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(54) STIRLING ENGINE

(57)  Ahighefficientstirling engine with excellentther-
mal efficiency, which can increase the heating tempera-
ture of a high temperature section, is obtained by pre-
venting the heat from being lost in a member connecting
the high temperature section and a low temperature sec-
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Description

TECHNICAL FIELD

[0001] The present invention relates to a stirling en-
gine, and particularly to a stirling engine for achieving
high efficiency.

BACKGROUND ART

[0002] Theoretical thermal efficiency of a stirling en-
gine is determined by the temperature of a high temper-
ature section and of a low temperature section, and the
higher the temperature of the high temperature section
and the lower the temperature of the low temperature
section, the higher the thermal efficiency is. The stirling
engine is a closed cycle engine, and heats/cools working
gas from the outside, thus heating and cooling of the
working gas need to be performed through a wall surface
of the high temperature section and of the low tempera-
ture section, and further a material of high heat conduc-
tivity is required in order to increase heat exchange rate
of the high temperature section and of the low tempera-
ture section. As the working gas, helium gas or hydrogen
gas is normally used. Since the working gas circulates
at high pressure, a flow path for the working gas is re-
quired to have heat resistance property, pressure tight-
ness, oxidation resistance, corrosion resistance, high
creep strength, and high heat fatigue strength. For this
reason, as a heater tube configuring a cylinder and high-
temperature side heat exchanger, there has been con-
ventionally used heat-resistant alloy steel such as HR30
(Japanese Industrial Standards), SUS310S (Japanese
Industrial Standards), Inconel (trademark), Hastelloy
(trademark), and the like having excellent corrosion re-
sistance and heat resistance properties, but there is a
problem that these alloy steels are extremely expensive.
Moreover, in such a case, the members configuring the
high temperature section, and the members subjected
to high temperatures by receiving heat from the high tem-
perature section are subjected to limitations in heating
temperatures, depending on metallic materials. For ex-
ample, undera high-pressure conditionin whichthe pres-
sure of operation gas reaches 3MPa, it is considered that
the limit of the heating temperature is approximately
700°C from the perspective of durability, due to the oc-
currence of a creep of abovementioned metallic materi-
als, hence it is difficult to achieve high efficiency if the
heating temperature is increased higher than the limit.

[0003] Further, in a conventional stirling engine, it is
necessary to create the high temperature section by
weldbonding a number of heat-resistant alloy tubes,
through which working gas passes, to an expansion
space head portion by means of brazing so as to allow
the heat-resistant alloy tube to protrude, in orderto obtain
more heat transmission areas. However, leakage of the
working gas may occur due to a seal failure, and, since
a number of heat-resistance alloy tubes are required, the

10

15

20

25

30

35

40

45

50

55

structure becomes complicated and the cost becomes
high.

[0004] On the other hand, in the member for connect-
ingthe high temperature section andthe low temperature
section in the stirling engine, an end of the high temper-
ature section is required to maintain high temperature
and an end of the low temperature section is required to
maintain low temperature to keep a large temperature
difference therebetween, and the high temperature of the
high temperature section and the low temperature of the
low temperature section are close to each other, thus it
is desired that members having high adiathermanous
and low heat conductivity be usedto configure the stirling
engine. However, in the conventional Stirling engine the
member for connecting the high temperature section and
the low temperature section is integrally configured with
a high temperature section composed of high-nickel alloy
or a stainless material having excellent heat resistance
property and heat conductivity, thus there is a problem
that a large heat loss occurs due to conduction of heat
through a member wall connecting the high temperature
section and the low temperature section.

[0005] As described above, the material configuring
the high temperature sectionis required to have excellent
heat resistance property, and also required are contra-
dictory characteristics such that the member for connect-
ingthe high temperature section andthe low temperature
section has, on the one hand, high heat conductivity and,
on the other hand, low heat conductivity from the per-
spective of high efficiency. However, in the conventional
stirling engine structure it is impossible to satisfy such
contradictory requirements simultaneously, thus either
one of the requirements has to be sacrificed.

