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ARTICLE INFORMATION ABSTRACT

Original Research Paper One of the most important parts of the polymer fuel cell is the bipolar plate, which through the channel
Received 16 September 2017 paths as the flow field in these plates, the availability of reactive gases to the surface of the catalyst
Accepted 01 November 2017 layer is possible to carry out the electrochemical reactions of the fuel cell. So far, many researchers have

Available Online 15 December 2017 been designing different flow streams for fuel cells, although each of the models has its own advantages

and disadvantages, but a suitable design for the fuel cell flow field, which has a uniform distribution of

Keywords:

Polymer membrane fuel cell reactive gases on the surface of the catalyst layer, Access to higher performance and longer fuel cell life
Flow field design is very important. In this paper, we introduce a new flow pattern for fuel cell flow field, and the
Fuel cell lifespan numerical results obtained with a conventional parallel model are compared. The flow-shaped designs

Uniform distribution of reactive gases

: > have been modified with a spiral and the total dimensions of the cell are 6400mm?, which has allowed
Aerial application

access to a uniform distribution of reactive gases, flow density and temperature distribution. An increase
of 66% was achieved with a limited density and increased 1.7 times the power density by adjusting the
arrangement for the flow field. Therefore, considering the design of the fuel cell based on the power
density curve presented in the new model, the specific characteristics and power of the fuel cell in an air
mission have been addressed and the availability of high specific power that is of particular importance
in aerial applications is achieved.
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Fig. 2 The flow field is designed for fuel cell in shape of modified
serpentine

oaigdlol gple S5 @ (255 iy lr ead Ll lyr e 2 S8

%(p(p) + V- (ppV)=V" (C,,V(p) + S, 1)
S J gt Giledae glp oas ws S s ol
w3y G5 S 58 (S Sl g2 pas iy UL ile e D pgon
OISz 5 56 i 51 G 0 (38 JUS 5o Jlw bz lr el olz
Ll (G5 ST D jgony iluand 5 ol
2 Sl Sileand glp oad a)S s Shs 4 axg b
Pz Sl SYolae 3@ piie 39500 O Sl (g S JUH S¥ole
oz S Xie Ol 50 &5 cl @) alsbae & 508 55 5 priese daaisT

Ll (558 5152
(1 K
v, pyiege
(p =
| T, 55
X o5 @

S| d‘)l’“’ A3) doles JJ«)LD_A aJoleo S 6‘]‘.‘ ,...I"(p Lsa-u:u 3 6‘)‘.’
ko ool f5e Gidy capd Dy 35 bslone (Sealis aiyjsfans 45

0, SN
H poege
L,=1_
k, 55!
Dk! L‘bdu; (3)

Col Sglase B s J il Ceond o gl SYolas ol b dei 05
el 00 45|)l 1 J9J.> ©9
(e dr 00 ol S la1iSTy eipgl Ss2g 4 Jele
Ll o3 S5 @y (G g i Sy IS dlolee ol L
V- (I,Vp)+S, =
V-(0sVBs) +Rs =0 805k
V: (0nV®m) + Ry =0 SF9n ;B @
Gz Sl 5 eIl Jlal sl (S aSUl il 56 oS Col S g
2 SFsn Jeily oo pe GLES 1) (g diy a2 0le 5 el
Colsw O 03l o0 (B gm Sy sLid 5l laygigy JWES) 0,l)0 medss &
P 5 welx 6 il Bs g 00ls las |, (S8l colan 0 5 Sgigp
o> ol e yioled Rn—s <l e Jm slad by

299

Sk il 2lpp 028 50 wils ) Llyd s pglae 35,8 )50
P ek slad (s lady Gln cobie Ol lae Sl
G FFge Jo e 2l g o Slee Ll Sl po Cwal cpl il Coonl
o2 5 ComdBlS Y mhas 4y brosias 1S Tly cowlin @395 5 (g yiws [bl>
oadplol sla STy 5l sl ol (29,5 5 Sysleer ln S0 S ||
5 yoe Liall cel S STy ol clio mje azdl o sl L o
s Sl e 0 s ol s ead )5 el
e |y i 0S8l (oS 5 009 Ce S Y mhaws (o caums STy
D s
sk Jus dloA&C)Lol sl by ol slp W $>|)b
Sl )b des G JUIS 5l eslaiwl 7 )b ol sbul 51 Bas s jls g )l
ypots STy SalS Gpae L gl dtas 5 Vsb sl JUIS
o oliS b lad cl Ll pac g e e sobed o ClgiS)
SBJUS il i (b ol sl shol ol o] s slo (6l yrne
797 B 63959 5| S Sly SjlE S8 > e (08 568 sl m)le
celbie polie 925 5 S ATy slajl5 Sowlis @is S oy JUS
S e &S eud (b (9o & JUB (295 sl s 5 JUS (53955
ol 005 5 xSole (o Sl el o JLed (g plp b g wiil oo
g 00 S ouis STy slasls aie ide Syl by laee 5SS
9 solas Pl?u' k)““S‘B as GlLtb)lf 6‘).! A...L‘?LT o) ‘S:“ 9 ails ‘5‘>5)>
Sheslainl 4 cos okl Koo Caze Sy 85 5l e o]
GV Lis oS sl ol o 0l ool g0t g be U a5 > b
5 955 Sl Ceond LS 0 (295 o Sl 5pses @le JUIT U
JGEl 5 ossms STy ol @l Sl g a8, 18 o)ls (5,08 las
gy om sl JRe a¥ @b ) les YL slaglal S el
Ol P 5 62559 Wainte 555 )18 Jome @ Jlsis oo )b (nl clas
Sly oyle sl Jlade Ol cqa (g5le dge diejla a5 5,5 o)Ll
oo o b ol e sl "2 S Galal p apaz 53! g gl

