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In this paper, the efficiency of PEM fuel cell system by using ejector for returning the additional
fuel in the fuel supply circuit and comparison with conventional systems with compressor in fuel
supply circuit, are studied. For this purpose a semi-analytical developed model for calculating the
amount of efficiency increment, as well as the amount of power saving as a result of employing
ejector in the fuel cell return line is provided by extending the previous models. In this developed
model the important stack design parameters and ejector design parameters are correlated by
presenting a new dimensionless parameter. The results for a typical fuel cell show that the
amount of efficiency increment at different values of current density is different and there is a
maximum point for it. The amount of power saving as a result of employing ejector compared
with fuel cell power is considerable and will increase with increasing the current density. These
results indicate that the ejector for those applications that require high power (for instance the
transport applications) is more efficient.

SRS R > 50 5 52l jl (SaVTads o slailel; ey L
WS)L:“%;:-M-”%)'Q-"B°Q5$‘PW|¥QTSW)°S‘S)M@
oy el
S 3l pis DS 000 Vb slp g sy 5 Ysene
Bl o 0 (rizeen 5 (Edgms) T o 50 S5 1 VL (6 egeS st
PRI RN TIRVE RS PRRUR S SN FFREIS RPN ERes grwny)

.0)‘0 S9>9 u{::s)s\b u}s.w 60)7440»&“ L_‘B)m

Please cite this article using:

dondo -1
@il o sman (S (5l b e o5 G sl
T oS o Jood a0 & Logiie 1) S g )0 09250 (biord
STy Jdo &5 cul s e 5l o5 G reeky Lid S
S8 azgs 990 Jln VU ol JBs 9 b o Shes oo i (650
A al 5L Sy ol 48 e ool sla S o0 5l ol aib )8
033l Olgicee il 03,87 (A2 3liml sl psise sl iRl sloan S

tawlos ool Jod w,le I Ao cpl s gla ) sl

M. Dadvar, E. Afshari, A.R. Khademolhosseini, Studying the amount and how to increase the efficiency of the PEM fuel cell system as a result of employing ejector in fuel
supply circuit, Modares Mechanical Engineering, Vol. 14, No. 13, pp. 59-66, 2015 (In Persian)


https://dorl.net/dor/20.1001.1.10275940.1393.14.13.34.7
https://mme.modares.ac.ir/article-15-11804-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1393.14.13.34.7 ]

e 9 )931S (puxo

wAgaw 43385 )l )3 Heisal il o dlaiawl Az ) (S pesky Lint S guw Jay @i 035k il 31 G595 9 Ulise aslloo

5 e Sy ke 5l oolital b 1y (o yarly L g Ly T i, g
solizl L anlllnn eyl 5 ilosls 1,5 anlllas )50 ol bS] 4ol o
5 o8 ol oad S8 Wl e g cose (IS s S
ol o5 (g ol L (39 Sy 50 S5 g (g0 pis [5] Ko
T R I e e s BL NI
5Skae 5 ol JLad LIS gan Sy o obil s o solitd Sl 3
sotes Sy 5 45l Ky 5l anllls ol el Sl Sl s jgiSa]
ool 3 gu Jo Al G 50 0did Byae Ci g yails,5 5L sl
S g w1 o Lad WS pimad 9 AT Coos (651002 gl Lol o0l
[6] J 5 55 ol oas JS oaien g 558zl 51 L8 (JuS o bawsgs
Pl Gk L (S5 ge iy Wl C g 408 gl j5iSal 0 Sloe
Joe aly 2 il e iles S Jelow Gl 5 9 Gl Slekes Ll
SFG3S 2yl 5 Sl o0 LIS amb )5 Sae s Jidg (sl g0m 90
o595 ilesls plomil pgusye (gar S slaJae 4 S 53S0 ,SLas
e 53 Sl b syeely il (B9 iy el S [7] 52
Wlis ol 3 lod ST (owyp JE 5 Joo oo )5 sln | S 4055
5 o ALl (gileand S35 S piees slizl plad 0 Sles
el 48,5 18 dalllas 050 phvmw ;0 ] izran g i Gleail,
s IS 3 01 58l 5 98l (655 2 Sy oz et ool aslllan o
ol 0ais pll

aiile 98l sla szl oy ol Logos gl iy Slilllas o
5 alis Sl & )5Sl el o age o Sl 037 52l S
el oais axS oy oS b ol e (30 S e (So b 5Ll 4
Ao a5 oad &l w0 (5 esS il Jlade Cll g o S
Lo Sl o s JS 0ls5 2015 5 poinns 2 35Sz 3B 51 s
s Sl el )l Laseie ol allie )0 o0l 0ols dxgi Jow 0,138 o3
27 530 |y s JS 5 Wl 2 5958 5l oslinal b 5 5 9m y
REX PP ]

5 Sroek Lad (B0 o ook » el o8 b allas ol
drwg lolod das Joe Sy 5l eolainl b g IS 005k (al33l e
Slp los huly, Lsly ead )3 enl 28,57 )18 (o) 2 3 )90 00l 00l
Sl e il Grizes lg 0535 5 00k Rl Glie anlxe
Al g0, 8es alidee Lulyl 5o s ks 9)5e adsl LA s apulxe
Je (s jelate 4 o altus gz Ly 053 £53 0 o sl onds
e 2y ideld Jae g 99 5l pol Jus sl 039331 (LS sl Jae 4
B gz @ Jgl S 53 ol o0 LS55 Gl Jae ) 5 59552
oy (5900 (6 yegS gl drnle 5 S g wdE e eiS
2 0lg 03 g oasl B Glie ped Je p 50 e Seul 0ad
9 GSSEM Juo JoSS L et g 40355 Jloe 0 958! 5l oolaiwl azs
el 00 alors (Jol Jao 5zl 1 oolatul yuizman

