S0 W

Performance of a 50 W Class Small Stirling Engine
(3rd Report, Discussion of a Rhombic Mechanism and Measuring of Engine Performance)

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

In order to develop a low cost and small Stirling engine, a gamma-type Stirling engine which has simple
moving-tube-type heat exchangers and a Rhombic mechanism has been developed. Its target shaft power is 50 W at

the engine speed, 4000 rpm and the mean pressure, 0.8 MPa using helium as the working gas. In the published

reports [1], [2], we measured the engine performance with atmosphere air and the mechanical loss on the motoring

test. We also developed a hermetic generator set using the prototype engine. As the results, it was confirmed that

the friction loss of a piston drive mechanism is too strong, and the engine has big gas leakage from the power piston.
In this paper, we discuss about the Rhombic mechanism. Still more we reform the engine with reorganized parts of

the power piston, connecting rods and a heat exchanger, and try to measure the engine performance.
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Fig. 1. Prototype Engine (2001)

Table 1. Specifications and target performance

Bore x Stroke @ 36x10 mm

Phase angle 90.2 deg

Working gas Helium / Air
Target shaft power 50 W

Target efficiency

15%

Heating method

Nichrome wire / Combustion gas

Cooling method

Water cooling

Rated operation

Rated engine speed

4000 rpm (Helium)

Mean pressure 0.8 MPa
Expansion space temp. 600 deg C
Compression space temp. 40 deg C
Design (Limit) Maximum pressure 1.1 MPa

Heater wall temp. (max.)

650 800degC
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Fig. 4. Inclined Angle of the Power Piston
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Fig. 5. Maximum Inclined Angle
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Fig. 3. Motion of Power Piston
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Fig. 6. Connecting Rod
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Table 2. Experimental Results (Air, Pn=0.1 MPa)
Heater| Exp. | Comp.

Connecti| Power Heat Engine
No. [ ng Rod | Piston | Exchanger | Speed .F/gril:’ TSrisp T(ir?qsp
(Fig. 6) | (Fig.7) (Fig. 8) (rpm) (deg C.) (deg Cj (deg C)
1 |(b) 2B |(a) Free |(a) Move A 1200 880 510 140
2 |(b) 2B |(a) Free |(b) Move B 900 760 580 120
3 [(b) 2-B |(a) Free |(b) Move B 900 760 580 120
4 |[(b) 2-B |(a) Free [(c) Model 1200 780 550 72
5 |(b) 2B |(b) Rigid |(c) Model 500-1100 810 580 68
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Table 3. Experimental Results (Pressurized Condition)

Connectin| Power Heat Mean Worki Engine Indicated Shaft H\?\:ﬁr Exp. Gas Cgr:sp.
No. g Rod Piston Exchanger | Pressure gasmg Speed PEWI:f(sN) Power Temp Temp. Temp
(Fig.6) ((Fig.7) (Fig.8) (MPa) (rpm) (w) (deg C.) (deg C) (deg C)
1 | (b)2-B | (a)Free | (a) Move A 0.6 He 1460 7.3 3.0 680 380 100
2 | (b)2B | (b)Rigid | (a) Move A 0.6 He 500 5.2 0.9 860 510 100
3 | (b)2B | (a)Free [(b) MoveB 0.6 He 1390 10.4 2.8 530 460 92.5
4 | 2B | (b)Rigid | (b) Move B 0.6 He 710 540 94
5 (b) 2-B (a) Free (c) Model 0.4 He 580
6 | (b)2B | (b)Rigid | (c) Model 0.4 He 440 2.1 0.8 740 544 60
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