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Abstract
For SOFC/GT hybrid systems, the power generation ratio between
SOFC and GT is around 3 : 1 -5 : 1, as the literature has shown. For the

current 100kW SOFC/GT hybrid power system, GT will have the power
capacity of 20 - 30kW. Since comprehensive experimental test data for
this specific GT power generation system are needed, we will obtain
results close to the real situation both in numerical analysis for the
hybrid system model and in the hybrid system configuration design. As
for the simulation analysis of the SOFC/GT hybrid system performance,
the current parameter inputs for the GT are for design point only.
Therefore, we need to develop the combination of GT and SOFC
off-design point, including the compressor flow rate, rotational speed,
turbine inlet temperature, output power, and efficiency.

Due to commercially available microturbine power generation
system is not applicable for our SOFC/GT power systems, the design of
packaging GT to the SOFC/GT power system must be developed. This
project, “Testing of a 20kW Micro Turbine Power Generation System
and a Configuration Parametric Analysis for a SOFC/GT Hybrid System,
project number: 992001INER044” will be performed by Chih-Neng Hsu,
Wu-Bin Huang, and Chen-Yin Lin to study the system configuration
program.

Based on the SOFC power generation system (BOP) designed by
the Nuclear Research Institute, the optimal design power points were
found at 50kW and 100kW. This study is to improve its power
generation efficiency using the proposed SOFC/GT system. The goal is
that the power generation efficiency can reach 50 - 55%. In addition, we
will have test data to extend the configuration analysis for off-design

point model calculations, and to predict the optimal operating range for



the SOFC/GT hybrid system performance.
Keyword : Solid-Oxide Fuel Cell ~ Microturbine Generator ~ Hybrid

Generation System
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-y -y ty +Yy
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o AT e T RAL S B BT o 3 % SOFC
AT OFAFPILAB R RRTA L EEEFHE DT kA
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Rj=00; (2-15)
Component Material Resistivity (€2-m)
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A S DR EE TR e R R
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oL RERYRIFAT I AREREBET o BRERER
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PURBOR AT 2R ETRRE » B BRI A ERY 0 BB R
HTHE THEEFTNPDREFHEFT R/LAEFF R
(Reforming)(5* 2-1)% /KT # 4 F J&(Shifting)(5* 2-2) o
EFF BN ERTER S HE @%Eﬁﬁjﬂﬁﬁ‘é ’
BB R s B F RPN A EFE B £ 2 BEcE 03] 2 SOFC
ToE A o kLY BT R #(Equilibrium Constants, Kp) 4%t

Bossel [24,251# 3 2 & 78 % B(

Fo 2-)enhd (ade RS S il
3

P * P 4 3 2
Kp_r __H CcO :loArT +BrT3+CrT2+DrT +Er (2_19)

CH, PHZO
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HY Mo 5 F sm 2 P23 B e~ Mo » F B 2R 5 2
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VR X~y BB iEfE o
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ééoiler - mHZO ’ Cp,HZO(T _Tsat) + rnHZO 'Ahfg (2'22)
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B TS 353K(80°C) 0 MR BRI E A I o

"

4.4 % 3 % (Heat Exchanger)

T T
A A
_______________ Tina
Te_llut ‘/
ATmax
Ti_col _______
Bl 2-2. B2 ERLE
BB BN LEAH 22 HY TR L i

C

Qax = min[C photthIAT Dol

max ° Meo) ATmax ] (2-23)
He Coa 3Ry # -m 3 FEMF ~ T hot 5 #5 > THhcol 5
e
R ERBE Quna ¥ TR AT L
Qactual = CphotmhotAThot = Cpco|mcoIA-|_col (2-24)
F Y AT ~ AT & 4 ~ #2320 B A (AT, Thiot ~ T

AT coI ciol ) °

MEBD T LR GE < HBE 2

gh’{

T F 2 2TF (Mux) T
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TTHx (2-25)
Qmax
IS ?g“ B g 2 THEY #ﬁ,ﬁ‘ir’ﬁ» Fg iv2_> %-Qmax = CphotmhotATmax
P rF 5
c IohotthtAThOt Thlot Thot
Mux = C AT (2-26)
phottht max Thot coI
%Qmax = CpCO|mCO|ATmaX > 7 IR LESE
_ Cpc mCoIATcoI Tc%l Tci0|
NMux = C AT (2-27)
Pco|m00| max Thot coI

