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ABSTRACT: Recently, the hybrid system combining fuel cell and gas turbine has drawn
much attention owing to its high efficiency and ultra low emission. It is now on the verge of
world wide development and various system configurations have been proposed. A national
project funded by Korean government has also been initiated to develop a pressurized hybrid
system. This work aims at presenting design performance analysis for various possible sys-—
tem configurations as an initial step for the system development. Study focuses are given to
major design options including the power ratio between gas turbine and fuel cell, reforming
method (internal or external), reforming heat source (reforming burner, cathode hot air, fuel cell
heat release) and steam supply method for reformer (anode gas recirculation, external steam
generator). A wide vaniation in performance among different configurations has been predicted.

Key words: Gas turbine(Z}=EW), SOFC(ZA4t3E A8 A A]), Pressurized hybrid system(7}
14 stolrgl= A]2") Reformer(7]@ 7)), Efficiency(& &), Power ratio(&#4})

2= 49 D A%e 3 (ke/s]
n D ER% [kmol/s]
F : Faraday A4~ PR : a&@n)
FC 483 S/C : F=r)/Ag 4|
FCT @ =24z 2§ &= [T TIT : HYl 472% [C]
GT @ 7h=Eidl Uy :dsoles
h 29 23 d€9 [k]/kmol] VoA V]
HX :<gugr) , )
LV ¢ A9 9% [kl W &R W]
* Corresponding author aglA A
Tel.: +82-32-860-7307; fax: +82-32-868-1716
E-mail address: kts@inha.ac.kr Vi CEE



616 F4FE -
CIEs Py

AC :@uHf

DC AF

1.4 2

d AAHdez @433 oA dofd g @
Aol FUEHEA LAY BolME FHEA
HZEe] A1 FEE ¥ ARE A Ny
HE A77t EEdA olF4Xn ok 53 J}
2x 479 AgSs TE V1S9 V18 €9
drrt /AR gEteuAE ArIsdhigdl o3
AR F71AvAE do] nEE, AFH 542
Ze AsdAG Q7B FAME BRAAH
o PR §2 JtAaEYle] FEEa gt
AEAA GG 7ty L Zhzte] Aayutoze
T% A4S L Jov I 47 FATY E
T HIde Ao As" Ay
oA F Al2"E ARt AvA ZaHE
€ BolBE=(hybrid) A= ug 7)1&7)

al
=

o

A7t 1 ok dRAAE A
g 2877t Qe 349 9 2A
o 842 (solid oxide fuel cell, SOFC)¢]
gurats oj#olx 3 glth SOFCE XFE
257} £7] & (600~1,000C) 7F2ewiz A
#stel stolHas A2€g o|Frlo] Hgsch,
B3 A AAFoz AR BAawAd g #
Qo] EolxWA SOFCS £4 kWFe wlolz
2 7t2gue 2¢E solrgs Aladd o
ALL&R7E 092 Az Qon, nZe HEH
AR A2 2714 AdAd ez HFz 9
@ selrale A2de B A2de AYRSE
ol wel tgs Hesk AEdd, dRAA
o RFEPEL 71T AGEG FYPez
Ao gz shgso] s nlste Ee
82 9L £ = Aoz A U}
AN MAR 7)1E5FAN FL3E g3
139 7 Axd AA sk 60%o] 7+
e dagol 75 Az A Qon @ 3
NAAE FASA dEdn Qg® o) Zeq)
gAZ ELu(QARAA/7E2EE)7t 5 oo
A220kW/40kW) QEARAZ FdHez aF
o] At 2y ol £ kWF daAX A

o =Lrx 8 a2 2 g 2 Jo
(0 <)
LU

qEd - HBA8

Zo] 7b5@ A Ad 7tsAel A& Aolu,
#A SOFCe A 27194 IUas @y
Zrol A3yl Ysoh v paEEle) QoA
E FUdA 28 7t2gHle AFAYE QY @
A 4 kW] vlolazgle] 23 7B F4)
o2 A 24%)7) gEd vz wr)zd 9
4 HesFE o4 28 st2HY Ao 7}
53},