Jo OB g 408 i 38y -2

e ol 3l eolail el Koo iU ;958 S5 ¢ Jow ol 58 axlllas 5,50 928>
Rl s @ ey i (SBse iy CEse Al gl 0 j5S
— 150 Jib g5 5l poaslio oiSal 3l jo il 5l (29 5 O by S
e o ool iales 2 S 45 4558 ol 51 oled [6] el 151

A
Lid GG !
S8 ! fresd e gbse
1
1 4 g0
1 a L X
' kY| s Eyily
I 1
1 '
1 L}
1 1
i T
9 | T O
1
—+ 1
1
| H

ol G 323 s
CS g a5 e )0 )28l oy (Gl s i 1 JSS

(O3t Sy b3 50 5w 0aS jleslinl (1
(g Sy Gl S g e ) Szl el (2

oS i axkd WS gad ol 45 45 el ool Wb ey Sy i)
O 5o odd 0,0 (g lad sl 5l eolaiul b HeSel ol ve2
ot By 5 Lol Cdges b s b adsl ol yr K sbml 5 Cges
il S e 5l ail 4 sz S g (g laie b olpen g 0a,Se |y T 5l (2
g 485 e 50 Sl b Gleyid g e S 5l ol 1 S
a3 g0 Ui (g pey Lad (S gm S SC 61,

s eS 5loslainl sl 4 s Sy a0 5958 5l eslail
FoS gl g osle (b g Sl el ol sl sl
a ks pae o (e 4 g Syoie aabad (LIS (g a8 4 S
2 s eS Ghg) & Samd Ghe) (nl GG ez ) (5 )I0a 5 e
G e 5l g peS BA> b 958l Lo ol ogdle .l i Jas
J5 ool azmis jo 5 00,5 Bdo ) i Su3LL Ol ) p25 (LS
shoslinul (g 53 508 (onlae bl cul Jlie ;o 003 oo Rl e
e Ol 400 952y L g CuiS S )0 jges e Sl 4 S
i )3 5852 ol Sy J5S QU @ Ol colee (nl (S
2,5 o, Lil Sl

dmbre 5 S roeh Lid (B9 iy i (ilen 2SIl Lo (s
ot &)l il ladas ool 5l Gy o oy Olgs g 55 e s
oS Ceal BSSEMT oy 1205 dos Joke cou 1] (slo e (i yige 51 (5 e
Sl 4 S Jao ol Cujo ( tage ilools il [1] 5o 5 oo
A5 1y e 58 Syzge sloossay ples L Joe ol &5 ool ol S0
S olsse 5 ol oats @l)) ol wlasio b d ln Grizped 9 955 0
Gl ol Lo ,S oslicial (s yarly Lié sl Ly plos aslllas (slys o]
Jelo 4 a5 005 292y (Ktlejl @l & S oo cnl @l 5o (Sl
locdl amss )3 (orad Sagh; g Lo i (63959 sl (oleS e
9 GSSEM (L3 Jaw ;0 Sl oll b [2] o) Ken g Job ool slo)S
ol (e sk el Ji 0,58 51 50 5y el i (30,5 )l
2l e 95 2 1y 925 slaalllas [3] o)l )Ken 5 cliel o5 5 els
I, bl el 5 ool ol canl slacdl 5 ojbo Jlub (slasls
losls 1|

Groehy Lt (g Jo Wl g 085 gl )5Sl 050 50
s 4 bga o 3821 [4] ) Se 5 SIS 100 0529 (S il lisios

2-Recirculation Ratio

13 o plats 14 055 1393 il o3lall3sd e Sl wdio

1- Generalized Steady State Electrochemical Model

60


https://dorl.net/dor/20.1001.1.10275940.1393.14.13.34.7
https://mme.modares.ac.ir/article-15-11804-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1393.14.13.34.7 ]

DA g A,\'.'\i;i)l.\.n)é),IIlal)'lo.\Lﬁmld&ﬂ)é&)@vm&iw&wwoé)hﬂlﬁl‘,ﬁ,éggl}y dsllbo

e 9 )931S puxo
: :
O eSSl 1 Gl : P P
1
! i
l i
! !
! I
% l AN
4 ! 1 asbobe
3 [ :
5 i i
! i
; i
| = -!- -~
i : sl Ok =
A e
0 : '
sl Ok = L
Ran J3b 55552] 65 4ol s B S
(k+1)
2 k)
m-RA 0| o)
(k+1) )
M, =1 )

el sl sz (Shaol ocdl alre sl Sapsynl wuys ¥,
S Je 5l 090 Oy S 4 az g b el o adgl by jLis
e Blyy 5 Sgg il blg, 5l Gl 525 0 8kee 4l 5 (el Lid

