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NIRUT NIM-ON : PERFORMANCE ANALYZING OF FUEL CELL
SYSTEMS FOR ISOLATED POWER SYSTEM APPLICATION. THESIS

ADVISOR : ASST. PROF. ANANT OONSIVILAI Ph.D., 170 PP.

FUEL CELL/PEMFC/ SOFC/POWER SYSTEM

This thesis represents the analysis of fuel cell system performance that applied
with isolated power system. Solid Oxide Fuel Cell (SOFC) and Proton Exchange
Membrane Fuel Cell (PEMFC) fuel cell systems are the fuel cell system that used for
this study. The SOFC fuel cell system was analyzed with simulation through
mathematical modeling and also trained with Generalized Regression Network
(GRNN). The results from simulation showed similar to the results from the experiment
with the error at 1.45%. In addition, the break-even point was calculated, the results
showed that it is not cost-effective due to the fuel cost was higher than the current
electricity price sold. If the fuel cost is 4 baht and the selling price is 8 baht, it was
found that the PEMFC fuel cell system at less than 500 W was not economically
practical. On other hand, when consider the PEMEC fuel cell system at over 500 W, it
would show a faster break-even period. The mathematical model of PEMFC fuel cells
system for analyzing its performance with isolated load application power systems
confirmed the proposed model, when compared with the actual test results in the
isolated separation system that showed current, voltages, and power following the rated
of the test equipment. Furthermore, the PEMFC test system performed at 20 W gave
the maximum load at 8.3 W and PEMFC system rated at 500 W gave maximum load

at 310 W. From the comparison between the simulation results and the experiment



results, It was found that the results were correlated for the PEMFC rated 20 W showing
the error at 2.02%. Meanwhile, the PEMFC rated at 500 W showing the error at 5.40%.
In addition, the comparison of the PEMFC's at 500 W hydrogen flow rate showed the
error at 16.18%. This study showed that the fuel cell mathematical model for PEMFC

at various coordinates could be applied in isolated systems at the different state.
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Electric energy output
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Heat output
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1 1 1 1
— moles of A = B moles of B= — moles of C :E moles of D
C

ann 9 gl.l o d!y a
mﬂﬂgﬂimmumuaiummmaammmm
H, »>2H" +2e

22'1édN

1 i
mole of H, = Emole of e

_ 6.241506x10" /6.022136x10%
2

=5.182136x10 °*mole/second

A [ 9 3 3
We 1 Twa Ny M 22.428782x10° cm
laTasou Tanumuiuliy mIny 0.0899 keg/m’
9 9
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4 A 1w
1 wouuds vziaumny

3
_mole 55 428782x10° M

=5.182136x10°
second mole

=0.116229 cm?/sec
=6.9737 sccm
=3.76x10"  kg/min
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Hydrogen consumption rate = 0.116229xAmps*60 second (ﬂli’JEJ sccm) (3.18)
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Hydrogen consumption rate = 0.116229xncell xAmpsx60 second (WH28 sccm) (3.19)
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cell

sccm = Converting flow in standard cubic centimeters per minute (1173 nlasonsd
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ATNN 4.1 AMWIITIUADIAN ) GI,‘Ll 7¢UU SOFC system model

wsiines GREATETE miile
P e WAANAY (Rated power) 100 kW
P faa 181994 (Real power reference) 100 kW
T Qmwgﬁﬁ’wjm’f (Absolute temperature) 1273 K
F ﬁ”mﬁm@whimsf (Faraday’s constant) 96487 C/mol
R ﬁmdﬁ%%ﬁmﬁ (Universal gas constant) 8314 J/(kmol. k)
E, ANUANANG QAR (Ideal standard potential) 118V
\ iﬁmuwaﬁagﬂiﬂuﬂm%u (Number of cells in series in -
0

the stack)
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f1319N 4.1 ﬂ1W151ﬂJlﬁﬂiﬁ1\‘]G]Glu 32U SOFC system model (§19)
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a 4 o 1 Aq Y
RERIELH MsunaUo Al
D4 0.996x10°
K, A1AIN(Constant), K, = N, /4F
kmol/(s A)
3
TIIUGIGAVDINS 1MFOINAY (Maximum fuel
U 0.9
utilization)
] P
U, TUIUMFAVDINIS 1HFOINEIA(Minimum fuel utilization) 0.8
v F
U oo MmN auUeInIs 1M ¥INas(Optimal fuel utilization) 0.8
ansiuna Tuanaves lalasiau (Value molar constant 8.43x10"
I<H
2 for hydrogen) kmol/(s atm)
A1AINLIA 111aNAVDIBBNFIIU( Value molar constant for 2.81x10"
KO
’ water) kmol/(s atm)
. A 7 }
K A1AINLIA 111aNaU U (Value molar constant for 2.52x10°
H,0
oxygen kmol/(s atm)
MINDUEAUDINIIAINIG biaved 1a a1 (Response
Ty, 26.1's
time for hydrogen flow)
Y
mm@uaummmmms‘lmmmm (Response time for
Tu.o 78.3 s
2
water flow)
A3ABUAUDINILIAING 11AVDIDONTU (Response
7o, 2915
time for oxygen flow)
; AAWAIUNIUG YT (Ohmic loss) 0.126 Q
T, mMIaouauoInI Il (Electrical response) 0.8s
L a
MIADUAUDINIAVOINMTUTZUIAHAVDUFDINGS
T, 5s
(Fuel processor response time)
85181 v04 1859UNUDBAFIU (Ratio of hydrogen to
M o 1.145
- oxygen
PF a1152neun1as (Power factor) 1.0
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A 1 v Ao k) o '
13190 4.2 ﬂ%lj\‘]ﬂu‘ﬂ?ﬂulﬂ%'lﬂ!.m‘umﬁ@ﬂﬂ@ﬂ W)

amnszuaA) | 50 | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600 | 650 | 700 | 750 | 800
qH,=4.00E-04 | 356.2 | 324.9 | 293.3 | 190.5

qH,= 8.00E-04 | 382.1 | 357.2 | 337.6 | 319.6 | 301.5 | 281.7 | 256.4 | 172.6

qH,= 1.20E-03 | 306.2 | 372.7 | 355.1 | 339.1 | 325.3 | 311.2 | 297.2 | 282.6 | 267 | 249.2 | 225.8 | 151.7

qH,= 1.60E-03 | 405.9 | 383.1 | 366.3 | 351.9 | 338.6 | 326 | 313.8 | 301.7 | 298.6 | 277.3 | 264.6 | 251.12 | 236.5 | 219.6 | 197.2
13197 4.3 amad Iihndaldannuuudiiaosdos (kw)

mnszuaA) | 50 | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600 | 650 | 700 | 750 | 800
qH,= 4.00E-04 | 17.18 | 32.49 | 43.99 | 38.11

qH,= 8.00E-04 | 19.11 | 35.72 | 50.64 | 63.91 | 75.36 | 84.5 | 89.75 | 69.06

qH,= 1.20E-03 | 19.81 | 37.27 | 53.27 | 67.94 | 81.32 | 93.37 | 104.0 | 113 | 1202 | 124.6 | 124.2 | 91.03

qH,= 1.60E-03 | 20.29 | 38.31 | 54.95 | 70.37 | 84.65 | 97.8 | 109.8 | 120.7 | 130.3 | 138.6 | 1455 | 150.7 | 153.8 | 153.7 | 147.9 | 103.6
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4.3.1 Generalized Regression Networks (GRNN)

