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(67) A traction transformer (10), which is to be in-
stalled on a roof (2) of a vehicle (1), includes: a main pipe
(12), which forms a circulation passage for refrigerant; a
transformer tank (13), which is arranged midway of the
circulation passage, and is configured to accommodate
a winding wire and store the refrigerant; a circulation
pump (14), which is arranged midway of the circulation
passage, and is configured to circulate the refrigerant in
the circulation passage; and a cooler (15), which is ar-
ranged midway of the circulation passage and arranged
on an upper surface of the transformer tank (13), and is
configured to cool the refrigerant by heat exchange with

air through use of traveling wind generated by traveling
of the vehicle (1). The cooler (15) includes: a cooling-pipe
mechanism, which is formed of a plurality of cooling
pipes, and is arranged in a Z direction from the upper
surface of the transformer tank (13); an inlet header
(16a), which is configured to allow the refrigerant to flow
into the cooling-pipe mechanism from the circulation
pump side; and an outlet header (16b), which is config-
ured to allow the refrigerant having flowed through the
cooling-pipe mechanism to flow out to the transformer
tank (13) side.
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Description
Technical Field

[0001] This invention relates to a traction transformer
which is to be installed on a roof of a vehicle, in particular,
a traction transformer which includes a cooler configured
to cool cooling medium stored in a transformer tank
through use of traveling wind generated by traveling of
a vehicle.

Background Art

[0002] Devices suchasan airconditioner, an exchang-
er, acontroller, and a transformer, which are to be mount-
ed to a vehicle, generate a large amount of heat during
operations, and hence cooling of the devices is required.
Methods of cooling those devices mainly include a forci-
ble air-cooling method using a blower and a traveling-
wind self-cooling method using traveling wind generated
by traveling of a vehicle. In recent years, in view of ad-
vantages such as power saving and reduction of noise,
the traveling-wind self-cooling method attracts attention.
[0003] As a cooler for a vehicle employing the
traveling-wind self-cooling method, in consideration of
ease of manufacture and ease of maintenance, a cooler
including heat rejection pipes, which each have a U-
shape and are arrayed in a plurality of stages, is em-
ployed in many cases (see, e.g. Patent Literature 1).
Such a cooler includes a plurality of heat rejection pipes
to increase an area for heat exchange with cooling wind
and thereby secure high heat-rejection performance.
[0004] The size of the cooler differs depending on an
installation location thereof and maximum heat genera-
tion amounts of the devices. For example, in a traveling-
wind self-cooling method applied to an underfloor-ar-
rangement-type onboard transformer in which the
traveling wind is relatively easily guided to the cooler, a
cooler volume of about 0.5 m3 and a wind-guiding dis-
tance of about 1 m for guiding wind are required.
[0005] As a method of reducing the cooler volume for
the traveling-wind self-cooling method, for example,
there has been proposed a cooler using fin tubes (see,
for example, Patent Literature 2). Such cooler includes
heat rejection pipes each having a plurality of fins mount-
ed thereto, and a heat rejection area per unit volume can
be increased.

[0006] However, a measure against clogging between
fins is required, with the result that ease of maintenance
is degraded. Moreover, in addition to the ease of main-
tenance, manufacturing cost may also be a hindrance
for such cooler. Thus, such cooler is not widely available
at present.
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List of Citations
Patent Literature
[0007]

[PTL 1] JP 59-84816 U
[PTL 2] JP 2007-273777 A

Summary of the Invention

Technical Problem

[0008] In a low-floor vehicle which is widely available
in Europe and other regions, an underfloor installation
space for devices is small, and hence the devices such
as the air conditioner, the exchanger, the controller, and
the transformer cannot be installed under a floor. There-
fore, those devices are installed on a roof. When a trac-
tion transformer employing the traveling-wind self-cool-
ing method is to be installed on a roof around which de-
vices are closely arranged, there is an influence of sep-
aration of traveling wind around the traction transformer.
[0009] Therefore, in order to guide the traveling wind
flowing at high flow velocity to the cooler, there is required
a wind-guiding distance which is sufficiently larger as
compared to the case of the underfloor installation. As a
result, there arises a problem in that it is difficult to reduce
the installation space for installation of the traction trans-
former on the roof of the vehicle.

