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Abstracts This study focuses on the optimal operation and control strategy of the fuel cell process. The control
objective of the Phosphoric Acid Fuel Cell (PAFC) is established and dynamic modeling equations of the entire
fuel cell process are formulated as discrete-time type. On-line optimal control of the MIMO system employs the
direct decomposition-coordination method. The objective function is modified as the tracking form to enhance the
response capability to the load change. The weight factor matrices QR, which are design parameters, are
readjusted. This control system is compared with LQI method and the results show that the suggested method
is better than the traditional method in pressure difference control.

Keywords Fuel cell modeling, Fuel cell control, Decomposition-coordination method, On-line optimal control

1.4 &

AAE FEduAg ArlduAz d3A e FXo
HBgo, FEA5 g M g9, AT FHY
olghe] Rt o2 Zhgta gl @yl AMe] s
IAlEHE on WAF Fol HAH g Babdzaiz}
3 SulA AMule dvlgo] Ak ABAXE A FE =k
Ab8L & (Yitrium  zirconate), &8 %4F¥(Fused carbonates),
#(H:PO)R dZeld(NaOH) o2 FEEth Aadxqe
198658 S EHAYAT LA A4 JAFAAEZ A
FOg ol L£{EMNY JARHAMCFC), nAANAQFZHX
(SOFC) ¥ n2AAsi A A8 HA(PEMFC)? Fo] AFHL 2l
o, QXY JRHXIZE AL3t dAlel Ut B JFoNAME

€ W FAES ARAIIEA WHE RL3FFTE HE
Aol A& ALAELE A% FHANE dFPody, AL

L= #el HAAAE FP3tA.

™

2 o (g

3]

off K

fo r& kI 3L St Am Y
[

2. 48 AAETA

2-1.9583AFH9 +4

AEAAFTAL deANYPTRH AAN2"HFPo2 TR
Fig.ldl 428 Jehiidch dsA34L dartag #42
=T AATIS FAEQ] COE COE2 ¥B|A7I= ¥&771
k. WS 2gE 1 3~-49 B2 E¥3 800T, 571%8 Y
AZo AAZI2 AFANDF, 44E COE o 350CTH 250C e
w712 2 CO%t 2 WAt AdF4d 58 52
2 71 HEYVZ 10%0)stR 2, ¥ dFog FFHE
F2EFL 0%elw HFZojgos FFHC =S FF,
F, A 2 Wgger 9T 9Ad AAe F F A
o A Fol YL FFLE F4LE BUE FujFolA ol
oz FEn ol&e HAAZE olFH FFor, dAe 9
FE2Z B8 2302 7pAA AFIE wASC S3H B
Ae FANGRLIG Faol2, FAE FaFeM £3717t Ao
AAAL SiColl J4E FAAZ Hegeojn 227 200T o)
gold <ake] FHEs visE A, ¢3¢ 4HAIE 0latm

S de 1l

olgeld wate] skafsel £as Bk AW WEA Fwe,
Heb sdg ZULE olhE, AARE 005 amols 47
s Ao} Basioh

2292 dAFH9 24

AzAA FAY Ael: AojMuz ™o FFAE 2,
378 z24%t Y8taE 2A5AN " zAH, 29
& Fxo met wAANARA 2Bk ALY dRe WU
29 29 2728 AANA FIHL, LEE WUAR FF
Wug 28 AT 299 de WAF FFL 2PYeR
W LEE WA KAV AR, AY Aot AT
2 Aolg, &%, ¢Pe] ¥44F 1Ee AN I ¢
A€ 003amelW2 371 As slAedsle AR AR
Eol7be 989 #RoE PP YHLSEE AAEY) A9
WY, AAAGLE A% D& AABTE 29 YR 180~
10T E FASHES @b

3AFELEZAY

AR EE-Z2AY LS dFEIAE £2-2AH3No e +
Load

N
e -pn
Depleted N/ Depleted
fuel and oxidant
Product ——-and
gases out product
gases out
RN
SOFC ;i-_ O
Tu -
PAFC ! 47";_:
-
MCFC "EE? '
Fuel in —_— J . Cﬁr_— Oxident in
Anode Cathode

A
Electrolyte
ion converter

Y91, A8 AAY F=
Fig.1. Schematic view of basic fuel cell structure
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Table 1. Design characteristics of reformer in methanol

system
Items Characteristics
Reactor size 50 cm
Reactor inner diameter 25 cm
Pressure drop Ignore
Weight of catalyst 6 kg
Water/methanol mole ratio 13
Reforming fuel flow rate 55 (lYh)
Reformed gas flow rate 7.73Nm3/h(Hydrogen 5.8 lelh)
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Table 2. Deviation variables for methanol fuelcell process

variables name deviation variables unit

temp. of burner X1 = Tg - Tas T

temp. of preheater X2 = Tg -Tgs T

temp. of reformer X3 = Tr- Trs T

state pressure of hold X4 = Py Pug atm

variables current X5 = Im - Ins KA
H: mol fraction X6 = Xuz - Xups |fraction

pressure of anode X7 = Pa - Pas atm

pressure difference X8 = DP - DPg atm

fuel flowrate Ul = F - F mol/s

. feed(CH3;OH) flowrate | 2 = Fx - FFUFE;f molfs
manipulated L U3 = S| KA

variables current variation = HM - HmMs /s

anode outlet flowrate | U4 = Fao - Faos | mols

cathode outlet flowrate | US = Fco - Fcos | molfs
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Table 3. Comparison of methanol reforming result :

