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Engine Performance Analysis of Stirling Engine for Small Portable Generator

Koichi HIRATA, Shoichi IWAMOTO, Fujio TODA, Saitama University

A 100 W Stirling engine was developed as a prime mover of a portable generator set Special bayonet-type heat exchangers whose
inner tubes move inside of the outer tubes, were applied for the engine's heater and cooler. An annular regenerator was located in a
displacer piston. The engine had already achieved the target performance. To improve the engine performance efficiently, a simulation
model for the prototype engine was developed. The pressure in the working space was analy zed by an isothermal analysis which takes
into account a gas leakage between the buffer space and working space, and a pressure losses in the heat exchangers. For the pressure
loss in the regenerator, the model can treat the effects by the velocity distribution in the regenerator matrix. To estimate the engine
output, the model calculates the mechanical loss and the buffer loss which is caused by a pressure change in the buffer space. The buffer
loss was calculated with three models, an isothermal, an adiabatic and a simple heat transfer model to determine a suitable model for
the buffer space. The analysis results were compared with the experimental data carefully.
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Fig.1 Schematic view of prototype engine

Table1 Specifications and target performance

Engine type Improved Gamma-type
Working gas Helium
Maximum pressure 1.1 MPa
Heater wall temperature 750°C
Compression space gas temp. 40°C (Water cooling)
70°C (Air cooling)
Rated engine speed 1000 rpm
Bare x Stroke 72 % 20 mm
Output power 100W
Met thermal efficiency 20%
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Fig.2 Analysis model

Table2 Specifications of heat exchanger system
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hA Table3 Experimental condition
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w o (7) Heat source Electric heater (-1 kW)
2pncp Mg Expansion space gas temp. 430 °C (+57C)
Working gas Helium / Nitrogen
Ntu (6) Mean pressure 0.8 MPa
Ts Cooling type Water cooling
Cooling water flux 3 Limin
Pg Cooling water inlet temp. 12 °C (+0.5°C)
Ly dVB Engine speed 500 ~-1400 rpm
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Fig. 4 Pressure loss as a function of engine speed
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Fig.5 Buffer loss as a function of engine speed
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Fig.6 Mechanical loss as a function of engine speed
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Fig. 7 Power as a function of engine speed
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