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STEAM ENGINE

BACKGROUND OF THE INVENTION

[0001] 1. Technical Field of the Invention

[0002] The present invention relates to a steam engine
composed in such a manner that a fluid displacement is
generated in liquid charged in a tube when vaporization,
which is caused by heating the liquid in the tube, and
liquefaction, which is caused by cooling the liquid in the
tube, are repeatedly carried out.

[0003] 2. Description of the Related Art

[0004] A type of steam engine is conventionally known in
which liquid charged in a container is vaporized by heating
and liquefied by cooling so as to change the pressure in the
container and mechanical energy can be outputted by the
change in pressure. This technique is disclosed, for example,
in the official gazette of Japanese Patent Unexamined Pub-
lication No. 58-57014.

[0005] On the other hand, the present applicant applied for
patent of the technique of a steam engine having the fol-
lowing constitution. Concerning this technique, refer to
Japanese Patent Unexamined Publication No. 2004-84523.

[0006] The constitution of this steam engine 500 is shown
in FIG. 5.
[0007] The steam engine 500 includes: a tube 502 having

a substantially U-shaped fluid passage into which liquid is
charged; a heater 504 for heating the liquid in the tube 502;
a cooler 506 for cooling vapor generated by vaporization of
the liquid when it is heated by the heater 504; and an output
portion 508.

[0008] The output portion 508 includes: a cylinder 510; a
piston 512 capable of being reciprocated in the cylinder 510;
a movable portion 514, one end portion of which is con-
nected to the piston 512; and a spring member 516 arranged
at the other end portion of the movable portion 514.
[0009] The piston 512 is reciprocated in the cylinder 510
according to the pressure given by the fluid in the tube 502.
Specifically, the piston 512 is reciprocated between a lower
end (bottom dead center), which is one end portion on the
tube 502 side, and an upper end (top dead center) which is
the other end portion on the opposite side to the inside of the
tube 502.

[0010] In this steam engine 500, when the liquid in the
tube 502 is heated by the heater 504 and boiled and
vaporized, a volume of the fluid charged in the tube 502 is
expanded. Next, the vapor, which has been vaporized being
heated by the heater 504, is moved downward and cooled by
the cooler 506 and liquefied. At this time, a volume of the
fluid in the tube 502 is contracted. When a change in the
liquid level (fluid displacement) is caused by the expansion
and contraction of the volume of the fluid in the tube 502,
the pressure of the fluid is changed and the piston 512 and
the movable portion 514 are reciprocated by the change in
pressure.

[0011] Accordingly, for example, when a permanent mag-
net is attached to the movable portion 514 and a coil is
arranged being opposed to the permanent magnet, an elec-
tro-motive force is generated in the coil by the reciprocating
motion conducted by the piston 512 and the movable portion
514.

[0012] Concerning the steam engine, the present applicant
applied for patent of the technique disclosed in the official
gazette of Japanese Patent Unexamined Publication No.
2005-330910.
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[0013] In this connection, in the steam engine 500 shown
in FIG. 5, the heater 504 and the cooler 506 are arranged on
a tube line, which is formed by the tube 502, at an interval.
This portion of the tube 502 corresponding to this interval
will be referred to as a connecting tube portion 518 herein-
after, that is, a portion of the tube between the heater 504 and
the cooler 506 will be referred to as a connecting tube
portion 518 hereinafter.

[0014] In the conventional steam engine 500 having the
above connecting pipe portion 518, the thermal efficiency is
deteriorated.

[0015] Explanations are specifically made as follows.
First, in this steam engine 500, as shown in FIG. 6, pressure
Pm in the connecting pipe portion 518 is repeatedly
increased and decreased with the lapse of time and this can
be explained as follows.

[0016] Inthe steam engine 500, as the piston 512 is moved
from the top dead center to the bottom dead center, a liquid
level 520 (shown in FIG. 6) of the liquid piston made by the
liquid in the tube 502 is raised from a position close to the
cooler 506 to a position (top dead center Lu of the liquid
level 520) close to the heater 504. When the piston 512 is
moved from the top dead center to the bottom dead center,
a volume of the fluid in the tube 502 is reduced. Therefore,
as the liquid level 520 is raised, pressure Pm in the con-
necting pipe portion 518 is raised. Concerning this raise in
the pressure, refer to pressure Pm between time t1 and time
12 shown in FIG. 6.

[0017] When the liquid level 520 is raised and reaches a
height (top dead center Lu of the liquid level 520) of the
heater 504 and the liquid close to the heater 504 is vaporized
by the heater 504, the fluid volume in the tube 502 is
changed being expanded. According to this expansion of the
fluid volume, the piston 512 is moved from the bottom dead
center to the top dead center. At this time, as shown in FIG.
6, the liquid level 520 is lowered from a position close to the
heater 504 to a position (bottom dead center b of the liquid
level 520) close to the lower end of the cooler 506. When the
piston 512 is moved from the bottom dead center to the top
dead center as described above, that is, when the liquid
piston is moved from top dead center Lu to bottom dead
center Lb, the liquid volume in the tube 502 is expanded.
Therefore, as the liquid level 520 is lowered, pressure Pm in
the connecting tube portion 518 is reduced. Concerning this
reduction of pressure Pm, refer to pressure Pm in the period
between time t2 and time t4 shown in FIG. 6.

[0018] When the liquid level 520 is lowered to the position
(bottom dead center Lb of the liquid level 520) close to the
lower end of the cooler 506 and vapor, which has been
vaporized by the heater 504, exists in a region close to the
cooler 506 in the pipe 502, vapor in a region located close
to the cooler 506 is cooled by the cooler 506 and liquefied.

[0019] When the piston 512 is lowered and starts moving
from the top dead center to the bottom dead center at the
time of the reduction of pressure Pm, pressure Pm in the
connecting tube portion 518 is raised again. When the piston
512 is lowered and the vapor is liquefied by the cooler 506,
the liquid level 520 is raised from the position (bottom dead
center Lb of the liquid level 520) close to the cooler 506 to
the position (top dead center Lu of the liquid level 520) close
to the heater 504. Concerning this matter, refer to pressure
Pm in the period between time t4 and time t5 shown in FIG.
6.
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[0020] In this connection, the connecting tube portion 518
is a portion of the tube 502 arranged between the heater 504
and the cooler 506 as described above. Accordingly, tem-
perature Tm of the connecting portion 518 is influenced by
the heater 504 and the cooler 506. Therefore, temperature
Tm of the connecting portion 518 is a temperature between
temperature Th of the heater 504 and temperature Tc of the
cooler 506.

[0021] In this case, as shown in FIG. 6, pressure Pm in the
connecting tube 518 can be changed to be higher or lower
than the pressure of saturated vapor Pms of the fluid in the
tube 502 at temperature Tm of the connecting tube portion
518.

[0022] Pressure Pm in the connecting tube portion 518 is
reduced when the liquid level 520 is lowered as described
above. In this case, for example, when the liquid level 520
is lowered to a position (bottom dead center Lb of the liquid
level 520) close to the lower end of the cooler 506, liquid
drops 522 attach onto an inner wall face 518a of the
connecting tube portion 518. When pressure Pm in the
connecting tube portion 518 is lower than saturated vapor
pressure Pms at temperature Tm, the liquid drops 522 are
vaporized. Concerning this matter, refer to a change in
pressure Pm in the period between time t3 and time t4 shown
in FIG. 6.

[0023] However, this vaporization of the liquid drops 522
is caused right before the liquid level 520 starts rising from
bottom dead center Lb of the liquid level 520. Therefore, this
vaporization of the liquid drops 522 seldom takes an action
of further lowering the liquid level 520, that is, this vapor-
ization of the liquid drops 522 seldom takes an action of
expanding the fluid volume in the tube 502.

