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Basic Study on Development of Stirling Engine for Small Portable Generator
(1st Report, Engine Design, Manufacturing, and Performance)

Koichi HIRATA, Noboru KAGAWA, Iwao YAMASHITA, Shoichi IWAMOTO

A small gamma-type Stirling engine was developed as a prime mover of a portable generator set. The engine target
performance is 100 W output power and 20 % net thermal efficiency at 1000 rpm. 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 displacer piston had both of the heating and cooling inner tubes for the working gas which flows to and
from outer tubes. The outer tubes for heating were located at the top of the expansion cylinder and the outer tubes for cooling
were located in the middle of the cylinder. For a piston drive mechanism, a Scotch-yoke mechanism which was useful to realize
the small-size engine without any lubricating device, was adopted. In this paper, the design method using an adiabatic model
which can treat several thermal and hydraulic losses, and a nodal model, SETMA, are introduced. The analysis results are
compared with the experimental data to show the availability of the arranged design method. Also, the performance of the
compact bayonet-type heat exchangers are briefly discussed.

Key words: Stirling Engine, Heat Transfer, Design, Engine Performance, Bayonet Heat Exchanger,
Scotch-Yoke Mechanism, Thermal Loss
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Table 1 Specifications and target performance
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Fig. 1 Analyzed gamma-type engines
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Table 2 Calculated performance of gamma-type engines
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! Fig. 2 Schematic view of prototype engine
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Fig. 3 Structure of heat exchanger system
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Qcond

PTFE

Qshuttle

(1)



(12)

A D S,
Ipis
Tem Tem @ ©
I_E LC I_I
p3t xD>XS 2
Qshuttle 8x t ( Em ~ TCm) (2)
pis
Pe P. Po
dVe dv. dV,
n
Le = gPedVe (6)
Lo=- (Q‘j:’cdvC + Q‘fpdvp)xn (7
Li=Lg- Le (8)
qump € Qh Qc
Qh :LE+Qr +Qshutt|e +qump +Qcond (9)
K Qc = LC +Qr +Qshurtle +qump +Qcond (10)
I:)Vmin PVmax @
2
p k TEm B TCm
=l x X B T O )5S, (Py iy - P
qump 4 k- 1 TEm +TCm >6t( V min Vmax) 650 70
(3) MPa
Qcond
1000 rpm
A g Ay 263 W 18 W
53 W 11w
[, *A 324 W
Qoond :%(TEm b TCm) (4)
pis
]
n int
N
A 1 20
=
13K T 1 Himal i T
= /
EI- noof Fogedad haal | s I
m a il o
11) A E s I
Cp N, i
Jdl-'.| SO0 400 B B0 10030 1230 1404
Ntu - hA (5) Engine sposd (rpm)
mc

P Fig. 5 Calculated heats and losses (Adiabatic model)
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Fig.7 Effect of outer diameter of heater tube (SETMA)
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Table 3 Specifications of heat exchanger system Table 4 Experimental conditions
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Fig. 10 Measuring system of prototype engine Fig. 11 Power piston space gas pressure as a function of crank angle
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Fig. 12 Indicated power and heats as a function of engine speed
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Fig. 13 Output power as a function of engine speed
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Fig. 14 Thermal efficiencies as a function of engine speed

.0
1.8
1.6

14
1.2

1.B Il-"I-;I--'---.-—|_I_.--.—
0.8 -

mculden  Expsomen
'Y
-

i
H sl s
Gookl  ———

o

Mumber of freal Fansker uni

¥4

D':I SO0 400 GODC BDD 1000 13004400
Engne spesd (rpm)

Fig. 15 Number of heat transfer unit as a function of engine speed
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