& ' o o o I
IﬂfJVI"Jll’lJLﬂ%@m18ﬂ53ﬁ1ﬂ1!ﬂﬂﬂ1ﬁﬂﬂﬂ@8 (GRNN) Nﬂﬂgi%ﬁ']ﬁﬁﬂﬁﬂﬂ%u

9 Y 9
MsYseua uuﬁ%uﬁumuiﬁﬁuawuwmyLﬁ’uma TAgHUAINITHINUEIMSY GRNN

LX)

9
' o

¥ v
lLﬁ@Q@Q51uﬁ1Q ﬂ%flﬁﬂ‘Hm$ﬂg1ﬂﬂﬂi$ﬂﬂlﬂ%@‘ﬂ18ﬁu§1uiﬁﬁ UANFUNTBILANAINU

iniioy (Oonsivilai, A. and M.E. EI-Hawary,1999)


http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%94%E0%B8%A5%E0%B8%97%E0%B8%B2%E0%B8%87%E0%B8%84%E0%B8%93%E0%B8%B4%E0%B8%95%E0%B8%A8%E0%B8%B2%E0%B8%AA%E0%B8%95%E0%B8%A3%E0%B9%8C
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%94%E0%B8%A5%E0%B8%97%E0%B8%B2%E0%B8%87%E0%B8%84%E0%B8%AD%E0%B8%A1%E0%B8%9E%E0%B8%B4%E0%B8%A7%E0%B9%80%E0%B8%95%E0%B8%AD%E0%B8%A3%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%AD%E0%B8%99%E0%B9%80%E0%B8%99%E0%B8%84%E0%B8%8A%E0%B8%B1%E0%B8%99%E0%B8%99%E0%B8%B4%E0%B8%AA%E0%B8%95%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%84%E0%B8%A3%E0%B8%87%E0%B8%82%E0%B9%88%E0%B8%B2%E0%B8%A2%E0%B9%84%E0%B8%9F%E0%B8%9F%E0%B9%89%E0%B8%B2%E0%B8%8A%E0%B8%B5%E0%B8%A7%E0%B8%A0%E0%B8%B2%E0%B8%9E&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%84%E0%B8%A3%E0%B8%87%E0%B8%82%E0%B9%88%E0%B8%B2%E0%B8%A2%E0%B9%84%E0%B8%9F%E0%B8%9F%E0%B9%89%E0%B8%B2%E0%B8%8A%E0%B8%B5%E0%B8%A7%E0%B8%A0%E0%B8%B2%E0%B8%9E&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%A1%E0%B8%AD%E0%B8%87
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B8%A5%E0%B9%8C%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B8%AA%E0%B8%B2%E0%B8%97
http://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B8%AA%E0%B8%B2%E0%B8%99%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B8%AA%E0%B8%B2%E0%B8%97
http://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B8%AA%E0%B8%B2%E0%B8%99%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B8%AA%E0%B8%B2%E0%B8%97

Input Radial Basis Layer Special Linear Layer

00| LW,

a: ,_ ll:
— lo~1 morod [ 4

0 0
AN

a = pelin (n:)

al =radbas (|| TW, - p|| b 1)

Lo 1 o th -
alisi element of a” where IW, ,1s avector made of 7 roe of IW, |

31U 4.18 uHUAININOUYDI GRNN

= = L.
mﬂgﬂﬂ 4.16 1A R = no. of elements in input vector
0O = no. of neurons in layer 1
0O = no. of neurons in layer 2

0O = no. of input/ target pairs

Wimnmsnageun1a1dsunsy MATLAB Simulink Y84 SOFC 910911514

4 ; L, . 4 - y
742 uay 43 Tagldlasavielszain GRNN lumsnaasiinoiinisiiwan lduimsg

Ha 9z lanaadgil 4.19 1ag 4.20 (Youssef, M.E., Moataz, HK. and Khairia, E.AL-NAdi. ,2010)

57



58

16’0 1 1 1 1 1 1 1
T S prencanens emnnneess jonmnnenes joeeeees -, O
= mu.:. -
7 . i : : : ]
g B0 beenees ; : O Bt D s i dormemnen
= : i : ; i | —— gH2=4.00E4
60t | B qH2=B.00E |
L : i | —&— gH2=1.20E-3
; : : : | —#e— gHZ=1.60E-3
L B
opl—¥__1 1 i 1 1 i |
0 100 200 300 400 500 GO0 o0 B00
Currnt (A)

{ o o J 1 o w
310 4.19 Arwduiusszreanszuauazmas i Taenis 19 GRNN
{ (% 4 1 1 o w

Mg 4.19 Aemsanudunusszniemnszuauazias i Tagns 1 GRNN

o ! { ' T J 1
TagaziinIdns i laninnisly GRNN fianlndifesrsomenmnuai ldninmsnaaeu

. . I 1 A A X 1 o o I A ,3

52UV SOFC 910 Simulink Matlab (Jueég1au1n Tashanszuamnuyuaimas lddhnmuiu

v
Y

400 T H H H H
; ; —— qH2=4.00E-4
. : : : —p— qH2=8.00E4
e e R, T jrmmr 77| —8— gH2=1.20E3 -
: —<4—— qH2=1.60E-3
"] ST, (R EONGIT G WORNGRE Swiiusfususssvadussisisviduiiisiees]
s s s
Q ' .
g E :
| S— ., N—  S— o R R . —
200 |+----+--- bunneeen veeeneee A e e e
160 i i i i i
0 100 200 300 400 500 600 700 800
Current (A)

{ [ v J 1 1 1" o w
5107 4.20 ANUFUWUTIZHINMNTUAUAZAINE TAINT 1% GRNN

U



59

2n31it 4.20 Aemsanuduiusszninmnszuauasuseiuaonis1d GRNN Tas
wifin1831n5 197 1801001514 GRNN a1 lndideans eifeuniiduaiil@ninmsnaaey
33UV SOFC 90 Simulink Matlab 1ueg1a1n Tagfidnszuaiiniuusfuianadion
M Idlumssadussduuazmida i ldumansmlnFeuifisuauiegnmlndiReady