5.%% & % (Burner)

lf,,—’\;:r,‘\l

PR T ARG R 4
sy > gtz e (T

WEUER - R o
Yz 2 >3 CHy»

urner)

A Lu ot LJ{-,J,T}_;_:.% a
)]LJ%F )ﬁé‘_} ’ﬂ
—-802.31kJ /mol

£
COz% H,> #

CH,+20, »CO,+2H,0  AH, =

co %02 —CO, AH, =—282.99kJ / mol

w, =—241.82kJ /mol

# H(CO, ~

unb
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unb unb .
Ghoss 2 ALY § S%ILF ek B4 0 Y HS, ~ S HI 2
] k

AT R GBI RER ehg S o

6./ %1% (Compressor)

h{enthalpy)

s(enl'mpy)
B 2-3. R HEH h-s B
Bk B A R 5B AT 5 B B AR(R] 2-3) TL AL F W X hi

#2¢ 4 Pv'=constant el & » F)p T 1

k-1
w KRR 232
isen k—l P ( ) )
1
SR ARSI TR R RE ()T S
W h,.—h
Mo = isen th hl (2-33)
Wieal 2 Y

-%f: J'%@ﬁib"’i"}\%giﬁ'% » ¥4 :‘% ﬂﬁ L _7‘\;4 (Wisen) ' Wisen '% Kﬁfié{ﬁ—ﬁ&%iﬁ
M) 5 FFLE 285 7 (Weea) °
F#S B2 TRT IR RE
2 _Tl

Wieg =, =0, =C, (T, -T)) (2-34)
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Flt R AEHS R M T A A

k-1
KRT, |(P,)* kR
w,, =——| 2| -—1|= T,-T, -
e (k _l)nc ( 1 j k - ( ) (2 35)

Fer T BR(T)E Bigyw (p=Py/P)T 7 EHEF Ir g A&

(T) :

T, [kt
T, =T, Jrn—[rp ‘ —1} (2-36)

7.if6 ¥ 1% (Turbine)
I:(enthalw)

S(em;mw)
Bl 2-4. F#n1s h-s [
FIERR R 2 Rt 5 * % v {1
RS N E RS R

v 2 (W 2-4)

k-1
kKRT7. [( P, ) ¥ kR
W, =— 22 T,-T, -
real k—1 (Pl k 1( ) (2 37)

B omr s Rty R R e RGEHpE > A3

BEH N (W) A DI (W)
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!
= rea (2-38)
Wisen
e drie v B R(TYE &30 R4 (P/P=ry) i 27 7 K48
BB RievR T, L F w3 #3808 237 73 IJ-?K%%iTlI%

(Wreal) °

8. % i (Pump)
RiEkgd - S ME I e o §E A RS P 2 A E

g ng)ump i f AT
Phup = T * Poump (2-39)
My 200(PE o — Pl o)
Wpl)ump H2 pump pump (2_40)
T oump

3 80%  RIW 7

d (5% 2-40) 418 o
(= ) SOFC/GT ¢ ¥ufie & 3%

ALY R ZHFEAS CRLIGFAE RS RRE 2
SOFC/GT iR & 4 4 fiHg % %o T B 2 5t A 7 4 Sk * i it f2
B At RN ey VY > HIRELAN A eV HE
PR E S T 7 FUBAT } e B A e R R AR &
ATEBINEARN B LA B R s o485 ¢ & * 2 SOFC

3

%2 SOFC/GT & se3@ 4 H7) 28 ~ Bk 40

/‘

—\

L] o

‘gh’(

Lig® Pl 250 f f

2IABLIE G AR Y 0 10 YAl S8 b INE FEE B o
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3RMBRFEE BigrERLAM -
AT B3PI IEITIDPRZRA > B R IA o
SR ARk Ak (F R (steady) e
GOmREIE LI A o

SOFC/GT 2. s ¥efic ¥ &7 28k T L5 3
SLpe ¥ (B 2-5)0 feptpe ¥ T d edp(Boiler)# 1z B A 5 500K o

