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Performance Analysis of a Solid Oxide Fuel Cell/Micro Gas Turbine
Hybrid System
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Abstract : Performance analysis of a solid oxide fuel cell/micro gas turbine hybrid system is
conducted at design-point and part-load conditions and its results are discussed in this study.
With detailed considerations of the heat and mass transfer phenomena along various flow streams
of the SOFC, the analysis based on a quasi-2D model reasonably predicts its performance at the
design-point operating conditions. In case of part-load operations, performance of the hybrid
system to three different operation modes(fuel only control, speed control, and VIGV control) is
compared. It is found that the simultaneous control of both supplied fuel and air to the system
with a variable MGT rotational speed mode is the optimum choice for the high performance

operation. And then, the dynamic characteristics of a solid oxide fuel cell are briefly
introduced.
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Fig. 2 Quasi~2D model of a solid oxide fuel cell
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Table 1 Specification of a SOFC/MGT hybrid system
at a design-point condition®®

Hybrid Ambient conditions 15°C
System I atm
System power 220 kW
S/C ratio 25
Fuel utilization factor 0.85
SOFC Average current density 3200 A/m’
Fuel inlet temperature 15°C
Pressure ratio 29
Turbine inlet temperature ~ 840°C
MGT Compressor efficiency 78%
Turbine efficiency 82%
Recuperator effectiveness  89%

9] 71ZFo 2 FFEAh A8AA YoM A
718834 ol Aol Yas 3, o] HA
A gol Bzt 129 7t2vt vjgHo}. o] B
&0) J2E Blos FFHo BAHINE FHA
A 28L& AdEE 4490l 99.

stolHge Alx"e A {4 dAME
A 28g FASE ZF FALLE0] AHIA B
a3 zFolop @}, Fig. 19 viojmg 7l2gyl
2 kel YAY ¢Fv|ek wAY EHROE of
Folx 2o ¢4E719 EHHE st A gFe
2 58 lumped B9 el ¥ go] JHssl
o 2N e ARAAE Stz wpvA)
2 lunped Z2E AF3le 4L =48 + A
o0, luped A L YAY ELEE 9F
7] P& dadA Uy d4E A58 A4
Al Fig. 201419} Zo] nAASE ARAHAE 2
olgtgo 2 Urm el vd FEE(control
volume)ol A7|gstts3 BAY o Eests
H WL Eo d 22 2 duix] 2EL WS
FEE FE Fojkyd 2dg =T 4 9. Y
FoldYd 29& o] &3lH Fo FAH Yo A8
AR 2o NI ES 24y & £ Qo] &
2474 g 45 Ao £ J& Bl oy
2 A A2 A BY Brh AEE] dF
g 4= Aok,

dadAe 293 FHL ol 2oz F
ojdc

Wre = V.jA, (D

Weo

_— (2)
Mepy (LHV ) cpy

Nrc =

4714, = A AL e, Ause
At Ageds Aololg, j= daAAY A
gusm, 4t A=AAY WA}, 7}

- 274 -



Table 2 Predicted data of a SOFC/MGT hybrid system by
the performance analysis at a design-point

condition
Parameter Si.emens- " Predicted
Westinghouse data

Current density, A/m’ 3200 3200
Cell operating voltage, V 0.610 0.613
Pressure ratio 29 2.9
Air mass flow rate, kg/s 0.5897 0.5867
TIT,°C 840 840
SOFC DC power, kW 187 185.0
SOFC AC power, kW 176 175.7
GT AC power, kW 47 45.9
Net AC power, kW 220 220
System efficiency, % 57 60.2
Cell active area, m” 96 94.3

*Bold characters are given values
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