A T A 1 [} Y ~
Wi’ﬂhlll?ii@@NﬂuiJ'lﬂu’ﬂleWfNjﬂ

360 : : . : ; : . .
340 TN e[ A GHD=4 00E4 at GRNN |
3 : : E i | —#e— qH2=4.00E-4 at Simulation
300 ....... : ........
2 280 e R At
& ! : H ' : : : '
S 260f------- : : : : : N Rttt SRR EERRR
= b E N
L R e R S \ It R S
P7) ASSRSEEE RS SO SRR SOPROTE SO SUPRITNE . Voo NG OSO —
] AUUUUUR FUURRN JUOUUOI NI VRN ASURION ARTRINE U000 N AN SUORAN
180 | | | i | | | | |
40 60 80 100 120 140 160 180 200 220 240
Current (A)

‘ﬂﬁ 421 1W5euIMeUASIAUTZHINMS Simulation AU GRNN ‘VI qH,= 4.00E-4

400

T N H 1 T T T

| —B— qH2=8.00E4 at GRNN
350 +{ —— gH2=6.00E4 at Simulation [~
£ 0 R
2 250 SRR SRR N S S —
)M S SO HS N W N A

150 i i I I I i i

50 100 150 200 250 300 350 400 450
Current (A)

ﬂ‘ﬁ 4.22 1W5eUINeUAMSIAUTZHINNMNS Simulation NI GRNN ‘VI qH,= 8.00E-4



400

: : —H8— gH2=1.20E-3 at GRNN
T )| E—— ........ ........... .| —%— gH2=1.20E-3 at Simulation |.......-

g 300 ceeeboccccccaan doceccmccnan Lecccccccaad

L

o

= ! : : : : :

S 250 : ; : ; e e
;| SRS SRR, S T e, . T AR
150 | 1 1 1 |

0 100 200 300 400 500 600 700

Current (A)

‘ﬂﬁ 4.23 1W5eUIMUAMSIAUTZHINNS Simulation MU GRNN ‘VI qH,= 1.20E-3

490 3 : : : ! ! :
3 —%— qH2=1.60E-3 at GRNN
400} F— e R -
: ' —8— gqH2=1.60E-3 at Simulation

L1 S - O T i
s :
- 30111 SETTRPEE EERPREERY SUCRPPRRES SRSRRN LY. ¥ fomemne P RSDRREE R
E : : : : :

Y T T T 1 1 1 U\ \ e B

AN SR S U SN SN Wt

150 i i i i q i i

0 100 - 200 300 400 500 600 700 800
Current (V)

‘]J‘ﬁ 4.24 1W5oINIUAMSIAUTZHINNMNS Simulation MU GRNN ‘VI qH,= 1.60E-3



61

240
4.00E-4

220

=1

140 160 180 200

Current (A)

120

HINNIT Simulation NU GRNN 0 gH,

80 100

NIVAINIANT

=

(M) 19mod

'
H
i
|
'
\
'
'
'
1
'
'
'
H
'
f
'
]
'
H
H
'
]
'
H
H
'
H
:

=
[ea]

90

519 4.25 11501

(M) Jomog

G

8.00E-4

450

v
=

400

350

300

250
Current (A)

200

150

NYUAINIAITEHINNIT Simulation N GRNN W gH,

100

519 4.26 11/58017

U



Power (W)

140 , ,
P e SRR S e e
10 SRS SO S ,-

] drosessonens o 4--=- —%— qH2=1.20E-3 at GRNN

60 f-----nnno- R A beenneaeed feennnnen e — oeeeanenees

40 """""" ), SR (S S ot At st '§ """""" ERnmeemnn e

oo | D A RN PR

................

.......................................

—— gqH2=1.20E-3 at Simulation

..............................................

0 100 200 300 400 500 600 700
Current (A)

319 4.27 nlFeuMonaA1MdI521 39S Simulation N1 GRNN i qH,= 1.20E-3

Power (W)

20

160 T T T T T ! T

120 [---- = oo Sn o T e T R
P I S/ T A AN A LS

1] S S SR T S
] S— -SAQEINANNAR. ...

P 7SS S S NS S W

B CER A W T8 BE_ _

qH2=1.60E-3 at GRNN
—H&— qH2=1.60E-3 at Simulation [---------1

i i i i i
0 100 200 300 400 500 600 700 800
Current (A)

317 4.28 nfSeuMenANA15EHI19MS Simulation N1 GRNN i qH,= 1.60E-3

62



63

Yy 3 Y1 1 AN Yo ~ . '
ninndanaziulan i ldihumanshfFeuiisugainnuuana19ves
g’/ I~ 1 1 [ [ [ $
asmiuazru ldnnataanuuanaranu luun taznimnlden GRNN Tuur Tiuves
A Y 2 o Ay ¥ . i o
as N lndiResnuns1Wn 1d91An15 Simulation Y99 FUEL CELLS 1111 SOFC anHMZU04
A Y [ v A A 9 X o Y Y1 o 1 Y
nsli ldenvzansiuiyasuduasaussoilingulédin GRNN awnsavhuea ldedns
' o Y A A o = 1 J A v oAy Y
wiudlndiReaveszuy waziiornivufSeuwnsuamainnuaaianaou Insainla
1 [ 1 $ < 1 {
210713 1% 15un515 GRNN aiia 1naiReenua1NaInng simulation 11)ueg19u1n ngn'ld
A o Y = ¥ A Y A ~ o . .
910 GRNN dzianyazveuauns vl ldunlnaneadan/SeuMeununis simulation
A =1 1 A A PR A [ F2 Y
tazienfIsumesumainnuaaanaoy 1.45% wahn lanlunime lavazesusu'ld nazdeq
wannduas
) ~ < & o
nnmsanyitazld GRNN 1eauasnanuaaslmsiuainnsud iy i ldnsnla
1 1 o 9 A A a 4 Y
71 GRNN aunsareaamiaz i lumshauld TasAedionsiudunniaziovinnud?
3’, <3 a o 9 o Y o oA Y
171 GRNN nagausndszivuuazyinauveszunla Tagldausariuieaindaoanis

A Y A 19 o A A 9y ' 1
TliﬁJLsz'lﬂﬁ/lWWfJ]l‘]Jhl@iﬂﬂiz“lﬂJ Iﬂﬁmulll@@ﬂﬂWﬂﬁVIﬂﬁE]QWiE]ﬁ‘]JG]HWWﬂﬂWiJ"UENS%‘U‘U

