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(54) ROTATING MACHINE

(57) Provided is a rotary machine capable of increas-
ing cooling efficiency while preventing an increase in the
weight and cost of a rotor even in a case where the di-
ameter of the rotor is increased. A rotary machine includ-
ing a rotor which is rotatable around a rotational axis, and
a cooling device, wherein the rotor includes: a hollow
cooling medium flow section provided in a center portion
of the rotor in a radial direction and extending along the
rotational axis; and a cooling target provided outward of
the cooling medium flow section in the radial direction,
and the rotary machine comprises a stationary section
pipe which introduces a liquid phase cooling medium
generated by cooling in the cooling device into the cooling
medium flow section, and returns a gas phase cooling
medium present in an inside of the cooling medium flow
section from the cooling medium flow section toward the
cooling device, the rotor including: a leading passage
which leads the liquid phase cooling medium to a region
which is in the vicinity of the cooling target through a first
opening formed in a side surface of the cooling medium
flow section, the side surface extending along the rota-
tional axis; and a return passage which returns the gas

phase cooling medium to the inside of the cooling medi-
um flow section, the gas phase cooling medium being
generated by evaporation of the liquid phase cooling me-
dium in the region which is in the vicinity of the cooling
target, by heat exchange between the liquid phase cool-
ing medium and the cooling target.
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Description

Technical Field

[0001] The present invention relates to a rotary ma-
chine.

Background Art

[0002] Conventionally, as an exemplary cooling device
for cooling a cooling target (target to be cooled) such as
superconducting field poles of a superconducting rotary
machine, for the purpose of, for example, keeping the
cooling target in a superconductive state, a rotary ma-
chine having a cooling structure for cooling the cooling
target with latent heat generated by evaporation of a liq-
uid phase cooling medium, by a thermosiphon method
and/or a heat pipe method, etc., is known. The following
Patent Literature 1 discloses a rotary machine in which
a cooling medium (liquid phase cooling medium) gener-
ated by condensation in a condenser cooled by a cooling
device is delivered to a central hollow space formed in-
side a rotor of the rotary machine through a coupling pipe,
and the liquid phase cooling medium is evaporated into
a gas phase cooling medium in the central hollow space
to cool windings (cooling target) wound around a winding
holder provided to surround the central hollow space via
the winding holder. In this rotary machine, the gas phase
cooling medium generated by evaporation of the liquid
phase cooling medium, inside the central hollow space,
is returned to the condenser through the same coupling
pipe, cooled and condensed again into the liquid phase
cooling medium.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Patent No.
3799016 Publication

Summary of Invention

Technical Problem

[0004] In the rotary machine disclosed in Patent Liter-
ature 1, the windings (cooling target) are cooled by heat
conduction (transfer) via the winding holder. Therefore,
if the diameter of the rotor of the rotary machine is in-
creased, the whole of the winding holder serving as a
heat conduction section is required to have a solid struc-
ture entirely in a radial direction, from the central hollow
space to the cooling target, or it is necessary to connect
the central hollow space and the cooling target to each
other by a heat transfer structure. For this reason, the
weight of the cooling structure including the winding hold-
er is increased, which increases material cost and man-
ufacturing cost of the rotary machine.

[0005] Regarding the cooling capability of the cooling
device, higher cooling efficiency can be obtained, in a
case where a temperature difference between a cold
head of the cooling device and the cooling target is less.
In the above-described configuration, since a heat trans-
fer structure (heat conduction path) formed between the
cold head of the cooling device and the cooling target is
long, a temperature difference between the cooling de-
vice and the cooling target is generated. As a result, the
cooling efficiency cannot be increased.
[0006] The present invention has been developed to
solve the above-described problems, and an object of
the present invention is to provide a rotary machine which
can increase cooling efficiency while preventing an in-
crease in the weight and cost of a rotor, even in a case
where the diameter of the rotor is increased.