[0024] Nevertheless, vapor, which is generated when the
liquid drops 522 are vaporized, is carried to a portion close
to the cooler 506 and cooled by the cooler 506 and liquefied.
This means that the vapor, which has been generated when
the liquid drops 522 are vaporized, carries heat, which
seldom contributes to the expansion of the liquid volume in
the tube 502, and forces the cooler 506 to conduct a useless
cooling action. Accordingly, in the steam engine 500, a great
heat loss is caused by the vapor generated when the liquid
drops 522 are vaporized.

SUMMARY OF THE INVENTION

[0025] An object of the present invention is to enhance the
thermal efficiency of a steam engine in which a fluid
displacement is generated in liquid in a tube when vapor-
ization of the liquid charged into the tube by heating and
liquefaction of the liquid charged into the tube by cooling
are repeatedly carried out.

[0026] In order to accomplish the above object, a steam
engine of the present invention includes: a tube into which
liquid is charged; a heater for heating the liquid in the tube;
and a cooler for cooling vapor which has vaporized when the
liquid is heated by the heater.

[0027] In the steam engine of the present invention, a fluid
displacement is generated by vaporization of liquid when the
liquid is heated by a heater and by liquefaction of vapor
when the vapor is cooled by a cooler.

[0028] In this case, the terminology “fluid displacement”
is defined as a change in the liquid level generated by the
expansion and contraction of the volume of fluid in a tube
generated by vaporization of liquid when the liquid is heated
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by a heater and also generated by liquefaction of vapor when
the vapor is cooled by a cooler.

[0029] In the steam engine of the present invention, the
heater and the cooler are arranged on a tube line at an
interval.

[0030] In the steam engine of the present invention, at
least a portion of the inner wall face of the connecting tube
portion arranged between the heater and the cooler may be
formed out of a water repellent finish face. An embodiment
in which at least a portion of the inner wall face of the
connecting tube portion is formed out of a water repellent
finish face is referred to as “a water repellent finish consti-
tution” hereinafter.

[0031] In this case, the present invention can provide the
following effects.

[0032] First, for example, it is estimated that not only a
region close to the cooler in the tube and a region in the
connecting tube portion but also a region close to the heater
is filled with liquid. In the steam engine of the present
invention, in this case, when the liquid in the tube is heated,
boiled and vaporized by the heater, a volume of the fluid in
the tube is expanded. Therefore, a liquid level of the liquid
located at a position close to the heater in the tube is moved
to the cooler side through the connecting tube portion.
[0033] In the case where the water repellent finish consti-
tution is adopted in the present invention, a quantity of liquid
drops, which are attached onto the inner wall face of the
connecting tube portion when the liquid level of liquid is
moved onto the cooler side through the connecting tube
portion, can be reduced as compared with a quantity of
liquid drops in the case where the entire inner wall face of
the connecting tube portion are not formed out of a water
repellent finish face.

[0034] Inthe steam engine of this case, a quantity of liquid
drops attached to the connecting tube portion after the
movement of the liquid level is reduced as described above.
Accordingly, a quantity of liquid drops attached to the
connecting tube portion, which is vaporized after the move-
ment of the liquid level of the liquid in the tube onto the
cooler side when the pressure in the tube becomes lower
than the saturated vapor pressure at the temperature of the
connecting tube portion, can be reduced.

[0035] According to the steam engine of the present
invention, a quantity of liquid drops, which are attached to
the connecting tube portion after the liquid level has been
moved, can be reduced. By the reduction of the quantity of
liquid drops, it is possible to suppress the occurrence of a
phenomenon in which the useless heat not contributing to
the expansion of the fluid volume in the tube is carried to a
neighborhood of the cooler by the vapor. According to the
steam engine in this case, the thermal efficiency can be
enhanced by this suppression.

[0036] In the present invention, in the case where the
water repellent finish constitution is adopted as described
above, the entire inner wall face of the connecting tube
portion may be composed of a water repellent finish face.
[0037] In this case, compared with a case in which only a
portion of the inner wall face of the connecting tube portion
is formed out of a water repellent finish face, a quantity of
liquid drops, which are attached to the connecting tube
portion after the liquid level has been removed, can be
further reduced.

[0038] Accordingly, in this case, when the pressure in the
tube after the liquid level of the liquid in the tube has moved
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onto the cooler side becomes lower than the saturated vapor
pressure at the temperature of the connecting tube portion,
vaporization is caused. A quantity of liquid drops, which are
attached to the connecting tube portion after the liquid level
has moved, can be further reduced as compared with a case
in which only a portion of the inner wall face of the
connecting tube portion is formed out of a water repellent
finish face.

[0039] In this case, a quantity of liquid drops to be
vaporized, which are attached to the connecting tube portion
after the liquid level has moved, can be further reduced.
According to this reduction in the quantity of liquid drops to
be vaporized, the thermal efficiency of the steam engine can
be further enhanced.

[0040] In this connection, the water repellent finish face of
the inner wall face of the connecting tube portion may be a
mirror finish face. Alternatively, the water repellent finish
face of the inner wall face of the connecting tube portion
may be a face coated with a predetermined material.
[0041] On the other hand, in the steam engine of the
present invention, the heater may be composed in such a
manner that the heater is arranged adjacent to a portion of
the tube so that the liquid inside the portion of the tube can
be heated.

[0042] In the steam engine of this case, the wall thickness
of'the tube in at least a portion of the connecting tube portion
may be smaller than the wall thickness of a portion of the
tube adjacent to the heater. “A portion of the tube adjacent
to the heater” is referred to as “a heater adjacent tube
portion” hereinafter. This embodiment, in which the wall
thickness of the tube in at least a portion of the connecting
tube portion is smaller than the wall thickness of the heater
adjacent tube portion, will be referred to as “a wall thickness
reducing constitution” hereinafter.

[0043] In this case, for example, as compared with a case
in which the wall thickness of the heater adjacent tube
portion is made to agree with the wall thickness of the
connecting tube portion, a quantity of heat transmitted from
the heater to the connecting tube portion through the heater
adjacent tube portion or the outside air can be reduced.
[0044] The reason is described as follows. The wall thick-
ness of at least a portion of the connecting tube portion is
reduced as described above. According to this reduction of
the wall thickness, a volume (heat capacity) of the connect-
ing tube portion is lowered and a quantity of total heat,
which is capable of flowing into the connecting tube portion
from the heater through the heater adjacent tube portion or
the outside air, is reduced.

[0045] In the steam engine of this case, a quantity of total
heat transmitted from the heater to the connecting tube
portion can be reduced as described above. According to this
reduction of the quantity of total heat, a quantity of total heat
transmitted from the connecting tube portion to the fluid in
the connecting tube portion can be reduced. As a result,
according to the reduction of the quantity of total heat, the
quantity of liquid drops to be vaporized, which are attached
to the connecting tube portion after the liquid level has
moved, can be reduced.

[0046] Accordingly, in the steam engine of this case, a
quantity of liquid drops to be vaporized can be reduced.
According to this reduction of the quantity of liquid drops to
be vaporized, as compared with a conventional case, it is
possible to suppress the occurrence of a phenomenon in
which the useless heat not contributing to the expansion of
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the volume of the fluid in the tube is carried to a neighbor-
hood of the cooler. According to this suppression of the
occurrence of the phenomenon, the thermal efficiency can be
enhanced.