[0006] Asamethodforincreasingthe thermal efficien-
cy of the stirling engine in view of such technological
background, for example, there is proposed a method in
which a level difference is applied in a center position of
a U-shaped bent portion of each of two adjacent heater
tubes of a plurality of U-shaped heater tubes which per-
form heat exchange between combustion gas and work-
ing gas of a combustor, whereby a space of even width
between the U-shaped tubes is secured at all times with-
out allowing the U-shaped tubes to interact with each
other even if receiving thermal stress or external pres-
sure, and the high-temperature combustion gas can be
evenly allowed to contact with the U-shaped tubes to
increase the heat exchange efficiency of the high tem-
perature section (see the patent document 1). There is
also proposed a method in which a compression space
and an expansion space are connected to each other by
aplurality of connectingtubes, alowtemperature section,
a regenerating portion, and a high temperature section
are disposed sequentially in each of the connecting
tubes, and, by freely changing specification of the regen-
erating portion and of the low temperature section in ac-
cordance with the distribution of the temperatures of the
high temperature section, the engine power is improved
(see the patent document 2). Furthermore, there is pro-
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posed another method in which a high temperature sec-
tion, a regenerator, and a low temperature section are
surrounded by a double shell, and an incompressible
heat insulating material such as liquid chlorine is filled
into the double shell, whereby operating temperature and
pressure are increased, efficiency of the regenerator is
improved, and the number of times that heat is trans-
ferred in a direction perpendicular to the direction of flow
of working fluid is increased (see the patent document 3).

Patent document 1: Japanese Patent Application
Laid-open No. H5-172003

Patent document 2: Japanese Patent Application
Laid-open No. H6-280678

Patent document 3: Japanese Unexamined Patent
Publication No. 2001-505638

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0007] Any of the abovementioned methods that have
been conventionally proposed in order to increase the
thermal efficiency of the stirling engine contributes to the
improvement of the thermal efficiency, but is not yet sat-
isfying.

[0008] Therefore,the presentinvention attemptsto ob-
tain a high efficient stirling engine by significantly improv-
ing the thermal efficiency and reducing loss of heat con-
duction compared to the prior art, and, specifically, an
object of the present invention is to provide a stitling en-
gine capable of increasing heating temperature of the
high temperature section higher compared to the prior
art, and preventing large amount of heat from being lost
in the member connecting the high temperature section
and the low temperature section, thereby achieving high
efficiency.

MEANS FOR SOLVING PROBLEM

[0009] A stirling engine of the present invention which
solves the abovementioned problems is characterized in
that a high temperature section and a member connect-
ing the high temperature section and a low temperature
section are formed of different materials and are integral-
ly bonded to each other to configure the stitling engine,
the high temperature section being formed into an inte-
gral structure by means of a heat resistant/high heat con-
ductive material having high heat resistance property and
high heat conductivity. The high temperature section is
characterized in being formed by integrally molding an
expansion space head portion and a high-temperature
side heat exchanger main body with the same material.
[0010] As the heat resistant/high heat conductive ma-
terial, a ceramics selected from silicon carbide ceramics,
silicon nitride ceramics, aluminum nitride ceramics, or
alumina ceramics, or a functionally gradient material of
these ceramics and metal can be suitably employed. The
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member for connecting the high temperature section and
the low temperature section is preferably formed of a
heat resistant/low heat conductive material having low
heat conductivity. As the heat resistant/low heat conduc-
tive material, a ceramics selected from silicon oxide,
cordierite, mica, aluminum titanate, or quartz ceramics,
or a functionally gradient material of these ceramics and
metal can be suitably employed.

[0011] The abovementioned stirling engine is not lim-
ited in the shape thereof, thus this stirling engine can be
applied to any of a B type stirling engine in which a dis-
placer piston and a power piston are disposed in the
same cylinder, aytype stirling engine in which a displacer
piston and a power piston are disposed independently in
different cylinders, oran o type stirling engine having two
independent pistons, which are, an expansion piston dis-
posedin an expansion cylinder and a compression piston
disposed in a compression cylinder.