[0010] Thisinvention has been made to solve the prob-
lems described above, and has an object to obtain a trac-
tion transformer which is capable of achieving efficient
cooling through use of traveling wind generated by
traveling of a vehicle while reducing an installation space
for installation on a roof of a vehicle.

Solution to the Problem

[0011] According to one embodiment of the present
invention, there is provided a traction transformer, which
is to be installed on a roof of a vehicle, including: a main
pipe, which forms a circulation passage for refrigerant;
a transformer tank, which is arranged midway of the cir-
culation passage, and is configured to accommodate a
winding wire and store the refrigerant; a circulation pump,
which is arranged midway of the circulation passage, and
is configured to circulate the refrigerant in the circulation
passage; and

acooler, which is arranged midway of the circulation pas-
sage and on an upper surface of the transformer tank,
and is configured to cool the refrigerant by heat exchange
with air,

wherein the vehicle has an X direction corresponding to
alength direction of the vehicle, a'Y direction correspond-
ing to a vehicle width direction of the vehicle, and a Z
direction corresponding to a height direction of the vehi-
cle, and
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wherein the cooler includes: a cooling-pipe mechanism,
which is formed of a plurality of cooling pipes, and is
arranged in the Z direction from the upper surface of the
transformer tank; an inlet header, which is configured to
allow the refrigerant to flow into the cooling-pipe mech-
anism from the circulation pump side; and an outlet head-
er, which is configured to allow the refrigerant having
flowed through the cooling-pipe mechanism to flow out
to the transformer tank side.

Advantageous Effects of the Invention

[0012] According to this invention, it is possible to ob-
tain the traction transformer which is capable of achieving
efficient cooling through use of traveling wind generated
by traveling of the vehicle while reducing an installation
space for installation on the roof of the vehicle.

Brief Description of the Drawings

[0013]
FIG. 1 is a top view for illustrating a railway vehicle
including a traction transformer according to
a first embodiment of this invention, which is
installed on a roof.

is a side view for illustrating the railway vehicle
including the traction transformer according
to the first embodiment of this invention,
which is installed on the roof.

is an enlarged perspective view for illustrating
a periphery of the traction transformer which
is installed on the railway vehicle of FIG. 1
and FIG. 2.

is atop view of the traction transformer of FIG.
3.

is a side view of the traction transformer of
FIG. 3.

is a sectional view taken along the line A-A’
of FIG. 5 as seen in the direction indicated by
the arrows.

is an explanatory view for illustrating a flow of
traveling wind on a rear side of a peripheral
device in an advancing direction on the roof
of the railway vehicle in the first embodiment
of this invention.

is a contour diagram for illustrating, in vehicle
cross section, a wind velocity on the rear side
of the peripheral device in the advancing di-
rection on the roof of the railway vehicle in the
first embodiment of this invention.

is a perspective view for illustrating a cooler
in the first embodiment of this invention.

is a perspective view for illustrating a cooler
in a second embodiment of this invention.

is a top sectional view of an intermediate
header in the second embodiment of this in-
vention.

FIG. 2

FIG. 3

FIG. 4

FIG. 5

FIG. 6

FIG. 7

FIG. 8

FIG. 9

FIG. 10

FIG. 11
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FIG. 12 is a perspective view for illustrating a cooler
in a third embodiment of this invention.

FIG. 13 isarearperspective view of the cooler of FIG.
12.

FIG. 14 is a sectional view for illustrating an inlet-side

cooling-pipe group, an outlet-side cooling-
pipe group, and a cooling-pipe group in a
fourth embodiment of this invention.

Description of Embodiments

[0014] Now, atraction transformer according to exem-
plary embodiments of this invention is described with ref-
erence to the accompanying drawings. In the illustration
of the drawings, the same components or corresponding
components are denoted by the same reference sym-
bols, and the overlapping description thereof is herein
omitted.