A FHANE 2B W-719E SOFC 3to)
BE A2d Jgd F5aqen, A Med
2o 8AH J|e5EL e 50kWE 7t
2EHld) 10kW3F daARE 283 29 A
e 13 B2 LS AYFot” B8 oy
§ AN2de Fswdr HAHgE Alagdoz B
F gley, 33 d8AA 7EFEL 9 W
N FIHe2E HH3 4AE T3 nELY
A" Aee =xdnz AYsta o

B dFqME 194 ALERRA HPeE A
299 HAZEL AANGL A" THYYES
AA# 7HEA g4 FHsd As5EL s
AE EHOoZ o B =FdMe 50kW 72
HHlg 7122 39 A8AR £¥Zst we
Aedg 2 Fa FAHLAQ ArAA AR
e ¥ AFF g, MAE 37 2Ly
Sol e Az" Hee) Asks} oo e 4%
AR A= A4S 2RE AN §o)

=

2. stolER|E AlAY FA

B A3 giae 50kW 728 SOFCE
vk HHoz A3 6719 A2HWEZA Fig.l
o HFEE JERion, Z+ Alag Alo)e F
Ay xol= Table 10 fFaHo 71gd A
2dd e Z18Heg F77t sh2ERH 457
o WA FFEHIL IGLEHE AR AXNAM g
< 3 H 7tavt HHlez f48d.

gtolrBlE AladdA F8 FHEE 453
A& stagYleoln, 13 &¢ HAAz F Al
FA d= E3%g Baq A¥ 4 Ao d=
AAE dA g8 7149 FAHLAZE o|FojAT
B3erd 4525 d5dA A ey &
AE A7) A% MA 7 (reformer), AR7 F
WEe A% BF FFFA, AH s &
71 F8%x 5o "add, d8 sMALA

E

of me



Water

Pump

=

Material
Energy

Materiai

Steam generator

ZF2E -7ty SOFC 3t B

Exhaust

Reforming
burmner 4

Energy

LAV

Recuperator

Fuel

Jewiojey

Fuel
compressor

Combustor

(a) Case A

Exhaust

Alr
preheater

Reforming
burner
L)

"l

fed jeny

Fuel

Jawuojey

Fuel
compressor

(c) Case C

Exhaust

Air
preheater

e jengd

Fuel

Jewiojey

Fuel
compressor

burner

= Nage) 45S4 a4 617

Reforming
burner '

1180 1eng

' Fuel

Fusl
compressor

—~» Material
=) Energy

(b) Case B

Exhaust

Water

0 Steam generator, Alr preheater

{192 teng
epoyIe)

Jeuuojey

. Fuel

Ar compressor
Duct

—>  Materiat
=P Energy

(d) Case D

Exhaust
1 Alr
preheater

Recuperator

[ epouv |
.u

Comp.
Blower

Fuel celt

-~ Material

e
=) Energy | = Energy
(e) Case E (f) Case F
Fig. 1 Various hybrid system configurations.
Table 1 Major differences in system configuration
Bypass ratio” Reformer type Reformer heat source Steam supply method
Case . Reforming| Cathode | Fuel cell Re- Steam
Fuel Air Internal | External burner air HX reaction |circulation| generator
A 0.86 0.77 ® ® L
B - - o [ ®
C - - [ ) [ ®
D ~ - o e [ )
E - - L ® o
F - - @ ® @

* Fraction of air and fuel at each separator which is bypassed to main combustor.
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Table 2 Main parameters for analysis

GT power 50 kW
TIT 850C
Compressor PR 35
Recuperator efficiency 0.83
Turbine efficiency 0.85
Compressor efficiency 0.78
Reformer operation temperature 800°C
Cathode inlet air temperature 700C
U, 0.7
S/C 3
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Table 3 Comparison of analysis results

Case Power (W) Power e?fﬁteirgy effifigncy fﬁl\; thge?nngggv F uel_/ air | F 9T
GT | FC |Total| Tat (%) (%) (kg/s) (kg/s) ratio | ()
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D 50 | 208 | 258 417 54.33 47.12 0.5372 0.0324 001770 | 971
E 50 | 320 | 370 6.40 61.66 57.89 0.6628 - 0.01810 | 1027
F 50 | 305 | 355 6.11 62.59 58.32 0.6144 - 0.01848 853
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