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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 cocling 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, under a high-pressure condition in which the 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-resistantalloy tube to protrude, in order to abtain
more heat transmission areas. However, leakage of the
working gas may occur due to a seal failure, and, since
anumber of heat-resistance alloy tubes are required, the
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structure becomes complicated and the cost becomes
high.

[0004] On the other hand, in the member for connect-
ing the high temperature section and the 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 used to 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 hightemperature 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 section is required to have excellent
heat resistance property, and also required are contra-
dictory characteristics such thatthe member for connect-
ing the high temperature section and the 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] As amethod for increasing the 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 connecting tubes, alow temperature 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
intothe 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 patentdocument 3).
INnEP 0356737, aheatexchangerisdescribed consisting
of an arrangement of alternating materials with high heat
resistance property or high heat conductivity in order to
control the heat flow.

JP 5172003 describes a high temperature heatexchang-
er comprising a plurality of U-shaped tubes forming a
combustion chamber in order to enhance the heat ex-
change rate.

[0007] US4392350 discloses a Stirling engine with a
hot section made of silicon nitride or alpha silicon carbide.
[0008] JP2003214717 discloses another Stirling en-
gine.

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

[0009] 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.

[0010] Therefore, the presentinvention attempts toob-
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 stirling 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

[0011] 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 stirling engine,
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the high temperature section being formed into an inte-
gral structure by means of a heat resistant/high heat con-
ductive material having high heatresistance 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.
[0012] 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
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.

[0013] 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, or an o type stirling engine having two
independent pistons, which are, an expansion piston dis-
posed inan expansion cylinder and a compression piston
disposed in a compression cylinder.

EFFECT OF THE INVENTION

[0014] According to the present invention of claim 1,
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 heatresistant/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 compared to the prior art. Further, the mem-
ber connecting the high temperature section and the low
temperature section is made up of the member contact-
ing with a flow of working gas, and the member is formed
of the heat resistant/low heat conductive material having
low heat conductivity, thus heat loss caused by conduc-
tion of heat at the connecting member can be reduced
significantly, and, as a result, a high efficient stirling en-
gine can be obtained. The high temperature section and
the member connecting the high temperature section and
the low temperature section are formed of different ma-
terials and are integrally bonded to each other, and the
high temperature section is formed by integrally molding
the expansion space head portion and the high-temper-
ature side heat exchanger main body with the same ma-
terial, which is a heat resistant/high heat conductive ma-
terial, thus the high-temperature side heat exchanger
main body can be integrally formed thickly, can also be
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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 dura-
bility can be improved. In addition to the configuration of
claim 2, 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

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1is a front cross-sectional diagram of the stirling
engine according to an embaodiment of the present
invention;

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

Fig. 3is aline chartshowingtherelationship between
the expansion space temperature and the theoretical
thermal efficiency in the stirling engine.

EXPLANATIONS OF LETTERS OR NUMERALS

[0016]

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

[0017] Hereinafter, the present invention is described
in detail with reference to the drawings. Fig. 1 shows an
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embodiment of the present invention inwhich the present
invention is applied to a 8 type free- piston stirling engine.
[0018] Inthefigure,?2 isadisplacer piston, 3 is a power
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
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.

[0019] Inthe presentembodiment, in the 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
gas flow path 15 formed inside the high-temperature side
heatexchanger main body which s integrally molded with
the heat resistant/high heat conductive ceramics.
[0020] 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 will be described later, the high-temperature
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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
the working fluid can be heated up efficiently even when
forming the high-temperature side heat exchanger main
body thickly, thus the pressure tightness can be improved
by forming the high-temperature side heat exchanger
main body thickly.

[0021] As the material having high heat conductivity
and excellent heatresistance property, it is preferred that
heat-resistanttemperature be atleast 750°C and the heat
conductivity be at least 20 W/mK, and a ceramics such
as silicon carbide (SiC) ceramics, siliconnitride (SizNg)
ceramics, aluminumnitride (ALN) ceramics, and alumina
(Al,O3) 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 ceramicfiber 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.

[0022] The regenerator 6 is formed such that wire
mesh 17 isfitted inacyclicwall of a cylindrical regenerator
housing 16 at every predetermined interval, and a hole
18 through 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-
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vided into an internal cylinder as an internal wall surface
of the cylinder and an external cylinder, and wiremesh
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
conductivity is approximately 1W/mK), mica ceramics
(heat conductivity is approximately 2W/mK), quartz glass
ceramics (heat conductivity is approximately 1W/mK), or
other low 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.