Wles Cawd Ay (5yendy Lid B s
P, =9.18x107°P[1

R T 3445
+,]1+6.34x107" | —= P |(n AV 2 ]
2A[2 cell

w,P

(6)

iy e |y (7) dolee 35 Slymw 4l ol

P, =181x10°n,,A

(7)
Adn oo slady SO oolaad Ny odn ads ol S8z
sloyS i Ky, 5 590 55 Sl Ry, odn JW e colee
44z b Joe (228 gy 58 (7) 5 (6) abul, g0 el (35,000 g0z
BB gy s o sl 3 ot 485y pitn slo el
o bl slml 5 6l Caranl waz abal, 50 ol ki solizul
dw &Bly ;0 W)l Sl (pwain sl el g J 0395 (cwiin sl 2l
Lid (SBgm oy i 50,98l QLI L (b o oS el
5 e 60,See L g gl alal) g0 ol 4o (A 5 N A) ok
2 63lS el a Gl ls 18 L asleans eols L3l oo 4 (S 2
41, (7) 5 (6) w¥slas lsise (8) Wolne ISt &y amy g el ly S, B

255 el s S0
Neo- A

Zeells 7
A 8)
o3l 4y B sw o 0055 o3l Cond D jgo 4y Wilgi oo G amy o el )l
wax U5 (7) 5 (6) w¥olee jo G (5,300 L D9 g iy yad HgiS
Sg aeles>(10) 4(9) oVoles S a5 s 5 4 Yol
P,=9.18x107°P[1

R T 3445
+\/1+6.34x109(“22j(e*)2 2]
voP, ©

G =

61

S daises Lot daises Craee O 5Le ) as

1,%as J3U

12 3

(Srocly Loy Sy 385 oo 3 03 o 51K 55 ] i 2 U5

@ 6l Ll e Sl s Shoe Sl 0 by 688 e
Sedsr e Sl g Sl n) by el i Glles Sl an
o 4 sl Sl mp &5l Slej olyr cuiSy Sl [AD]
P S g SregS gl S cnl 3 @ly 50 09d o0 oaiS eS|
2 ey S Olye 4 i jeiSal g Sl Syl S (s iy e
15 Sl o 3 ol caS y o ol (ol ol 35 i e e
@ agl glyr ad oS g9yh (Sl py Sl wals p
i o Al oz o0 8 loj U g ol Sl LSL abaime 5
o S (oo Iy aslol ey 095 e e Sle 4 Sl Sles Sl
@ ool 0 a8 9,8 o0 I3 Gl 3,551 50 Sl kel ol
Gl o el o Sl o Shee ailae i Loy sl ol
S8 ity i SBpae 5 adgl jLud
2 wothe U 5 008 G agl ol o8 See oy
Sleds job 4 3 S 0 .cslS valyss cgw by (6 %egsS gl

el 0 08l iglas 1,Sa J3U b 4558l 5y lilas 4l as

Sl b oS 1> cdl aals

Sy Sl ry g Sle Al g ol all BpS Jae o

a8l oo 3l Sley S o Sles Jlmn aladi .83 walys 1,8 aslllae

S jlad coes b ply (P) adsl jlid o (R) a5l lzd cos a5

7S Dgo dy Sgo 5l Akl ol o adsl G,z w3, &8ly o 0sd
2 Kk

Pcr:(k 1)k71 (1)
WH)SQ.QJ)L! ‘6)94&)150).|56L®Lc;w(1) )bk

Jho drwgi -3

285! Jow 55-1-3

25 0bsz sl (M) BelS o zle vas 5 (M) adsl (by> (0> 25
5 SasSnl ol Lulsy 5l eslinul b 1 %es 36 3 (P >R -P) (Sge
[6] Wt oo arlons (3) 5(2) Luly, 5l oo 5 & J3b 5o 6551 55315

2 P, (kL)
20 () ]
—p P
=54 (k_l)Rg P )
2A-(2) ]
M =A—F
e ®

S aglesse g adsl by (o> £5 525 (B <Py Py) (S 0bx
[6] < (5) 5 (4) Yolen

13 o plats 14 055 1393 il oslall3sd e Sl uwdie


https://dorl.net/dor/20.1001.1.10275940.1393.14.13.34.7
https://mme.modares.ac.ir/article-15-11804-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1393.14.13.34.7 ]

aAgus 4335 sl )3 gisal I o Slakul Az HS g i Saasgas 033k Lyl 331 53 Oljse asllne
g0 43335 )l 3 HgiSal 75 )3 (S ks Lint (Giagun Jay @i 035L inldl K353 9 Uljee

OolSed 5 39313 puixe
175<P,<105 bar (anr-20)
10<P <28 bar (--20)
11<P,<30 bar (--20)
21<D, <32 mm («-20)
52<D,<80 mm (&-20)

Gilge o 4 azgi b gpeeh Lid (g Sy Wl Cians (5 055 i
..\gfl@ Cewd 4y >

_ yi?
T m, (21)
038R oz P Mo 5 S (29,5 50 issied oz S Y
sl (g pordy Lt B g S il o 0 B e

m = Mo, Neenl i
cons ~H, Top (22)

9 Ojoed (Joe e MOy, «syeul Lid 30w o ol by
Sl g6 eolb F

ols5 Ja 25-2-3

e JeeSS b speedy Lad iy 0 033l (RIB) Gl g Ol anlxe
plod sl Joe opl el sad plowl 1] a0 50 oo a5l GSSEM
Wy Joe cnl @b el 0257 BB (580 slas b 00l Lid sladn
g o Ao (23) aoles I de S5 »