Load 5.9Kw

Variables Reference value | Simulation result
conversion (%) 98.1 96.81
Reformer | Hx(%)(dry basis) 74.5 74.49
CO(%)(dry basis) 221 2.05
CO,(%)(dry basis) 23.29 23.35
Feed flow rate 88.13 88.13
Fuel flow rate 50.10 49.97
G(as {}g)w H, 251.45 2491
mo co 7.44 6.857
CO, 7177 78.47
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Table 4. Simulation Result of Fuel Cell Nonlinear

Equations : LOAD 25Kw
Reference Value | Simulation Result
Temp(C) | IN:729 OUT:827 800
H: (%) 60.8 61.43
CO 16.8 16.71
Reformer H,0 18.4 18.92
CcO, 2.8 2.83
CH, 1.0 0.13
N> 0.2 0
Temp IN: 247 OUT:369 300
H, 66.4 71.32
CcO 7.0 6.81
High Shift 1,0 139 12.73
Converter O, 1.4 9.02
CH, 1.0 0.13
N, 0.2 0
Temp IN: 165 OUT:239 200
H, 72.6 76.40
CcO 1.0 1.72
Low Shift H.0O 79 3.94
Converter Co, 174 17.81
CH, 1.0 0.13
N, 0.1 0
Temp 177 180
H, 34.6 44.74
CO 23 4.04
%*;}f‘;’:f H:0 189 9.22
CO, 41.5 41.7
CH, 2.3 0.29
N, 0.4 0
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Fig. 2. Simulation result of Q Tunning for load increase
(Load:from 25KW to 100KW, Q=1, R=10, Qcurrent=1, 5, 10)
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Fig. 3. Simulation result of R Tunning for load increase
(Load:from 25KW to 100KW,Q=1,R=10,Rcurrenc=0.1,10,100)

0.06 3.4

3.4
Maa
SET ANODE PRESS.

o
g

Press. Diff.(atm)
Anode Press.(atm)

L

0.02

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

me(sac)

[:— Press, DIff. —~—AnodePrei|

0.04

Press. DHf.(atm)

Tt
w
(4]

W
Y
Anode Press. (atm)

[0 2 A2 i e 0 1 S o M o ¢ i 0 0 s S e i 2 e 3.1
] 125 25 3.75 5 8.25 75
Time(sec)

—+— press. diff. —=— anode press.

8

BB 88 & ¢

Inlet Cathode(mols/s)

Inlet Anode(mols/s)

enveaodiianSNRRES
N

N
-
(4]

]

o ou

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

L_'_ inlet anode  —— inlet cathode—l

a9 4. IMw 95 AA Ao} A AF
Fig. 4. Simulation results of 1Mw fuel cell control

7.2 £
A 2 ARAA LA F4Y AnAACt ¥ AT
N Rendy ANy AR WA Aolslge hal AcRFE
AL $4 AYTE HYLZH FAKEel Fe nen
4o Lol H5YE mAk ARAE RA 2A}A
Aol smE Aojmwe YAFYEUS Hurl weFE A
SahA FHE dehla ARAAE & £ Aok B A7 Ao

30 50

2 45

26

24 40
g 2 e s s g

20 —r g
§ 18 e 30 £
g 16 > 25 g

14 4 Wi

4 e —

12 A 20 8

}

g o —F 15 &

A yre

61k 10

4 -

i '3

o 5

2

) A UR—— T 0

0 1.25 25 375 5 6.25 7.5
Time(sec)

[—~— inlet anode —— InletcaxhodeJ

1Y 5. IMw 98 AA Ao BA A3}
Fig. 5. Simulation results of 1IMw fuel cell control

o] Z1Ee WD o $5%e BolsAch
E R |

(1] =39, 94 84 2 #e rjzxdy A5, &%
g FA 7le A+ d KRC‘SSG-JOB, 1989.

(2] A&, &7 ﬁéﬂ’élté dadA 29N,
1994

{31 A. J. Appleby, F.R.Foulkes,
Nostrand Reinhold, 1989

[4] R. Soeterboek, Predictive Control :
Prentice-Hall, pp2, 1991.

[5] -‘?1?}9] Skwa U4HE dadA GREAEMNE ) AA
2 A Energy R&D, Vol 13, No. 1, pp3g, 1991.

[6] "J%%—Q] , Aty dsAA dAAde] el dFHEHFE
I A, FZAHFAL 7lEdT Y, KRC-89G-JO6, 1992.

BN R,
Fuel Cell Handbook, Van

A Unified Approach,

[71 A%, 254, d8H, 4y d5AAE ad JdsM3
719 Tcr’:’.‘i £4, Energy Eng. J, Vol. 2, No. 2, pp200~207,
1993.

[8) Mitsubishi, Fuel Cell Power Generation System, New
Energy Development Organization, Apr. 1984.

[9] H. Nishitani, Y. C. Wan, and E.Kunugita, Plant - Wide
Control of a Fuel Cell Power Plant, Kagaku-Kogaku
Ronbunshu, Vol.16, No.5, ppl006 - 1012, 1990
[10] H. Nishitani, M. Hayashi and A. Murata,
Manual, Dept of Chem. Eng., Osaka Univ. 1987.

ASPROC

1015