Solution to Problem

[0007] An aspect of the present invention provides a
rotary machine including a rotor which is rotatable around
a rotational axis, and a cooling device, wherein the rotor
includes: a hollow cooling medium flow section provided
in a center portion of the rotor in a radial direction and
extending along the rotational axis; and a cooling target
provided outward of the cooling medium flow section in
the radial direction, the rotary machine comprising: a sta-
tionary section pipe which introduces a liquid phase cool-
ing medium generated by cooling in the cooling device
into the cooling medium flow section, and returns a gas
phase cooling medium present in an inside of the cooling
medium flow section from the cooling medium flow sec-
tion toward the cooling device, the rotor including: a lead-
ing passage which leads the liquid phase cooling medium
to a region which is in the vicinity of the cooling target
through a first opening formed in a side surface of the
cooling medium flow section, the side surface extending
along the rotational axis; and a return passage which
returns the gas phase cooling medium to the inside of
the cooling medium flow section, the gas phase cooling
medium being generated by evaporation of the liquid
phase cooling medium in the region which is in the vicinity
of the cooling target, by heat exchange between the liquid
phase cooling medium and the cooling target.
[0008] In accordance with the above-described config-
uration, since the rotary machine includes the leading
passage which leads the liquid phase cooling medium
from the cooling medium flow section to the region which
is in the vicinity of the cooling target, the cooling target
can be directly cooled by use of the liquid phase cooling
medium. This makes it possible to simplify or omit the
structure of a heat conduction path. In addition, since the
rotary machine includes the return passage as a path
which returns to the cooling medium flow section, the gas
phase cooling medium generated after cooling of the
cooling target, separately from the leading passage
which flows the liquid phase cooling medium there-
through, a liquid phase cooling medium flow passage
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and a gas phase cooling medium flow passage of a cool-
ing medium circulating pipe (the leading passage or the
return passage) inside the rotor can be separately pro-
vided, and the thermal transport capability of the cooling
medium circulating pipe can be improved. Therefore, in
accordance with this configuration, cooling efficiency can
be increased while preventing an increase in the weight
and cost of a rotor, even in a case where the diameter
of the rotor is increased.
[0009] The return passage may be configured to return
the gas phase cooling medium to the inside of the cooling
medium flow section, through a second opening formed
in a center portion of a side surface of one end portion
of the cooling medium flow section in a direction of the
rotational axis (rotational axis direction). In accordance
with this configuration, since the second opening is
formed in the center portion of the side surface of one
end portion of the cooling medium flow section in the
rotational axis direction, it becomes possible to prevent
a situation in which the second opening is filled with the
liquid phase cooling medium even in a state in which the
liquid phase cooling medium is reserved in the cooling
medium flow section at a certain level. Since the return
passage is connected to the second opening, it becomes
possible to secure all the time the path which returns the
gas phase cooling medium to the inside of the cooling
medium flow section.
[0010] The cooling target may include a plurality of
cooling targets arranged in a circumferential direction of
the rotational axis, the leading passage may be config-
ured to lead the liquid phase cooling medium to regions
which are in the vicinity of the plurality of cooling targets
through first openings which are equal in number to the
plurality of cooling targets, and the return passage may
include a plurality of first passages which lead the gas
phase cooling medium from the regions which are in the
vicinity of the plurality of cooling targets to the center
portion of the rotor in the radial direction, and a second
passage extending along the rotational axis so that the
plurality of first passages are collectively connected to
the second opening via the second passage in the center
portion of the rotor in the radial direction. In accordance
with this configuration, the length of the rotor (cooling
target) in the rotational axis direction can be set longer
than the length of the cooling medium flow section (the
size of the cooling medium flow section defining a central
hollow space can be reduced). Therefore, it is not nec-
essary to increase the size of the cooling structure ac-
cording to the size of the rotor, and the material cost and
the manufacturing cost can be reduced.
[0011] The return passage and the leading passage
may constitute a double passage. In the configuration in
which the double passage is constituted by the return
passage and the leading passage, even in a case where
one of the passages of the double passage is filled with
the liquid phase cooling medium, the gas phase cooling
medium can be returned to the cooling medium flow sec-
tion through the other of the passages of the double pas-

sage.
[0012] A length of the cooling medium flow section in
a direction of the rotational axis may be shorter than a
length of the cooling target in the direction of the rotational
axis. In accordance with this configuration, the length of
the rotor (cooling target) in the rotational axis direction
can be set longer than the length of the central hollow
space. In other words, the size of the cooling medium
flow section defining the central hollow space can be re-
duced. Therefore, it is not necessary to increase the size
of the cooling structure according to the size of the rotor,
and the material cost and the manufacturing cost can be
reduced.
[0013] The rotor may include an ingress prevention
section which prevents ingress of the liquid phase cooling
medium from the cooling medium flow section into the
return passage constituting the double passage together
with the leading passage. In accordance with this con-
figuration, since the ingress of the liquid phase cooling
medium from the cooling medium flow section into the
return passage is prevented, the cooling medium can be
efficiently circulated. Specifically, the liquid phase cool-
ing medium is efficiently delivered from the cooling me-
dium flow section to the cooling target, and the gas phase
cooling medium is efficiently returned from the cooling
target to the cooling medium flow section.
[0014] The above and further objects, features and ad-
vantages of the present invention will more fully be ap-
parent from the following detailed description of the pre-
ferred embodiments with reference to accompanying
drawings.

Advantageous Effects of the Invention

[0015] The present invention has been configured as
described above, and the present invention can obtain
an advantage in that cooling efficiency can be increased
while preventing an increase in the weight and cost of a
rotor, even in a case where the diameter of the rotor is
increased.