EFFECT OF THE INVENTION

[0012] According to claim 1 of the present invention,
the member for connecting the high temperature section
and the low temperature section is formed to have a split
configuration and the high temperature section is formed
of the heat resistant/high heat conductive material having
high heat resistance property and high heat conductivity,
thus the temperature of the high temperature section can
be set higher comparedto the prior art, and the efficiency
thereof can be increased. According to the invention of
claim 2, the high temperature section is formed by inte-
grally molding the expansion space head portion and the
high-temperature side heat exchanger main body with
the same material, thus the high-temperature side heat
exchanger main body can be integrally formed thickly,
can also be provided with a better pressure-tight structure
compared to a conventional high-temperature side heat
exchanger main body in which only a heat-transfer tube
is formed in a protruding fashion, heating temperature of
the high temperature section can be raised higher, and
the durability can be improved. Furthermore, according
to the invention of claim 4, the connecting member is
formed of the heat resistant/low heat conductive material
having low heat conductivity, thus heat loss caused by
conduction of heat at the connecting member can be re-
duced significantly, compared to the prior art, and, as a
result, a high efficient stirling engine can be obtained. By
forming the high temperature section with a ceramicma-
terial having heat resistance/high heat conductivity, and
by forming the connecting member with a ceramic ma-
terial having heat resistance/low heat conductivity, heat
resistance property, pressure tightness, oxidation resist-
ance, corrosion resistance, high creep strength, and high
heat fatigue strength with respect to the working gas can
be enhanced, the heating temperature in the high tem-
perature section can be increased, and the durability can
be improved.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 is afront cross-sectional diagram of the stirling
engine according to an embodiment of the present
invention;

Fig. 2 is a schematic diagram of the stirling engine
according to other embodiment of the present inven-
tion, in which (a) shows an o type stitling engine and
(b) shows a vy type stirling engine; and

Fig. 3is aline chart showingthe relationship between
the expansion space temperature andthe theoretical
thermal efficiency in the stirling engine.

EXPLANATIONS OF LETTERS OR NUMERALS

[0014]

1, 35, 50: stirling engine

2, 51: displacer piston

3, 52: power piston

4, 53, 58: cylinder

5, 40, 55: high temperature section
7, 43, 57: low temperature section
6: regenerator

10 : permanent magnet

11: inner yoke

12: expansion space head portion
13: expansion space

14: high-temperature side heat exchanger main
body

15, 44, 60: working gas flow path
16, 41, 56: regenerator housing
20: cylinder main body

21: internal cylinder

22: external cylinder

27, 28, 29, 30: fitting flange

31, 32: clamp

36: expansion piston

38: compression piston

59: compression space

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] Hereinafter, the present invention is described
in detail with reference to the drawings. Fig. 1 shows an
embodiment of the present invention in which the present
invention is appliedto a B type free- piston stirling engine.
[0016] Inthefigure, 2is a displacer piston, 3is apower
piston, 4 is a cylinder, 5 is a high-temperature side heat
exchanger which is a high temperature section, 6 is a
regenerator, and 7 is a low temperature section. The
present embodiment shows a case in which electric pow-
er is generated by the output power of the power piston
3, wherein a cyclic ring 9 in which a permanent magnet
10 is fixed to a leading end portion thereof is caused to
stand up straight on an end portion of an end plate 8
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which is fixed to a lower end of the power piston 3, to
configure a generator between the permanent magnet
10 and a coil (not shown) fixedly inserted into an inner
yoke 11 provided on an outer peripheral portion of the
cylinder 4, and the permanent magnet 10 is caused to
vertically vibrate by reciprocating motion of the power
piston 3, whereby electricity is generated. However, the
form of the output power of the power piston 3 is not
limited to the above-described pattern, but is applicable
to various uses such that the vertical motion of the power
piston 3 may be obtained as rotary motion or direct re-
ciprocating motion, and no particular limitation is im-
posed.

[0017] Inthe presentembodiment, inthe B type stirling
engine 1 having the abovementioned configuration, the
cylinder 4, which is slid by the displacer piston 2, is con-
figured with different materials by dividing it to the corre-
sponding portions on, beginning from the top, high tem-
perature section 5, regenerator 6, and low temperature
section 7 in succession. The high temperature section 5
comprises an expansion space head portion 12 and high-
temperature side heat exchanger main body 14 of the
cylinder 4, and is formed by integrally molding it with the
ceramic material having high heat conductivity and ex-
cellent heat resistance property. An working gas flow
path 15 is formed inside the high-temperature side heat
exchanger main body 14 in order to heat working gas
which moves the regenerator 6 and an expansion space
13, and the working gas passing the working gas flow
path is heated by heating the high-temperature side heat
exchanger main body 14 from outside. In the present
embodiment, as shown in Fig. 1, an after-mentioned heat
pipe 19 for connecting the regenerator 6 and the expan-
sion space 13 is fitted to the working gas flow path 15 to
configure the high-temperature side heat exchanger, but
the working gas may directly move inside the working
gasflow path 15 formed inside the high-temperature side
heat exchanger main body which is integrally molded with
the heat resistant/high heat conductive ceramics.
[0018] Inthe presentembodiment, since the high-tem-
perature side heat exchanger main body 14 is formed of
the material having high heat conductivity and excellent
heat resistance property, the working gas passing
through the working gas flow path 15 provided inside the
high-temperature side heat exchanger main body 14 can
be heated to 1000°C or higher. According to the present
invention, as willbe described later, the high-temperature
side heat exchanger main body is formed to have an
integral structure by providing a number of working gas
flow paths therein and integrally molding the working gas
flow paths with a ceramics or a functionally gradient ma-
terial having high heat conductivity and excellent heat
resistance property, thus it is not necessary to form a
number of heat tubes, through which the working fluid
flows into a combustion chamber, into the U-shape and
to cause them to protrude to the outside as in the prior
art. Furthermore, the configuration of the high-tempera-
ture side heat exchanger (heater) can be simplified and
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the working fluid can be heated up efficiently even when
forming the high-temperature side heat exchanger main
body thickly, thus the pressure tightness canbe improved
by forming the high-temperature side heat exchanger
main body thickly.

