3t Al eks] =5 B, #3578 A43, pp. 399~407, 2011 399

ElE=ED DOI:10.3795/KSME-B.2011.35.4.399 ISSN 1226-4881
Areule] FEE AbAels RYE TALE
CER R B NS ERPS PR E=

* * =t
YoM BT ASY
« Qlshueta 7]7ge

Analysis of Performance of SOFC/GT Hybrid Systems Considering
Size-Dependent Performance of Gas Turbines

No Sung Myung’, Sung Ku Park’ and Tong Seop Kim’
* Dept. of Mechanical Engineering, Inha Univ.

(Received November. 10, 2010 ; Revised January 13, 2011 ; Accepted January 14, 2011)

Key Words: SOFC(aLA4+alE A2 A X)), Gas Turbine(7}2~E{}1), Hybrid System(d}0]H.2]= A]2E)) Power(Z
2]), Efficiency(& &) Pressure Ratio($} = H])

S TANSHE ARAASOFO)S 7F2E NS A stolnels MAN LN spxEe] Frd
Aol st AzBle] el AL GFol thstel AT o1F A kWE, MW oI5t

5 AR o A 7 sEug Agstel ATk el ¢ EEE A WA Rae
kWi AZHAE ARAA B A28 s do] Frsglom, staEue FHo] AdeE

<
=

(Z, A0l FohAFS) sholng = AxyelA hxEule] RS HFol AAL Asue ol
rold & Seletar). Zhamulel gheu] Frbel we Ay WEE Auu s A A4H selmels A
AEON BE E9E 2R, 5k WaE A4 429 Aeor.

Abstract: This study analyzes the performance of hybrid power systems combining a solid oxide fuel cell
(SOFC) and a gas turbine (GT). Research focus is given to the influence of the size-dependent gas turbine
performance on hybrid system performance. Three hybrid systems adopting different gas turbines (kW, sub-MW,
multi-MW classes) are designed. As the gas turbine power increases (i.e. as the gas turbine performance
enhances), the gas turbine power portion increases and the hybrid system efficiency increases. The hybrid
system shows efficiency improvement over the SOFC only system even in the case where the gas turbine net
power is nearly zero. The increase of gas turbine pressure ratio contributes to the net hybrid system power
output in all of the three cases, while system efficiency is almost independent on the pressure ratio.
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Fig. 1 SOFC/GT hybrid system configuration
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H — H = T
- FCT [ C] 900
- AFCT [ C] 200
stelnE = Alz=gle e A ARFE Pressure Ratio 1.186
T HRISoE FIHHoR IuEHe A5 HE Voltage [V] 0.726
(FR)Z} wlold| ¥ = F7]9 H]&E(AR)S 242} of Steam Carbon Ratio 3
Ao} o] Ao} Utilization Factor 0.7
Compressor Efficiency [%] 76.0
g — Luel supply to gas turbine (12) Inverter Efficiency [%] 95.0
total fuel supply Efficiency [%] 55.9
Table 2 Design specifications of three gas turbines
kW class GT sub-MW class GT multi-MW class GT
Air mass flow [kg/s] 0.0709 0.27 17.8
Pressure Ratio 2.8 3.5 9.9
Compressor Efficiency [%] 65.0 76.0 86.0
Turbine Efficiency [%] 68.2 87.0 86.0
Recuperator Efficiency [%] 85.0 85.0 92.0
TIT [ C] 850 840 1130
Mechanical Efficiency [%] 99.0 99.0 99.0
Generator Efficiency [%] 95.0 98.0 97.0
Power [kW] 2.0 30.0 4600
Efficiency [%] 10.3 31.6 39.9
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Table 3 Performance of hybrid systems adopting three different gas turbines

Parameters kW GT hybrid sub-MW GT hybrid multi-MW GT hybrid
Cell voltage [V] 0.752 0.758 0.784
FR - - 0.0282
AR 0.500 0.374 -
Mass flow Fuel 0.0011 0.0055 0.682
[kg/s] Air 0.079 0.27 17.8
FC 33.16 164.29 20176.0
Power [kW] GT 0.02 21.04 4451.0
Total 33.18 185.33 24627.0
Specific Power [kl/kg] 468.00 686.4 1383.5
Efficiency [%] 59.6 67.7 72.2
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