Brief Description of Drawings

[0016]

Fig. 1 is a schematic cross-sectional view of a rotary
machine according to Embodiment 1 of the present
invention, which is taken along a rotational axis.
Fig. 2 is a schematic cross-sectional view of a rotor
of a rotary machine according to Embodiment 2 of
the present invention, which is taken along the rota-
tional axis.
Fig. 3 is a schematic cross-sectional view of a rotor
of a rotary machine according to Embodiment 3 of
the present invention, which is taken along the rota-
tional axis.
Fig. 4 is a schematic cross-sectional view of a rotor
of a rotary machine according to Embodiment 4 of
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the present invention, which is taken along the rota-
tional axis.

Description of Embodiments

[0017] Hereinafter, the embodiments of the present in-
vention will be described with reference to the drawings.
Throughout the drawings, the same or corresponding
constituents are designated by the same reference sym-
bols and will not be described in repetition.

<Embodiment 1>

[0018] Fig. 1 is a schematic cross-sectional view of a
rotary machine according to Embodiment 1 of the present
invention, which is taken along a rotational axis. As
shown in Fig. 1, a rotary machine 100 according to the
present embodiment includes a rotor 1 which is rotatable
around a rotational axis A, and a cooling device 60. A
stator 25 is provided around the rotor 1 (outward of the
rotor 1 in a radial direction). A plurality of armatures 2 are
arranged at equal intervals in a circumstantial direction.
The rotor 1 includes a rotary shaft 3 and at least two field
poles 11 provided outward of the rotary shaft 3 in the
radial direction (disposed radially outward of the rotary
shaft 3). In the present embodiment, a plurality of super-
conducting coils are arranged at equal intervals in the
circumferential direction, as the field poles 11. The su-
perconducting coils are constituted by, for example, high-
temperature superconducting wires wound around wind-
ing cores.
[0019] Although in the present embodiment, the super-
conducting rotary machine will be described as an ex-
ample of the rotary machine 100, the rotary machine 100
is not limited to this so long as the rotary machine 100 is
a rotary machine having a structure for cooling a cooling
target (target to be cooled) inside the rotor 1 which is
rotatable around the rotational axis A. Therefore, the ro-
tary machine 100 may include the rotor 1 including a per-
manent magnet, normal conduction coils, or the like, in-
stead of the superconducting coils.
[0020] The critical temperature of the superconducting
coils formed by the high-temperature superconducting
wires is about 90K. Therefore, the superconducting coils
are cooled to about several K to several tens K by the
cooling device 60. More specifically, a liquid phase cool-
ing medium generated by cooling and condensation in
the cooling device 60 is introduced into the rotor 1, and
evaporated into a gas phase cooling medium in regions
which are in the vicinity of the field poles 11, by heat
exchange between the liquid phase cooling medium and
the field poles 11. In this way, the field poles 11 are
cooled. Thus, in the present embodiment, the field poles
11 constituted by the superconducting coils are the cool-
ing target. For example, a freezing (refrigerating) device
such as a GM freezing (refrigerating) device is used as
the cooling device 60. The cooling medium used herein
may be a cooling medium such as neon or nitrogen,

whose phase is changed from a liquid into a gas after
cooling of the field poles 11.
[0021] The rotor 1 includes a hollow cooling medium
flow section 20 formed in a center portion in the radial
direction and extending along the rotational axis A. In
other words, the rotor 1 is formed with a hollow space
(central hollow space) which flows the cooling medium
therethrough, in the center portion in the radial direction.
The shape of the inner wall of the cooling medium flow
section 20 may be a cylinder or a polygonal column. Or,
the inner wall of the cooling medium flow section 20 may
have fins. The field poles 11 which are the cooling target
are disposed radially outward of the cooling medium flow
section 20. The rotary machine 100 includes a stationary
section pipe (pipe provided on a stationary section side)
5 which introduces the liquid phase cooling medium gen-
erated by cooling in the cooling device 60 into the cooling
medium flow section 20, and which returns the gas phase
cooling medium generated after cooling of the field poles
11 and present in the inside of the cooling medium flow
section 20, from the cooling medium flow section 20 to-
ward the cooling device 60.
[0022] The rotary machine 100 includes a condenser
4, the lower end portion of which is connected to the
stationary section pipe 5 and which condenses the gas
phase cooling medium returned through the stationary
section pipe 5 into the liquid phase cooling medium. The
condenser 4 includes a cold head section 61 cooled by
the cooling device 60, at an upper portion of a container
having a funnel-shaped lower portion. Thus, the station-
ary section pipe 5 thermally connects the field poles 11
which are the cooling target to the condenser 4.
[0023] The stationary section pipe 5 has, for example,
a double-pipe structure in which the inner space of an
inner pipe is a gas phase cooling medium passage, and
a space formed between the inner pipe and an outer pipe
surrounding the inner pipe is a liquid phase cooling me-
dium passage. The condenser 4 includes in an inside
thereof, an ingress prevention section 41 for preventing
ingress of the liquid phase cooling medium into the gas
phase cooling medium passage. For example, the in-
gress prevention section 41 has a conical umbrella struc-
ture provided at the upper end portion of the inner pipe
of the stationary section pipe 5, with a horizontal space.
This makes it possible to prevent the ingress of the liquid
phase cooling medium generated by condensation in the
condenser 4 into the gas phase cooling medium passage
of the stationary section pipe 5.
[0024] The condenser 4 is disposed above the cooling
medium flow section 20 in a state in which the rotary
machine 100 is disposed with the rotational axis A of the
rotor 1 oriented horizontally. In this arrangement, the liq-
uid phase cooling medium generated by condensation
in the condenser 4 is dropped naturally by a gravitational
force and is introduced into the cooling medium flow sec-
tion 20. The gas phase cooling medium generated after
cooling of the field poles 11 and present in the inside of
the cooling medium flow section 20 is returned from the