[0047] In the present invention, when the wall thickness
reducing constitution is adopted as described before, the
thickness of the wall thickness of the entire connecting tube
portion may be smaller than the wall thickness of the heater
adjacent tube portion.

[0048] Due to the foregoing, as compared with a case in
which the wall thickness of a portion of the connecting tube
portion is reduced to be smaller than the wall thickness of
the heater adjacent tube portion, a quantity of total heat
transmitted from the heater to the connecting tube portion
through the heater adjacent tube portion or the outside air
can be further reduced.

[0049] Consequently, in this case, the quantity of total heat
transmitted from the heater to the connecting tube portion
can be further reduced. According to this reduction of the
quantity of total heat, a quantity of total heat transmitted
from the connecting tube portion to the fluid in the connect-
ing tube portion can be further reduced. As a result, a
quantity of liquid drops to be vaporized attached to the
connecting tube portion after the movement of the liquid
level can be further reduced. According to the reduction of
the quantity of liquid drops to be vaporized attached to the
connecting tube portion after the movement of the liquid
level, the thermal efficiency of the steam engine can be
further enhanced.

[0050] On the other hand, in the case where it is composed
in such a manner that the liquid in the heater adjacent tube
portion is heated when the heater is provided being adjacent
to the heater adjacent tube portion, the connecting tube
portion may be composed of a connecting tube member
which is separate from the heater adjacent tube portion.
[0051] In the steam engine of this case, when the connect-
ing tube portion member and the heater adjacent tube
portion tube member are joined to each other, the connecting
tube portion member and the heater adjacent tube portion
tube member may be formed into a continuous portion in the
tube. This embodiment, in which the connecting tube por-
tion member and the heater adjacent tube portion tube
member, which are separate from each other, are joined to
each other, is referred to as “a separate tube joining consti-
tution”.

[0052] In this case, as compared with a case in which the
connecting tube portion member and the heater adjacent
tube portion tube member are composed as a portion in the
tube member which is integrally formed having no joint
portion, it is possible to reduce a quantity of total heat
transmitted from the heater to the connecting tube portion
through the heater adjacent tube portion.

[0053] In the case where the connecting tube portion
member and the heater adjacent tube portion tube member
are joined to each other, a seam is made between both
members. In the case where the seam is made between both
members, the efficiency of heat transmission from the heater
adjacent tube portion to the connecting tube portion member
is deteriorated as compared with a case in which no seam is
made.

[0054] In the steam engine of this case, the efficiency of
heat transmission from the heater adjacent tube portion to
the connecting tube portion member is deteriorated as
described above. Accordingly, a quantity of total heat trans-
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mitted from the heater (the heater adjacent tube portion) to
the connecting tube portion member can be reduced. As a
result, according to the reduction of the quantity of total
heat, it is possible to reduce a quantity of liquid drops to be
vaporized attached to the connecting tube portion after the
movement of the liquid level can be reduced.

[0055] Accordingly, in the steam engine of this case, a
quantity of liquid drops to be vaporized can be reduced.
According to this reduction of the quantity of liquid drops to
be vaporized, it is possible to suppress the occurrence of a
phenomenon in which the useless heat not contributing to
the expansion of the volume of the fluid in the tube is carried
to a neighborhood of the cooler. According to this suppres-
sion of the occurrence of the phenomenon, the thermal
efficiency can be enhanced.

[0056] In the present invention, in the case where the
separate tube joining constitution is adopted as described
above, materials of the connecting tube member and the
heater adjacent tube portion tube member may be selected so
that the heat conductivity of the material of the connecting
tube member can be lower than the heat conductivity of the
material of the heater adjacent tube portion tube member.
[0057] Due to the foregoing, as compared with a case in
which the heat conductivity of the material of the connecting
tube member is the same as the heat conductivity of the
material of the heater adjacent tube portion tube member
(for example, as compared with a case in which the material
of the connecting tube member is the same as the material
of the heater adjacent tube portion tube member), it is
possible to further reduce a quantity of total heat transmitted
from the heater (the heater adjacent tube portion) to the
connecting tube portion.

[0058] Consequently, in this case, a quantity of total heat
transmitted from the heater (the heater adjacent tube portion)
to the connecting tube portion can be further reduced.
[0059] According to this reduction of the quantity of total
heat, the quantity of liquid drops to be vaporized and
attached to the connecting tube portion after the movement
of the liquid level, can be further reduced.

[0060] According to the reduction of the quantity of liquid
drops to be vaporized attached to the connecting tube
portion after the movement of the liquid level, the thermal
efficiency of the steam engine can be further enhanced.
[0061] On the other hand, in the steam engine of the
present invention, a fluidity direction of the liquid in the
connecting tube portion, which will be referred to as “a
connecting tube portion fluidity direction” hereinafter, and a
fluidity direction of the liquid in the tube portion in which
the heater is provided, which will be referred to as “a heater
tube portion fluidity direction” hereinafter, may be different
from each other.

[0062] In the steam engine of this case, a gap may be
formed between the heater and the connecting tube portion.
This embodiment, in which the gap is formed between the
heater and the connecting tube portion in the case where the
fluidity direction of the liquid in the connecting tube portion
and the fluidity direction of the liquid in the tube portion in
which the heater is provided are different from each other, is
referred to as “a gap arrangement constitution” hereinafter.
[0063] Due to the foregoing, as compared with a case in
which the heater comes into contact with the connecting
tube portion corresponding to a case in which the connecting
tube portion fluidity direction and the heater tube portion
fluidity direction are made to be different from each other,
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for example, a tube is bent in a portion between the portion,
in which the heater is provided, and a connecting tube
portion, since the heater and the connecting tube portion are
separate from each other, the efficiency of heat transmission
from the heater to the connecting tube portion is lowered.
[0064] In this steam engine, the efficiency of heat trans-
mission from the heater to the connecting tube portion is
lowered as described above, it is possible to reduce a
quantity of total heat transmitted from the heater to the
connecting tube portion. Therefore, it is possible to reduce
a quantity of total heat transmitted from the connecting tube
portion to the fluid in the connecting tube portion. As a
result, it is possible to reduce a quantity of liquid drops
attached to the connecting tube portion after the movement
of the liquid level.

[0065] Accordingly, in the steam engine of this case, in the
case where the connecting tube fluidity direction and the
heater tube portion fluidity direction are different from each
other, a quantity of liquid drops to be vaporized can be
reduced. According to the reduction of the quantity of liquid
drops to be vaporized, it is possible to suppress the occur-
rence of a phenomenon in which the useless heat not
contributing to the expansion of the fluid volume in the tube
is carried, in a neighborhood of the cooler, by the vapor.
According to the steam engine in this case, the thermal
efficiency can be enhanced by this suppression.

[0066] In the present invention, in the case where the gap
arrangement constitution is adopted as described above, a
heat insulating material may be arranged in the gap between
the heater and the connecting tube portion.

[0067] Due to the foregoing, as compared with a case in
which the heater comes into contact with the connecting
tube portion corresponding to the structure in which the
connecting tube fluidity direction and the heater tube portion
fluidity direction are different from each other, since the heat
insulating material is interposed between the heater and the
connecting tube portion, the efficiency of heat transmission
from the heater to the connecting tube portion is lowered.
[0068] In this case, according to the reduction of the heat
transmission efficiency, it is possible to reduce the quantity
of liquid drops to be vaporized attached to the connecting
tube portion after the movement of the liquid level.

[0069] Accordingly, in this case, according to the reduc-
tion of the quantity of liquid drops to be vaporized attached
to the connecting tube portion after the movement of the
liquid level, the thermal efficiency of the steam engine can
be enhanced.