¥ a9
PNLIARN U

4.4 !!‘]J‘]J‘ii'lﬁ?)\‘iig‘]J‘]J!"lfﬁé'!%ﬂlwaQ!!ﬂU PEMFC
NAMIANBUVVTIA0ULALINITINNDS A1) YDITLUY SOFC sy o ldgms
#5195 VUV I1a09 PEMFC T@a”l%'uwumwﬁ’qgﬂﬁ 4.29 paz 430 lunsaduyudiaes
¥995211 PEMFC (o1l 19 lun1sn3eua1521319n1551a09#a019 MATLAB #aznis
NARBININIAT Daad FomAIT3ede 1) (Colleen Spiegel,2008)
Tagmsanktay a9 u$1a09v09 PEMEC 9290158319 3 5200 Aof 5211 20 W
500 W t1az 1000 W Tagiiauaoudaii
INNISANYI52 VY PEMFC ¥839993 Ny ain 31U (Thevenin's equivalent circuit)

#4319 4.29 Ay 4.30

u



e~ Ry,
A
\[H,0
Q
>
H,
| Hz01

@ () (©) @ () @ (© b (

31/ 4.20 Tassad19ues PEMFC
(a) U UADI
(b) ¥09M3 lraveInes
(o) ¥udiEn Tnsa
) Gl?uﬁ’;yiqﬂﬁﬁ?ﬂmaz

(e) YUNDALWDS (Andrea, 2006)

C
|l
I I / fe
'A'A e 'A'A' A Romne
Rae  Reon +

ENemsr (_) g VFC

A ] 1 = & J
qﬁ;‘]J“Vl 4.30 ﬁﬂﬂiﬁﬂyﬁgﬂllﬂﬂﬂfﬂﬂﬂfﬂl@ﬁ PEMFC NI agaa

64



65

@ a 1 dyad a A o 9
IﬂEJﬂ'lﬁWﬁllHWE‘IJLL‘]J‘U"lﬂuHJﬂﬁluﬁ’luu’]‘ﬁﬂWﬁVl'Nﬂﬂ!ﬁﬁ'lﬁﬂﬁVlunﬁuﬂ NITHIN

a ) o d 4 a 4 o o a 4
gﬂgmmmﬂﬂmmmmuszumcﬁam%mm PEMFC Lﬁﬂﬂﬂﬂ??ﬂ%ﬂ%@ﬂﬂ%%?ﬂﬁ’JLﬂinTT

a 1111&@ Maaae Tl (Correa, J.M., Farret, F.A., Popov, V.A. and Simoes, M.G. ,2005)

D
2)
3)

4)

5)

6)

7

o A R an
NITNIENINHUINA
%) a
mﬂuqmmmmzmzma

[ ~ o’dy a 1 4

mmﬂum‘niumam%@mawmmﬂwammﬂw
X a g X a Ad X a? 1%
oy H, mm%uuazmguuaaﬁszmﬂummﬂmmwu ﬁiJ‘JJWU’J‘]J’Jﬂﬂ?ﬂiJﬂuhl’f)
Y Ao a A | @ A @ A A a A @ S
u'lﬂiJ‘]Ji%ﬁVlﬁﬂWWl‘lJu 50% 61]@Qﬂ'J'lllﬂ‘Llllflﬁ)ilG’]'JGl‘LlGUil\lgﬁ‘i/liJﬂi$ﬁ‘Vl‘ﬁﬂ'lWLLi\1ﬂuu1

<3|
ua ey 100%

a

o’dy a o 9 0 a 1Y Jd (aaa []
waawemasianuaeldagargl 100 C° nazwannumilgnisedlugdvoaunad
A 4 A Aa a 1 A a v g
ﬂm’ﬁllUG]"U’E'N!,‘i/lﬁliIiJllﬂ‘L!HJﬂ‘ﬂllﬂ?iﬂi‘éﬁliJ‘L!ﬂHﬂﬁﬂﬂlﬂﬁﬁgmﬂghiuﬁluﬂlﬂﬁﬂﬂﬂ%u
a a 2 Y <3
ﬂ?il‘ﬂaﬂullfﬂa@@mﬁgu1uﬂﬂﬂgﬂﬁ%ﬂﬂllﬁ%ﬂ’)"mfgﬂ’JHJﬁ’E)‘L!Tﬂﬂi?ﬂ!ﬂw1$ﬂlﬂﬂﬁllﬁﬂ
=1 1 d'
ZNDIIFNN
a J o @ 1 4 a ' [ A g @ <3
WSRO T T NS VLAALIFAAAINITONIITUITINNUN DY UA N UYDINDIUTAR

o"dy a
LFARLYDLINAN

1 a d a Yo 1 dy
Tagmws1lmesa1g 9 mmm@ﬁm&”lﬂmm”lﬂu



Load
Gas Gas
Flow Anode Catalyst Cathode Flow
Channel  Electrode l_ Layers —lv Electrode  Channel
[ A
H,O - O,
H+
H, N,
T sz
Membrane
0 .
A‘
E
Vokm,c
VCO?IC
Vﬂ(,‘f
I/Yohm,memafu"a.me
l/ohm,a
Vnut

A s f a [
51U 431 ununmveumaawemawazusau Tidhaaaa

A o v 1 1 @ VoA
mﬂg‘ﬂ‘ﬂ 431 uﬁﬂqmm’cmwuﬁszmnmmmu'lwﬁmazﬂszua NUNNANTSUT

A X Y
INUVUANLIIAUIT AN

66



67

1 %) g’/
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chanel RTI I
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. RTI |
X — Xchanel ex den'c
N, = Xn, p(—4FPcDN2,oz ) (4.15)
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A a I a ~
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aunsf (4.29) ldmsunswaugduuunaly SIMULINK fiorunadulunield

auns (4.26) Tagaz ldaumslnife

RT . .
Ecen = Eocen "‘Eln[sz ’(poz)o's] —E4 can (4.30)

v
S [

< a a (% J f a 1
N ATUIUIN (4.30) !‘]J‘Ll%ﬁ\‘l'N%ﬁL‘IJﬂLlﬁﬁﬂul’l%lﬂﬁli’)%“]fﬁﬁl%ﬂlwaﬂ meﬂﬂiﬁl

cell

a (% 4 4 Aa J = . Y @
ﬁmazﬂﬂ@uﬂﬂuaaﬂmaag%mwaaﬂ’aamw E.. ﬂ1§ﬂi$§j)uﬂﬁtjilullﬁ'ﬂ ohmic ATUNIULLITIAY

[

9y 9 ' A a @ (j’ a
uazmmwmuiumwu NYNIN mgimu”l%lﬁmﬂaﬂumaawmwm

Vcell = Ecell _Vact,cell _Vohm,cell —Vconc,oell (4.31)
v a A o s & a s A Yo &
Gl%ﬁllll@]ﬁ']u‘ﬂ 7) uimuaaﬂﬂlmmam%mwaammﬂmﬂmmﬂu
Vout = I\lcellvcell =E _Vact _Vohm —Voonc (4.32)