First Embodiment

[0015] FIG. 1is atop view for illustrating a railway ve-
hicle 1 including a traction transformer 10 according to a
first embodiment of this invention, which is installed on
aroof 2. FIG. 2 is a side view for illustrating the railway
vehicle including the traction transformer 10 according
to the first embodiment of this invention, which is installed
on the roof 2. FIG. 3 is an enlarged perspective view for
illustrating a periphery of the traction transformer 10
which is installed on the railway vehicle 1 of FIG. 1 and
FIG. 2. FIG. 4 is a top view of the traction transformer 10
of FIG. 3. FIG. 5 is a side view of the traction transformer
10 of FIG. 3.

[0016] In the following description, the railway vehicle
1 is simply referred to as "vehicle 1", and the traction
transformer 10 is simply referred to as "transformer 10".
For convenience of description, a length direction of the
vehicle 1, that is, an advancing direction of the vehicle 1
is referred to as "X direction". Moreover, a vehicle width
direction of the vehicle 1 is referred to as "Y direction",
and a height direction of the vehicle is referred to as "Z
direction". That is, the vehicle 1 can travel in both a +X
direction and a -X direction. A +Z direction corresponds
to the roof 2 side, and a -Z direction corresponds to a
floor side.

[0017] The transformer 10 includes a winding wire 11,
amain pipe 12, atransformer tank 13, a circulation pump
14, and a cooler 15. The transformer 10 is installed on
the roof 2 of the vehicle 1. Moreover, peripheral devices
3 such as a converter, a controller, and an air conditioner
are installed on the roof 2 in the +X direction and the -X
direction of the transformer 10.

[0018] The winding wire 11 is accommodated in the
transformer tank 13. The main pipe 12 forms a circulation
passage for refrigerant. The transformer tank 13 is ar-
ranged midway of the circulation passage formed of the
main pipe 12, and is configured to accommodate the
winding wire 11 and store the refrigerant inside thereof.
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The transformer tank 13 is installed at the center in the
Y direction on the roof 2 of the vehicle 1.

[0019] The circulation pump 14 is arranged midway of
the circulation passage formed of the main pipe 12, and
is configured to circulate the refrigerant in the circulation
passage. The circulation pump 14 is installed in the X
direction of the transformer tank 13.

[0020] The cooler 15 is arranged midway of the circu-
lation passage formed of the main pipe 12, and is con-
figured to cool the refrigerant by heat exchange with air,
specifically, by heat exchange with traveling wind gen-
erated at the time of traveling of the vehicle 1. Moreover,
the cooler 15 is installed on an upper surface of the trans-
former tank 13, that is, on a +Z direction surface. An inlet
side of the cooler 15 is connected to an inlet-side pipe
12a forming the main pipe 12, and an outlet side of the
cooler 15 is connected to an outlet-side pipe 12b forming
the main pipe 12.

[0021] The transformer tank 13 is a box having a rec-
tangular parallelepiped shape. The transformer tank 13
accommodates the winding wire 11 inside thereof and is
made of metal such as steel or aluminum. A surface of
the transformer tank 13 has coating for prevention of cor-
rosion, and has, for example, a bush for connection of
an electric wire. Moreover, insulating oil is generally used
as refrigerant. In particular, silicone oil having high non-
combustibility or ester oil being advantageous in envi-
ronment is used as refrigerant for vehicles.