Vcell = Enernst +77act +nohmic +77(:0ncentrati0n (23)
Lyls g0 a5 cel (Soloogey Jewily lade Epgng colee ol o
as ol Sl e 5kdg caél Ql}:..o Thet <45 50 Jol> ui,.;fls )‘l Jy‘o..x,ﬂ
30 01 @ Gl g candblS cdlas b glacusgase 5l ol logas
90> S5 Canslie izmen g enly Lid (5isn Culle Cudgaze b
[2] o e JL‘L“‘ 6&"“5‘ )'i‘L"“J Tconcentration 9 el J“" A€ gaixo

(Bromst) Ssliadgo 5 Joniliy -1-2-3
ool ploosd Glaonl ) (Sealusgeys Joily Sl o5 Cusy dslee
Ao (g8l S polie S5 4 O3SV 0395008 S0 S Sl
[1] 055 oo aiig (24) Wolre JS& & o Jasbin
=1.229-(8x10™*) ( T —298.15)
+(4.3085x107°) TIn(P;, -P; °°) (24)
gl o o5eSl S Jlid PY el Ly sles T slae ol 4o
S e e 55 O30 Sz lad P:z 9 Bl Bl o 58 S e
[10] et &T candbls” o 518

* sal channe 0'291-
Po, =PIL— X6 — Xiper st exp(22dy) (25)

H,0 other gasses T 0.832

E

nemst

R, =05P:%

1653] ) o y1_
e 555 -1 o9

sat

0 ooly sled ,o gl Sijgo 4 55 10 d5zae Ol Jge S Xio
Lgas oS lgn olyz 53 (03T 52 ) S50 lafl8 Jse 8 XOTT
2 X el 00l ool gles po ol By gleal (Led PIY wcenl 39505

Do iy (27) olee JSi 45 Vb &Yolas

13 o plats 14 055 1393 il o3lall3sd e Sl wdio

S| RaT, .
P,=1.81x10" || —"=2_ | G"j
kaHzAt (10)

bcie bz Ogelm JLES8 09b oo hanis (2506 abidzs ;3 adsl b >
olyz 3 ool b ol olis (B) sl ol Jis b olyice |y e
2 ghaiio b1 aaiie 5l gl by sl 550 Nilge ilsd 9 Syl
16] ctls aunlys 1, (1) abal,

P L
ol G (11)

S

loe Cawd a4 (M, 2 ghaie jo adgl oL > Flo dae (11) ala, 5
3 osliinl b sl o Sl ol Jao 61y 95821 0 2 alaia Julos
drnls ahade cpl jo adgl by (b el Ko 2 aaio 7lo sae
(1412 115 55 0

T—p:l+0.5(k—l)M2

To2 i (12
Vp2=Mpank Ry T2 (13)
05 kel
: 2 ack-1
; D,, :[ M, ] 2+(k71)Mp’2 (k-1)
4 Sexp
D, M, 2+(k71)Mt2 (14)

‘2 é.lau B du.lj‘ Ub)'> &.c/,...; Vp,2 ‘2 é.lau P d»AJj‘ Ub)'> u;‘l.ab TD,Z
Sl slocdl aloe g0 S 92 alakie ;0 adsl by ,lE D,
sl ot ailf abal; a8b o 4gl g adsl Ly 9o LS anl)3 s 4
4 [6] ez o ISen Jib j5552] po sl (> o2 £ dnmsle
el (15) aolao S

m — Zﬂﬁsvp,z(Dm 7Dp,z)[Dm +(1+ nv)Dp‘Z]
s 4(1+n,)(2+n,) (15)
35 025 by ol sl Gl 0oSis SISz Py 5 i ol ol 1

—(PSJ an Mo,

p= = || s~
T, RZnS (16)

s el =iz dse oz MO ali sj Jse by &5 0k ke, ool o
G 93 Joe ol ool b e o @l ol el 58 Sl culb R
I8 s 550 [B] gz pe ;5 5 005 LIS aml o e ps Lo sl
2 (> Sl 58,50 1 Kea J5b e8] gl Ny lade ool a3 8

Dy
B,
0.05 17)
SNokeo JS5 & 5 et a8 e 5 L8 o S 4 B 5 By

n, =1.393x10™* exp( j+ 0.456 3, +0.1668

i e i (19) 5 (18)

PSOB

s (18)
Dm

o= (19)

D, s D, «B R (P, 5l sakin polia glp N, onls &l)) alafl,
[6] <t (20) Lasly, o yg0 0 polio ol el uine

62


https://dorl.net/dor/20.1001.1.10275940.1393.14.13.34.7
https://mme.modares.ac.ir/article-15-11804-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1393.14.13.34.7 ]

e 9 )931S puxo

DA g Ag;\ﬂ)l.\.a)é)QIIlal)'lo.\Lﬁmld&ﬂ)éﬁ)qbvm‘;i,mdﬁwoé)huﬁgl}él‘,ﬁ,:eggl}y dsllbo

IS a0 [11] gz e 55 053 Las ohg Canglin lp (225 alal, S
el 00 5,155 (36) dolas

: T \2.25
181.6 [1+0.03j+0.062(——
[1+ I+ (303) i1

_ 1-303
(Zage ~0.634-3] ) exp[4.18( T N (36)

oS 2l 20 5 10 (o Vooro pobass BB ol b SO Ay Ciuyas ol o
Foll ol 3550 58 5l Dbl [2] el Leé oy W, 5 Sl

m=

)l 0925 [12] a2 o5

30, JUisl gl -4-2-3

9 38 Lisn aY 0 boains STy 398 sbbcusgase [l jo cadl oyl
[13.14] axlye 1o <l cnl sl oot ail,] alolas .aigs s slom] CodllS
ol oy 1)1 (38) §379) sladsles JSiiay

