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performance for use in an aerial vehicle

Arman Abdoli', Mojtaba Dehghan Manshadi?*, Ebrahim Afshari?

1- Faculity of Mechanical and Aerospace Enginerring, malek ashtar University, Esfahan, Iran
2- Department of Mechanical Engineering, Esfahan University, Esfahan, Iran
*P.0.B. 153/83145, Tehran, Iran, mdmanshadi@mut-es.ac.ir

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

- h 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
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Fig. 4 Grid independence test for the designed fuel cell at the cell
voltage of 0.7V
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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
volts, parallel model
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Fig. 9 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

volts, designed model (modify serpentine)
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Fig. 6 Distribution of mass fraction ot oxygen at the interface of the gas
diffusion layer and the catalyst side of the fuel cell. voltage 0.5 volts,
parallel model
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Fig. 7 Distribution of mass fractiorg 02 oxygen at the interface of the gas
diffusion layer and the catalyst side of the fuel cell. voltage 0.5 volts,
designed model (modify serpentine)
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Fig. 10 Distribution of membrane water content at the interface
between the catalyst bed and the chatode side membrane of the fuel
cell. voltage 0.5 volts, parallel model
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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
0.5 volts, parallel model
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Fig. 13 Distribution of membrane water content at the interface
between the catalyst bed and the anode side membrane of the fuel cell.
voltage 0.5 volts, designed model (modify serpentine)
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Fig. 14 Distribution of hydrogen mass fraction at the interface of the

gas diffusion layer and the catalyst anode side of the fuel cell. voltage

0.5 volts, parallel model
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Fig. 11 Distribution of membrane water content at the interface

between the catalyst bed and chatode side membrane of the fuel cell.

voltage 0.5 volts, designed model (modify serpentine)
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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

Ceows o sl 5 CaedBlS Y S e Jad 1o g Sy sled x5 18 S5O
Sl Joe w2dg 0.5 ()18 5y (255 Sy WIS

0.08 - Temperatue(K)

345
344
343
342
341
| 340
E0.041-

) 4 | b 339
338
337

0.06 [ |

002k 336
335

334
333

0 0.:)2 _(_).:)4‘ ‘ 0.:)6 ‘ 0.:]8 ‘
X(m)
Fig. 19 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, designed model (modify serpentine)
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Fig. 15 Distribution of hydrogen mass fraction at the interface of the
gas diffusion layer and the catalyst anode side of the fuel cell. voltage
0.5 volts, designed model (modify serpentine)
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Fig. 16 Distribution of current density at the interface between the
catalyst bed and the chatode side membrane of the fuel cell. voltage 0.5
volts, parallel model
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Fig. 17 Distribution of current density at the interface of the gas
diffusion layer and the catalyst cathode side of the fuel cell.voltage 0.5
volts, designed model (modify serpentine)
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Table 4 Functional parameters considered for fuel cell[30]

3osse lej 5 Hles Sl Cundy

2min—12 Watt (oo oy 51 8 o oy sl Ul

30 sec — 800 Watt il
2 min — 350 Watt Y el 4y o900
2h—194 Watt GssS 5B) o) cuiS
2min—12 Watt Sokel 39,8

O Ojs g o il (g Ju cilitee glizl Slatie 5 Jgus
Table 5 Specifications of different fuel cell components and weighed in
designed model

o31) &= ) pe

; o i J sl
kg (kg/m?) (mm?3)
0.02513 1780 bl § 7060 [20] s amiw
Laxb _
0.001147 490 o 170.78 [19] 518 ise &Y
Rl
olyd
0.00037 2010 speed 9243 [19] cotils &y
oS
0.00061 1980 G5l 308.1 [2] sLee
. oS > Ao
0.034 2700 pgians)] 6400 &
[20]
0.028 2200 O9kis 6400 [31] sl clxiw

0.08925 S 35

305

Ohee ly ol (b war Joe o bosias pSly S8y @8
WSSy slos (SSy by S ol 4 e (FEsm U bz
bl oud owlio g g o)Sles Culgip 5 <3Sy o (Slyime
520 JS2" o onds (b g silge Joe 50 glp Canlad iie canline
S5 pas 5 oo plat bl 4y sgusme iy (JSz 45 055 oo 0o "21
arere el 11400 Jlake oty 4 slse Joo glp GBI cSgm
Sloycsgs cledy war Joao cwlis Slb b aS Jbys s e
ol o0y guyayio p ol 19200 a0 dgame by S Soslgs
2y 8250 45 (slee Joe 40 4830 jlaie 5l e I o iy eizren
ol sl 00 8 oy Gl (ead 2ol g le) w0z Jae )0 yesie 2
Ol enlin 0 Skes 5 oud (b (b2 e ool (5300 TO ol
15 e 5l w6l (5 magaS gl o Sil38l b izean amo oo s |
Slrio 69) Jer 0351 0z Sl Jloal bl b o ol 3 5 2 o,
"21 520 SladSa” o ey oSles dgge e Joe o ol s

el ol 8

alowg ol u**i-’ Cg> oud 2k (S ew Ju 5,54 -3-5
<l
205 gz ol aie SO sla SRy e S0 YL oly B

———&8—— new model flow field
- - -& - - Parallel flow field
--—«3-- new model stoich 2
——-0-—— new model stoich 3

1.2

o
<)

Cell Potential(V)
o
(2]

T
0.4 O
[OJR
0.2 o
; o 4
TR N N [N T NN Y NN (NS NN SN S NNY N S S N NN SR N |
05 5000 10000 15000 20000 25000

Current Density(A/m?)