[0022] Next, with reference to FIG. 6 to FIG. 8, further
description is made of the arrangement of the transformer
10 on the roof 2. FIG. 6 is a sectional view taken along
the line A-A’ of FIG. 5 as seen in the direction indicated
bythe arrows. FIG. 7 is an explanatory view forillustrating
a flow of traveling wind on a rear side of the peripheral
device 3 in the advancing direction on the roof 2 of the
railway vehicle 1 in the first embodiment of this invention.
FIG. 8 is acontourdiagram for illustrating, in vehicle cross
section, a wind velocity on the rear side of the peripheral
device 3 in the advancing direction on the roof 2 of the
railway vehicle 1 in the first embodiment of this invention.
[0023] Inthe vehicle 1, as indicated by the broken line
of FIG. 6, a vehicle body cross section of the vehicle 1,
that is, a Y-Z cross section has limit values in the Y di-
rection and the Z direction, that is, a rolling stock gauge
4 defined therefor. That is, a cross section of the vehicle
1 is required to be provided within the range of the rolling
stock gauge 4. The rolling stock gauge 4 is a reference
thatis defined for avoiding interference between a vehicle
body and a construction provided along a railway track.
In relation to construction of tunnels, in many cases, the
vehicle 1 has such a shape that an upper side of the roof
2, that is, the +Z direction side of the roof 2 is narrow.
[0024] A large number of devices are mounted to the
vehicle 1, and hence it is required that a limited installa-
tion area be efficiently used. Therefore, as illustrated in
FIG. 6,in many cases, the peripheral device 3 is designed
so as to project to a maximum dimension falling within
the rolling stock gauge 4.

10

15

20

25

30

35

40

45

50

55

[0025] In order to supply an overhead wiring voltage
exceeding 20 000 Volt to a main circuit, the transformer
10 utilizes the principle of electromagnetic induction to
step down the voltage. Moreover, the outer dimensions
of the transformer 10 are determined based on the size
of the winding wire 11, which is determined based on a
frequency of overhead wiring power and a conversion
efficiency of the transformer 10.

[0026] As mentioned above, the winding wire 11 is ac-
commodated in the transformer tank 13 having the rec-
tangular parallelepiped shape. For example, considera-
tion is made of the case in which the rolling stock gauge
4 has a trapezoidal shape as illustrated in FIG. 6. In this
case, when the transformer tank 13 has the rectangular
parallelepiped shape, a space in which the devices can
be arranged is defined by the upper surface side, thatis,
the +Z direction side of the transformer tank 13 and the
side surface sides, that is, the +Y direction side and the
-Y direction side of the transformer tank 13. However, in
many cases, the main pipe 12 and a support structure
body are arranged on the side surface sides of the trans-
former tank 13.

[0027] In FIG. 7, schematic illustration is given of a
state in which a traveling wind 5 is separated by the pe-
ripheral device 3 installed on the roof 2 of the vehicle 1.
It is assumed that the traveling wind 5 flows in the -X
direction. The traveling wind 5 separated by the periph-
eral device 3 having a height h gradually approaches the
roof 2 as proceeding toward downstream of a flow field,
and is brought into contact with the roof 2 at a re-contact
point 6.

[0028] In a case of an ideal two-dimensional flow field,
adistance x from separation to re-contact is about seven
times the height h of the peripheral device 3, that is, about
7h. Unlike the case of the arrangement under a floor of
the vehicle 1 which is close to the ground, a vortex s less
liable to be generated in the flow field on the roof 2 of the
vehicle 1 being an open space. Therefore, in considera-
tion of arranging the cooler on downstream of the periph-
eral device 3, a sufficient wind-guiding distance is re-
quired for obtaining traveling wind flowing at high flow
velocity.

[0029] In FIG. 8, illustration is given of, for each x co-
ordinate, arelationship between wind velocity distribution
onthe Y-Z plane after separation by the peripheral device
3 arranged so as to extend along the rolling stock gauge
4 and the inner side and the outer side of the rolling stock
gauge 4. In FIG. 8, calculation is made based on h1 =1
m and h2 = 0.6 m on the rolling stock gauge 4.

[0030] In this case, the re-contact of the main stream
does not proceed at the position of about 1 m after sep-
aration, and it can be seen that wind flowing at high wind
velocity is obtained only in the vicinity of a boundary of
the rolling stock gauge 4. Moreover, the roof 2 of the
vehicle 1 has a complicated shape. Thus, the course of
re-contact is not as simple as that on downstream of the
step, but a stagnation region 7 is formed after separation.
Therefore, when the transformer 10 is arranged close to
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the peripheral device 3, sufficient wind velocity required
for cooling can be obtained only in a region in a periphery
of the boundary of the rolling stock gauge 4.