Teoncentration = 17 EXp(n'i ) (37)
m=33x10"3-82x10">(T -273.15), T <312.15K (_uI-38)
m=11x10"*-12x10"%(T -273.15), T>31215K (_-38)
1, 00008 jlais [13] gz e a5 cosl el Jlaie S S¥olra () yo 1
ol 00,5 slpiny

Gronly Lid (59 Juy 50097 50 003l 9 099 -5-2-3
Ol U g g 4 0B oS 4 ek s (SBew S 039
ol 3l el (Sl gt sl g S 093 (SRSl
55 e bl &l o S g (el s (Sl o
b U5 90 @ Gl | e o u-°l‘ P dodie )3 ol
S ooliiul (6,555 5 (yig e S p o 50 jom eSSl esliiul (S5 w8
A ody Gl I g o Sle) S g pieas )0 93]
B (40) 5 (39) akl, 5l cs i 4 g ol Oglite Sl g0l sl

. com . . .

net P :Wgross,stack — VVother _WH.c (39)
\ejec Y Y

ntjet :Wgross,stack ~VWother (40)

Woner ss 9 ot 0955 50esi allBb 0I5 Wi g alaly 50 cnl 5o
2 039 gmsesS 7 4 Sl Slapieen LL slagly gsee
b3 5 Giarked sgereS Gibl Olp Wihe 5 S ciS )y L
drnslono (81) oles b s 0355 salsi LAl ylss el g a5
Dgd oo
Wgross,stack =i Vcell Neell (41)
slody S5 Shawi Ny 5 Jo S5 S0 sods 5y Ve b
A Ol 80l by 0395 (Al 033k el i 0395 S 55 39250
Bedes i Jo o3jk ala) )3 sady
Wnet MOHZ

Mnet = ——— o
net Meons HHVH2 (42)

33 HHV Y, (Oigiee Joo e MOy, ol (Al Q‘&SWnet
i 0098 )0 Gigyden Brae (0> (20 Mo 39060 YU olo)S
PR greS g Sl CSse A s 90 dwlie lp il
s 9 OPenST aal s & bgye (3L Slogls 45 Ssdica

3- Concentration overvoltage

63

sat

Xsat — H,0
H,0 P (27)
[10] cot ous asls glos yo T oy Jlad PR 5 Ly o Shee Jlid P
, .
st _ 7362.6981
In(PSZh) =70.4346 0
+6.9521x1073(T)~-9.0000In (T ) (28)

I ok sk s e e o o)l (65 el b X G s

in,hum out, hum

channel _ Xother gasses Xother gasses
other gasses — in, hum
Xother gasses
In(—o o rases)
Xout, hum
other gasses (29)

. e e - out, hum in,hum
Slsd Gl )0 D39 Jae S oS Xother gasses 9 Xother gasses

T wsbe Gl Lz 0 Gigr (Jee S 9 (6995 by
g go drmsle (31) 5 (30) Ly, L g ain

X(i)?ﬁgrug;sses =0.78 (1- Xls'lzto) (30)
sat
Xout,hum _ 1_XH20
other gasses ™ 1 | [1—(1/s,;,)1(0.21/0.79) (31)

st Jeb 5Ly el -2-2-3
o gl Jd slacsl gl [1] &z o 5o oad &l oy des dloles
el (32) dolrs S

Mact =Y1+y2 T+y3 T ln(CSZ)+w4 T In(i) (32)
alyly 45 ol WS B o 55 S e mhaw 5o 3enST cdile Co,

[10] el o @) 51 (o1, 33
Co, =197x1077 exp(gj Po, 33)
loosls & azgi b olss Joo 5 50 siledled 5y <8l 6l vyl
5wy =7.6x107% 1y, =3.33x107% .y, = 0048 JSo & [1] x>y
Sl culys ol ol g el 5o el oot el y, =-1.92x1074
oo ools las Joe ;o Lol wilode] Caws ay (g peuly slalie 51 Lols glgil
FB o9 S b sped Lad (Bgw U e ln ulp ol &

i oolaiul

2 ool jlilg cil1-3-2-3

9 ST oS pex Dloxio ;3 (SgSUl Cuegliie (39 72l (B8 L
Sl eal (9l Gk g Lid Seign Cueglie pln 5o (3T (slasg xSl
oo Caws 4 (34) ala, 5 ool 5Ly

Nohmic =1 [RPrOton (34)
Glr sosee Ol Sl Lad o (gisn olyz e 5o Caeglie R
Jo ay all ansls 03 0 1) Lid ppe sl el )l pled wilgy a5 Cuaglie

RProton Iﬁ

LY (35)

el pouly Lad culd | g ogign ol lp Lae ohy cuglia Ty

1- Activation Overvoltages
2- Ohmic Overvoltage

13 o plats 14 055 1393 il oslall3sd e Sl uwdie


https://dorl.net/dor/20.1001.1.10275940.1393.14.13.34.7
https://mme.modares.ac.ir/article-15-11804-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1393.14.13.34.7 ]

e 9 )931S (puxo

aAgus 4335 sl )3 gisal I o Slakul Az HS g i Saasgas 033k Lyl 331 53 Oljse asllne
g0 43335 )l 3 HgiSal 75 )3 (S ks Lint (Giagun Jay @i 035L inldl K353 9 Uljee