Wl p o> DYSRo -3

e sl Jole ol cVolee Jolo g slode » oSl Yol
slagasly Sy w¥olae opdleay baigs Jiul 5 655 psiiage
Yolae (cagas 5 IS S8 el o (L3 izl 53 (olearty 2SI
el 25 SIS 4 (g S p oSl

Fig. 1 Flow field with parallel channel
Gslse JUBTL ol plase 1 S

12 o plads 17 093 1396 siaul o220 il s igca


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.31.3
https://mme.modares.ac.ir/article-15-3133-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-19 ]

[ DOR: 20.1001.1.10275940.1396.17.12.31.3 ]

OlSed 9 s ole)T

Glod alawg K3 )3 3L S 3 )Shas g i (el sbing Sidguw Jas 0l Uldae 3 Shac w9 s ALb

i g Cunl 039y T g &I Coms 90 (glp CandBS AY G sy 4V
oS ot ol gyeb b el ot bl 112 b5 g Uy
oy i i Al S oIS 4 3 g oy Sl o
@ (Fgm dn slp S Sl e Jld w5 ail plpeud (2lib
ool ple peas o 5 S Sledbl .ol gy o Lo 6162 50
ol 00 00,51 2 Jgoz [0 S g Jur (6l 00l 418 T (L

3 RS sl (SEgw Jy aSd 5l Pl owyn Sex
$Ee J slid g CnddBlS Y G5 eaS i5y aY p vges b,
Oty d9b oo o3 "D S @ az g Lol a3 S 15 anlllas 5 )90
A gl o 15 (e 4 ol S8 Gl S (e
Jo slie 5 candblS Y58 isu aY slp s 4 (5-20-10)
as S ol o ol slaw ailbe (2-3-3) 4l Gl @ e g
o SEee dn 5l aY a Gl gl G66) ileand ly ead
a3 5355 ok g e ) ol s bty iU sla STy
00,5 o ol 824808 _t5-gus Ly a5 S Lol olutas 5 wbly o

4 s (e Jn 2lb ) an Al goae o e
s gn S "3 USE" wiile sl slaaSit

@ Gl SO by Ojpe a4 canlie 650 Ll il Jleel b coledys
g S ooSlee byl s (A1) b (@) S¥oles b Gllae iy
e Jer ol Sl S0l 4 bgrye gl yal)ly g olge olss
Jley lawgi dgaze oz hg) 4 SVolae o 4 3 Jour il
ROW PREAPUES RN

2gbiee Jloel oy W15 5 &1 (699,9 1 (o> (20 S)pe boyb
. _ SOzMairI
Mair-in =~y —4p ©
2
Sy, My, I
My, _jn = ﬁ (10)
2
o\.xi')u_>|)b (g ULA (WD slal 2 J’»
Table 2 Geometric Dimensions of Designed Fuel Cell

FE ol i solel sla el by
[11] mm 80 Jsb
[11] mm 80 ey
(2] mm 3.66 elas)|
[11] mm? 6162 Jselans
[12] mm 1 JUS 5,
[12] mm 1 JUIS Ges
[12] mm 1 Juts wLs

[13][2] mm 16 PNATRPETPRONESS

[14]12] mm 0.19 55 e 4 culks

[14](2] mm 0.015 B Y Cesliess

[10][2] mm 0.05 slid Cles
[15] mm 1 JUS Wshe o,e

Fig. 3 Grid Model of fuel cell
S Sy 00 (500aSh Jae 3 K

12 o )lais 17 095 1396 sl (w30 SilSo e

loonig xS slo 1Sy plonil cde @y o5 ol 5)ls 9925 oles )5 ol
5 &l oo 90 50 WY ol 0 LS 5 Cunl g S candBlS 4Y o
Al Sho SEgw dm glagize ple glp g 95 LSl Jy WIS
25 Soyon slid g welr 5B (ol W5 g Wl e 53 50 05 cnl e

o —Ranode RY RO

’ +Rcathode S o (5)
o = +Ranode 1 o

" —Rcathode S oo (6)