[0031] An allowable device arrangement height on the
roof 2 is about 1 m at maximum. When the transformer
tank 13 has a height of 0.7 m, on the upper surface side
of the transformer tank 13, a space having a height of
about 0.3 m can be secured between the upper surface
of the transformer tank 13 and the rolling stock gauge 4.
This space is a space in which traveling wind flows at
high velocity even when the transformer 10 is arranged
close to the peripheral device 3. Therefore, when the
cooler, which has hitherto been arranged separately, is
arranged in this space, the wind-guiding distance can be
minimized, and hence there is given a significant merit
in view of the installation space of the transformer 10.
[0032] Therefore, in the first embodiment, through use
of the space which is defined on the upper surface side
of the transformer tank 13 and allows arrangement of the
devices, the cooler 15 is installed on the upper surface
of the transformer tank 13. Further, a structure of the
cooler 15is devised so that required cooling performance
can be obtained.

[0033] Next, with reference to FIG. 9, further descrip-
tion is made of the structure of the cooler 15. FIG. 9 is a
perspective view for illustrating the cooler 15 in the first
embodiment of this invention.

[0034] The cooler 15 includes an inlet header 16a, an
outlet header 16b, and a direct cooling-pipe group 18.
The inletheader 16a is configured to allow the refrigerant
to flow thereinto from the circulation pump 14 side. The
outlet header 16b is configured to allow the refrigerant
to flow out to the transformer tank side.

[0035] The directcooling-pipe group 18 includes a plu-
rality of cooling pipes 17, which are arranged so as to
allow the refrigerant to flow out from the inlet header 16a
and flow into the outlet header 16b. In the following de-
scription, a mechanism, which is formed of a group of a
plurality of cooling pipes that form flow passages be-
tween the inlet header 16a and the outlet header 16b and
are configured to cool the refrigerant flowing through the
flow passages, is referred to as "cooling-pipe mecha-
nism".

[0036] In the first embodiment, illustration is given of
an example case in which the cooling-pipe mechanism
includes the direct cooling-pipe group 18, which is formed
of the plurality of cooling pipes 17 elongated in the Y
direction and arrayed in a plurality of rows in the X direc-
tion and connects the inlet header 16a and the outlet
header 16b to each other.

[0037] The inlet header 16a and the outlet header 16b
have a longitudinal direction extending in the X direction
and are installed on the transformer tank 13 while being
separated from each other in the Y direction and being
parallel to each other.

[0038] The direct cooling-pipe group 18 is formed of
the plurality of cooling pipes 17, which each have a U-
shape protruding in the +Z direction and are arrayed in

10

15

20

25

30

35

40

45

50

55

a plurality of rows in the X direction. The cooling pipes
17 are provided in the Z direction (upper side) from the
upper surface of the transformer tank 13. The cooling
pipes 17 are elongated in the Y direction. In the first em-
bodiment, as one example, six U-shaped cooling pipes
17 having different sizes are arranged on the Y-Z plane,
and the rows each including the six U-shaped cooling
pipes 17 are arrayed at a constant pitch along the X di-
rection.

[0039] The six cooling pipes 17 of each of the rows
forming the direct cooling-pipe group 18 have different
heights in the Z direction and widths in the Y direction,
but the flow passages thereof have the same sectional
shape. For example, the number of arrays of the cooling
pipes 17 and pitches thereof may suitably be changed.
Moreover, it is only required that part of the cooling pipes
17 be arranged in the Z direction so as to be separated
from the upper surface of the transformer tank 13. Thus,
part of the cooling pipes 17 may be held in contact with
the upper surface of the transformer tank 13.

[0040] In each of the cooling pipes 17, the refrigerant
having been increased in temperature due to heat re-
ceived from, for example, the winding wire 11 flows there-
through. Each of the cooling pipes 17 has one end con-
nectedtotheinletheader 16a and anotherend connected
to the outlet header 16b.

[0041] The rows of the direct cooling-pipe group 18 are
arrayed in the X direction, and hence the inlet header
16a and the outlet header 16b each have a shape elon-
gated in the X direction.