Sl I8 CE s 4dsT e o Sl as (e )0 (s el (6 e sl
‘mp sl dw @y dolee ol ol ._\J‘SA Cwd A (21) dolzs 5ub
(0br> J52) ol & GruegSsial o 8580 Eel Mggng 5 Mg
el 39,80 (5598 gl 4 (46) dols Conls pl Lo bl axly
25k & Egd9e (nl3gh ataly o 0095 Oy (S 4 dslee oS 355
@ dolee ol uizmes 0 dalys sols Lis (6 S j0) aslsl jo sy
s 55 003l Gl ol o amin ol (Py/Rs) 5 cals bl
g U Jsb o 5L b cdl b cla Ly o iS5l eoliul
bt juyeaS sl 4 (50)l50 iz 50 45l oIS I el iy ol
ol 5 gdlate cut¥

2 Ol ex®S Olie g el Gl Glie sl yielily arloe i,
dn CFee 4dsS e 0 jupeS Gl a Sl gl eolinul s
IS 55 Silads olo 4y 2l a5l dmagt Jao 33 cspmy L 25
5,552 5 olgs Jae 5 99 S5 cnl ) eizees sl ous eols (i 4
el 00 00ld olel zag 4 o] v salal,

ey @b -4
1000 b gelaws b (s yarly L 25 gms Uy 0355 Sy (6l 0 451 Joso
Oeized Sy g ey 38 ol g by o lp e et
o Shoe Lyl ol @85 8 ) 000 Lig olsie 4 115 580
15 0ol 550 558l s el 0 03l (L5 1 Jgaz 55 Lomyye 90 s
el 2 Jgaz o ool laseiie b 1,5an b ,siSa] Sy 5 anlllas
Ol S S 5 ey IS s Ol eizmen 9 Ui S5 52 sy 5L
Je sl Ol 9 Jap S, S el S5 sy sy ol oud ool
Llagomie cnlaims o lis 0,2 S8 lFIL ) gogre w5, S
Wloas] Caws @ Hlgs Jaw 3 5 eolatwl

Qa5 e 0 Sl 5l ooliiuwl a0 e85l Linl3l oyliwe 6 IS
Sy g Jey 8T S 1015 (155,000 (5 5055 sl (peizead 5 S

son Sy Jor 69 Shes Ll 1 Jgur

Jlade (a>15) il
353 (K) T« 0 ,Shae (sloo
3 (bar) P o o Shoe jLud
28 (bar) Ps T cois y Las Lid
353 (K) o wsb e sloo
298 (K) 981 )3 O3990 sadsl ol sles
353 (K) «oyj9 0 <ty s gloo
100 () 515" (52555 18 e omi gl
80 () T (355 59 (135008 (g Cusho,
45 () T 29,5 0 O b (o2 o8
2 Bl oo ;3 158 (5 ogeS s
60 (RSN WRORL SUE NN gagth

255 Slakie 2 Jgue

ks (>ls) 2l

2/8 (mm) Dt d Ken 3L o8sl5 s
8 (mm) D LM alaimes o

2186 Po kb s

13 o plats 14 055 1393 il o3lall3sd e Sl wdio

O Olgise 28 onl bzl ol 550 90 1250 W oper) S Ss
5,5 e (43) dolae S @ 1 0335L ialsél
t t
An= U(?jzcsys _ncnc?mpsys 43)
(42) dolee )‘> (40) 9 (39) d..la>|) 5‘> d)lﬁb l‘ nenjee‘csys 9 ncnoer:'lpsys
Cowds (44) alal, (43) doles jo 3Kl b g g o0 drlima
Wy Moy,

Meons HHV

cons 2

An=
(44)

mools 5 drsle S ey 45 Sl (9,00 jmaaS LS 8590 Ol Wi
sl 00 6‘“9" )l; (45) aJoleo JS.M: 4 J...: 03¢5 0‘9" o> g 6)1"“’
Wi, o =1.045x1078

><(SH2 1) Wyrossstack T Cpyh, ><{(F’s)o.ozgos_ 1}

Veell 7c P (45)
JLid oy slo)S Copy o 0095 Slao T ¢59,0um (6 50gaS gl Sy,
P 0issed ssmmeS o33k e e oy g Vear «(spved <ol
SISl bl (59,000 <8 s lid B Ly 008 055 s Lad
018 S8 e 9 (45) 5 (44) w¥olae yo s (41) 5 (22) wYolse
@ (46) dolre JS& ar 003b ial3dl yl5ue (44) doles ,o (45) aolee

An=1.184x10"*
S.,-1T | P
x Mx {(P_3)0-02903 - 1}
e s (46)

255 0 madsl Lad arloe Saeliyoge 5 Jomiliy dplona
et wsin gl el e Jeo o ety cél
J= Ju o3 a5l s sl

v

v

259 o My gmamlige o

J oy 55 anule

S 7
v OlF 5 LAl ol e
ot oy Al
Smdmle iy

v

& FageS ol dala

S0 e (6 dnlxe

}‘ solazw! STAIS Q‘y

55!