[0070] In this connection, concerning the aforementioned
gap formed between the heater and the connecting tube
portion, various type gaps are considered. For example, it is
possible to adopt a structure in which the gap concerned is
formed when a protruding portion is formed in a portion of
the heater.

[0071] On the other hand, in addition to the above struc-
ture, the steam engine of the present invention may include
an output portion by which mechanical energy can be
obtained from a fluid displacement which is generated in the
liquid in the tube by the vaporization of the liquid in the
heater and by the liquefaction of the vapor in the cooler.
[0072] Due to the foregoing, a fluid displacement gener-
ated in the tube can be changed into mechanical energy so
that it can be preferably used.

[0073] In the steam engine of the present invention, the
heater may be located in an upper portion of the cooler.
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[0074] In this case, for example, when gravity acting on
the liquid in the tube is utilized, the change in the liquid level
described before can be preferably facilitated.

[0075] Concerning the position at which the heater is
located higher than the cooler, the heater is located at an
upper position perpendicular to the cooler. Further, it can be
considered that the heater is located at an upper position
obliquely perpendicular to the cooler.

[0076] In the steam engine of the present invention, as
long as it is composed in such a manner that the liquid level
is moved, that is, the fluid displacement is caused, a posi-
tional relation between the heater and the cooler is not
limited to the aforementioned positional relation, that is,
other positional relations may be adopted. For example, the
heater and the cooler may be located at the substantially
same height.

[0077] The steam engine of the present invention may
include one of the water repellent finish constitution, the
wall thickness reducing constitution, the separate pipe join-
ing constitution and the gap arranging constitution. Further,
the steam engine of the present invention may include two
or more constitutions at the same time.

[0078] The present invention may be more fully under-
stood from the description of preferred embodiments of the
invention, as set forth below, together with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0079] In the drawings:

[0080] FIG. 1 is a view showing an outline of the consti-
tution of the steam engine of Embodiment 1;

[0081] FIG. 2 is a view showing an outline of the consti-
tution of the steam engine of Embodiment 2;

[0082] FIG. 3 is a view showing an outline of the consti-
tution of the steam engine of Embodiment 3;

[0083] FIG. 4 is a view showing an outline of the consti-
tution in the periphery of the different direction extending
tube of the steam engine of a variation of Embodiment 3;
[0084] FIG. 5 is a view showing an outline of the consti-
tution of the conventional steam engine; and

[0085] FIG. 6 is a schematic illustration for explaining
problems caused in the conventional steam engine by using
a partially enlarged view of the broken-line elliptical portion
shown in FIG. 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0086] Referring to the accompanying drawings, embodi-
ments to which the present invention is applied will be
explained below. In this connection, it should be noted that
the present invention is not limited to the specific embodi-
ments described below. As long as it belongs to the technical
scope of the present invention, various embodiments may be
adopted.

Embodiment 1

[0087] Explanation of the Constitution of Steam Engine 1
[0088] FIG. 1 is a view showing an outline of the consti-
tution of the steam engine 1 of Embodiment 1.

[0089] As shown in FIG. 1, the steam engine 1 includes:
a tube 10 into which liquid such as water is charged with a
predetermined pressure; a heater 30; a cooler 32; and an
output portion 100.
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[0090] The tube 10 is formed into a pipe-shaped container,
which is formed into a substantially U-shape, including: two
extending tubes 12, 14 which are extended in the vertical
direction; and an extending tube 16, which is extended in the
lateral direction, for connecting lower portions of the two
extending tubes 12, 14 which are extended in the vertical
direction.

[0091] In the present embodiment, the heater 30, the
cooler 32 and the output portion 100 are arranged on the tube
line composed of the tube 10 in this order. The heater 30 and
the cooler 32 are arranged at an interval on the tube line
composed of the tube 10. A portion of the tube 10 (a portion
between the heater 30 and the cooler 32 of the tube 10)
corresponding to this interval will be referred to as a
connecting tube portion 22 hereinafter.

[0092] The heater 30 is used for partially heating the liquid
in the tube 10 so as to vaporize the liquid. For example, the
heater 30 is formed out of a heat exchanger for heating. The
cooler 32 is used for cooling the vapor, which is generated
when the liquid is vaporized by an action of the heater 30,
so that the vapor can be liquefied. For example, the cooler
32 is formed out of a heat exchanger for cooling.

[0093] The heater 30 is provided being adjacent to an
outer face of the vertical direction extending tube 12 in a
neighborhood of the upper end portion 18 of the vertical
direction extending tube 12. The heater 30 heats the liquid
in the vertical direction extending tube 12 through the
vertical direction extending tube 12. In this connection, a
portion of the vertical direction extending tube 12, which is
adjacent to the heater 30, will be referred to as a heater
adjacent tube portion 26.

[0094] The cooler 32 is provided at a position on an outer
face of the vertical direction extending tube 12 lower than
the heater 30 being adjacent to the heater 30. The cooler 32
cools the inside of the vertical direction extending tube 12
through the vertical direction extending tube 12.

[0095] The output portion 100 includes: a cylinder 102
which is arranged so that it can be communicated with the
upper end portion 20 of the vertical direction extending tube
14; a piston 104 capable of reciprocating in the cylinder 102;
a movable portion 106, one end of which is connected to the
piston 104; and a spring member 108 arranged at the other
end portion of the movable portion 106.

[0096] Inthis output portion 100, a permanent magnet (not
shown) is attached to the movable portion 106. At a position
opposed to the permanent magnet, a coil (not shown) is
arranged.

[0097] The piston 104 and the movable portion 106 are
linearly reciprocated when a change in the liquid level,
which is generated in the upper end portion 20 of the vertical
direction extending tube 14, is received as a change in the
pressure. At the time of this reciprocating motion, while the
piston 104 is facing the liquid in the tube 10, it is recipro-
cated between a lower end (bottom dead center), which is
one end on the tube 10 side, and an upper end (top dead
center) which is the other end on the opposite side to the tube
10 side.

[0098] In the output portion 100, an electro-motive force
is generated according to this reciprocating motion. As a
result, electric power is generated.

[0099] In the present embodiment, the entire inner wall
face 22a of the connecting tube portion 22 is formed out of
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a water repellent finish face 224. For example, specific
embodiments of the water repellent finish face 224 are
described as follows.

[0100] (1) When mirror face finish processing is con-
ducted on the inner wall face 22a of the connecting tube
portion 22, the water repellent finish face 225 is obtained.
[0101] (2) When the inner wall face 22a of the connecting
tube portion 22 is coated with a predetermined material, the
water repellent finish face 224 is obtained. Specifically,
when a fluorine coating agent such as PTFE: polytetrafluo-
roethyene (Teflon™) or silicon resin is coated on the inner
wall face 22a of the connecting tube portion 22 composed of
a metallic tube, the water repellent finish face 226 may be
formed. In this case, after fine irregularities have been made
on the inner wall face 224 of the connecting tube portion 22
by the method of anode oxidation or sand-blast, the inner
wall face 22a is coated with a fluorine coating agent or
silicon resin so that the water repellent finish face 226 can
be formed. Alternatively, when fluoridized fine particles
(PTFE: polytetrafiuoroethylene, Teflon® are attached onto
the inner wall face 224 of the connecting tube portion 22 by
the method of disperse plating so that the water repellent
finish face 2254 can be formed.