‘A‘“T(SA Cewddy joly -, LL ol &b Reathode § Ranode ol
sy jedy —5BL aoles ol @l 23 5 Cua il ol o

el 00l Jp gsJS
. [HZ] Yan @anFnan —%anFnan
Ranode = {anl(l;,e;n <[H2] p (" rt  —e” rT ) )
re
. [02] ve —@anfnc —acFnc
Reathode = (clgfcf ([02] . (—e rRT +e rT ) (8)
re

Y 55 Oigpded 5 oiemST cbale [Hp] 5 [05] jeds )b alsles 5o

b byl azye chle o5 cul 5w Jo o1 5 W5 Cons GBS
b sla B 1 5 185, ol ont ool 2olei [Oz]rer 5 [Halrer
S5 d 5 Wl sl i @ et 2 el e @20 Oy
slaissly Cépiny Sy oy xSl (Sobel gl silne &5
9 Qan ool 3555 s 81551 8T 6l T i 5 Canl (oloong 1Sl
@7 ey Ko oS sl (g ey 5 g il gl b JE o po @
Use 1 cadsS 96485 cols o b el (o0Ll8 ol F big o ogmons
5 ST sl 5956 ogae mhw Gan oo T dajl5 Sl bR ool
Sroh $F o Sl )0 45 Sl W sl 95U pgane mhw (e
Me 3 Tan b 15 5 &l fauilly Lol 05,00 IS & poaiidly 556 sl

S Silw Jow -4
Slead (5slanz Dbl (ullyy 25l slal ¢ 35w iy (b e
O stlge oy slp oud aisle (1] gz pe po 59w o
el 0as a8 )5 1 03 Jgaz b gillas iy

K cole Gl G opl 0 ead (Slb (e S
by Glase U b hbgs wlxio Jols 5 aib o 6400 mm?

[9,10] (1) dolre » o‘.? 9 doll M93 L_glhrajl' 1 JB"".
Table 1 Production terms in equation 1[9,10]

0aisS” ol slié Juts
CadBlS Y S5 s Y aolee
O obz
- [T = sl
Sp=—=¢V SDZ—ESV Sp=—=¢eV S, = j
[IEambal
Sp=
I R ( +TAS)+ i
Sp=— TR T Sr=0 S =0 @l
Om 2
+_
O-m
S, = &
ng Sk sl
Se=-7-(21) ng \ kR Se=0 S§,=0 }
P ()58 s
300


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.31.3
https://mme.modares.ac.ir/article-15-3133-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-19 ]

[ DOR: 20.1001.1.10275940.1396.17.12.31.3 ]

OlSed 9 s gle)T

2lod Alawg S5 )3 3L Sy 3 )Shos Sgug D G peuly sLinE B g Jus 0L Oldae S pShes w2 9 393 Ak

W85 Sl 50 jho LA L g Al dnwg Djge 4 550 byd (295 50

Ll 00
v T dp. 0X; 1)
an "m0

e g mbB -5

bl -1-5

plsl gple S JUS b (B g i sildde @l (oLl Cuer
el oo @)1 "5 S o g slp Candad  omie g Sl o0
Ly od pbul s elelp )5 Luld 5 Bew Jo ol
oty Conbad Smte el 0sd OBl [2] ) Ken g ug el e
ool b IBr 3 i @l b og Jyes sileans 5 ool
ol ot sbul by YU Gl JK s mls G Ll ks b,
3348 039 S ge S 0 oolidl glisl slale cdl Ml ol Lol e
ol IS bbb oS cudad e » by @YU sla JB
29 99bes Je (e S 3o 0l YL S S 0 i
Sl (e a5 Loy adliS S5 STy bl 6 ndidels
du el (ponie 0 (P9 S CndBS Y b o 4 S ST
A e s oe el gl JB ad 08 ©jgen 1) 093 Sl (S5 g
GBS S 50 el O LSS 5 (g Sy p0 )b 5B i 185
Geios 58 9,0l 5 d21,22,23] el ol sla Souzn 5 dbg e SYolee
S dm sln ol B s 585 B s (2R L siledee p
50 yeS gdale cdl polin g2y Lol Cuvsy gl 5 conl a8 Sl
Sl oal Jol> gilhey clle 4 ces Ol YL B
124,25,26,27]

g S 90,5os 255
Ohee b dlie )3 (g Joy sl oaiHhb bz e sl
Sl @35 0975 5 oy S @9 el LAt (sl Jglate by
S o S e 35 (25 5 CendBS 4 50 50 e 03 53959
g so oadline "6 5 7 la K" 0 a5 jsbilen ool oo 004l
s esd (hb by e )3 (FEgw d 50 O5eeS @ig S8
d VL o Shee o5 Cunl 05,5 oy (635 dgne e JUIS b s lie
o )3 JUI (599,951 S 25Ty slals @se S (o0 Sl 1) (SF 9w
b o Jo sloosns STy 1 )ls (o2alS &) ol (29,5 b &S