v

033k il Glie 5mamilone

v

ot 033 G331 e dmlne (51 Jobo Slnlne iy, 4 S

64


https://dorl.net/dor/20.1001.1.10275940.1393.14.13.34.7
https://mme.modares.ac.ir/article-15-11804-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1393.14.13.34.7 ]

e 9 )931S puxo DA g 43335 )l S YISl )l o Skl Az S (5 poly Lk Bgms Ju s 035 il 51 5595 9 Ul dslloo
52 140
- — Sl 0.68
p 0.64f {120
N 3
46 '1—1 0.6 "%
2 ’ 100 +
1w "i, ) 3
) i (.56f >
’;\; 42 ’; .}5
S = 052 80 &
40 <
0.48}
38 160
16 0.44} — e S5
= oy 0095 Ol
015 025 035 045 055 065 075 140
AR ) et 0.15 0.25 0.35 045 0.55 0.65 0.75
L5 50 jgmypaS b g 958l L (5 gms oy s 99 003 dglie B S (Alem®) ol Mz
g CaiS Ol IS e 2 ey 035 S Ol 5 e SO 55 S S
_ A 0.18 3
»° S!9-“‘”’ Ju oJ8 5 o> looy)l5 50 Jle flyie 4 aiS )15 sloss 0.15
delys eaSle by (JBx Jolee (pl a5 iS00 )5 055 (g5 s 3SLe i
ke a5 ail glisS @ b Sl (bl g Lo g B 012 J,
3l all anils 1) 095 peaSle lade 30 Vb [0 ool S8 diygy dlads j’\ ) \};
R . . . 7 g . . 3 )
bl lade op i Wb 3 oges H9me 59y ol b bl Hlade )b 4—_, 0.05 j,
Dy el a8 5o al a4z i b Wl oo (g 5luannge 29, I < 3
5 s 0 esd s A s " ~ 0.6 15 °
el 5o ol 0p S Gl @By 50 GawpeS Gl Srae ke
.CA.MJ‘ J.u 0093 ws.w dq._\.u )‘J..c B )9..»).3.4.5 i 9 )94_§.>‘ )l salaul e ‘:’L“h") u:.i‘}il
: : 0.03 " St
ool tales T USE 53 ey 390,532l (sl g5 0,053 e ol seMsEEE 4
Semo Mol iy, s 003b alzl e S s i Wy, sl 00
o 90 0258 GRS Ol s 3)“ e 015 025 035 045 055 065 075
Ol 35 )5 6,50 g 50 (B g Ju i 45 Az 5o Bly ol (Alem?) olksr S5
23 Sl jheslainl b (3l ol cnl el smles (531 a3k ol ol JE e gy 5 yaneS 5l 5 033k il e 6 JSCB
s IS pleaily Gralidl el ol cpl g ool Jlee g 4385 e
o oals plis &l jeb 4 8 Ss jo leasly iolil ol o dalys 500
wjfb)o)sw]mfbs)s&|bwsdc¢)b8JS.M.\)Q 400
Sogeion MalS 538l by w53 035h b8l el o0 delie g
2 eel 0451 5Y0) YU logyby> J& 50 083k Lial3l jlade ol .ol ?L 100
sl iy )0 525 iy 0355 033 40 (5 s 8l oS (g0 o il Y
D
Olsen simin 35 i B S8 laimia o Gl b Al ol B0 D 00
59 598! 5l oolatul ase jo Jlade cpl a5 wes e las plewsly il ~
WS (oo S lgS 4 Solitte slapl > JBs 50 (S 4085 ”
Ol Bk 5l o)l 1) 055 e iSle jlade ohig by JBs S o &S
LUl 55 S gl b (43) doles o Lot ol a3l
0

5 oleaily IRl Glee) el 5o ol e Slis S 5 e
o a5 S g oo JYazel ool bl ol (e 55 (60505 ]
S les wig) VL lagl,z JBa 53 pleaily Al Glie (99 i
2 Co laad gadge cal @dly o cel gl > JBs (nl o 58]
Fhb & el 4l T esin oyl 5 eSal (Sl
o S e o wlgiee ol pwis sla el Sl g S
&y 533,138 56 lgad lowsly (al8l oliae oa Lo b e Jolae (50329
o J o Sles abl 4 azgi b pgate o)l e ln Gl

65

015 025 035 045 055 065 075
(A/cm2 ) okr Iz
g 35 e 0 58Sl 5l eoliiul a0 lgh 0 S Jlake 7 S
ol o0 &y aed Bds el 50 ol Sl g, oS g e oalie
ot 35 b Bl ol S 531, i Al o w3l Rl gini
5 88l jemme (o, oAbt Cpl e aes e LS (g egSeiul lade
5 ke o Sl 93 ((s09ae j9a (595 2 ol b HBlie jlade izes
ol A5 3550 o (g Gl 5L 050 958 olal (g5l dge

13 o plats 14 055 1393 il o3lallgsd s rte Sle udiyo


https://dorl.net/dor/20.1001.1.10275940.1393.14.13.34.7
https://mme.modares.ac.ir/article-15-11804-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1393.14.13.34.7 ]

e 9 )931S (puxo

aAgus 4335 sl )3 gisal I o Slakul Az HS g i Saasgas 033k Lyl 331 53 Oljse asllne
g0 43335 )l 3 HgiSal 75 )3 (S ks Lint (Giagun Jay @i 035L inldl K353 9 Uljee

Jyiey Eject
lbonds sly=l |
s

& ran Cons

Gy aladocs M
adsl ol P
a5l 5l > S
J3belssls 1
LY alsioee gl 2
28RS $Z9 3
S g pad -7

ol Fle coles bl 4 (L) olnl 5 slagss Al plejle 5l ooy ss

&lp-8

[1] R.F. Mann, J.C. Amphlett, M.A.l. Hooper, H.M. Jensen, B.A. Peppley, P.R.
Roberge, Development and application of a generalized steady-state
electrochemical model for a PEM fuel cell, J. Power Sources ,Vol. 86, pp.
173-180, 2000.