5 6 



EP 3 346 592 A1

5

5

10

15

20

25

30

35

40

45

50

55

cooling medium flow section 20 to the condenser 4 due
to a pressure difference or a density difference generated
inside the condenser 4, the stationary section pipe 5, and
the cooling medium flow section 20, By providing the
structure for allowing such a thermosiphon action (also
referred to as a heat pipe action) to occur, the gas phase
cooling medium is condensed into the liquid phase cool-
ing medium in the condenser 4 and the liquid phase cool-
ing medium is evaporated into the gas phase cooling
medium, by heat exchange between the liquid phase
cooling medium and the field poles (cooling target) 12
via the cooling medium flow section 20, by auto-circula-
tion (natural convection) of the cooling medium between
the condenser 4 and the rotor 1.
[0025] The rotor 1 includes leading passages 15 which
lead the liquid phase cooling medium to regions which
are in the vicinity of the field poles 11 which are the cooling
target, through first openings 15a formed in a side surface
of the cooling medium flow section 20, the side surface
extending along the rotational axis A, and return passag-
es 16 which return to the inside of the cooling medium
flow section 20, the gas phase cooling medium generated
by evaporation of the liquid phase cooling medium in the
regions which are in the vicinity of the field poles 11, by
heat exchange between the liquid phase cooling medium
and the field poles 11. In the present embodiment, the
return passages 16 are configured to return the gas
phase cooling medium to the inside of the cooling medi-
um flow section 20, through second openings 16a formed
in a center portion of a side surface of one end portion
of the cooling medium flow section 20 in a direction of
the rotational axis A (rotational axis A direction). In addi-
tion, the rotary machine 1 includes relay passages 17
connecting the leading passages 15 and the return pas-
sages 16 to each other. The relay passages 17 may ex-
tend through regions which are in the vicinity of the su-
perconducting coils which are the field poles 11, or may
be configured to allow the cooling medium to directly
reach the superconducting coils. The cross-sectional
shapes of the leading passage 15, the return passage
16, and the relay passage 17 may be a circle or a polygon.
Each of the leading passage 15, the return passage 16,
and the relay passage 17 may be implemented by a pipe
structure, or may be formed by cutting a solid portion
(e.g., winding core holder, or the like) of the rotor 1.
[0026] In a normal use state of the rotary machine 100
which is between a state in which the rotational axis A
extends in the horizontal direction and a state in which
the rotational axis A is inclined (tilted) by a predetermined
allowable movement/inclination (tilt) angle with respect
to the horizontal direction, the liquid phase cooling me-
dium introduced into the cooling medium flow section 20
flows downward (radially outward) by a gravitational force
and a centrifugal force generated by rotation of the rotor
1 (the liquid phase cooling medium is reserved in the
cooling medium flow section 20, depending on the case).
Since the first openings 15a formed in the side surface
of the cooling medium flow section 20, the side surface