@ o 4 o a Jd
“lumJmsxmﬂmamwmjmmfaa@mmmmmmm“lﬁ’mmﬁumseuaLusufﬁn

(Nernst Equation) LagNHUDY T (Ohm’s law)
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181.6- [1+003(F°) 0.062- (ﬁ) (FC)”]
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[y —0.634—3- (FC )] exp[4.18- (1 —>03 303)]
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AMaNIRA 318aZ108A
Uszinnuousadi¥oman (Type of fuel cell) PEM
%"mauwaﬁ (Number of cells) 13
515011/11/’1117;15 (Rated power) 20 W
Yseansnmlunisd§iaaru (Performance) 78V i 2.6 A.
f’]lﬂ‘ll\l‘lf’\h‘llﬂﬁqﬂﬂiﬂi’ulﬁmmﬁ (Purging valve voltage) 6V
alheswaanszu1ee1ne (Blower voltage) 5V

A YN3e1 (Reactants) laTasruuazeine
7Y ”uqmwgﬁmﬂuaﬂ (External temperature) 5-30°C
5zﬁ"uqmwgﬁmﬂalumaﬁg%mwaqqaqﬂ 55°C

(Max Stack temperature)

o a Q‘{ (2
STAUAMNLTGNEV0IN % 1a 1asiau (Composition) 99.995%
Y
BT DGR REEAT)
@ [ 4]
FEAUANUAUVDINIE La TATIaU (H2 Pressure) 0.45-0.55 Bar
9
5zunm‘uaumm5§u (Humidification) o 11
FLUVITLUIOANNTBU (Cooling) FTUUNAANTZUIEDINA
4
W11In 1A8320 (Weight with fan & casing) 275 ¢
#3AUAY (Controller) 90 g
YU (Dimensions) 7.5cmx4.7cmx 7.0 cm
Y] [
895113 Inaveama la1asiau (Flow rate at rated output) 0.28 I/min
2 Y o . Y 1 A [
DAUTVAUMN TN (Start up time) UouNNHIONIND 30
a aa a9
TNNgUNUTDY
a a 4 ¥ a {o o 1
UszanTamveswaai¥einad (Efficiency of stack) 40% niaa Ivlganiga

@ J 4 a
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Q Q

(Y]

[ £
NNANBIMITOYANUNAUNUAINNA]

M15199 6.1 AUNUAINYDI PEMFC 500 W

AT 18M3 5101 (U1N)

1 19304 PEMFC 500 W 157,500

2 aaalaTasnu (lsauma) 5,000

3 A1 Regulator valve (1183U5uANNAY) 3,000

4 YSuuseau vl 910 DC-AC 3,600

5 gilnsainonaazdonanien 1,000

6 HUAASSY DC 12V (dnszdu) 2,000

7 RIS 3,000
33U 175,100
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1INA15 197 6.1 DFUIWIT100LIDIAUDITINAUNUAINYDI PEMFC 500 W
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Aunuulsiu
[ 1 [
ammalaTasau 31a1 680 UM A4
MUINDATINTHAAT PEMFC 500 W Han 1a
o v o 3 3 a ¥ v A a
My 1693 7m’ (1 m'= 1,000 307) N51221U 1 53 1 7,000 305
[ oY ¥
Tag PEMFC 500 W 1905113 1909 1a Tasiau 7 L/min #9492 1918 1,000 119 = 16.66
¥ T34
910 W =Pxt (MUIUNEINUNLIE9A)
W =500 W x 1000 min = 500,000 J
g’/ 9 (% ]
mzaziuaz Tdndanuniie Wi = 500,000/60 W/h
=8.333 kW/h
&9 PEMFC 15ma 1 69 annsanaanasnu il 8.33 kWh 3o 8.33 viae 19ina
500 W
Favzlaunulumsnana Ivlih vridoas 680/8.33 = 81.632 1w
Tag 1 Suazwaanszua i 18 (8.33/16.66)x24 = 12 wiie/u
. { o [ 1 2}, . [~ [
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nnaunsi 6.1 918 TC =TR
AUNUTIN = 105U
175,100 + 2,000 + 4N = 8N
177,100 = 4N
N = 44,275 ¥i178

msnziiiey 1&5zeznamunu lAmy (175,100 + 2,000 + 4(44,725))/(8x12x30x12)

= 10247
uaziilefasaeenievesiunaznamiieteslaglinends 8 %
Funuasi = ﬁuuuiumaﬁaa%’wﬁ’qéu 175,100 + m 14918 Tunsthyesneiilag2,000 v
Aunuulsdu = aunulumsnaa 4 vmaeniae i (12x30x12x4 = 17,280 1)

Y 9 1 1 a 9 1
51814 = 519 1da1nnsve i s1av1e 8 Lmdenie (Wan 1a 12x30x12 ¥12e)

(34,560)(P/A,8%,n) = (175,100 + (2,000)( P/A,8%,n)) + 17,280(P/A,8%,n)
(34560-17,280-2,000) (P/A,8%,n) = 175,100
(15,280)(P/A,8%,n) = 175,100
(P/A.8%,n) = 11.46
1.08"-1=0.08 x 1.08" x 11.46
1.08"-1=0.92 x 1.08"
(1-0.92) 1.08" =1
(0.08) 1.08" = 1
1.08"=12.5
Nlog(1.08 ) = log(12.5)
N= 32811

] i1 Y
aglldzdunuioduiiumsnaa’lil 32.81 I ioAadunuiremasniieas 4 1m
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6.22  MIINTILHYARNNUVBITAATOIWAY PEMFC 20 W

Q Q

[

= ¥ Y Ax o &
NNANHINIVOYANUNAUNUAINNAIU

M5NN 6.2 AUNUAINVDY PEMFC 20 W

plagt] M3 51°1 (UN)

1 #3599 PEMFC 20 W 21,125
2 moalalasou (usaume) 5,000
3 A1 Regulator valve (11871/50A1106) 3,000
4 Usuusagu Tl 919 DC-AC 3,600
5 gilnsaiossauazdonnnieg 1,000
6 MAnna 2,000

