Performance of Seal Device for a Stirling Engine
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In the case of a displacer type Stirling engine, there are piston rings of a displacer piston and power piston, and the rod
seal as internal seal devices. The piston ring of the power piston and the rod seal must have a high performance of the gas
leakage, because the seal characteristics affect to the engine performance strongly. On the other hand, the gas flow through the
piston ring of the displacer piston is a little, because there is a small pressure difference between the above and below spaces of
the piston ring. Then, it is considered that the seal characteristics affect to the engine performance only a littele. However,
several problems happen on its endurance characteristics sometimes, because its working temperature is higher than that of
the other seal devices. So, effects of the seal characteristics of the piston ring must be investigated in detail.

This paper shows experimental results with a 100 W displacer type Stirling engine for the effects to the engine
performance from the seal characteristics of the piston ring using the displacer piston. As the results, the seal characteristics
affect to the working gas temperature, the indicated power, the thermal efficiency and the pressure loss in the heat

exchangers.
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Fig. 1 Schematic view of prototype engine

Table 1 Outline of specifications and target performance

Engine type Improved Gamma-ype
Working gas Helium ¢ Mitrogen
Idaximum pressure 1.1 MPa
Healer wall temperaiurs 7S0°C (max.)

Compression space gas temp.

4070 (Water cooling)
70°C (Al cooling)

Hafed engine speed 1000 rpm
Bora ¥ Stroka 72 X 20 mm
Cutpul power 100'W

Met thermal efficiency 20 %




Table 2 Specifications of piston ring (DP)

Type A | TypeB Type G | Type D

Flang ring

MNumbear z 1 1 o

Width 125mm| 25mm | 25 mm | ==

Clearance of slep | 1 mm 1.mm amm S
Expandar ring

MNumber i i 1 1]
Equivalent dameter| 0.9mm | 1.1 mm | 1.4 mm | 3.0mm

Table 3 Experimental conditions

Heat source Electric heater (~1 kW)
Heater wall temp. 500 °C (£5°C)
Working gas Helium / Nitrogen
Mean pressure 0.8, 0.6, 0.4 MPa
Cooling type Water cooling
Cooling water flux 2.5 L/min
Cooling water inlet temp. 23 °C(%0.5°C)
Engine speed 1000 rpm
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Fig. 2 Expansion space gas

temperature and input heat

as a function of equivalent diameter
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Fig. 5 Indicated efficiency as a function of
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