Performance of a Hermetic Type Stirling Engine

Koichi HIRATA , National Maritime Research Institute, Shinkawa 6-38-1, Mitaka, Tokyo

A hermetic Stirling engine, which has a generator in a pressurized crankcase, is suitable for an application of
a generator set. Because the hermetic engine does not have an external seal device between the working space and
the atmosphere, and it has small mechanical loss. In this paper, the author reorganizes a 100 W class Stirling
engine named "Ecoboy-SCM81" to the hermetic type. The original engine was developed at a RC127 committee of
JSME in 1995, and it had a mechanical seal as the external seal device. And, the performance of the hermetic
engine is measured for a comparison with that of the original engine. As the result, it is confirmed that the
hermetic engine has very smaller mechanical loss and higher generator power than that of the original engine.
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Fig. 1, Schematic view of Ecoboy-SCM81 (1995)
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Table 1, Engine specifications and target performance
Engine type Improved Gamma-type
Working gas Helium
Maximum pressure 1.1 MPa
Heater wall temperature 750 deg C
Compression spoce gas 40 deg C (Water cooling)
temperature 70 deg C (Air cooling)
Rated engine speed 1000 rpm
Bore x Stroke 72 mm x 20 mm
Output power 100 W
Net thermal efficiency 20 %
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Fig. 2, Factors of mechanical loss
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Fig. 3, Calculated results of mechanical loss
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Fig. 4, Reorganized hermetic type Stirling engine (2002)
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Fig. 5, Measuring system of the engine
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Table 2, Experimental conditions

(a) Comparison between hermetic and previous type
Heat source Electric heater

Expansion space gas temp, Te 490 deg C
Working gas Helium
Mean pressure, Pm 0.4, 0.6, 0.8 MPa

Cooling type
Cooling water flux
Cooling water inlet temp.
Engine speed, N

Water cooling
2 L/min [3 L/min (1997)]
22 deg C [12 deg C (1997)]
500~1500 rpm

(b) Maximum performance
Heat source Electric heater
Total heat input, Qin 1.1kW (110 V x 10 A)

Working gas Helium

Mean pressure, Pn, 0.9 MPa
Cooling type Water cooling

Cooling water flux 2 L/min

Cooling water inlet temp. 22 deg C

Engine speed, N 1000~1600 rpm
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Fig. 6, Indicated power as a function of engine speed
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Fig. 7, Generator power as a function of engine speed
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Fig. 8, Buffer loss as a function of engine speed
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Fig. 9, Power as a function of engine speed
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Fig. 10, Temperature as a function of engine speed
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Fig. 11, Energy balance (N=1400 rpm, Pn=0.9 MPa)
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