74@

/J‘

r‘siﬁ’_’%’—,&%’ﬁ#w%ﬁﬁﬂ Fa o T HPENZ 3R FHOES

A% §2E(CO;y ~ »H,O ~ Ny) »

Air | : I IEE
Heat

Exchanger

Cathode

Arnode
External |
reformer
w I
H;0
CH, C Burner
turbine

pump compressor

B 2-5. SOFC/GT “4v B % bifie &

boiler

= ~ SOFC/GT # iz % 7 fie 23]
ipi”&ﬂ%%%%ﬂﬁﬁ;mﬁﬁi’jUﬁ%@$ﬁ%

);L‘}l,, ?%\/E é; 9:;» ‘{;J. ’J’L | Féy}i,@:\—%ﬁ.o

(=) F% > & F PR S F R L

LA SR %~ & F PR TR e ORI & 3 R L

AGRR BV B VIGE R BHBA BE R/ F AR

[e]

2SI FR A R E S F AR Y L
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Flts e KT e RAAHIRIT 45 ] S H KA g
LRE 2.0 Pt bl FhR/E o TE G P2 ST EF MBI F %
e

P B ot g[8
WML

[ rizsimean
[ 1‘1-;‘51 HEL ;".' 3K I

i e R SRR
F AL AR T H

| i
2.1 oGRS RR 2.2 sk s ik
BN FHELE L #2

B 2-6. SOFC/GT 4 i :c 9 5% % #

1.8 R 22
FHRRFEASFERXRLEBERRE o 55 WHIL- P REER

AR ARRE o ho(F) 2-7) AT MR 3T AL
P2 ALFREFTARBREE 11T A ARRAEF AR

/

BB L AT B R S o Koekkko ] T OBEREY B LG
F AT E c BRI G E R AZERF N PR RS

#
BLN R T Tk EFSIEF T o B KT BEVRRES Aok

MERFVRER R I FIIFREEN BB -
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B 2-7. BRVREFSHER
2.7 F AR Mt plRE

(1) 7 B fedr ki f

AT R AT ARERSDE G FL SR LR
FAF AT FRAGHFREEF 0 S FRE &Y e

R ER F 0

A2 FFRER A 4o(F 28)0 B PANE F R
gl il

e R RRAEFIFRERD %2 F
Bl e § AR RIKF B 135000rpm T Al E a4 R F
e FER R EEEBEBAEN AR RE
60,000~135,000rpm ¥ # [f 10,000rpm & i & et ot & #8114

*‘GY

\\\xr

Hoo PP TRIF AT BRALEE TIETLIER 1020 s L e
B &k o

Ik

=

29



EwE
o~

15 Al B,

BE S e AL 9%
kK L #t o]

|:] SCU
() e
</ Bat 12V
HE A A

HE F TS 5 R X

@28%*@%%%w§%ﬁ%@§w$a%i

w3

(3) i vt fa e & 47
AITRERR R RE RIS S B RRERAET BV
AESEIR=-TER T S 0 -A- IR A RN R- o PE UL SR S
FRAppEE it 2 MG RGHEERIFEFERZN G
TR 51 1 18 ﬁ%,4%<7%ﬁ’%ﬁuitﬁw@@mxw§$

LGSR - E S IR R E R FRA LR
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S~ L RFRELH
— ~50kW % 100kW % SOFC/GT %R & 4 247 N3 ~ 28cA 7

Brg o

AT 4Bk (B 3-1)2 SOFC/GT #2358 » i {7 3t
E AR EEE G RE AT

Air

Heat
Exchanger

boiler

External
reformer

v I
H,O
CH, 'D ’lBurnerﬂ

turbine

y Cathode
Anode :|

pump compressor
Bl 3-1. SOFC/GT 4 /& s e %

F15 B 2§ SOFC 2 7 S #icdy > # & SOFC/GT R Sy @ &

%4 > ¥ SOFC/GT #25% 2 %% % /f #% SOFC 2 GT A2 & B % ¥

AELT

(- )SOFC #2:\ %%

w7k SOFC T # apRE £~ > 7415 § f1* 55 0125
WAL F 5080 TE v oK/ AF A EIFTRE 07 &
# > SOFC s sif#m % %44 3-1 2 &4 3-2-SOFC # 7 # :
232kWo Ferp BRagts 2 Flip 4200 100 FHRFLE S L7%W- %
s E 34.1% o
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% 3-1.SOFC A\ & #y e v i s %