59 35,725

11NM15199 6.2 DFUBIIWAZIDIAVDITINAUNUAINUDI PEMFC 20 W
Y ]
Aunul sy
1 9] ] [
awna lalaziou 31A1 680 LN ADH4
MUIUTATINMIHAAN PEMEC 20 W Haa 1
Y
M 1633 7 m’ (1 m’= 1,000 3a) M51ZRIY 1 69 1 7,000 Ans
Tas PEMFC 20 W 8035103 19 laTasau 0.28 L/min 9921414
25,000 U = 416.67 ¥ 114
910 W = Pxt (fIUIMNWEIIUHUI890)
W =20 W x 25,000 min = 500,000 J
?.’, 9 [ 1
msznziug landsnuniie i = 500000/60 = 8333.33 W/h
=8333kW/h %4 PEMFC 19m% 1 69 anansoawaanszua 118 8.33 kwin
130 8.33 WY
Favzlidunulunmswaaa I nineaz 680/8.33 = 81.632 UM
Tae 1 Yusznannszua 118 (8.33/416.67)x24 = 0.48 18/
v 9
SImaerUIsNNan 1daliA1mnIA U PEMEC 500 W uatlse@nsaimiiaanisnaniiy
Y [
2 ligaiiiy PEMFC 500 W insgidsmsnaanaalaud 20 w winiu TasAamaoiuas

wan 1dun (8.33/416.67)x24 = 0.48 ¥128/5U (N1 PEMFC 20 W 3UH M1 M5 UAUN1g
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AUNUITIN = 3185V
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= 51.83 9

Fadlu'la 'l a31de liansongadunuld mazilesnniluaTowannse
Tfhvuadn 39 lumuzaemsnaanszua i luadaGou Taganmsmuianuune

Y 1
aomdeaziiiu'laqdn Tu 1 3u 19509 PEMFC 20 W amnsonannse 1o 1dua 048 viae

=

Y I ]
mniu Fsdenmaimanaad latosnn nazilsznounudunuasnlumskaaiinigawin g
= = g’/ = 9 1 = 1 o Y v
04 35,725 1 annssimieaetluie lu ldua 1382.4 van 9 luduraaunanaziildons
9 dy 1 A U d‘ = o 1 ) L) S a
m3lsaenidisusazilaasianlliFosq 39 lnimsmuiveenun lumsmmnuiuilaaay
Wued TagnTe PEMFC 20 W agmanzaon1snn lilluiivia Inanuaig Tasez 14y
] 1 [ < 14 [ S A 9
naea I lduasainenszuansa Waauvuaan tazmnsauua Insanniens awisalsunu

ol 1a Sludu



112

6.23  MIINTIHYARNNUVBATAATOINAS PEMFC 1000 W

Q

[

= ¥ Y Ax o &
NNANHINIVOYANUNAUNUAINNAIU

A15°99 6.3 AuNUAINYEI PEMFC 1000 W

AT 51835 5101 (V)

1 Lﬂ%f’)\i PEMFC 1000 W 240,000

2 maalaTasu (lusiuma) 5,000

3 i Regulator valve (aﬁaﬂ%’uaamﬁu) 3,000

4 Usuusaaullih 919 DC-AC 3,600

5 ginsainesnaazTonon1an 1,000

6 HUARES DC 12V (Fnszdu) 2,000

7 Aand 3,000
33U 257,600

¥ T34

INM13197 6.3 95V10T10021D8AVDITIMNAUNUAINVDI PEMFC 1000 W
Y o
aunuulsiu

1Y ' v
ﬂ1ﬂ'l“]fhl§’liﬂiﬁ]u 3171 680 VN ABDDY

e

MUIUBATININAATN PEMEC 1000 W Waa e

s
% %

M 1833 7 m’ (1 m’= 1,000 aa5) MI1ZRLIY 1 639 1 7,000 305

Tag PEMFC 1000 W 58031013 19019 Ja 1a519U 14 L/min 399219 18 500 1% = 8.33

9110 W = Pxt (fMUINa1UMLIega)
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aunuualsau = dAunulumswan 4 umaeniie Il (1204.77x30x12x4 =
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51814 = 519 1da1nn3ve 1 5101018 8 Vndenite (WA la 1204.77x30x12 1¥12E)
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1,734,868.8 (P/A,8%,n)
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(134,868.8)(P/A,8%,n) = 995,000
(P/A,8%,n) = 7.37
1.08™1=10.08 x 1.08" x 7.37
1.08"-1=10.59 x 1.08"
(1-0.59) 1.08" =1
(0.41)1.08"=1
1.08" =2.43
Nlog(1.08 ) = log(2.43)

N= 11.54 i

[ 4 o A Aa 8 a g a [
aglldnzqunuiedutiumsnaa’ll 11.54 3 Wefindunuiremaieas 4 1m

° 3 !
nndeyatneduamnsnimnagliluaisiei 6.10
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clear all

cle

Ifc =25;%[0.2 5 10 15 20 25]
T =303;

P H2=1;

P 02=10.2095;

A =64,

dl =-0.948;

d3 = 7.6e-5;

d4 =-1.93e-4;

Cc=3;

C _H2 =0.0000001; %%%%%%%%
w=23;

R _C=0.0003;

lamda = 178e-6;

B=0.016;

Jmax = 469;

Enernt = 1.229 - 0.85e-3*(T - 298.15) + 4.31e-5*T*(log(P_H2)+0.5*log(P_02));

% Vact
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i PEMFC 500 W (619)

C_02 =P _02/(5.08¢6*exp(-498/T));
d2 = 0.00286 + 0.0002*log(A) + (4.3e-5)*log(C_H2);
Vact =-(d1 + d2*T + d3*T*log(C_02) + d4*T*log(Ifc));

p_M=181.6%(1 +0.03*(Ifc/A) + 0.062*(T/303)"2*(Ifc/A)*2.5)/(w - 0.634 -
3*(Ifc/A)*exp(4.18*(T-303)/T));
R M =p M*lamda/A;

V_Ohmic = Ifc*(R M+ R _C);

J=1fc/A;

V_FC = Enernt - Vact - V_Ohmic - V_con;

% Vout
Vs=n*V_FC

P =1Ifc*Vs
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GRNN Application in Power Systems Simulation for
Integrated SOFC Plant Dynamic Model

N. Nim-on, and A. Qonsivilai

Abstract—In this paper, the application of GRNN in
modeling of SOFC fuel cells were studied. The parameters
are of interested as voltage and power value and the current
changes are investigated. In addition, the comparison between
GRNN neural network application and conventional method
was made. The error value showed the superlative results.

Keywords—SOFC, GRNN, Fuel cells.

L INTRODUCTION

OPULATION increase and economic growth lead to

energy consumption. While the limited reserve energy is
reduced, the fuel cells price increase. In addition, fossil fuel
combustion leads to change in environment that affects lives
and environmental system. Thus, seeking for replace energy
for fossil fuel is necessary because it does not affect
environment including fuel cell energy could be the best way
for energy replacement due to its clean and friendly to
environmental.

A. Fuel Cells

A fuel cellis a device that converts the chemical energy
from a fuel into electricity through a chemical reaction with
oxygen or another oxidizing agent. Hydrogen is the most
common fuel, but hydrocarbons such as natural gas and
alcohols like methanol are  sometimes used. Fuel cells are
different from batteries in that they require a constant source
of fuel and oxygen to run, but they can produce electricity
continually for as long as these inputs are supplied.