[0102] (3) In order to relatively increase the surface area
density of the inner wall face 224 of the connecting tube
portion 22, when the inner wall face 224 is formed into an
irregular surface on which irregularities are formed, the
water repellent finish face 226 is obtained. In this case, it is
preferable that irregularities are formed on the inner wall
face 22a so that the surface area density of the inner wall
face 22a of the connecting tube portion 22 can be higher
than the surface area density of the inner wall face of the
heater adjacent tube portion 26. In this connection, the
terminology of the surface area density is defined as an inner
wall surface area included in the unit volume of the con-
necting tube portion 22 (or the heater adjacent tube portion
26). In other words, the surface area density of the inner wall
face 22a of the connecting tube portion 22 is a value
obtained when the surface area of the entire inner wall face
22a of the connecting tube portion 22 is divided by the
volume of the entire connecting tube portion 22. The surface
area density of the inner wall face of the heater adjacent tube
portion 26 is a value obtained when the surface area of the
entire inner wall face of the heater adjacent tube portion 26
is divided by the volume of the entire heater adjacent tube
portion 26.

[0103] (4) When a large number of needle-shaped protru-
sions, the tips of which are sharp, are formed on the inner
wall face 22a of the connecting tube portion 22, the inner
wall face 22a concerned can be formed into an irregular
surface. In this way, the water repellent finish surface 225 is
obtained. In this case, it is preferable that the protruding
length of the protrusion formed on the inner wall surface 225
is in a range from several tens of nm to several hundreds of
pm.

[0104] Explanation of Operation of Steam Engine 1
[0105] The steam engine 1 of the present embodiment
composed as described above is driven when the heater 30
and the cooler 32 are operated.

[0106] Specifically, operation is conducted as follows.
When the liquid in the vertical direction extending tube 12
fills a neighborhood of the cooler 32 in the vertical direction
extending tube 12 and also fills a region from the connecting
tube portion 22 to a neighborhood of the heater 30 and when
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a liquid level of the liquid concerned is located at the top
dead center Lu in the neighborhood of the heater 30 in the
vertical direction extending tube 12, the liquid located in the
neighborhood of the heater 30 in the vertical direction
extending tube 30 is heated, boiled and vaporized.

[0107] Due to this boiling and vaporization, a volume of
the fluid in the tube 10 is expanded. Specifically, due to this
boiling and vaporization, vapor of high temperature and
pressure is accumulated in an upper portion in the vertical
direction extending tube 12. Therefore, a liquid level of the
liquid in the vertical direction extending tube 12 is pushed
down to the bottom dead center Lb in the neighborhood of
the cooler 32.

[0108] Then, a liquid piston made of the liquid in the tube
10 is displaced from the inside of the vertical direction
extending tube 12 to the inside of the vertical direction
extending tube 14. Therefore, the piston 104 in the output
portion 100 is pushed up to the top dead center side.
[0109] Next, when the liquid level of the liquid in the
vertical direction extending tube 12 is located at the bottom
dead center Lb and the vapor, which has been vaporized by
the heater 30, exists in a region close to the cooler 32 in the
vertical direction extending tube 12, the vapor concerned
located in the region close to the cooler 32 is cooled by the
cooler 32 and liquefied.

[0110] At this time, a volume of the fluid in the tube 10 is
contracted. Specifically, when the vapor accumulated in the
vertical direction extending tube 12 is liquefied, the liquid
piston made of the liquid in the tube 10 flows and is
displaced from the inside of the vertical direction extending
tube 14 to the inside of the vertical direction extending tube
12. Accordingly, the piston 104 of the output portion 100 is
lowered onto the bottom dead center side.

[0111] In the steam engine 1 of the present embodiment,
when the above fluid displacement is repeatedly generated,
the piston 104 and the movable portion 106 are continuously
reciprocated. Due to the foregoing, electric power is gener-
ated.

[0112] Explanation of Action and Effect of Steam Engine
1

[0113] In the steam engine 1 of the present embodiment,
as described before, the entire inner wall face 22a of the
connecting portion 22 is formed out of a water repellent
finish face 226b.

[0114] According to the present embodiment, as described
above, when the liquid located in the neighborhood of the
heater 30 in the vertical direction extending tube 12 is
heated, boiled and vaporized, a quantity of liquid drops,
which are attached onto the inner wall face 22 of the
connecting tube portion 22 when the liquid level of the
liquid in the vertical direction extending tube 12 is pushed
down from the top dead center Lu to the bottom dead center
Lb according to the boil and vaporization of the liquid, can
be reduced as compared with a case in which the entire inner
wall face 22a of the connecting tube portion 22 is not formed
out of the water repellent finish face 225. The above liquid
drops will be referred to as “liquid drops attached to the
connecting tube portion after the liquid level is moved”
hereinafter.

[0115] In the steam engine 1 of the present embodiment,
the quantity of liquid drops attached to the connecting tube
portion after the liquid level is moved can be reduced.
According to this reduction of the quantity of liquid drops,
it is possible to reduce a quantity of liquid drops, which are
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attached to the connecting tube portion after the movement
of the liquid face, to be vaporized when the pressure in the
tube 10 becomes lower than the saturated vapor pressure at
the temperature of the connecting tube portion 22 after the
liquid level of the liquid in the vertical direction extending
tube 12 has been pushed down from the top dead center Lu
to the bottom dead center Lb.

[0116] Therefore, according to the steam engine 1 of the
present embodiment, a quantity of liquid drops attached to
the connecting tube portion after the liquid level has been
moved, can be reduced. By the reduction of the quantity of
liquid drops, it is possible to suppress the occurrence of a
phenomenon in which the useless heat not contributing to
the expansion of the fluid volume in the tube 10 is carried to
a neighborhood of the cooler 32 by the vapor. According to
the steam engine 1 in this embodiment, the thermal effi-
ciency can be enhanced by this suppression.

[0117] In this connection, in the present embodiment, the
entire inner wall face 22a of the connecting tube portion 22
is formed out of a water repellent finish face 2256. However,
a portion of the inner wall face 22a of the connecting tube
portion 22 may be formed out of a water repellent finish face
22b.

[0118] In this case, a portion of the inner wall face 224 is
formed out of a water repellent finish face 225. Accordingly,
as compared with a case in which the inner wall face 22a of
the connecting tube portion 22 is not entirely formed out of
the water repellent finish face 2254, the quantity of liquid
drops, which are attached to the connecting tube portion
after the liquid level has been moved, can be further reduced.
[0119] Since the quantity of liquid drops, which are
attached to the connecting tube portion after the liquid level
has been moved, can be further reduced as described above,
a quantity of liquid drops to be vaporized can be reduced as
compared with a conventional case. According to the reduc-
tion of the quantity of liquid drops to be vaporized, the
thermal efficiency of the steam engine 1 can be enhanced.

Embodiment 2

[0120] Next, Embodiment 2 will be explained below.
[0121] In this connection, explanations of the same por-
tions as those of Embodiment 1 described before are omitted
or simplified here.

[0122] FIG. 2 is a view showing an outline of the consti-
tution of the steam engine 1A of Embodiment 2.

[0123] A point of the present embodiment (Embodiment
2) different from that of Embodiment 1 described before is
that only the connecting tube portion 22 is replaced with the
connecting tube portion 24.

[0124] In the present embodiment, as compared with the
wall thickness of a portion (a heater adjacent tube portion)
of the vertical direction extending tube 12 adjacent to the
heater 30, the wall thickness of the entire connecting tube
portion 24 is reduced.

[0125] Therefore, according to the steam engine 1A of
Embodiment 2, as compared with a case in which the wall
thickness of the heater adjacent tube portion 26 is made to
agree with the wall thickness of the connecting tube portion
24, a quantity of total heat transmitted from the heater 30 to
the connecting tube portion 24 through the heater adjacent
tube portion 26 or the outside air can be reduced.