[0019] As the material having high heat conductivity
and excellent heat resistance property, itis preferred that
heat-resistanttemperature be atleast 750°C andthe heat
conductivity be at least 20 W/mK, and a ceramics such
as silicon carbide (SiC) ceramics, siliconnitride (SigN,4)
ceramics, aluminumnitride (ALN) ceramics, and alumina
(Al,Oq) ceramics, or a functionally gradient material of
these ceramics and metal can be suitably employed. The
SiC ceramics is excellent in terms of heat resistance
property, abrasion resistance, and corrosion resistance,
and the intensity thereof is hardly reduced even in a hot
temperature of at least 1000°C. Further, by embedding
SiC ceramic fiber in the base material of the SiC ceramics
to obtain a composite material, a material having com-
bined higher intensity and tenacity can be obtained. The
SiC ceramics and ALN ceramics have a heat conductivity
of at least 100W/mK and thus is excellent in heat con-
ductivity and heat resistance property, thus these ceram-
ics are suitable for creating the high-temperature side
heat exchanger main body (heater). The silicon nitride
ceramics is a material with high covalency and is excel-
lent in mechanical and thermal properties. Particularly,
the silicon nitride ceramics is excellent in its intensity,
tenacity, and abrasion resistance property, has low ex-
pansion coefficient and high heat conductivity (heat con-
ductivity is approximately 20 through 30W/mK), has ex-
tremely good anti-shock property, and can be used even
in a high temperature of at least 1000°C. Further, the
alumina ceramics has advantages such as having excel-
lent in abrasion resistance property and insulation prop-
erty, having a high heat conductivity of approximately
30W/mK, and being relatively cheap.

[0020] The regenerator 6 is formed such that wire
mesh 17 isfittedin acyclic wall of acylindrical regenerator
housing 16 at every predetermined interval, and a hole
18through which the working fluid passes communicates
to the working gas flow path 15 of the high-temperature
side heat exchanger 14. It should be noted in the present
embodiment that a plurality of holes 18 are formed in the
regenerator housing 16 at a predetermined pitch so as
to be parallel with the shaft center thereof to configure
the regenerator, but the regenerator housing can be di-
vided into an internal cylinder as an internal wall surface
of the cylinder and an external cylinder, and wire mesh
can be fitted into a cyclical hole between the internal cyl-
inder and the external cylinder, thereby forming the re-
generator. The regenerator housing 16 is formed of a
heat resistant/low heat conductive material. As the heat
resistant/low heat conductive material, it is preferable to
use a material having a heat-resistant temperature of at
least 750°C and a heat conductivity of 10W/mK or less,
and, for example, silicon oxide ceramics (heat conduc-
tivity is approximately 1W/mK), cordierite ceramics (heat
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conductivity is approximately 1W/mK), mica ceramics
(heat conductivityis approximately 2W/mK), quartz glass
ceramics (heat conductivity is approximately 1W/mK), or
otherlow heat conductive ceramics can be suitably used.
The intensity of these ceramic material is approximately
one fifth of that of stainless, thus the thickness of the
regenerator housing 16 needs to be five times thicker,
but since the heat conductivity is approximately 1/16 of
that of stainless, heat loss caused by heat conduction
can be reduced to one third.