X i 2 (kgls) | Ti(K) | Tou(K) | Pin(atm) | Po,(atm)
Pump 0.0004 300.0 | 300.0 1.00 1.25
Fuel Comp 0.0001 300.0 | 315.8 1.00 1.25
Air Comp 0.0145 300.0 | 330.2 1.00 1.25
Boiler Cold Side 0.0004 300.0 | 433.0 1.25 1.25
Mixer 0.0005 - 404.2 1.25 1.25
Air HX Cold Side 0.0145 330.2 | 1023.0 1.25 1.15
Fuel HX Cold Side 0.0005 404.2 | 1023.0 1.25 1.15
External Reformer 0.0005 1023.0 | 1023.0 1.15 1.15
SOFC 0.0150 1023.0 | 1145.0 1.15 1.15
After Burner 0.0150 1145.0 | 1212.0 1.15 1.12
Reformer HEX 0.0150 1212.0 | 1204.6 - -
Fuel HX Hot Side 0.0150 1204.6 | 1164.7 - -
Air HX Hot Side 0.0150 1164.7 | 5114 - -
Boiler Hot Side 0.0150 5114 445.6 - -
% 3-1 SOFC #2;8 # & 2 »c ¥ g 2 %
Power/Heat (kW) Efficiency (%)
Fuel LHV 5.2586 -
SOFC 2.3257 44.2
Electric 1.7918 34.1
Thermal 1.7865 34.0
BOP 3.2965 68.0
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Bl 3-2 & fhac A

B E nﬂ{ [y

rEERSEE TR P

i

5 gif e

B

44.2% > 257

w2 dg M
& SOFC % 7 &

P E (% 33)0F e AFEY

Fuel : NG, Fuel Processing: SR. 8/C=1.7; POX, O0/C=0.3
Stack operating at 0.78Y - Uf=64.2 % - and Ef=44.3 %
Anoide/Cathode Inket Temp. =750 “C(File: SOFC_TkW_NG_13)
Electric power = 2290 W, Available heat = 922 W

| Water I

202107 kg | 12.2 .. /mi

o e Ap e

};L‘}l(l"__

» SOFC 41 v &

2kW SOFC BOP i /& 2.3

£ SOFC
B 2 g
Aot BB

c AT Y AT B e 44.3% % 4P E BT o

=" kg
MG = Mixe
[ ] 2.26 LPM |—-i

AT kg

TLFM

Phase-11: Barner+Reformer+Hx test
Phase-111: Burnert Reformer+ Hx tDummy Stack test
Phase-1V: Burner+ Reformer+ Ha+ Real Stack test

ATECREA W% B A A

Bl 3-2. +%

30 KrC)
Fhase-1: Burner+Reformer test

Dendline : 03/31

# 3-2.SOFC %%

Dendline - DE/1S
Deadline : 09715
Dendline - 11/1%

LL ﬁ{

ll‘haﬂ'l [ —— = ——————— |
19810 167410 hghs
[ [ il 13%0 W | 1230 K (966 | |
173K
| 1906°C | g llsa‘ 1
434210 kg o 88710~ kgn FTO) |
| Reformer [~ &= SOFC #+ Burner
1023 K |
1780°C )
Vaporizer | ' | &
" hth RPN, -I
F B lrJ i 1150 K |
TIN K445 i 323107 ki e
F’h-.nt I8 1 N7 1023 K (7804 i H‘.H""*"
L — -l i |
Hy . Hx Phase-111, IV |
Adr-1 SUK Air-2
e o s e’ s i )
TET=10 gty
5% W IRIC)
Thot Water sul ==
Cold Water in—= Avaltable Hont 925 W
A6Ta=10" kgl

i 7 3 %1 2kW SOFC BOP i & 4.3

$152 ++

CFT R AT

Error

Psorc(W)

2325.7

2290

1.6%

T sorc(K)

1023

1023

T, sorc(K)

1145

1150

0.4%

Te_Burner(K)

1212

1239

2.2%

Efficiency (%)

44.2

44.3

0.2%
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(= )GT A\ %%

B GT AN > 6 - * GasTurb9 iz & i #un4 253
Fda Sl i > FlAE T 2 GT B3] * 7 = 5oy > &
GasTurb9 #4873k T 2 P fasa4p & > scid * GasTurb9 > 3