[0126] In the present embodiment, a quantity of total heat
transmitted from the heater 30 to the connecting tube portion
24 can be reduced as described above. According to this
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reduction of the quantity of total heat to be transmitted, a
quantity of total heat transmitted from the connecting tube
portion 24 to the fluid in the connecting tube portion 24 can
be reduced. As a result, according to the reduction of the
quantity of total heat, a quantity of liquid drops to be
vaporized, which are attached to the connecting tube portion
after the liquid level has moved, can be reduced.

[0127] Accordingly, in the steam engine of this case, a
quantity of liquid drops to be vaporized attached to the
connecting tube portion after the movement of the liquid
level can be reduced. According to this reduction of the
quantity of liquid drops to be vaporized, as compared with
a conventional case, it is possible to suppress the occurrence
of'a phenomenon in which the useless heat not contributing
to the expansion of the volume of the fluid in the tube 10 is
carried to a neighborhood of the cooler 32. According to this
suppression of the occurrence of the phenomenon, the
thermal efficiency can be enhanced.

[0128] In the present embodiment, the wall thickness of
the entire connecting tube portion 24 is reduced to be smaller
than the wall thickness of the heater adjacent tube portion
26. However, the wall thickness of only a portion of the
connecting tube portion 24 may be smaller than the wall
thickness of the heater adjacent tube portion 26.

[0129] In this case, the wall thickness of a portion of the
connecting tube portion 24 is reduced to be smaller than the
wall thickness of the heater adjacent tube portion 26.
According to this reduction of the wall thickness, a quantity
of'total heat transmitted from the heater 30 to the connecting
tube portion 24 through the heater adjacent tube portion 26
or the outside air can be further reduced.

[0130] As described above, the quantity of total heat can
be reduced. Accordingly, a quantity of total heat transmitted
from the connecting tube portion 24 to the fluid flowing in
the connecting tube portion 24 can be reduced. According to
this reduction of the quantity of total heat the thermal
efficiency of the steam engine 1A can be enhanced.

Embodiment 3

[0131] Next, Embodiment 3 will be explained below.
[0132] In this connection, explanations of the same por-
tions as those of Embodiment 1 described before are omitted
or simplified here.

[0133] FIG. 3 is a view showing an outline of the consti-
tution of the steam engine 1B of Embodiment 3.

[0134] A point of the present embodiment (Embodiment
3) different from that of Embodiment 1 described before is
described as follows.

[0135] The tube 10B of the steam engine 1B includes a
different direction extending tube 40 having an inner wall
face 42, which extends in one direction different from the
extending direction of the vertical direction extending tube
12, wherein this different direction extending tube 40 is
provided at an upper end portion of the vertical direction
extending tube 12. The steam engine of the present embodi-
ment is different from the steam engine 1 of Embodiment 1
at the point described above. In the present embodiment, an
outer face portion of the different direction extending tube
40 is composed as a heater 30B for heating and vaporizing
the liquid in the different direction extending tube 40
through the different direction extending tube 40.

[0136] The present embodiment is different from Embodi-
ment 1 at the point that the connecting tube portion 22 is
replaced with the connecting tube portion 28. An inner wall
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face of the connecting tube portion 28 is different from the
inner wall face 22a of the connecting tube portion 22 of
Embodiment 1 in such a manner that the inner wall face of
the connecting tube portion 28 is not formed out of a water
repellent finish face. However, the inner wall face of the
connecting tube portion 28 may be formed out of a water
repellent finish face in the same manner as that of the inner
wall face 224 of the connecting tube portion 22 of Embodi-
ment 1.

[0137] An extending direction of the inner wall face 42 of
the different direction extending tube 40 is not limited to a
specific direction. In the present embodiment, the inner wall
face 42 of the different direction extending tube 40 extends
to a side (to the left in FIG. 3) with respect to the inner wall
face of the vertical direction extending tube 12 which
extends in the vertical direction.

[0138] Accordingly, in the steam engine 1B of the present
embodiment, a liquid flowing direction Fa, which will be
referred to as “a connecting tube portion flowing direction”
hereinafter, inside the connecting tube portion 28 is different
from a liquid flowing direction Fb, which will be referred to
as “a heater tube portion flowing direction” hereinafter,
inside a portion (the different direction extending tube 40) of
the tube 10B in which the heater 30B is provided. In this
connection, the present embodiment is composed in such a
manner that a portion corresponding to the top dead center
Lu of Embodiment 1 is the top dead center LuB in the
different direction extending tube 40.

[0139] Further, at an end portion of the different direction
extending tube 40, which also functions as a heater 30B, on
the connecting tube portion 28 side, a recess portion 44 is
provided. Therefore, between the heater 30B (the different
direction extending tube 40) and the connecting tube portion
28, a gap 46 is formed which is made by the recess portion

[0140] In the case where the connecting tube portion
flowing direction and the heater tube portion flowing direc-
tion are different from each other like the present embodi-
ment, the heater 30B (the different direction extending tube
40) and the connecting tube portion 28 usually come into
contact with each other at a bending direction side edge
portion of the tube 10B. In the present embodiment, the
bending direction side edge portion of the tube 10B is a left
edge portion of the boundary portion between the heater 30B
(the different direction extending tube 40) and the connect-
ing tube portion 28.

[0141] However, in the present embodiment, the gap 46
exists between the end portion of the heater 30B (the
different direction extending tube 40), which includes a
portion corresponding to the bending direction side edge
portion 48, and the connecting tube portion 28.

[0142] Therefore, according to the steam engine 1B of the
present embodiment, as compared with a case in which the
heater 30B (the different direction extending tube 40) and
the connecting tube portion 28 come into contact with each
other, the efficiency of heat transmission from the heater 30B
(the different direction extending tube 40) to the connecting
tube portion 28 is lowered because the heater 30B (the
different direction extending tube 40) and the connecting
tube portion 28 are separate from each other.

[0143] In the steam engine 1B, the efficiency of heat
transmission from the heater 30B (the different direction
extending tube 40) to the connecting tube portion 28 is
lowered as described above. Therefore, a quantity of total
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heat transmitted from the heater 30B (the different direction
extending tube 40) to the fluid in the connecting tube portion
28 can be reduced.

[0144] As a result, according to the steam engine 1B, as
compared with a case in which the heater 30B (the different
direction extending tube 40) and the connecting tube portion
28 come into contact with each other, the quantity of liquid
drops to be vaporized attached to the connecting tube
portion after the movement of the liquid level can be
reduced.

[0145] In the steam engine 1B of the present embodiment,
the quantity of liquid drops to be vaporized attached to the
connecting tube portion after the movement of the liquid
level can be reduced. According to the reduction of the
quantity of liquid drops to be vaporized, it is possible to
suppress the occurrence of a phenomenon in which the
useless heat not contributing to the expansion of the fluid
volume in the tube 10B is carried to a neighborhood of the
cooler 32 by the vapor. The thermal efficiency can be
enhanced by this suppression.

[0146] In this connection, in Embodiment 3, the extending
direction of the inner wall face of the different direction
extending tube 40 is one direction which is different from the
extending direction of the vertical direction extending tube
12. However, the extending direction of the inner wall face
of the different direction extending tube 40 may be a
plurality of directions different from the extending direction
of the vertical direction extending tube 12.

[0147] For example, concerning the different direction
extending tube 40, it is possible to use a different direction
extending tube 50 shown in FIG. 4.

[0148] The different direction extending tube 50 is a
cylindrical portion, the lateral cross-section of which is
substantially circular. Specifically, the different direction
extending tube 50 includes: a lower side tube portion 52; a
central interposition plate 54; and an upper side tube portion
56.