[0021] Moreover, the material of the regenerator hous-
ing 16 is not limited to the abovementioned ceramic ma-
terial itself, thus it is possible to employ a composite ma-
terial which is obtained by laminating, forthe internal wall
side, a ceramic layer having low heat conductivity such
as mica, cordierite, zirconia, quartz glass, aluminum ti-
tanate orthe like, and, for the external wall side, a cheap
steel material layer having strong intensity, a composite
material which is obtained by spraying the ceramic hav-
ing low heat conductivity onto the steel material which is
the external side or a composite material which is ob-
tained by spraying mica, cordierite, zirconia, quartz glass,
aluminum titanate or the like onto the surface of the steel
material, which is the external side of the composite ma-
terial, to form a layer having low heat conductivity on the
externalwallsurface,whereby the regenerator housing 16
can be formed thinner at lower cost. Furthermore, it is
possible to use a functionally gradient material in which
the components thereof change on the molecular level
in the thickness direction such that the internal side sur-
face is configured with the ceramic layer having low heat
conductivity and the external side is configured with the
steel material.

[0022] Inthe present embodiment, a member from the
low temperature section to the part to which the power
piston 3 on the lower part slides is formed integrally as
a cylinder main body 20, in which an upper outer periph-
eral portion thereof is provided with an internal cylinder
21 and external cylinder 22 configuring the low temper-
ature section (cooler) 7, a plurality of cooling pipes 23
through which the working gas passes are disposed be-
tween the internal cylinder 21 and the external cylinder
22, coolingfluid for exchanging heat with the cooling pipe
is causedto circulate via a supply port 24 and an exhaust
port 25, whereby the cooler is formed. The material of
the cooling pipe 23 through which the working fluid pass-
es may be any materials having heat conductivity and
excellent mechanical properties such as stainless metal-
lic material as in the prior art or ceramic materials having
excellent heat conductivity, and is not particularly limited
to these materials. A lower end of the cooling pipe 23 is
communicated to a lower position of the displacer piston
2 inside the cylinder main body 20 via a manifold 26.
[0023] Asdescribedabove,inthe presentembodiment
the displacer piston 2 and the cylinder 4 in which the
power piston 3 slides are divided into three components
of the cylinder main body 20, regenerator housing 16,
and high-temperature side heat exchanger main body
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14, thus a seal structure as the joints therebetween is
important since the high-pressure working gas does not
leak therefrom. The seal structure is explained next.
[0024] In the present embodiment, a fitting flange 27
is formed in the high-temperature side heat exchanger
main body (heater head) 14, at the same time a fitting
flange 28 is formed on an upper end of the regenerator
housing 16 so as to be opposite to the fitting flange 27,
the both fitting flange 27 and the fitting flange 28 are fixed
to each otherwith a clamp 31, afitting flange 29 is formed
on a lower end of the regenerator housing 16, the space
between a fitting flange 30 formed on an upper end of
the external cylinder 22 of the low temperature section 7
and a fitting flange 30 formed on an upper end of the
internal cylinder 21 of the low temperature section 7 is
fixed with a clamp 32, whereby the three are integrated
closely. At this moment, the heat may escape from the
fitting flange 27 on the high temperature side to the fitting
flange 28 on the cooling side, but by providing a seal
material such as ceramic fiber orthe like having excellent
heat resistance property, adiathermanous, and corrosion
resistance, on an engaging surface between the both,
the number of times the heat is transferred to the regen-
erator housing is reduced, and sealing performance of
the bonded surface can be improved. As the seal mate-
rial, a packing material formed of the ceramic fiber, or
the like can be employed, a putty-shaped amorphous
sealing adhesive having high heat resistance property or
inorganic adhesive can be employed.

[0025] As described above, inthe stitling engine of the
present embodiment, by using the ceramics such as sil-
icon carbide (SiC) ceramics, silicon nitride (SizN,) ce-
ramics, or alumina (Al,Og) ceramics, or a composite ma-
terial or a functionally gradient material of these ceramics
and metal on the high temperature side, the expansion
space is sufficiently strong even if the expansion space
temperature Te is raised to 1000°C, thus, as shown in
Fig. 3, whenthe temperature on the low temperature side
is 60°C, the theoretical thermal efficiency can be im-
proved to 73.8%. Therefore, in the case in which the ex-
pansion space temperature is 700°C when using a con-
ventional stainless metallic material, the theoretical ther-
mal efficiency is 65.8%, thus the thermal efficiency can
be improved significantly compared to the prior art.
[0026] The above embodiment has described a case
in which the present invention is applied to the B type
stirling engine in which the displacer piston and the power
piston are disposed in the same cylinder, but the stirling
engine of the present invention is not limited to the B type
Stirling engine, but can be applied to an o type or y type
stirling engine. Fig. 2 (a) schematically shows an embod-
iment of a case in which the present invention is applied
to an « type stirling engine, and Fig. 2 (b) schematically
shows an embodiment of a case in which the present
invention is applied to a ytype stirling engine.