O Limjeerajarus (Two phase)
--—=A---- Present work

Cell Potential(V)

0.2;‘ -

05 1 15 Z,
Current Density(A/cm®)

Fig. 5 Validation of fuel cell polarization curve based on reference[2]
[2] g po bl (5 g oy Sl i oo el 5 S

301

B Current density( V=0.7) O Max.Difference %
0.63 4

0.625 3.5
0.62
0.615 S
0.61
0.605 5
0.6
0.595 .5
0.59 T T T T T + 0

233 455 5.6.6 51010 6.8.8 5.20.10

N W

=N
Max.Difference %

Curent Density (A/cm~2)
o

Number of grid layer (GDL-CL-Membrance)

Fig. 4 Grid independence test for the designed fuel cell at the cell
voltage of 0.7V

25 0.7 Jshoo 5y p0 0as (b (25 g iy (sl S Dl (15051 4 PSS

EFe et Slp eadad Sl s (69,Skes lo il 3 Jguer
Table 3 Functional parameters considered for fuel cell

&z dazio Sl ey
&3 Ses o ielily
K 333 &5 sles
atm 2 &) jLad
%RH 100 W] s gl
%RH 50 W15 e Cugho,
S 15 Sl (5 oS gl
S 15 &1 (5 yrogaS giu]
Jist sl el
[16] ' 1.06 FIBRVEEIN
[14](2] Kmol/m? 0.0008814 e cale
[14][2] A/m?® 7.17 &l oad alsles ol JIK>
[14][2] A/m3 7A7x10° w15 oad dols b > JK>
[14][2]  canode/cathode 1 w15 g Wl b sl o pe
(141121 Yanode/cathode 1 w1 5wl cbale ol
[17] m?/s 6x10° Oiere 58 sy
[17] m?/s 35x10% ST i
[17] m?/s 6x10° S &0 O isu
[17] m?/s 8x10° )5 plo isy
Slge Lely>
[18] £ 0.4 S iy Jsdss
[18] € 0.4 Bl 1Y sl
3 oaisS jisy 4
[19] kg/m? 490 S
[19] 1/Qm 5000 oSt eglan
[19] Watt/mK 1.6 S ol
BS54y
[19] kg/m?3 2010 [
[19] 1/Qm 1000 ARV JORRVA
[14][2] m?2—Pt/m3  1127x107 55605 ez 4 gehaes Cans
sLag
[2] kg/kmol 1100 dled Jolee o)
[2] kg/m3 1980 dlae J&>
[2] Watt/mK 0.16 b S ol
ehdss Olxas
[20] kg/m?3 1780 e
[20] 1/Qm 68000 S S colan
[20] Watt/mK 95 EIPSLCRYS

12 oplouis 17 ©)93 1396 suawl ()3 SHlse Sw e


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.31.3
https://mme.modares.ac.ir/article-15-3133-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-19 ]

[ DOR: 20.1001.1.10275940.1396.17.12.31.3]

OlSed 9 s ole)T

Glod alawg K3 )3 3L S 3 )Shas g i (el sbing Sidguw Jas 0l Uldae 3 Shac w9 s ALb

H,0 mass fraction

0.08F
- 0.30069
0.07 2 0.283794
0.06 = 0.267439
- 0250813
0.05F 0236219
~ F 0228742
§0'04 3 0200937
0.03F 0.184311
- 0.164215
0.02F 0.149977
- 0.100825
o01E 0.0845587
ok < L 00679332
e+ o e 1 b
0 0.02 0.04 0.06 0.08
X(m)'

Fig. 8 Distribution of mass fraction of water vapor at the interface of
the gas diffusion layer and the catalyst side of the fuel cell. voltage 0.5
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Fig.12 Distribution of membrane water content at the interface between
the catalyst bed and the anode side membrane of the fuel cell. voltage
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Fig. 18 Distribution of fuel cell temperature at the interface of the
catalyst layer and memberance at cathode side of the fuel cell. voltage
0.5 volts, parallel model
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Table 7 Calculation number of cell to provide the power of the air

propulsion vehicle for two output power modes of 200 watts and a
power output of 2500 watts
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Fig. 22 The design point of the fuel cell intended for use with aerial
application
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