Welsh Physicist William Grove developed the first crude
fuel cells in 1839. The first commercial use of fuel cells was
in NASA space programs to generate power for probes,
satellites and space capsules. Since then, fuel cells have been
used in many other applications. Fuel cells are used for
primary and backup power for commercial, industrial and
residential buildings and in remote or inaccessible areas. They
are used to power fuel cell vehicles, including automobiles,
buses, forklifts, airplanes, boats, motorcycles and submarines.

There are many types of fuel cells, but they all consist of
side), side) and

an anode (negative a cathode (positive
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an electrolyte that allows charges to move between the two
sides of the fuel cell. Electrons are drawn from the anode to
the cathode through an extemal circuit, producing direct
current electricity. As the main difference among fuel cell
types is the electrolyte, fuel cells are classified by the type
of electrolyte they use. Fuel cells come in a variety of sizes.
Individual fuel cells produce relatively small -electrical
potentials, about 0.7 volts, so cells are "stacked”, or placed in
series, to increase the voltage and meet an application's
requirements. In addition to electricity, fuel cells produce
water, heat and, depending on the fuel source, very small
amounts of nitrogen dioxide and other emissions. The energy
efficiency of a fuel cell is generally between 40—60%, or up to
85% efficient if waste heat is captured for use.

B. High Temperature Fuel Cells

Solid oxide Fuel Cell: SOFC

Solid oxide fuel cells use a solid material, most commonly a
ceramic material called yttria-stabilized zirconia (YSZ), as
the electrolyte. Because SOFCs are made entirely of solid
materials, they are not limited to the flat plane configuration of
other types of fuel cells and are often designed as rolled tubes.
They require high operating temperatures (800 to 1000 °C)
and can be run on a variety of fuels including natural gas.

SOFCs are umique in that negatively charged
oxygen ions travel from the cathode (negative side of the fuel
cell) to the anode (positive side of the fuel cell) instead of
positively charged hydrogen ions travelling from the anode to
the cathode, as is the case in all other types of fuel cells.
Oxygen gas is fed through the cathode, where it reacts with
electrons to create oxygen ions. The oxygen ions then travel
through the electrolyte to react with hydrogen gas at the
anode. The reaction at the anode produces electricity and
water as by-products. Carbon dioxide may also be a by-
product depending on the fuel, but the carbon emissions from
an SOFC system are less than those from a fossil fuel
combustion plant. The chemical reactions for the SOFC
system can be expressed as follows:

Anode Reaction: 2H, + 207 — 2H,0 + 4"
Carthode Reaction: 0, +4e™ — 207
Overall Cell Reaction: 2H, + 0, — 2H,0
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SOFC systems can run on fuels other than pure hydrogen
gas. However, since hydrogen is necessary for the reactions
listed above, the fiel selected must contain hydrogen atoms. In
order for the fuel cell to operate, the fuel must be converted
hydrogen gas. SOFCs are
internally reforming light hydrocarbons such as methane
(natural gas), propane and butane. Heavier hydrocarbons
including gasoline, diesel fuel, jet fuel and biofuels can serve
as fuels in a SOFC system, but an external reformer is
required.

Challenges exist in SOFC systems due to their high
operating temperatures. One such challenge is the potential for
carbon dust to build up on the anode, which slows down the
internal reforming process. Research to address this "carbon
coking" issue at the University of Pennsylvania has shown that
the use of copper-based cermet (heat-resistant materials mada
of ceramic and metal) can reduce coking and the loss of
performance. Another disadvantage of SOFC systems is slow
start-up time, making SOFCs for mobile
applications. Despite these disadvantages, a high operating
temperature provides an advantage by removing the need for a
precious metal catalyst like platinum, thereby reducing cost.
Additionally, waste heat from SOFC systems may be captured
and reused, increasing the theoretical overall efficiency to as
high as 80%—85%.

The high operating temperature is largely due to the
physical properties of the YSZ electrolyte. As temperature
decreases, so does the ionic conductivity of YSZ. Therefore,
to obtain optimum performance of the fuel cell, a high
operating temperature is required. According to their
website, Ceres Power, a UK SOFC fuel cell manufacturer, has

into  pure capable of

less useful

developed a method of reducing the operating temperature of
their SOFC system to 500-600 degrees Celsius. They replaced
the commonly used YSZ electrolyte with a CGO (cerium
gadolinium oxide) electrolyte. The lower operating
temperature allows them to use stainless steel instead of
ceramic as the cell substrate, which reduces cost and start-up
time of the system.

In this paper, SOFC modeling system was studied and also
comparison with GRNN program was done.

II.  SOFC MODELING

The SOFC modeling was created following reviewed from
previous research work. In the modeling test, the hydrogen
current and flow rate are the constant parameters applied. The
results and correction of program were monitored and shown
in the following.

SOFC modeling system include detailed as in the following:

A. Although the CO could be the fuel source in SOFC, the
reaction in conversion of CO with water in system to be CO2
and H2 is shown below.

CO+H,0-CO, +H,

When use this conversion as the basic, there are only H2

and O2 that were sent into fuel cells.

: ]
in
Gu,
%,
1
K Hy .H 0
l+r,,s 1+rﬁz‘,= I+ras
Pu, Puo
] 4 i
03 +
RT I V.
Ny| Eg+ 5| In Lo, W
2F Puo
Fig. 1 SOFC stack dynamic model
TABLE 1
CONSTANTS FOR POPULATION
Parameter Value Unit
N, 384
Knr, 84304 Kmaol/{atm s)
KH,G 281ed Kmolf(atm s)
Ku. 25203 Kmol/{atm s)
1, 26.1 s
Tr.5 783 s
To, 291 s
r 0.126 Q

B. The benefit of fuel cells could consider from ratio of gas
flow rate that react and gas flow in of fuel cells which give the

U, =q% 0
Gn,

In general, around 80-90% Of used fuel cells that give the
equation as follow:

following equation.
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NI

ro_ Je _ r

Tu, = =2K1 @
For hydrogen that flow in to fuel cells, the current needed

from fuel cells system could definite in the range follow:

0.8¢™ 0.9g™
D, o yin o~
2K T 2K

r

(3)

C. The output of current in the fuel cells system could be
measured so the fuel that flow in to fuel cells could be
controlled by Uy at 85% as:

g = 2K, 1 e

085
D. The highest capacity is ratio of highest energy sending and
ratio of power in fuel cells system that only expectation based
on the theory with part of use fuel cells. For capability and
waorkload dynamic that should be highest, the p, should be the
highest as possible. This value affect area in fuel cells directly,
especially the output constant value. The cost is the limited
the constant output value in the range from 130 to 180%. In
practical, the limited value is stricted by safety working
system. In the protection command that protect from
electrolyte compound, the pressure different in fuel cells
between hydrogen and oxygen passed through anode and
cathode should not less than 4 kPa under normal steady state
condition and 8 kPa under transient state condition. Due to the
different of fuel celss system that have various highest
capacities, the modeling method to obtain the value p, at fuel
cells system should less 170% which means the highest power
that send out from fuel cells less than 1.7 times of energy
ratio.