[0027] The embodiment shown in Fig. 2 (a) shows an
atype Stirling engine 35. In the o type Stirling engine 35,
36 is an expansion piston (power piston) disposed inside
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an expansion cylinder 37, 38 is a compression piston
disposed inside a compression cylinder 39, and the ex-
pansion cylinder 37 is integrally configured by forming a
high temperature section 40, regenerating housing 41,
and expansion cylinder main body 42 with different mem-
bers. The configurations of the high temperature section
40 and regenerator housing 41 are the same as those of
the embodiment described above, and the materials
thereof are also the same as those of the embodiment
described above, thus detailed explanation is omitted.
The compression cylinder 39 is integrally configured by
forming a compression piston head portion and a com-
pression cylinder main body 45 with different members,
in which the compression piston head portion is a low
temperature section 43, and a working gas flow path 44
is formed in the low temperature section, starting from a
lower part of the regenerator housing 41 of the expansion
cylinder 37, whereby a cooling side heat exchanger is
configured.

[0028] Fig. 2 (b) shows a vy type stirling engine 50 of
the present embodiment. In the y type stirling engine 50,
a displacer piston 51 and a power piston 52 are disposed
in different cylinders. A cylinder 53 in which the displacer
piston 51 is disposed, as in the embodiment shown in
Fig. 1, comprises a high temperature section 55, a re-
generator housing 56 and a low temperature section 57,
which are formed of different materials and bonded to
each other integrally. Specifically, in a high temperature
section 55, an expansion space head portion and a high-
temperature side heat exchanger main body are integral-
ly formed of a heat resistant/high heat conductive mate-
rial, the regenerator housing 56 is formed of a heat re-
sistant/low heat conductive material, and the low tem-
perature section 57 comprises a low-temperature side
heat exchanger and formed of a high heat conductive
material. An end of the low temperature section is com-
municated to a compression space via a working gas
flow path 60 of a cylinder 58 in which the power piston
52 is disposed.

INDUSTRIAL APPLICABILITY

[0029] The stirling engine of the present invention can
be used in various fields regardless of the scale of these
fields due to its formof the output power. For example,
the present invention can be used as a linear generator,
compressor, and other rotating engine or direct acting
engine, and also can be used as a generator with effi-
ciency higherthan that of a solar battery which uses solar
energy of space.

Claims

1. Astirling engine, characterized in that a high tem-
perature section and a member connecting the high
temperature section and a low temperature section
are formed of different materials and are integrally
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bonded to each other, the high temperature section
being formed into an integral structure by means of
a heat resistant/high heat conductivematerial having
high heat resistance property and high heat conduc-

tivity.

The stirling engine according to claim 1, character-
ized in that the integral structure of the high tem-
perature section is obtained by integrally molding an
expansion space head portion and a high-tempera-
ture side heat exchanger main body with the same
material.

The stirling engine according to claims 1 or 2, char-
acterized in that the heat resistant/high heat con-
ductive material is a ceramics selected from silicon
carbide ceramics, silicon nitride ceramics, aluminum
nitride ceramics, or alumina ceramics, or a function-
ally gradient material of the ceramics and metal.

The Stirling engine according to claims 1, 2, or 3,
characterized in that the member connecting the
high temperature section and the low temperature
section is formed of a heat resistant/low heat con-
ductive material having low thermal conductivity.

The Stirling engine according to claim 4, character-
ized in that the heat resistant/low heat conductive
material is a ceramics selected from silicon oxide,
cordierite, mica, aluminum titanate, or quartz ceram-
ics, orafunctionally gradient material of the ceramics
and metal.

The stitling engine according to any of claims 1
through 5, characterized in that the stirling engine
is a B type stirling engine in which a displacer piston
and a power piston are disposed in the same cylin-
der.

The Stirling engine according to claims 1 or 2, char-
acterized in thatthe stirling engine is a ytype stirling
engine in which a displacer piston and a power piston
are disposed independently in different cylinders.

The Stirling engine according to claims 1 or 2, char-
acterized in that the stirling engine is an a type Stir-
ling engine having two independent pistons, which
are, an expansion piston disposed in an expansion
cylinder and a compression piston disposed in a
compression cylinder.
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