AU/ R (LIT) R E A b R T T R R
% 3-4 2 £ 3-5 5 A3 27 GasTurb9 2z B s % v ifv@fqﬁﬁﬁkﬁ?‘;ﬁ
Wi A TARE ] PR RGRE IR AS e T R &
RlpwS LR 2 RF BREW2 1R 5 35 >+ FFHT
FIM AN TR R B E(R 34 A RERE G FliniE
Bejdat bl 2 H kgl v Ei;f—iﬁh@‘{ﬁ%}ﬁﬂ (% 3-5)-

# 3-3. BESAEHRE R
GasTurb9 Y Error (%)

r R & (K) 288.15 288.15 -

» v R 4 (kPa) 101.325 101.325 -

& g (p) 3 3 B
B 555 2 (%) 0.85 0.85 -
2 v g B (K) 412.59 412.29 0.07

334 FEERES R
GasTurb9 AT Error (%)

> TR R (K) 1404.29 1404.29 —

» v i 4 (kPa) 294.856 294.856 -

B4 v (1p) 2.769 2.769 —
iff B2 5 (%) 0.89 0.89 —
e B B (K) 1139.09 1151.44 1.08
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kA i SOFC 2 GT #4258 2 %3 % % » SOFC 2 GT A2V e
R > TS E 2 SOFC/GT 4 & 584 T 4 3L 97 * 2 S8k &
drdk 3-8 9 0 % dcd 3-6 2 % 3-7 ¥7 » SOFC # 3 & %
23.1kW > F e+ i birg N EE R B F TG
9.5kW » B T £ 32.6kW » S8 T oeFiE 494% L B % &
7 SOFC 4v % GT 43 T 89 34.1%# 2 3 49.4% > #4715
BEAV HEEFHEERA

Fobigd 4o iR RV ed 0 F 540K ~ 37.6%2 F R EF
FOES TN Ak N e o

% 3-6. SOFC/GT “¢ & & %k 2% %[23]

xE i 2 (kg/s) | Tin(K) | Tow(K) | Pin(atm) | Pou(atm)
Pump 0.0029 300.0 | 300.0 1 2.8
Fuel Comp 0.0013 300.0 | 394.8 1 2.8
Air Comp 0.1191 300.0 | 455.5 1 2.8
Boiler Cold Side 0.0029 300.0 | 433.0 2.8 2.8
Mixer 0.0038 - 424.0 2.8 2.8

Air HX Cold Side 0.1191 455.5 | 1073.0 2.8 2.5760

Fuel HX Cold Side 0.0038 424.0 | 1073.0 2.8 2.5760

External Reformer 0.0038 1073.0 | 1073.0 | 2.5760 | 2.5760

SOFC 0.1229 1073.0 | 1222.0 | 2.5760 | 2.5760

After Burner 0.00046 | 1222.0| 1429.8 | 2.5760 | 2.4987

Turbine 0.1234 1429.8 | 1231.9 | 2.4987 | 1.1185
Reformer HEX 0.1234 1231.9 | 1224.6 - -

Fuel HX Hot Side 0.1234 1224.6 | 1182.6 - -

Air HX Hot Side 0.1234 1182.6 | 604.4 - -

Boiler Hot Side 0.1234 604.4 | 540.6 - -
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% 3-7. SOFC/GT 4c /B ¢ tort & 2 »c 2§l 5 &

Power/Heat(kW) Efficiency(%)
Fuel LHV 66.0 -
GT 9.5 14.4%
SOFC 23.1 35.0%
Electric 32.6 49.4%
Thermal 24.9 37.6%
BOP 57.5 87.0%

(Z)BEg" S s 7

Bagy T A A BEWEFIE N R H 0 RS 200 0 R
BAgr-ie g A Fm L # S o R TR vIRARZE BAHT
ﬁﬁiﬁ%mf’ﬁwiﬁﬁﬁﬂﬁﬂi%%iﬁ%ﬂ’u%%%
LA EF AR B EAcB 3-4- B 3-5 477 0 Bl 3-4 F P Qpe 5 A%
AL LHV » ot F 304 B4 #i4c 4+ SOFC 2 32585 2 g% > @ GT
PL g SER S cndf4em 2 A ok 2 G :s;kae.eﬁ?é;%[%} S -

VORL e st R GT b 2 ehtg R S 0 TR R3E T MR AR g o

praw  JR 45 EEV.s. 7 & (HX=90%)

200
180 -
160 -
140
120 T
=l _ —e—SOFC)
80 | - —W—GTsh
60 -

10 rdl —— ) %
20 - :-:.‘:i:r'-’"""- ——Qfuel
O !