extending along the rotational axis A, are located down-
ward (vertically downward) by the rotation of the rotor 1,
the liquid phase cooling medium flows out of the cooling
medium flow section 20 and into the leading passages
15 through the first openings 15a. Then, the liquid phase
cooling medium is led to the relay passages 17 disposed
in the regions which are in the vicinity of the field poles
11 and exchanges heat with the field poles 11. By this
heat exchange, the field poles 11 are cooled to a specified
temperature. The cooling medium (gas phase cooling
medium) generated by the heat exchange is returned to
the inside of the cooling medium flow section 20 through
the return passages 16 and then through the second
openings 16a formed in the center portion of the side
surface of one end portion of the cooling medium flow
section 20 along the rotational axis A direction.
[0027] In the present embodiment, the rotor 1 includes
a heat conduction section 14 which is capable of con-
ducting (transferring) heat between the cooling medium
flow section 20 and the field poles 11. Each of the cooling
medium flow section 20 and the heat conduction section
14 is formed of a heat conductive material. The heat con-
duction section 14 may be constituted by heat conduction
(transfer) bars coupling the cooling medium flow section
20 to the field poles 11, as shown in Fig. 1. Or, the heat
conduction section 14 may have a structure in which a
winding core holder holding winding cores around which
the superconducting coils constituting the field poles 11
are wound is made of a heat conductive material, and
this winding core holder is in contact with the cooling
medium flow section 20. In this structure, the field poles
11 are further cooled by indirect heat exchange between
the field poles 11 and the liquid phase cooling medium
which has flowed into the cooling medium flow section
20, via the cooling medium flow section 20 and the heat
conduction section 14.
[0028] In accordance with the above-described config-
uration, since the rotary machine 100 includes the lead-
ing passages 15 which lead the liquid phase cooling me-
dium from the cooling medium flow section 20 to the re-
gions which are in the vicinity of the field poles 11 which
are the cooling target, the field poles 11 can be directly
cooled by use of the liquid phase cooling medium. This
makes it possible to simplify or omit the structure of the
heat conduction section 14. In addition, since the rotary
machine 100 includes the return passages 16 as paths
which return the gas phase cooling medium generated
after cooling of the field poles 11, are provided separately
from the leading passages 15 which flow the liquid phase
cooling medium therethrough, the liquid phase cooling
medium flow passage and the gas phase cooling medium
flow passage of a cooling medium circulating pipe (the
leading passages 15 or the return passages 16) inside
the rotor 1 can be separated from each other, and the
thermal transport capability of the cooling medium circu-
lating pipe can be improved. Therefore, in accordance
with the above-described configuration, cooling efficien-
cy can be increased while preventing an increase in the
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weight and cost of the rotor 1, even in a case where the
diameter of the rotor 1 is increased. This can easily re-
alize the rotary machine 100 with a large size, having a
rotor diameter of 1 to 3m. Therefore, it can be expected
that the rotary machine 100 can be used in a larger marine
vessel (ship), a marine plant such as wind power gener-
ation facility on the ocean, etc.
[0029] Since the second openings 16a are formed in
the center portion of the side surface of one end portion
of the cooling medium flow section 20 in the rotational
axis direction, it becomes possible to prevent a situation
in which the second openings 16a are filled with the liquid
phase cooling medium even in a state in which the liquid
phase cooling medium is reserved in the cooling medium
flow section 20 at a certain level. Since the return pas-
sages 16 are connected to the second openings 16a, it
becomes possible to secure all the time the paths which
return the gas phase cooling medium to the inside of the
cooling medium flow section 20.
[0030] The leading passages 15 are configured to lead
the liquid phase cooling medium from the inside of the
cooling medium flow section 20 to the regions which are
in the vicinity of the field poles 11, through the first open-
ings 15a which are equal in number to the field poles 11.
For example, in a case where the rotor 1 includes six
field poles 11, six first openings 15a are provided at equal
intervals in the circumferential direction, on the side sur-
face of the cooling medium flow section 20, the side sur-
face extending along the rotational axis A. Each of the
first openings 15a is provided to face the corresponding
field pole 11 in the radial direction. Each of the leading
passages 15 is provided to extend along the radial direc-
tion, from the corresponding first opening 15a toward the
corresponding field pole 11. Each of the return passages
16 extends along the radial direction from the corre-
sponding one of the regions which are in the vicinity of
the plurality of field poles 11 toward the center portion of
the rotor 1 in the radial direction, and is connected to the
corresponding second opening 16a. Therefore, the sec-
ond openings 16a which are equal in number to the field
poles 11 are provided at equal intervals in the circumfer-
ential direction, on a virtual circumference which is co-
axial with the rotational axis A, in the center portion of
the side surface of one end portion of the cooling medium
flow section 20.
[0031] In accordance with this configuration, since the
plurality of leading passages 15 which are equal in
number to the field poles 11 are arranged radially, it be-
comes possible to efficiently transmit the liquid phase
cooling medium to the regions which are in the vicinity
of the field poles 11, by the centrifugal force generated
by the rotation of the rotor 1 around the rotational axis A.
Therefore, it becomes possible to form the cooling me-
dium path having a simple structure and high heat trans-
fer efficiency.
[0032] As described above, in the present embodi-
ment, the rotary machine 100 has a structure in which
the liquid phase cooling medium is led from the cooling

medium flow section 20 to the regions which are in the
vicinity of the field poles 11 through the leading passages
15 and the regions which are in the vicinity of the field
poles 11 are directly cooled by the liquid phase cooling
medium, and a structure in which the regions which are
in the vicinity of the field poles 11 are indirectly cooled
by the cooling medium flow section 20 and the heat con-
duction section 14. With these structures, for example,
it becomes possible to perform initial starting occurring
when the rotor 1 of the superconducting rotary machine
100 of the present embodiment shifts from a shut-down
state to a rotating state, without providing a structure for
performing the initial starting different from a supercon-
ducting action. After the rotor 1 has shifted to the rotating
state, the liquid phase cooling medium is led to the field
poles 11 through the leading passages 15 by the rotation
of the rotor 1, and directly cools the field poles 11. There-
fore, it is sufficient that the cooling capability provided by
the heat conduction section 14 is limited. The structure
of the heat conduction section 14 can be reduced in size
and simplified.