[0023] 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, for the internal wall
side, a ceramic layer having low heat conductivity such
as mica, cordierite, zirconia, quartz glass, aluminum ti-
tanate or the 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, quartzglass,
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
external wall surface, 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.

[0024] Inthe presentembodiment, 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 thereaf 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, cooling fluid for exchanging heat with the cooling pipe
is caused to 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
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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.
[0025] Asdescribed above,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
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.
[0026] 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 thefitting flange 28 are fixed
to each other with 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 or the like having excellent
heatresistance 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 heatresistance property or
inorganic adhesive can be employed.

[0027] Asdescribed above, in the stirling engine of the
present embodiment, by using the ceramics such as sil-
icon carbide (SiC) ceramics, silicon nitride (SisN,) ce-
ramics, or alumina (Al,O3) 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, when the 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.
[0028] 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
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piston are disposed in the same cylinder, but the stitling
engine of the present invention is not limited to the p type
Stirling engine, but can be applied to an « 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 o type stirling engine, and Fig. 2 (b) schematically
shows an embodiment of a case in which the present
invention is applied to a y type stitling engine.

[0029] The embodiment shown in Fig. 2 (a) shows an
o type Stirling engine 35. In the a type Stirling engine 35,
36 is an expansion piston (power piston) disposed inside
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 partof the regenerator housing 41 of the expansion
cylinder 37, whereby a cooling side heat exchanger is
configured.

[0030] Fig. 2(b) shows ay 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

[0031] The stirling engine of the present invention can
be used in various fields regardless of the scale of these
fields due to its form of the output power. For example,
the present invention can be used as a linear generator,
compressor, and other rotating engine or direct acting
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engine, and also can be used as a generator with effi-
ciency higher thanthatof a solar battery which uses solar
energy of space.

Claims

1. Astirling engine, characterized in that a high tem-
perature section (5, 40, 55) and a member connect-
ing the high temperature section and a low temper-
ature section are formed of different materials and
are integrally bonded to each other, the high tem-
perature section (5, 40, 55) being formed into an in-
tegral structure by means of a heat resistant’high
heat conductive material having high heatresistance
property and high heat conductivity,
wherein the integral structure of the high temperature
section (5, 40, 55) is obtained by integrally molding
an expansion space head portion (12) and a high-
temperature side heat exchanger main body (14)
with the same material,
wherein the heat resistant/high heat conductive ma-
terial is a first ceramic selected from silicon carbide
ceramics, silicon nitride ceramics, aluminum nitride
ceramics, or alumina ceramics, or afunctionally gra-
dient material of the first ceramic and metal,
wherein the member connecting the high tempera-
ture section (5, 40, 55) and the low temperature sec-
tion (7, 43, 57) is formed of a heat resistant/low heat
conductive material having low thermal conductivity,
wherein the heat resistant/low heat conductive ma-
terial is a second ceramic selected from silicon oxide,
cordierite, mica, aluminum titanate, or quartz ceram-
ics, or a functionally gradient material of the second
ceramic and metal.

2. The stirling engine according to claims 1, charac-
terized in that the stirling engine is a 3 type stirling
engine (1) inwhich a displacer piston (2) and a power
piston (3) are disposed in the same cylinder (4).

3. The Stirling engine according to claim 1, character-
ized in that the stirling engine is a y type stirling
engine (50) in which a displacer piston (51) and a
power piston (52) are disposed independently in dif-
ferent cylinders (53, 58).

4. The Stirling engine according to claim 1, character-
ized in that the stirling engine is an o type Stitling
engine (35) having two independent pistons, which
are, an expansion piston (36) disposed in an expan-
sion cylinder (37) and a compression piston (38) dis-
posed in a compression cylinder (39).

Patentanspriiche

1. Stirling-Motor, dadurch gekennzeichnet, dass ein
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Hochtemperaturabschnitt (5, 40, 55) und ein Teil,
das den Hochtemperaturabschnitt und einen Nied-
rigtemperaturabschnitt verbindet, aus unterschiedli-
chen Materialien bestehen und integral miteinander
verbondet sind, dass der Hochtemperaturabschnitt
(5, 40, 55) mit einem warmebesténdigen/stark war-
meleitendem Material mit hoher W&rmebestandig-
keit und hoher Warmeleitfahigkeit als eine integrale
Struktur geformt ist,

