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ABSTRACT

Micro gas turbines are designed with low turbine inlet temperature and pressure ratio. To overcome the
efficiency defect of the simple cycle, adoption of the recuperator is an inevitable choice. In addition to the
design performance, we should also pay attention to the off-design performance of gas turbines since they
usually operate at part-load conditions for a considerable amount of the time. This study aims at analyzing
off-design performance characteristics of micro gas turbines and addressing the importance of the
recuperator in the part load operation. Comparative analyses have been performed to evaluate the part load
performance differences among various design and operating options ' simple vs recuperative cycles, single
vs two shaft configurations, various operating strategies for the single shaft configuration (fuel only control,
variable speed operation, variable inlet guide vane control), and current vs advanced engines. Major finding
is that maintaining turbine at high level is crucial in efficient operation of micro gas turbines.
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Fig. 1 Schematic diagram of micro gas turbines
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Table 1 Design specification of a single shaft micro

gas turbine

Ambient temperature, K 2815

Ambient pressure, kPa 101.3

Turbine inlet temperature, K 1100

Pressure ratio 35

Compressor efficiency, % 81

Turbine efficiency, % &

Recuperator efficiency, % 8

Shaft speed, rpm 80,000

Air flow rate, kg/s 05

Fuel LHV (natural gas), kJ/kg 49,720

Turbine exit temperature, K 872 (867

Exhaust temperature, K 517 (867)"

Shaft power, kW 536 (60.4)°

Specific power, k]/kg 107.3 (121.0)

Thermal efficiency, % 300 (156)°
* simple cycle
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Table 2 Design specification of a simple cycle gas

turbine
Turbine inlet temperature, K 1300
Pressure ratio 12
Compressor efficiency, % 83
Turbine efficiency, % 89
Specific power, kJ/kg 250
Thermal efficiency, % 30.0
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Fig. 2 Part load efficiency of single-shaft gas turbines
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Fig. 4 Comparison of part load efficiencies of single- and
two-shaft regenerative cycle MGTs

11—

1.0
0.9
08

0.7

Relative value

0.6

Shaft speed
0.5 F / .

0_4'...1..|._L.1L..|...
0.0 0.2 0.4 0.6 0.8 1.0

Relative power
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Table 3 Design specifications of a high temperature
advanced micro gas turbine

Turbine inlet temperature, K 1450
Pressure ratio

Compressor efficiency, %
Turbine efficiency, %

50

3

87

Recuperator efficiency, % €0
Turbine exit temperature, K 1077
572

20

438

Exhaust temperature, K

Specific power, kJ/kg
Thermal efficiency, %
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Fig. 12 Comparison of part load efficiencies of current

and advanced MGTs of single-shaft configuration

09wty o zw olgjd AL FAE &Y A
o] Braict,

ojBd wWAs)M Ego) 40%F YE Aoz
TESY SHAENE gAoE sl BERE e
st 30%u AR vmaPct dAY HAS
A8 & Table 3o 898t 1200°C &9&& TIT
9} 909%9) AA7) Bgol Basith BHNETLE(RA
7] YFFALE)DA S0°CE oA Ausr) A
Az 2L42e FALEd AFac® by wun
Ba%50 & 93 HHIAS $AL DS

Fig. 12¢) 38R 58S Ryt A4 F3e
MGTo) Hlke] FERa1A] AR aeAs7t 44
3 2 d=Eh Rae OWAAE AALE
N%7F 9= =& 1&o] 7M5dith ol ndgd o
2 YAAo|Z 9] o] Ho| MAR Wol]e} RERE A

HolM= FeejAlA vehde Aoz Y. oY

- 86 -



& 3L o 72BN BRfRAdARE a4dF A
Aol ATl ¥ A vlst] REESIA] B &

Aot doke Anst wekg golgo

off

4 4 E
ARALo] 22 MAAHE vlolaZ AW EE

Bl d@ A4S 3o o ZAE AUk

(1) % FejollA dawe g e F9d A
Ato]E MGTE 4% HAXSY ggiteld 7}
2B B} REHEE §8&0] W}

2) Fd50z HAY MGT7t €% MGTEY E2
HUZT2EE Q3te REREE] 8 o

3) &= MGTolA 713 A4s 43w sy
LE7 A fASEE FEYS 580 F ¥
A FPEYFAAR 2% °1] g% M A¢
dE RERS Fgo] AA FFHAT ¢F7E
£A57} 2 ALd At 205 Ao dad
. 53] /M A4 4L BdF Fyud B
—‘?——‘?’—EFEE =r’é °1 s3fc

ZH*XAME’- MGTE #%
Zo] MGTo Hlslo 9

53] Z}OW ’a‘%ﬁl ‘;%r HAE =& 5289

4449 Aoz JAETh

% 7]
o] =R & 2003d% <lsttistme] g o3ty
AT520-8 (INHA-30298).
Zne2sl

(1) Haught, D, 2003, Microturbine Equipment, Panel
session presented at ASME Turbo Expo 2003,
June 16-19, Atlanta, Georgia, U.S.A.

(2) %4, o34, 2003, “BAdAHL T5kWH ulo
AZ WY AAAL,” FAZAQTNLLESY =
3, pp. 307-313.

) Heg, 952 HEY,
“50kW mle]laz 7Rl A
2u¥3 =&, pp. 314-319.

@) A7E, A5S, oMY, “BEAY ulolaz Wl
Ay HAAAg L FAVIAQF ML LR
=83, pp. 320-327.

(5 McDonald, C. F, 2000, “Low-cost Compact
Primary Surface Recuperator Comcept for
Microturbines,” Applied Thermal Engineering,
Vol. 20, pp. 471-497.

(6) Kang, Y. M. and McKeirnan, R, 2003, “Annular
Recuperator Development and Performance Test
for 200kW  Microturbine,” ASME  paper
GT-2003-38522.

(1) Kesseli, J., Wolf, T., Nash, J. and Freedman, S.,
2003, “Micro, Industrial, and Advanced Gas
Turbines Employing Recuperators,” ASME paper
GT-2003-38938,

® HFA, 2003, “vid o|&:=E
SAA LR RERE AT HmEA
Ad, A6d, A3E, pp. 28~35.

(9 Kim, TS, Oh C. H and Ro, S. T, 1994,
“Comparative Analysis of the Off Design Per-
formance for Gas Turbine Cogeneration Systems,”
Heat Recovery Systems & CHP (current Applied
Thermal Engineering), Vol 14, No. 2, pp.
153-163.

(10) Kim, J. H, Kim, T. S., Sohn J. L. and Ro, S.
T, 2003, “Comparative Analysis of Off-design
Performance Characteristics of Single and Two
Shaft Industrial Gas Turbines,” Trans. ASME J.
o Engineering for Gas Turbines and Power, Vol.
125, No. 4 (to be published)

(11) Kurzke, J., 2001, Gasturb ver. 9.0.

(12) Saravanamuttoo, H. I. H, Rogers, G. F. C. and
Cohen, H,, Gas Turbine Theory, 5th ed., Prentice
Hall, Ch. 8-9.

(13) Lundberg, W. L., Veyo, S. E. and Moeckel, M.
D., 2001, “A High-Efficiency SOFC Hybrid Power
System Using Mercury 50 ATS Gas Turbine,”
ASME paper 2001-GT-0521.

A=d, HE, 2003,
FAZNALF AL

1 7k
FA717A

- 87 -