<Embodiment 2>

[0033] Hereinafter, a rotary machine according to Em-
bodiment 2 of the present invention will be described.
Fig. 2 is a schematic cross-sectional view of a rotor of
the rotary machine according to Embodiment 2 of the
present invention, which is taken along the rotational ax-
is. In the present embodiment, the same constituents as
those of Embodiment 1 are designated by the same ref-
erence numerals, and will not be described in repetition.
As shown in Fig. 2, the rotary machine of the present
embodiment is different from the rotary machine of Em-
bodiment 1 in that a return passage 16B of a rotor 1B
includes a plurality of first passages 18 which lead the
gas phase cooling medium from the regions which are
in the vicinity of the plurality of field poles 11 to a center
portion of the rotor 1B in the radial direction, and a second
passage 19 extending along the rotational axis A so that
the plurality of first passages 18 are collectively connect-
ed to the second opening 16a via the second passage
19, in the center portion in the radial direction.
[0034] The first passages 18 are provided to extend
along the radial direction, from the relay passages 17
provided in the field poles 11 toward the center portion
of the rotor 1 in the radial direction. A first end portion of
the second passage 19 is connected to the first passages
18 which are equal in number to the field poles 11, and
a second end portion of the second passage 19 is con-
nected to one second opening 16a formed in the center
portion of the side surface of one end portion of the cool-
ing medium flow section 20. The first passages 18 and
the second passage 19 are formed by, for example, pipe
structures.
[0035] Since the second passage 19 extending in the
rotational axis A direction is provided, a length L20 of the
cooling medium flow section 20 in the rotational axis A
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direction is shorter than a length L11 of the field poles 11
in the rotational axis A direction.
[0036] In accordance with this configuration, the length
of the rotor 1 (and the field poles 11) in the rotational axis
A direction can be set longer than the length of the cooling
medium flow section 20. In other words, the size of the
cooling medium flow section 20 can be reduced without
reducing the cooling efficiency. Therefore, it is not nec-
essary to increase the size of the cooling structure ac-
cording to the size of the rotor 1, and the material cost
and the manufacturing cost can be reduced. For exam-
ple, the length L20 of the cooling medium flow section
20 in the rotational axis A direction is 2/3 or less of the
length L11 of the field poles 11 in the rotational axis A
direction.

<Embodiment 3>

[0037] Hereinafter, a rotary machine according to Em-
bodiment 3 of the present invention will be described.
Fig. 3 is a schematic cross-sectional view of a rotor of
the rotary machine according to Embodiment 3 of the
present invention, which is taken along the rotational ax-
is. In the present embodiment, the same constituents as
those of Embodiment 1 are designated by the same ref-
erence numerals, and will not be described in repetition.
As shown in Fig. 3, the rotary machine of the present
embodiment is different from the rotary machine of Em-
bodiment 1 in that each of return passages 16C of a rotor
1C constitutes a double passage 23, together with a lead-
ing passage 15C (the return passage 16C and the leading
passage 15C constitute the double passage 23). Specif-
ically, each of the return passages 16C is connected to
the first opening 15a as in the leading passage 15C.
[0038] For example, of the double pipe constituting the
double passage 23, a passage formed between an outer
pipe and an inner pipe functions as the leading passage
15C which flows the liquid phase cooling medium there-
through, while an inner passage of the inner pipe func-
tions as the return passage 16C which flows the gas
phase cooling medium therethrough. Which of the pas-
sages should flow therethrough the liquid phase cooling
medium or the gas phase cooling medium may not be
determined in a strict sense, so long as the liquid phase
cooling medium is led from the cooling medium flow sec-
tion 20 to the relay passage 17 and the gas phase cooling
medium is returned from the relay passage 17 to the in-
side of the cooling medium flow section 20.
[0039] In accordance with this configuration, the cool-
ing medium passages formed between the cooling me-
dium flow section 20 and the regions which are in the
vicinity of the field poles 11 are the double passages 23.
Therefore, even in a case where a part of one of the inner
and outer passages (e.g., outer passage) of each of the
double passages 23 is filled with the liquid phase cooling
medium, the gas phase cooling medium can be returned
to the cooling medium flow section 20 through the other
of the inner and outer passages (e.g., inner passage).