wobei die integrale Struktur des Hochtemperaturab-
schnitts (5, 40, 55) durch integrale Formung des
Kopfteils (12) eines Expansionsraums und des
Hauptkdrpers (14) eines seitlichen Hochtemperatur-
warmetauschers mit identischem Material gebildet
ist,

wobei das warmebestandige/stark warmeleitende
Material eine erste Keramik ist, die gewahlt ist aus
Siliziumkarbidkeramik, Siliziumnitridkeramik, Alumi-
niumnitridkeramik oder Aluminiumoxidkeramik oder
einem funktionalen Gradientenmaterial der ersten
Keramik und des Metalls,

wobei das Teil, das den Hochtemperaturabschnitt
(5, 40, 55) und den Niedrigtemperaturabschnitt (7,
43,57) verbindet, aus einemwarmebestandigen/ge-
ring warmeleitenden Material mit niedriger Warme-
leitfahigkeit gebildet ist,

wobei das warmebestandige/gering warmeleitende
Material eine zweite Keramik ist, die gewahitist aus
Siliziumoxid, Cordierit, Glimmer, Aluminiumtitanat
oder Quarzkeramik oder einem funktionalen Gradi-
entenmaterial der zweiten Keramik und des Metalls.

Stirling-Motor nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Stirling-Motor ein B-Typ-Stirling-
Mator (1) ist, bei dem ein Verdrangerkolben (2) und
ein Arbeitskolben (3) in dem gleichen Zylinder (4)
angeordnet sind.

Stirling-Motor nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Stirling-Motor ein y-Typ-Stirling-
Mator (50) ist, bei dem ein Verdrangerkolben (51)
und ein Arbeitskolben (52) unabhangig voneinander
in verschiedenen Zylindern (53, 58) angeordnet
sind.

Stirling-Motor nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Stirling-Motor ein a-Typ-Stirling-
Mator (35) mit zwei unabhangigen Kolben ist, die ein
Expansionskolben (36), derineinem Expansionszy-
linder (37) angeordnet ist, und ein Verdichtungskol-
ben (38)sind, derin einemVerdichtungszylinder (39)
angeordnet ist.

Revendications

Moteur Stirling, caractérisé en ce qu’une section
haute température (5, 40, 55) et un organe raccor-
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dantla section haute température et une section bas-
se température sont formés en des matériaux diffe-
rents et sont lies d’'un seul tenant 'un a l'autre, la
section haute température (5, 40, 55) étant formée
en une structure intégrale au moyen d’un matériau
résistant a la chaleur/conducteur haute température
ayant une propriété de résistance aux températures
éleveées et une conductivité thermique élevée,
dans lequel la structure intégrale de la section haute
température (5, 40, 55) est obtenue en moulantd’'un
seul tenant une portion de téte d’espace de détente
(12) et un corps principal d’échangeur de chaleur
c6té haute température (14) avec le méme matériau,
dans lequel le matériau résistant a la chaleur/con-
ducteur haute température est une premiere céra-
mique choisie parmi des céramiques de carbure de
silicium, des céramiques de nitrure de silicium, des
céramiques de nitrure d’aluminium, ou des cérami-
gues d’alumine, ou un matériau a gradient fonction-
nel de la premiére céramique et un métal,

dans lequell'organeraccordantla section haute tem-
pérature (5, 40, 55) et la section basse température
(7,43, 57) estformé d’'un matériau résistant a la cha-
leur/conducteur basse température ayant une faible
conductivité thermique,

dans lequel le matériau résistant a la chaleur/con-
ducteur basse température est une seconde céra-
mique choisie parmil'oxyde de silicium, la cordiérite,
le mica, le titanate d’aluminium, ou des céramiques
de quartz, ou un matériau a gradient fonctionnel de
la seconde céramique et un métal.

Moteur Stirling selon larevendication 1, caractérisé
en ce que le moteur Stirling est un moteur Stirling
de type B (1) dans lequel un piston de circulation (2)
et un piston récepteur (3) sont disposés dans le mé-
me cylindre (4).

Moteur Stirling selon larevendication 1, caractérisé
en ce que le moteur Stirling est un moteur Stirling
de type vy (50) dans lequel un piston de circulation
(51) et un piston récepteur (52) sont disposés indé-
pendamment dans des cylindres différents (53, 58).

Maoteur Stirling selon larevendication 1, caractérisé
en ce que le moteur Stirling est un moteur Stirling
de type o (35) ayant deux pistons indépendants, qui
sont un piston de détente (36) disposé dans un cy-
lindre de détente (37) et un piston de compression
(38) disposé dans un cylindre de compression (39).
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Fig. 3
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