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Effect on thermal efficiency of heat storage material
on the surface of Stirling engine displacer pistons
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" Faculty of Engineering, Department of Mechanical Engineering

In Stirling engines, in order to improve thermal efficiency, it is necessary to increase the amount of heat transfer
through regenerators. Previous research has found that engine speed reduction improves thermal efficiency. However, it
was theorized that the regenerator heat storage capacity is insufficient because there are limitations to the improvement
in thermal efficiency that can be achieved by engine speed reduction. Therefore, the purpose of this study is to improve
the thermal efficiency and to confirm engine speed change when the thermal efficiency is maximized through increased
regenerator heat storage capacity in Stirling engines. To this end, engine performance testing was performed using an
experimental Stirling engine and adding heat storage material to the regenerator. The results showed no confirmed
engine speed change, but did confirm improved thermal efficiency. Furthermore, it was shown that the thermal

conductivity of the heat storage material used in the regenerator significantly affects thermal efficiency.
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Fig.1 Schematic of load device
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Fig.2 Schematic of Stirling engine with regenerator
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Fig.3 Schematic of experimental Stirling engine
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Fig4 Grooving on displacer piston surface

Table 1  Specification of experimental Stirling engine

Diameter 53mm
Stroke 38 mm
Power cylinder Crank radius 19mm
Connecting rod length 111 mm
Compression ratio 13.38
Diameter 80 mm
Stroke 50 mm
Displacer cylinder
Crank radius 25mm
Connecting rod length 107 mm
Working fluid Air  (Unpressurized)
Heat source Bunsen burner  (Propane gas)
Cooling source Water
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Table 2 Properties of metal wires used as heat storage material”

. Specific heat capacity Thermal conductivity . .
Material Specific gravity
[J/kg * K] [W/m - K]
Copper 385 386 8.96
Aluminum 900 204 2.7
Stainless steel (SUS304) 502 16 7.82

(at 1atm, 293K)
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Fig.5 Heat storage material added on surface of displacer piston
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Fig.6 Relationship between engine speed and brake thermal efficiency measured with addition of heat storage materials

Table 3 Comparison of brake thermal efficiency between difference in heat storage materials

Heat storage material No addition Copper Aluminum Stainless steel
Maximum brake thermal efficiency [%] 0.46 0.49 0.49 0.54
Engine speed  [min™'] 219 229 219 227
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Fig.7 Relationship between engine speed and theoretical thermal efficiency calculated based on actual temperatures
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