[2] MW. Fowler, RF. Mann, J.C. Amphlett, B.A. Peppley, P.R. Roberge,
Incorporation of voltage degradation into a generalized steady state
electrochemical model for a PEM fuel cell, J. Power Sources ,Vol. 106, pp.
274-283,2002.

[3] J.C. Amphlett, R.M. Baumert, R.F. Mann, B.A. Peppley, P.R. Roberge, A.
Rodrigues, Parametric modeling of the performance of a 5-kw proton
exchange membrane fuel cell stack, J. Power Sources ,Vol. 49, pp. 349-356,
1994.

[4] AY. Karnik, J. Sun, J.H. Buckland, Proceedings of the American Control
Conference, Minneapolis, Minnesota, June, 2006.

[5] J. He, S.Y. Choe, C.0. Hong, Analysis and control of a hybrid fuel delivery
system for a polymer electrolyte membrane fuel cell, J. Power Sources, Vol.
185, pp. 973-984, 2008.

[6] Y. Zhu, Y. Li, New theoretical model for convergent nozzle ejector in the
proton exchange membrane fuel cell system, J. Power Sources, Vol. 191,
pp. 510-519, 2009.

[7]1 R. Cownden, M. Nahon, M.A. Rosen, Modelling and analysis of a solid
polymer fuel cell system for transportation applications, J. Hydrogen
Energy Vol. 26, pp. 615-623, 2001.

[8] RJ. Huang, .M. Chang, C.P. Wang, V.A. Petrenko, A 1-D analysis of ejector
performance, J. Power Sources, Vol. 22, pp. 354-364, 1999.

[9] Y. Bartosiewicz, Z. Aidoun, P. Desevaux, Y. Mercadier, Numerical and
experimental investigations on supersonic ejectors, J. Heat and Fluid Flow,
Vol. 26, pp. 56-70, 2005.

[10]J.C. Amphlett, R.M. Baumert, T.J. Harris, R.F. Mann, B.A. Peppley, PR.
Roberge, Performance modeling of the Ballard Mark 1V solid polymer
electrolyte fuel cell: 1 mechanistic model development, J. Electrochem.
Soc, Vol. 142, pp. 1-8,1995.

[11] F.N. Buchi, G.G. Scherer, In-situ resistance measurement of Nafion 117
membranes in polymer electrolyte fuel cell, J. Electroanal. Chem., Vol.
404, pp. 37-43, 1996.

[12] T.E. Springer, T.A. Zawodzinski, S. Gottesfeld, Polymer electrolyte fuel
cell model, J. Electrochem. Soc. Vol. 138, pp. 2334, 1991.

[13] R. Chahine, F. Laurencelle, J. Hamelin, K. Agbossou, M. Fournier, TK.
Bose, A. Laperriere, Characterization of a Ballard MK5-E proton
exchange membrane fuel cell stack, j. Fuel Cells, Vol. 1, pp. 66-71, 2001.

[14] Me. Miansari, K. Sedighi, M. Amidpour, E. Alizadeh, Mo. Miansari,
Experimental and thermodynamic approach on proton exchange
membrane fuel cell performance, J. Power Sources, Vol. 190, pp. 356-361,
2009.

13 o plats 14 055 1393 il o3lall3sd e Sl wdio

(js! R byl )b) 5L sy9e LSl sl 1) Sl b b
RREY

S 5 4o -5

SBrae CEsw (NI Gl (B ee a5 ,5S2] l eslin
6oL sy s ¢ jgm yaS 5l oolaiul (gl 4y (S gas A > 4 oalid
SopeS b allie ol 50 ol o)Ll sl 5l solaws 4 desiie 4o a5
3l oolital 15 (6 youly Lid g Sy o Shoe dlns yo (LS sl Jos
AR i Syse U 00y LAl oojl p Cisw 408 lae o eiSl
S 00g5 Lalls 003l Wlgs so 558l 5l oolanul a5 ol ools lis g 288
oads ploul asdlas jlaes Caws 4 1) Glgs 0,33 (g)lake g ool ulidl )
Wb ol 5 bl s g

ot AVl slaclyr SISz 55 033l 5 ol sl & s easles 1
AJL..«.A 61.&50).3)[5 9 J.EJ 9 J.o.} 6L:o.>).3)lS ) |) )9457| )| oolawl 1 el
T Ol Fad o 4 el 353 0lgT ey Sle 10 S 4 jsemme iy 0358 oS
RN

Slad cal b slo o j0 e8! 5l ooliiwl ams j0 003b iolidl oylie 2
i 5 Sl 3 S 1)l ity T g sl IS s 5 Y

e S ygd -6
(M?) Uy elaws Clcs A
(kgtK1) o35 slo ) c
(m) ks D

(KIMOIY) Ed g &YV oS i3 HHV
Geol) Jee sy ol [

(gre s o p o) Olyzr S8 J
B oy slole S Cuns

(mm) :lic cwls

clo sue

3 2 - x

(kg/s) (o> 20
(kgmol-1) JoSdo 439 Mo
Slas

oS Caeglie R
S 039 Cunglie r

e

(K) Lo T

(V) 31, v
W) olgs W

o S Y

Uy e

(kgm-3) JB5= P

ol SasSnl cuyd v
by Yl

g S Comp

66


https://dorl.net/dor/20.1001.1.10275940.1393.14.13.34.7
https://mme.modares.ac.ir/article-15-11804-en.html
http://www.tcpdf.org

