Development of Experimental Stirling Engine with Ceramics Heat Exchanger
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In order to develop a household co-generation system, we need a compact and high efficient power source. A
Stirling engine, which has excellent characteristics such as high ideal efficiency and low pollution, is one of the
suitable power sources for the co-generation system. In this study, we aim to develop a high efficient Stirling engine.
And a ceramics heat exchanger is developed. It has high heatproof performance and high heat conduction, then the
Stirling engine can have higher operating temperature. We also develop a prototype Stirling engine for
investigation of the ceramics heat exchanger. In this paper, we discuss a fundamental performance of the engine.
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Figure 1, Structure of Prototype Stirling Engine



Figure 2, Photograph of Prototype Stirling Engine

Table 1, Specifications and Target Performance

Engine Type Beta-type
Displacer (Bore x Stroke) 60 x 18 mm
Power Piston (Bore x Stroke) 60 x 18 mm
Working Gas Helium
Piston Drive Mechanism Rhombic Mechanism
Target Power 400 We
Target Efficiency 25 %

Engine Speed 2100 rpm (max.)

Mean Gas Pressure 3.0 MPa (max.)

Heat Source Combustion Gas (Methane)

Heater Material Ceramics (SiC)
Regenerator Piled Mesh, #150
Cooler Type Shell and Tube Type
Generator Type Induction Type
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Figure 3, Structure of Ceramics Heater
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Figure 4, Structure of Heat Exchangers
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Table 2, Experimental Condition

Heat Source Methane
Total Heat Input 3 ~6kW
Air Ratio 1.3

Engine Speed

600 ~ 1800 rpm

Mean Gas Pressure

42
Tw1 TE

2.5 MPa (Helium)

Qtotal

Qtota=6 kW N=1200 rpm

870

BLIA -

— _
oo Pe=25 MPaje o 0 : 2
< 00} | A a
” .III:-][II 1 i
= DU[:II_',Q—' .l .
E 5 .|"|'-'l -
= B00 L T N Heater Wall Temp., Tho |
# qonld ® 6kW
2 g ® SkW
2 oonl| & 4 kW]
z ! o KW . & o
S : : :
E 500 i s 1

400 Exp. Space Gas Temp., T |

S

i 400 B0 1200 el
Engine Speed, N [rpm]

Figure 5, Experimental Results of Heater Wall
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Figure 6, Pressure Diagram
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Figure 8, Heat and Thermal Losses