[0040] Further, the rotor 1C of the present embodiment
includes ingress prevention sections 24 for preventing
the ingress of the liquid phase cooling medium from the
cooling medium flow section 20 into the return passages
16C each constituting the double passage 23 together
with the leading passage 15C. The ingress prevention
sections 24 are provided at locations of the end portions
of the inner pipes constituting the return passages 16C,
the end portions being closer to the cooling medium flow
section 20, where the ingress of the liquid phase cooling
medium from the cooling medium flow section 20 into the
inner pipe is prevented, and the flow of the gas phase
cooling medium from the inner pipe into the cooling me-
dium flow section 20 is not impeded. For example, each
of the ingress prevention sections 24 is disposed in such
a manner that a lateral opening is formed between the
ingress prevention section 24 and the end portion of the
inner pipe which is closer to the cooling medium flow
section 20, and the ingress prevention section 24 covers
the outer side of the inner pipe in a lengthwise direction
(the inner side of the cooling medium flow section 20 in
the radial direction). For example, the ingress prevention
sections 24 have an umbrella shape such as cone.
[0041] By providing the ingress prevention section 24,
it becomes possible to prevent the ingress of the liquid
phase cooling medium from the cooling medium flow sec-
tion 20 into the return passages 16C. Therefore, the cool-
ing medium can be efficiently circulated. Specifically, the
liquid phase cooling medium is efficiently delivered from
the cooling medium flow section 20 to the field poles 11
as the cooling target, and the gas phase cooling medium
is efficiently returned from the field poles 11 to the cooling
medium flow section 20.
[0042] The leading passage 15C and the return pas-
sage 16C formed as the double passage 23 may be dis-
posed coaxially, or in a state in which the center axis of
the leading passage 15C and the center axis of the return
passage 16C are deviated from each other. Further, a
plurality of inner pipes may be provided inside a single
outer pipe.
[0043] Although in the present embodiment, the first
openings 15a are provided in the center portion of the
cooling medium flow section 20 in the rotational axis A
direction, this structure is exemplary. Although the end
portion of the double passage 23 which is closer to the
field winding 11 is connected to a first (one) end portion
of the relay passage 17 (which is closer to the cooling
device 60) extending in the rotational axis A direction, it
may be connected a second (the other) end portion of
the relay passage 17, or to a center portion of the relay
passage 17. In the present embodiment, also, the length
L20 of the cooling medium flow section 20 in the rotational
axis A direction is shorter than (2/3 or less of) the length
L11 of the field poles 11 in the rotational axis A direction,
as in Embodiment 2.
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<Embodiment 4>

[0044] Hereinafter, a rotary machine according to Em-
bodiment 4 of the present invention will be described.
Fig. 4 is a schematic cross-sectional view of a rotor of
the rotary machine according to Embodiment 4 of the
present invention, which is taken along the rotational ax-
is. In the present embodiment, the same constituents as
those of Embodiment 3 are designated by the same ref-
erence numerals, and will not be described in repetition.
As shown in Fig. 4, the rotary machine of the present
embodiment is different from the rotary machine of Em-
bodiment 3 in that a plurality of (two in the example of
Fig. 4) double passages 23 of a rotor 1D are provided
for each of the field poles 11 (a plurality of double pas-
sages 23 are provided to correspond to one field pole 11).
[0045] In the example of Fig. 4, two double passages
23 are provided for one field pole 11. Therefore, two first
openings 15a are arranged in the rotational axis A direc-
tion. In this structure, the leading passages 15C and the
return passages 16C are connected to one relay passage
17 at plural locations in the rotational axis A direction.
Therefore, even in a configuration in which the length of
the field poles 11 in the rotational axis A direction is large
(the rotary machine 100 includes the rotor 1 with a large
size), the whole of the field poles 11 can be efficiently
cooled. Alternatively, three or more double passages 23
may be arranged in the rotational axis A direction.
[0046] The above-described embodiments are exem-
plary and the present invention is not limited to these.
The present invention is defined by claims rather than
the above-described scope. All changes can be made
within meanings and scopes which are equivalent to the
claims.
[0047] Numerous modifications and alternative em-
bodiments of the present invention will be apparent to
those skilled in the art in view of the foregoing description.
Accordingly, the description is to be construed as illus-
trative only, and is provided for the purpose of teaching
those skilled in the art the best mode of conveying out
the invention. The details of the structure and/or function
may be varied substantially without departing from the
spirit of the invention.
[0048] For example, the constituents of the above-de-
scribed plurality of embodiments may be combined as
desired. For example, in Embodiment 1 and Embodiment
4, the length of the cooling medium flow section 20 in the
rotational axis A direction may be set shorter than the
length of the field poles 11 in the rotational axis A direction
(the length of the field poles 11 may be set longer than
the length of the cooling medium flow section 20) as in
Embodiment 2 and Embodiment 3.
[0049] Although in the above-described embodiments,
the superconducting rotary machine 100 includes the
heat conduction section 14, the heat conduction section
14 may be omitted. In a case where the superconducting
rotary machine 100 does not include the heat conduction
section 14 and includes the field poles 11 constituted by

