
0.7¢ b
0.65- 1
0.6 B

Vel (V)

0.55 4
0.5F 1
0.45 1
0.4f 1
0.35F 4
0.3k T
0.25F 4
0.2 |
| . | |
500 1000 1500 2000
Average current density (A/m?)

J 5y @ o Lo 0l S eSile Hloged :(VF) S

Total output power

Average Cell Power (W/m?)
@
&
3
T
—
L

. | . .
500 1000 1500 2000
Average current density (A/m?)

Ju ol I Sl a0 cass o 0l 5eSile Jlaged :(VY) S

ol sl ysls et 5l S e Vs SBs 5l eslata
[y sk 5Ws oS gao50 (ol Gl @ alis (pl )0 058 o0 Cogume
ol Sy i 3l eogs aisls alits (55 4y 5030 ol L YL

VEY 50l —paa o)led —p205l Jlo =3 0 30 (g Clids paadst - ods ddxe

V_pol(9)=0.8 V Species H20: Streamline: Total flux  Streamline Color: Mole fraction (1)
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Abstract: with the advancement of energy issues and the increase of disputes over energy, various methods
have been proposed to sanitize and prevent the shortage of energy resources. The best solution to the crisis is
to save energy and its resources using renewable energy or sustainable transportation, each with its own
advantages and disadvantages. Fuel cells are the most up-to-date example of sustainable transport for energy
systems, and the fluids involved in this conversion are hydrogen and oxygen. Fuel cells have been studied in
five main types with electrolytes. In this paper, a solid oxide fuel cell is modeled at a very high temperature so
that it can achieve the maximum average power in this type of cell. Control in the fuel cell is very important.
From the change of the initial polarization voltage, an attempt is made to control the performance of the cell,
or in other words, to control the fuel cell. The range of changes in this diagram depends on the dimensions,
geometry, voltages and energy of the cell. It is observed that if the current density reaches approximately 1700
amps per square meter, the average cell power reaches its maximum value, which is the main purpose of this
simulation. The results also show that the higher the average current density in the cell, the lower the cell
voltage, but with increasing initial voltage, the average current density will increase.

Keywords: Fuel cell, COMSOL, Average cell power, Membrane.
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