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ABSTRACT

Research on a micro gasturbine generator targeted for
a compact distributed energy resource, which would
contribute to the improvement of energy usage
efficiency, has been conducted. While aiming at a low
emission level by introducing a premixed lean burning
method, the engine has achieved a generation efficiency
of 30.8 and 26.7 percent at the engine and system end
respectively by adopting a recuperator and by reducing
the heat and mechanical loss specific to its compact
structure. Electricity output from the high-speed
generator is converted into commercial power and
supplied in coordination to the power grid. The engine,
inverter and other auxiliary devices have been arranged
into one compact package, achieving the highest
performance and ambience level in the class (of 40
kilowatts). Further modifications of the engine have
improved the efficiency to 32.9 percent at the engine
end.
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Table 1 Major specifications of micro-gasturbine
generator

Items Specifications

Type of output 3 phase 200VAC, 50/60Hz

Rated output (kW) 42 (ISO conditions)

Thermal efficiency (engine end) (%) | 30.8 (ISO conditions)

Thermal efficiency (system end) (%) | 26.7 (ISO conditions)

Emissions (CO, HC, NOx) (ppm) <3
Fuel type Town gas 13A
Dimensions (W x D x H) (mm) 1506 x 942 x 1501
Weight (kg) 950
Life (hr) 60000
Noise level (dB(A)) 65 (at 1m)
Permanent
magnet Gasturbine
Oil cooler generator engine

Air pump

Metering

Power
drive unit
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Fig. 1 External view of micro-gasturbine generator

Fig. 2 Internal view of micro-gasturbine generator

Fuel gas booster
valve

Fuel
(Town gas 13A)

Grid connect output
(3phase 200V)

Contactor

Fig. 3 System diagram of micro-gasturbine generator
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Fig. 8 Cross-sectional view of micro-gasturbine engine
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Table 2 Engine specifications at 1ISO conditions

ltems Specifications
Version 1 | Version 2

Engine speed (rpm) 77000
Turbine inlet temperature (°C) 900
Max. electrical output (kW) 47.8 51.7
Engine efficiency (%LHV) 30.8 32.9
t%ﬁggﬁtg efficiency (%)| 876 90.6
Dimensions (mm) $460 x L840
Weight (kg) 145

With recuperator

——
—
: P
15 Recuperator performance
Temperature efficiency = 90%

35 ‘

30— Version 2 data

25

Effect of recuperator

Without recuperator

Engine efficiency (%)

101 | Pressure drop = 6.5%
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Cycle pressure ratio

Fig. 9 Relation between cycle pressure ratio and
engine efficiency
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Table 3 Recuperator specifications

ltems Specifications
Core size (mm)| 430 xL289
Core weight (ka) 45
Material SUS304
Plate thickness (mm) 0.1
Flow rate (kg/s) 0.4
Temperature efficiency (%) 90.6
Pressure drop (%) 6.4
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Taper passage

Fig. 10 Front view of recuperator with two different
passage types

goboooobboooboooobobooobboooooo
gbobooooooobooboboboboboboonoo
000000 Fig. 11 OO0O0O0O0O0O00O0O0OOOOOO
gboboboooob ADbObOOoOooooboooo BO
gobooooobooobooooboboecoonooog
ooooOoooOoooooooono o.0o7r OO0 OO Fig.
Hoooom

gbobooboboobooboobooooooooooon
oo0000o0O0ooO0o0o0oo0oooOooO0mFig. 100
g0o000ooO00oo0oC0obObOO0oDbDOoO0DOd™FEig. 1100
omooooooooboooooooooooobooog
gbobobooooooobooboboboboboooooo
gboboooooooboboboboboobooboooo
gbobooooooobobobobobobooooo

92

S o
=

o

& 90

k] ‘ ‘ : :

o BTN N T
5 ‘ ‘ ‘ ‘ ‘ ‘
S8 | N Y e NN
£ \ (eas Z2Tomr) P
g Lo (G

'— 87"""""‘ " ﬁ "" 6""' """"" T

0.0 0.1 02 03 04 05 06 07\ 08

o [y, .|? Deviation of
2 v | taper passage
Standard deviation of air flow distortion =
n

Fig. 11 Calculated effect of flow distortion

1.10
1.05
1.00
0.95 k- w < e
0.90

Airflow profile

Outside Inside

Fig. 12 Air flow profile at 100%N

0110

oooboooob0o™Frg 12000 0000DOOO0ODO
0000000000 O00DOOO0OOFig. 150000000
gbobobobooboooooooooboboboog
obobooooooobooboobobo
gbobobobobooboooobooobooobooboooboan
gobooboboobboobboooboooboooboo
gboboboboboooooobooobobobonbo
gboboboboooooooooobobobobo
O00D00O0000MFig. 130 Fig. 140510 0O D OO
gbobobobobooooooooobobobobo

Pressed plate (Air passage) / Air

—
 —
[ —
[ ———— 0.5mm
Gas ."I y --.t:"“

Counter flow
passage

Laser welding
Seal surface (Brazing zone)

Fig. 14 Laser welded cell (Involute shaped)
700L
600 ~

500 % Outside

~N

400 Inside SN

300 NS

200

Temperature (°C)

/]

100

Air

— Outside |

Hot gas

=

[ Inside =

Fig. 15 Measured temperature of recuperator



Honda R&D Technical Review

Vol.15 No.2 (October 2003)

0000000oO0ooOooOoooo os/08mm 000000
gboboooooooboobobobobobooobooon
goooogob swo0ooooooo eemdooOod
0 122m 000000O0D0O0D0OO0O0O0OOCO0O00O0ODO@
2mm OO OO0MMOO0O0O
gbobobobooooboooooooooooooon
goooogob soobbbouoobboooooogo

42.00000

00000000000000000000000000
0000000000000000 Table 40Fig. 16 00
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
00000000000000000000000000
ooooooo

000000000D0000000000000000
0000000000 000000MMNdFeBMOOOO
00000000 -00000000000000000
00000000000000000000000

000000000D0000000000000000
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
00000000000000000MO0mMOnoo
00000000000000000000000000
O00MMFig.17000000000000000000
0000 O Fig. 1800

Table 4 Generator specifications

Items Specifications
Generator type Permanent magnet
Rotor size (mm) $48.8 x L90
Magnet material Nd Fe B
Stator type Slotless
Electromagnetic conversion (%) 97
efficiency

S .

$48.8

Hl_ha- - i
ﬂ?ﬁ’ £ (mm)

Fig. 16 Cross-sectional view of generator rotor
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Fig. 18 External view of stator coil
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Table 5 Electric power control unit specifications

ltems Specifications

Type of control 3 phase PWM control
Output power (kW) 42
Efficiency (%) 95.1

Total harmonic distortion (%) 35

Power factor 0.99

Volume (litter) 87

Weight (kg) 98
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