0 5 10 15
B g5t

B 3-4. BAEHA T2 PP
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% £ (%) E gfg EEv.s. ;‘i $(HX=900/0)
60%
55%
50%
45%
40% e
35%
30%
0 5 10 15
L3
Bl 3-5. @ﬂﬂ“‘?“f * 2 ’;fgﬁ
& ()
i
2 o
TR e
2 ™~
57 =
3 S
g 70 =
3 Y
£ Ty
2 69
)
EEI T T T T T
2 3 4 5 s T =
Pressure Ratio of LPC  JE i 1
[l 3-6. R $cd 2 P 24 FA26]
(V; )’y“ »L -‘%’ % ﬁi ’H
SOFC % BA| e s » FI #3144 E A SOFC ¢ £ - £ 8
R B e ARF TR RS R R B R
~ AP ¥ 'E B g TR (R 37) 0 RS G B L H RS AR
Tokds &R o B0 RRTIZ B R AN RF ERG H e § 2D
AT VMRS R R R A L F o PR R
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ﬁ”@i‘rﬁ”ﬁ” §es s dolfl 3-10 0 F B FRTF AR 5 4 2o
B Rk 175#“ AKX o

woptew) AXBBEHEHEZIPE
100 -
90 +
80 ——70%
70 —-—75%
60 e 80%
50 1 —<—85%
40 + 00
30 = : : ‘ ——95%
2 2 10 15
B g5k
Bl 3-7. # % Hooxd et F 2 P
ﬁ. = % E o ZF “,’.
2% % (%) .ui*ﬁ'ﬂi—‘ﬁ'ﬁ'}%ﬁﬁz%}g
0.7
"7 =—4=70%
05 1 —-—75%
== 30%
04 1
—-0—850.0
] —=00%
0.2 ——95%
. A 10 15
R &5k
Bl 3-8. # 2 HreF 4k 2 L
-+ Rec5% -+ Reci0% (base) & RecB5%
0,62
06 \> -
h_-_-_-'"‘“-w-______
058 < .
g / N/ —_—
§0.56‘// /./_____—-.— C —
“ o
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2 % (%) JE 45 tbv.s. 2k &
60%
559
500%
R - HX=00%
——HX=80%
—8-HX=70%

40%

3505

30%

Bl 310, #2400 B b i B s

BB R TER %1 SOFC Ap#THE v Ll 35 3 5B
FoofRm o 30 RFIGF PR TA R T UL R R

P RS EETRRELZLAESFET 3w 0 A S AT
RPN BT R DRI SR TR R T O S
A5 %4 3-11 - B 3-12> ¢ » 3miev 8 2 3> 1,100K pF SOFC
BAIARER A GT »# SRR R A TR 5 JEioc
F@ 2 o B R M 1,078K ded A & 0 B3 1,078K {4 xS eh
Fite AR T Bt A 1,278K {8 an

4
?ﬂ?n
&~
-
9

-
A
=
=

N
) T

T RE[28] (W) 3-13)4p ke » 2 d f A P A BT EOME 0 L F] S )
e

Mehfed § TR R F R G AR
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kW it O v.s. o &
160
140 /,-—
120 S\
100 ——=GTsh #
80 e —E=S0FCsh #
°0 A —— %
b Ky e Ofrel
20 l
0+ T T T
900 1000 1100 1200 1300 1400
Ti_SOFC(K)
B 3-11. T st o g R F2 B E
i U E Vs B F
60%
o e X xy w WOP
50% ,,/‘ -
40% e o
/ N
30% ' —#—SOFC/GT
20% —4—SOFC
10%
0% T T T T
900 1000 1100 1200 1300 1400
Ti_SOFC(K)
Bl 3-12. 74 it v R R ks 2 B
65
60
_-_H-‘_‘—in
E 55 &
g .
E J//’J
50
/'/ - A-SOFC/GT
1 -@-S0FC
45 +
900 950 1000 1050 1100
Cell Temperature [‘C]
Bl 3-13. T MR R F 2 BT FH[28]
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(= )SOFC/GT & %o it 1t