4)

E. The reaction occurs in fuel cells is:
1
H1+502 —-H,0 (5)

Thus the ratio of combustion between hydrogen and oxygen
is 2 to 1. The lots of oxygen will be kept for reaction of
hydrogen and oxygen more complete. The simulate model
showed that ry o should be kept around 1.145 for keeping the
pressure in fuel cells under 4 kPa in steady state condition,
thus the oxygen that flow in to fuel cells will be controlled for
keeping ryo at 1.145 by controlling the speed of air
COMPression.

F. The result of chemical reaction in energy process in general
is very slow due to connecting to times of conversion
chemical parameters after changing flow of substrate in
reaction, dynamic function response in chemical reaction will
be function in the model stimulate in the first order at time
constant at § min.

G. Electrical response time in fuel cells would be fast as
normal and also related with how fast the chemical reaction
rate that good to recovery the ion that be used up by dynamic
response function load as transfer function in the first order
which there is only constant parameters in time at 0.8 second.

H. In power status, fuel cells system could give the output
other than real power that is reaction power in general called
PF that could be in the range 1.0-0.8. Because of response
time for power status is less than 10 ms, thus it is not
necessary to conclude the slow model of fuel cells except the
PF could be adjusted by power status.

From data above, dynamic model of SOFC system is shown
in Fig. | that go," is the oxygen flow in rate [ 1-4].

The model was created in by Simulink MATLAB program
for test the pressure and power values.

Fig. 2 SOFC model for pressure test

Fig. } SOFC model for power test

III. GENERALIZED REGRESSIDN NETWORKS

A generalized regression neural network (GRNN) is often
used for function approximation. It has a radial basis layer and
a special linear layer. The architecture for the GRNN is shown
below. It is similar to the radial basis network, but has a
slightly different second layer [5].
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Fig. 4 The relationship of voltage and pressure at steady state
condition
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Fig. 6 GRNN flow chart [5]

R = no. of elements in input vector
= no. of neurons in layer 1
@ = no. of neurons in layer 2

= no. of input/ target pairs

From taking the value from the test from MATLAB Simulink

to be fed in GRNN program, the analysis result is shown
below.

Wokage (V]

1 Il
0 W0 20 W0 40 M0 6w TN 800
Curnar V)

Fig. T The relationship of voliage and pressure by GRNN

Fig. & The relationship of voltage and current by GRNN

IV. Test RESULT AND DISCUSSIONS

The value from GRNN program was compared and shown

in the figure below.

T T

il gL NEL 2GRN |
== gh=4 1E 4 o Smiain | |

200 -

o

i i
10 20 2 M

A T N |
4 B0 0 W0 12 W0
Cumank ()

Fig. 9 Comparison of pressure value between simulation and GRNN
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" T T T T ) ; T TABLEII
N 10 i|—e-deamesacm THE ERROR VALUE
P - Mgt beveeesest] =t H2=8 00E t Simution |- Voltage  %Error (Voltage)
: : : : . V) qHgooe.  QHa-gooe.  qQHa-p20e.  qQHa-is0e.
- 4 4 3 3
b3 i 50 4394 3258 3.056 2.808
;} 100 4.863 2.744 2361 2.192
S’ 150 17.524 2.666 2252 1.966
200 0 2.832 2.035 1.889
™ : 250 3.284 2.167 1.860
300 4.490 2249 1.871
ol 1 i ; i ‘: i : 350 16.341 2.456 1.928
Wm0 X0 W X0 40 40 400 0 2.760 0.497
Cumert (4) 450 333 3.582
500 4.69 2289
Fig. 10 Comparison of pressure value Simulation and GRNN 550 16.408 2547
) y y y 600 0 2910
; i 8 of0=1 2063  GRIN 650 3572
k] =R gH0=1.206-3 & Senuatien | ... 700 5.10
i 750 0
. From comparison of the voltage and current value between
é simulation and GRNN, the value from GRNN is much closed
S %0 - to simulation result. In addition, the graph showed two curves
from simulation and GRNN much the same trend also the
ol 2l error value percentage in Table II showed superlative results.
“n 1 1 1 1

0 m M M M0 50 G0 T
Camrent (A)
Fig. 11 Comparison of voltage value between Simulation and GRNN

d \ ,,,,,,,

z 4 —R— 2= NEI MG |-+
50 ¥ r — E H : —4— gHi2#1 20E-3 & Simulaton
= R SRR IesEn! H
i —— a1 BE 3 2 GRIN 2 i ! f ! i
-~ & W:‘G&!:S on ~u_ —rr AN ‘ ......... .,
- ] ] R
2 4 i H : ]
. 100 200 0 30 500 %00 To0
g n Curront {A)
> ~ s 3 ”
20 Fig. 13 Comparison of power value between simulation and GRNN
20
i T W~ N
b w0 2 M/ 000 EMey f0 T 0

Curast V}

Fig. 12 Comparison of voltage value between simulation and GRNN

In the above figure, the results showed that plot from
simulation and GRNN of SOFC fuel cells are the same trend.

R gH2ed O0ES ot GRNN
== gii2ed ES 3t Simedation

Power (W)

"w 6‘0 81 aéo |£’ﬂ lld 1;1512502;0240
Cuent ()
Fig. 14 Comparison of power value between simulation and GRNN
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Fig. 15 Comparison of power value between simulation and GRNN

TABLEIN
THE ERROR VALUE
%Error (Power)
:/\;))ltage qHpmgooe.  QHagoor  QHaminoe.  GHoeise.
4 4 3 1
50 30.823 43.458 44.068 44.06
100 15.036 20.884 21.464 21.72
150 7.16 13.102 13.769 14.030
200 0 8.95 9.846 10.146
250 6.064 7.409 7.767
300 3.106 5.692 6.134
350 11.526 4.326 4.963
400 0 3.185 3.976
450 1.83 3.184
500 0.1605 2489
550 13.353 1.786
600 0 1.028
650 1918
700 1498
750 0

From comparison of the power and current value between
simulation and GRNN, the value from GRNN is much closer
to simulation result. In addition, the graph showed two curves
from simulation and GRNN much the same trend also the
error value percentage in Table Il showed superlative results.

V.. CONCLUSION
The results showed that GRNN is very useful for modeling
in SOFC fuel cells system, in addition the voltage value was
increased a little but still showed the same trend when
compared with simulation results. Finally, the error value was
increased little at the beginning and starts to decrease as the
pressure value go up.
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