[0149] The lower side tube portion 52 includes: a substan-
tially circular hollow portion 524 provided on an upper face
of the lower side tube portion 52 concerned; and a through-
hole 524, which is vertically formed at the center of the
hollow portion 52a, for communicating the hollow portion
52 with the inside of the connecting tube portion 26.
[0150] The central interposition plate 54 is a plate-shaped
member which is provided on an upper face of the lower side
tube portion 52 and laminated so that it can block the hollow
portion 52a. At a plurality of positions in the periphery of the
central interposition plate 54, through-holes 54a penetrating
the central interposition plate 54 in the vertical direction are
formed.

[0151] The upper side tube portion 56 is a member lami-
nated on an upper face of the central interposition plate 54
so that it can cover the through-holes 54a. On a lower face
of the upper side tube portion 56, the hollow portion 564 is
provided.

[0152] An outer face portion of the different direction
extending tube 50 is formed out of a heater 30C for heating
the liquid in the different direction extending tube 50
through the different direction extending tube 50 so as to
vaporize the liquid in the different direction extending tube
50.

[0153] In the case of using the different direction extend-
ing tube 50, the liquid flowing into the different direction
extending tube 50 flows in a space between the lower side
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tube portion 52 and the central interposition plate 54 in
various horizontal direction. In this case, the connecting tube
portion flowing direction Fa (the vertical direction) is dif-
ferent from the flowing direction (substantially horizontal
various directions; the heater tube portion flowing direction)
of the liquid in a portion (the different direction extending
tube 50) of the tube 10B in which the heater 30C is provided.
In the case of using the different direction extending tube 50,
a portion corresponding to the top dead center Lu of
Embodiment 1 is, for example, the top dead center LuC in
the different direction extending tube 50.

[0154] In the steam engine 1B in this case, at an end
portion of the heater 30C (the different direction extending
tube 50) on the connecting tube portion 28 side, a hollow
portion 52¢ having the same function as that of the hollow
portion 44 is provided. Therefore, between the heater 30C
(the different direction extending tube 50) and the connect-
ing tube portion 28, a gap 52d is formed by the recess
portion 52c¢.

[0155] Accordingly, in the steam engine 1B of this case, as
compared with a case in which the heater 30C (the different
direction extending tube 50) and the connecting tube portion
28 come into contact with each other, a quantity of total heat
transmitted from the heater 30C (the different direction
extending tube 50) to the connecting tube portion 28 can be
reduced since the heater 30C (the different direction extend-
ing tube 50) and the connecting tube portion 28 are separate
from each other.

[0156] As a result, in the steam engine 1B of this case, as
compared with a case in which the heater 30C (the different
direction extending tube 50) and the connecting tube portion
28 come into contact with each other, the quantity of liquid
drops to be vaporized attached to the connecting tube
portion can be reduced. According to this reduction of the
quantity of liquid drops to be vaporized, the thermal effi-
ciency can be enhanced.

[0157] In this connection, in Embodiment 3, the steam
engine 1B is composed so that the gap 46, 524 can be formed
between the end portion of the heater 30B, 30C (the different
direction extending tube 40, 50) on the connecting tube
portion 28 side and the connecting tube portion 28. In the
gap 46, 52d, an interposition (an interposition, the heat
conductivity of which is approximately 0.025 W/m'k)
except for air, the heat conductivity of which is the same as
that of air, may be interposed. In this case, the same
operational effect as that of Embodiment 3 can be provided.
[0158] In the case where it is necessary to interpose a heat
insulating material 60 in the gap 46, 524 for the object of
composing the steam engine 1B, it is possible to adopt a
structure in which the heat insulating material 60 is pro-
vided.

[0159] In this case, as the heat insulating material 60 is
interposed between the heater 30B, 30C (the different direc-
tion extending tube 40, 50) and the connecting tube portion
26, as compared with a case in which the heater 30B, 30C
(the different direction extending tube 40, 50) and the
connecting tube portion 26 are directly contacted with each
other, a quantity of total heat transmitted from the heater
30B, 30C (the different direction extending tube 40, 50) to
the connecting tube portion 26 can be reduced.

[0160] Accordingly, in this case, as compared with a case
in which the heater 30B, 30C (the different direction extend-
ing tube 40, 50) and the connecting tube portion 26 are
directly contacted with each other, the quantity of liquid
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drops to be vaporized attached to the connecting tube
portion after the movement of the liquid level can be
reduced. According to this reduction of the quantity of liquid
drops to be vaporized, the thermal efficiency can be
enhanced.

[0161] Inthis connection, various heat insulating materials
60 can be used. Examples of the heat insulating materials 60
are: a resin heat insulating material such as fluorine resin
(tetrafluoroethylene), PEEK (polyether etherketone) and
PPS (polyphenylene sulfide); and inorganic heat insulating
material such as glass wool and ceramics (alumina). It is
preferable that the heat conductivity of the heat insulating
material 60 is not more than 0.5 W/m-K.

[0162] Others

[0163] In the steam engine 1 of Embodiment 1, the wall
thickness of the connecting tube portion 22 may be smaller
than the wall thickness of the heater adjacent tube portion 26
in the same manner as that of Embodiment 2.

[0164] In this case, the thermal efficiency of the steam
engine 1 can be further enhanced by the synergistic effect of
the aforementioned operational effect described in Embodi-
ment 1 and the aforementioned operational effect described
in Embodiment 2.

[0165] The connecting tube portion 22 of Embodiment 1
(including a structure in which the wall thickness of the
connecting tube portion 22 is reduced to be smaller than the
wall thickness of the heater adjacent tube portion 26 as
described before) or the connecting tube portion 24 of
Embodiment 2 may be composed of a member used for the
connecting pipe portion 22, 24 separate from the heater
adjacent tube portion 26.

[0166] In this case, the connecting tube portion 22, 24
member and the heater adjacent tube portion 26 tube mem-
ber are joined to each other, for example, by means of
welding or screwing. In this way, the connecting tube
portion 22, 24 member and the heater adjacent tube portion
26 tube member are composed as a continuous portion in the
tube 10.

[0167] When the steam engine 1, 1A is composed as
described above, a seam is formed between the connecting
tube portion 22, 24 member and the heater adjacent tube
portion 26 member. When the seam is formed as described
above, as compared with a case in which no seam is formed
(in the case where the connecting tube portion 22, 24
member and the heater adjacent tube portion 26 member are
composed as an integrated tube member having no seam),
the heat transmission efficiency from the heater adjacent
tube portion 26 to the connecting tube portion 22, 24 is
lowered.

[0168] In this case, according to the reduction of the heat
transmission efficiency described above, it is possible to
reduce a quantity of total heat transmitted from the heater 30
(the heater adjacent tube portion 26) to the connecting tube
portion 22, 24. Accordingly, it is possible to reduce a
quantity of total heat transmitted from the connecting tube
portion 22, 24 to the fluid in the connecting tube portion 22,
24. As a result, according to the reduction of the quantity of
total heat, it is possible to reduce a quantity of liquid drops
to be vaporized attached to the connecting tube portion after
the movement of the liquid level can be reduced.

[0169] Accordingly, in the steam engine 1, 1A of this case,
the quantity of liquid drops to be vaporized attached to the
connecting tube portion after the movement of the liquid
level can be reduced. According to the reduction of the



US 2007/0214783 Al

quantity of liquid drops to be vaporized, it is possible to
suppress the occurrence of a phenomenon in which the
useless heat not contributing to the expansion of the fluid
volume in the tube is carried to a neighborhood of the cooler
32 by the vapor. According to the steam engine in this case,
the thermal efficiency can be enhanced by this suppression.
[0170] In this case, it is preferable that materials of the
connecting tube portion 22, 24 and the heater adjacent tube
portion 26 are selected so that the heat conductivity of the
connecting tube portion 22, 24 can be lower than that of the
heater adjacent tube portion 26.