fI* RREE ~ B eF 2 SOFC v i A2 $HA TS
TN IME AR LA 150C 0 BT Slck i (£ 3-8)2 H
$% > SOFC/GT £ i3 i* & % 4o 3-9 % 3-10 2 B 3-13 > GT = 4.%
T £ 5138%> SOFC b 62%> % § 2% 7 i 52% BOP »x % 4 93.7%
Bots# F 4 F 587.25K ~ 99.35kW it o
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SR P Bt %+ KR

*F R4 (kPa) 101.325 R o B
28 (K) 300 9 % Bedh
WEER (%) 60 7R
TFFEiF (kg/s) 0.119 ¥ ok Wedk
TR REHE 0.65 GasTurb9
PR SEs et 0.8 7R
i pe 0.8 R

R g 2.8 B 5% B

AL F o 0.9 * jE[26]

T FEIELBRE (%) 8 7R
i o 18 T 0.81 GasTurb9
FR AP 0.945 F3 R
el oh F FOL G 0.1 ¥ RR[17]
TR ¥ 0.8 R
CURAIEZ: & T 1 0.125 7R
TR (mA/em’) 800 R R
FIET R (V) 0.65~0.7 7R
T ER (K) 1073 R &
T pIEH (K) 100~200 R &
T TR 3.0 R A
T ERE (%) 3 FAq R T

% 3-8. SOFC/GT & ktA= 45
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% 3-9.SOFC/GT % if it S #cfim %

i i 2 (kg/s) | Tin(K) | Tow(K) | Pin(atm) | Pou(atm)
Pump 0.0094 300.0 | 300.0 1 4
Fuel Comp 0.0048 300.0 | 406.3 1 4
Air Comp 0.3780 300.0 | 519.8 1 4
Boiler Cold Side 0.0094 300.0 | 433.0 4 4
Mixer 0.0121 - 426.1 4 4
Air HX Cold Side 0.3780 519.8 | 1098.0 4 3.68
Fuel HX Cold Side 0.0121 426.1 | 1098.0 4 3.68
External Reformer 0.0121 1098.0 | 1098.0 | 3.68 3.68
SOFC 0.3901 1098.0 | 1256.0 | 3.68 3.68
After Burner 0.0020 1256.0 | 1503.5 | 3.68 3.57
Turbine 0.3921 1429.8 | 1231.9 | 3.57 1.12
Reformer HEX 0.3921 1231.9 | 1224.6 - -
Fuel HX Hot Side 0.3921 1224.6 | 1182.6 - -
Air HX Hot Side 0.3921 1182.6 | 604.4 - -
Boiler Hot Side 0.0094 650.2 | 587.2 - -

% 3-10. SOFC/GT 4t /B & 5674 & 2 sk Btk L 2 %

Power/Heat(kW) Efficiency(%)
Fuel LHV 238.0 -
GT 47.2 19.8%
SOFC 76.5 32.2%
Electric 123.7 52.0%
Thermal 99.4 41.7%
BOP 223.1 93.7%
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GT 47.2kW

’ SOFC | 76.5kW
hir 4atm 3.68 atm
0.378kg/s 5198 E 1098 K
Iatm
300K
4 atm 11657 K
650.2K Cathode | 3.68 ‘;'rsn; ‘
—p

. 1206.5K
2.73x10% kg (s

B . 4063 K 1.12 atm
‘%:erm *kg/s CH 4 atm 1215.7K

=111
30k HO y 2.02x10% kg/s 0.392 kg/s

4.75x10% kg/s
pump 1 .g]tn: efs compressor afterburner  turbine

7 atm

3.
300K ‘ 1503.5K ‘ :

@ 3-13. SOFC/GT % & i S ¥t s %

= ~ SOFC/GT f e sc 7 e b B 5 & %
(<)% e
Lg%~ & F vl oia
FE & F R e PR ek 311 DR
vk~

~N

N

Hep
E-

F od AP RV ER HRAM FEAFE
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