the superconducting coils, constituents for allowing the
superconducting rotary machine 100 to perform initial
starting may be additionally provided. Furthermore, in a
case where the heat conduction section 14 is omitted,
the length L20 of the cooling medium flow section 20 in
the rotational axis A direction may be 1/2 or less of the
length L11 of the field poles 11 in the rotational axis A
direction.
[0050] Although in the above-described embodiments,
one field pole 11 is cooled by use of one leading passage
15, the plurality of field poles 11 may be alternatively
cooled by use of one leading passage 15. For example,
one leading passage 15 may be provided to correspond
to the field poles 11 with a predetermined number which
are arranged in the circumferential direction. In this case,
one relay passage 17 may be configured to pass through
in turn regions which are in the vicinity of the field poles
11 with the predetermined number. Alternatively, relay
passages 17 with the predetermined number may branch
from one leading passage 15 so that one relay passage
17 is provided for each of the field poles 11.
[0051] Although in the above-described embodiments,
the return passage 16 is connected to the side surface
of one end portion of the cooling medium flow section 20
in the rotational axis A direction, and the return passage
16 and the leading passage 15 constitute the double pas-
sage 23, these configurations of the leading passage 15
and the return passage 16 are exemplary. The leading
passage 15 and the return passage 16 may be arranged
in parallel. Specifically, both of the first opening 15a and
the second opening 16a may be formed in the side sur-
face of the cooling medium flow section 20, the side sur-
face extending in the rotational axis A direction.
[0052] Although in the above-described embodiments,
the cooling target is cooled by utilizing the natural con-
vection of the cooling medium (based on the thermosi-
phon action and/or the heat pipe action), the natural con-
vection of the cooling medium may not be used. In other
words, leading of the liquid phase cooling medium and
discharge of the gas phase cooling medium may be for-
cibly performed.

Industrial Applicability

[0053] A rotary machine of the present invention is use-
ful in increasing cooling efficiency while preventing an
increase in the weight and cost of a rotor even in a case
where the diameter of the rotor is increased.

Reference Signs List

[0054]

1, 1B, 1C, 1D rotor
5 stationary section pipe
11 field pole (cooling target)
15, 15C leading passage
15a first opening
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16, 16B, 16C return passage
16a second opening
18 first passage
19 second passage
20 cooling medium flow section
23 double passage
24 ingress prevention section
60 cooling device
100 rotary machine
A rotational axis

Claims

1. A rotary machine including a rotor which is rotatable
around a rotational axis, and a cooling device,
wherein the rotor includes:

a hollow cooling medium flow section provided
in a center portion of the rotor in a radial direction
and extending along the rotational axis; and
a cooling target provided outward of the cooling
medium flow section in the radial direction,
the rotary machine comprising:

a stationary section pipe which introduces
a liquid phase cooling medium generated
by cooling in the cooling device into the cool-
ing medium flow section, and returns a gas
phase cooling medium present in an inside
of the cooling medium flow section from the
cooling medium flow section toward the
cooling device,
the rotor including:

a leading passage which leads the liq-
uid phase cooling medium to a region
which is in the vicinity of the cooling tar-
get through a first opening formed in a
side surface of the cooling medium flow
section, the side surface extending
along the rotational axis; and
a return passage which returns the gas
phase cooling medium to the inside of
the cooling medium flow section, the
gas phase cooling medium being gen-
erated by evaporation of the liquid
phase cooling medium in the region
which is in the vicinity of the cooling tar-
get, by heat exchange between the liq-
uid phase cooling medium and the cool-
ing target.

2. The rotary machine according to claim 1,
wherein the return passage is configured to return
the gas phase cooling medium to the inside of the
cooling medium flow section, through a second
opening formed in a center portion of a side surface

of one end portion of the cooling medium flow section
in a direction of the rotational axis.

3. The rotary machine according to claim 2,
wherein the cooling target includes a plurality of cool-
ing targets arranged in a circumferential direction of
the rotational axis,
wherein the leading passage is configured to lead
the liquid phase cooling medium to regions which
are in the vicinity of the plurality of cooling targets
through first openings which are equal in number to
the plurality of cooling targets, and
wherein the return passage includes a plurality of
first passages which lead the gas phase cooling me-
dium from the regions which are in the vicinity of the
plurality of cooling targets to the center portion of the
rotor in the radial direction, and a second passage
extending along the rotational axis so that the plu-
rality of first passages are collectively connected to
the second opening via the second passage, in the
center portion of the rotor in the radial direction.

4. The rotary machine according to claim 1,
wherein the return passage and the leading passage
constitute a double passage.

5. The rotary machine according to any one of claims
1 to 4,
wherein a length of the cooling medium flow section
in a direction of the rotational axis is shorter than a
length of the cooling target in the direction of the
rotational axis.

6. The rotary machine according to claim 4,
wherein the rotor includes an ingress prevention sec-
tion which prevents ingress of the liquid phase cool-
ing medium from the cooling medium flow section
into the return passage constituting the double pas-
sage together with the leading passage.
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