[0171] Due to the foregoing, a quantity of total heat
transmitted from the heater 30 (the heater adjacent tube
portion 26) to the connecting tube portion 22, 24 member
can be further reduced. Accordingly, a quantity of liquid
drops to be vaporized attached to the connecting tube
portion after the movement of the liquid level can be further
reduced. According to the reduction of the quantity of liquid
drops to be vaporized attached to the connecting tube
portion after the movement of the liquid level, the thermal
efficiency of the steam engine 1, 1A can be further enhanced.
[0172] In the steam engine 1, 1A of Embodiments 1 and 2
(The steam engine 1 of Embodiment 1 includes an embodi-
ment in which the wall thickness of the connecting tube
portion 22 is reduced to be smaller than the wall thickness
of the heater adjacent tube portion 26.), the vertical direction
extending tube 12 may bent between the heater adjacent tube
portion 26 and the connecting tube portion 22, 24 so that a
flowing direction of the liquid in the heater adjacent tube
portion 26 can be different from that of the connecting tube
portion 22, 24.

[0173] In this case, when the vertical direction extending
tube 12 is bent so that a gap can be formed between the end
portion of the heater 30 on the connecting tube portion 22,
24 side and the connecting tube portion 22, 24, by the same
operational effect as that of Embodiment 3, the heat effi-
ciency of the steam engine 1, 1A can be enhanced as
compared with a case in which the end portion of the heater
30 on the connecting tube portion 22, 24 side and the
connecting tube portion 22, 24 are contacted with each other.
[0174] In the steam engine 1, 1A of Embodiments 1 and 2
(The steam engine 1 of Embodiment 1 includes an embodi-
ment in which the wall thickness of the connecting tube
portion 22 is reduced to be smaller than the wall thickness
of the heater adjacent tube portion 26.), a member 62 (shown
in FIGS. 1 and 2), the heat conductivity of which is lower
than that of the material composing the heater adjacent tube
portion 26, may be arranged on an outer circumferential face
of the connecting tube portion 22, 24.

[0175] Due to the foregoing, as compared with a case in
which the low heat conductivity material member 62 is not
arranged, it is possible to reduce a quantity of total heat
flowing into the connecting tube portion 22, 24 from the
heater 30 through the outside air. Therefore, a quantity of
liquid drops to be vaporized attached to the connecting tube
portion after the movement of the liquid level can be
reduced. According to the reduction of the quantity of liquid
drops to be vaporized attached to the connecting tube
portion after the movement of the liquid level, the thermal
efficiency of the steam engine 1, 1A can be further enhanced.
[0176] In this connection, the low heat conductivity mate-
rial member 62 may be provided not only on the outer
circumferential face of the connecting tube portion 22, 24
but also on the inner wall face of the connecting tube portion
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22, 24 or inside the connecting tube portion 22, 24. Even in
this case, it is possible to provide the substantially same
effect as that of the case in which the low heat conductivity
material member 62 is provided on the outer circumferential
face of the connecting tube portion 22, 24.

[0177] While the invention has been described by refer-
ence to specific embodiments chosen for purposes of illus-
tration, it should be apparent that numerous modifications
could be made thereto, by those skilled in the art without,
departing from the basic concept and scope of the invention.

1. A steam engine comprising:

a tube into which liquid is charged;

a heater for heating the liquid in the tube; and

a cooler for cooling vapor generated when the liquid is
vaporized being heated by the heater, wherein

a fluid displacement of the liquid in the tube is generated
by vaporization of the liquid when it is heated by the
heater and liquefaction of the vapor when it is cooled
by the cooler,

the heater and the cooler are arranged at an interval in the
tube line formed by the tube, and

at least a portion of an inner wall face of a connecting tube
portion, which is a portion arranged between the heater
and the cooler, is formed out of a water repellent finish
face.

2. A steam engine according to claim 1, wherein

the entire inner wall face of the connecting tube portion is
formed out of a water repellent finish face.

3. A steam engine according to claim 1, wherein

the water repellent finish face is formed when the inner
wall face of the connecting tube portion is subjected to
mirror finish processing.

4. A steam engine according to claim 1, wherein

the water repellent finish face is formed when the inner
wall face of the connecting tube portion is coated with
a predetermined material.

5. A steam engine comprising:

a tube into which liquid is charged;

a heater for heating the liquid in the tube; and

a cooler for cooling vapor generated when the liquid is
vaporized being heated by the heater, wherein

a fluid displacement of the liquid in the tube is generated
by vaporization of the liquid when it is heated by the
heater and liquefaction of the vapor when it is cooled
by the cooler,

the heater is provided being adjacent to a portion of the
tube so as to heat liquid in the portion of the tube,

the heater and the cooler are arranged at an interval in the
tube line formed by the tube, and

the wall thickness of at least a portion of a connecting tube
portion, which is a portion between the heater and the
cooler, is smaller than the wall thickness of a portion of
the tube adjacent to the heater.

6. A steam engine according to claim 5, wherein

the wall thickness of the entire connecting tube portion is
smaller than the wall thickness of a portion of the tube
adjacent to the heater.

7. A steam engine comprising:

a tube into which liquid is charged;

a heater for heating the liquid in the tube; and

a cooler for cooling vapor generated when the liquid is
vaporized being heated by the heater, wherein
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a fluid displacement of the liquid in the tube is generated
by vaporization of the liquid when it is heated by the
heater and liquefaction of the vapor when it is cooled
by the cooler,

the heater is provided being adjacent to a portion of the
tube so as to heat liquid in the portion of the tube,

the heater and the cooler are arranged at an interval in the
tube line formed by the tube,

a connecting tube portion, which is a portion between the
heater and the cooler, is formed out of a connecting
tube member separate from the tube member for a
portion of the tube adjacent to the heater, and

the connecting tube member and the tube member for a
portion of the tube adjacent to the heater are joined to
each other and formed into a continuous portion of the
tube.

8. A steam engine according to claim 7, wherein

the heat conductivity of material composing the connect-
ing tube portion member is lower than the heat con-
ductivity of material composing the tube member for a
portion of the tube adjacent to the heater.

9. A steam engine comprising:

a tube into which liquid is charged;

a heater for heating the liquid in the tube; and

a cooler for cooling vapor generated when the liquid is
vaporized being heated by the heater, wherein
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a fluid displacement of the liquid in the tube is generated
by vaporization of the liquid when it is heated by the
heater and liquefaction of the vapor when it is cooled
by the cooler,

the heater and the cooler are arranged at an interval in the
tube line formed by the tube,

a flowing direction of the liquid in the connecting tube
portion, which is a portion between the heater and the
cooler, and a flowing direction of the liquid in the
portion of the tube, in which the heater is provided, are
different from each other, and

a gap is formed between the heater and the connecting
tube portion.

10. A steam engine according to claim 9, wherein

a heat insulating material member is arranged in the gap.

11. A steam engine according to claim 9, wherein

the gap is provided when a recess portion is formed in a
portion of the heater.

12. A steam engine according to claim 1, further com-

prising:

an output portion for taking out a fluid displacement of the
liquid in the tube, which is generated by vaporization of
the liquid when it is heated by the heater and liquefac-
tion of the vapor when it is cooled by the cooler, as
mechanical energy.

13. A steam engine according to claim 1, wherein

the heater is arranged in an upper portion of the cooler.
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