Fig. 20 Comparation of polarization curve between parallel model and
designed model (modify serpentine)
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propulsion vehicle for two output power modes of 200 watts and a
power output of 2500 watts

s Joslas oy
. 0395 (39 . 0395 ()39 .
P yae J,:)) ‘Zj‘s P et S olass alais
&g T S &g T 215200 sl
»<ly - »ly - 5 =
- (P 5k) B (PSS
(pSsks (p 5 5kS
531 47 53 454 0.44 5 1 adas
301.2 8.30 93 281 0.71 8 2 alags

ROW PRWIPCEIR g e T
4 &lg 25000 5 @ly 200 g slml (gl Jww olaas 7 Jgo allas
S pos b abi gl g ool Jw B3 55 i 4 sl (b ablais
Ol @ Jles s slade Sl Lol ol Ol S8
2 e J Sl sl (Sl 4 S 5,0l sy S50
asle oo y)5 o cl Jlais ge 05 @ axg b Ly oaijle LS
oolaiwl 1 ohb abhis 5l cuul zylae ojlwl 4 piiw ey ol
Al Wl Lol 4 S5 5 (solad Cuspie pie Do 5y S5dsn

S 5 4oxaii =6
ol e g ol s Ll el & wlol Ll S
d Candbl Y mhaw yo S ATy Glals cBleiSs e qjE 095 o
slagssly S Sly sajll coleSord wiy b ocwl (SEew
g o3l &) CSlpSipd Syget (e Ju 5l Jels (pleerdy 2SIl
2008 o0 obyr J& clial @55 9 ol lais Gll cerge
slade 0l Glae 30 Glge Jgltie Joo (ouyn ol Beiod 00l
@ Gyl FEse i Ol Ol Gl i Joe (b 4 S5
Gl s b bl bl sad 3l end ol g le UK
Y gl 0 gieSt B JoSE g @ s Ol Ol
03,5 Iy g labixMe LB Sjgot s5lpe Joe 4 S CenUS
b 4 a5 e o 05T o 0 slid O slgiome ges JSde al
Gl Jdo 50 00,5 oo ol caimo STy ol cwsle o, pas
i Byby S ol oz ol awais plol b a5 ad suslie
slposd (b wox Jae o ol B i8S ol .l
e bl po mye i 2 el 800 morios polis 4 4z s b bz Ol
el 00,5 Wy S5t (rslie Oy50 S3lse S 50 mye ey el B
I S e patia |y o 3 Sles &5 (B pe e Skl (S o
osls 2ol ggslo Jao 0 00,0 B0 (e 4y (3 se by Sgozme Gl
Oy JB rde peizen 5 Sl 005 g (B (S5l 4 Cos
9 Sl 00,8 Iy ¥l plp 15 090> 50 53 (S gm U ) (295
&l omolin oo a5 sl odpuy @ peyie p ly 8250 (yl5e ay ) lus
e gl eseliwsay calio (2955 Iy 4 a2 badbioe (Bow
36 50 5l ,90 I el gz g alamay S o o] S ooliil (25 g
B (esp 590 dlwg (3lon Cuglae Al Sl Llpadias oS >
Olg s >l sz Juae b e s 0] s 4 L g ol axd S
il Ceaghia Ligl3El a5 Conl o ol p,SoLS oy 530 _pguasks

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

oly I8 s 5ol Jlb s 5 (S35 i 039 R b 9]
C’)La‘ C“")L") ol L5>|).|a oz 5l lase sl onds o&)si Cawddy
Geme 5 ohs Ol 8k 4 B (B iy sl 21 ST 0 Gens
2SS 3B g el S (g S 009 cle sl b slass
g oais Al oy JE> oSl alais o g s Ysens

1101 wgis oo a5l 25 0.7 sg0 (515 515

: 14

1= 1482 Srg

sebiie Lepl jo a4 cwl siegS el e §0(12) dal, o

ove 3l b ahis g gly Olawloe el 9,008 (5 20g.S gl
slajlly ;o (aspdlol go)le) oad b Jus (s S Ol S
el YL ledily oloul cqa "22 K" L slke <y 0.7 5 0.6 5,8

(12)

oY lo slaws YU slogly el Cga imed Cewl ool 4z S
el 0 sl 525 DlgslS 2.5 s b g Ly o055 s (sl

e Jbé gmlaw ool 5 "23 S gl ol bls bkl b
Jsaz 50 0l O3 Oliee Orized 5 @y e B162 (e ) (55
sl 00D dsline B 9oz & g0ty B g Ju e JE= D

abaii ;0 (65l ks Jood alws cnl 5l ool Cussay pgase s
5 058 omlio ke a5 cosl o Sl s ly 530.07 e a1 ol b
2 &y 250 sgu )5 (cogase plys a5 Vb ol slag Sl b amlie 5
aegarme (paiz 3l oalital b g,cal 51 03bige plp 99 Lo i o)l o5k
e O35 Sl Caz e i 05 S (g Sy sl
900! ) gdee 4S50 Gl e (s dlews lp Olri
5 o o pedios (52,5 B Gl el gz Y sl Slass
S99 FYL Slagly 4 (o yiws Cu oY Slad Slaxi (o) (aizmen

10000
F new model flow field
8000k .
e [ design point 1 )
s | |
X 60001 !
= I 1
2 [ design point 2 |
P -
2 4000F ( '
[ I 1 I
2 [ | |
3 [
% o ! 1
2000 ! 1
N X .
ok |

L L L L
0 5000 10000 15000 20000
Current Density(A/m?)
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