[0042] The inlet header 16a is connected to the circu-
lation pump 14, receives the refrigerant supplied from
the circulation pump 14, and distributes the refrigerant
to the cooling pipes 17. The outlet header 16b is con-
nected so as to gather the refrigerant having flowed
through the cooling pipes 17 and return the gathered re-
frigerant to the transformer tank 13.

[0043] The six cooling pipes 17 forming each of the
rows of the direct cooling-pipe group 18 each include a
first bent portion, a second bent portion, and a coupling
portion. The first bent portion is bent with respect to the
inlet header 16a from the +Z direction toward the +Y di-
rection side. The second bent portion is bent with respect
to the outlet header 16b from the +Z direction toward the
-Y direction side. The coupling portion couples the first
bent portion and the second bent portion to each other
in parallel with a horizontal plane.

[0044] The first bent portion and the second bent por-
tion are perpendicularly connected to the inlet header
16a and the outlet header 16b, respectively. However, it
is not always required that the first bent portion and the
second bent portion be connected to the inlet header 16a
and the outlet header 16b in such a manner. Moreover,
the coupling portion s in parallel with the horizontal plane.
However, it is not always required that the coupling por-
tion be provided in such amanner. For example, the cou-
pling portion may have a gentle arch shape.

[0045] Moreover, in the first embodiment, as one ex-
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ample, pipes each having a flat shape are used as the
cooling pipes 17, and the flat surfaces thereof extend
along the X direction. When the flat pipes are used as
the cooling pipes 17 as described above, the cooling per-
formance is improved. However, in consideration of per-
formance and cost, circular pipes may be used as the
cooling pipes 17.

[0046] A spaceisdefined below the direct cooling-pipe
group 18. That s, a gap is defined between the coupling
portions of the cooling pipes 17 arranged on an innermost
side of the rows and the upper surface of the transformer
tank 13. As illustrated in FIG. 9, the coupling portions of
the cooling pipes 17 extend along the Y direction. There-
fore, the space defined below the rows of the direct cool-
ing-pipe group 18 is a space which is opened so as to
be elongated in the Y direction with respect to the Z di-
rection. In the following description, the space defined
below the cooling pipes 17 is referred to as "opening
space 19".

[0047] The direct cooling-pipe group 18 is arranged at
a high position on the upper surface of the transformer
tank 13. Therefore, even when any other devices are
arranged on the front and rear sides, the direct cooling-
pipe group 18 can successfully cool the refrigerant
through use of the traveling wind. Moreover, when the
traveling wind is not given, that is, when the vehicle 1
stops, air heated by the cooling pipes 17 rises and is
cooled by convection.

[0048] However, the opening space 19 is defined be-
low the rows of the direct cooling-pipe group 18. There-
fore, air is more likely to flow into the space below the
direct cooling-pipe group 18 from the outside of the cooler
15, and hence cooling by the convection is also success-
fully performed. Further, cooling from the upper surface
of the transformer tank 13 can also be performed.
[0049] Itis only required that the cooler 15 have a con-
figuration in which most of the cooling pipes 17 are ar-
ranged on the upper surface side of the transformer tank
13. The extending direction of the cooling pipes 17 may
suitably be changed. Moreover, as mentioned above,
when the direct cooling-pipe group 18 has the configu-
ration in which the opening space 19 is defined and
opened so as to be elongated in the Y direction with re-
spect to the Z direction, the traveling wind is more likely
to flow into the space defined between the direct cooling-
pipe group 18 and the transformer tank 13, and in par-
ticular, the cooling performance of the cooler 15 is im-
proved.

[0050] Moreover, there is given the configuration in
which the inlet header 16a and the outlet header 16b are
both installed on the transformer tank 13. However, at
least one of the inlet header 16a and the outlet header
16b may be arranged on the side of the transformer tank
13, that is, in the +Y direction or the -Y direction. More-
over, at least one of the first bent portion and the second
bent portion of each of the cooling pipes 17 may be ar-
ranged on the side of the transformer tank 13.

[0051] As described above, according to the first em-
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bodiment, in the traction transformer which is to be in-
stalled on the roof of the vehicle, the cooler having a
configuration capable of cooling the refrigerant by heat
exchange with air is provided on the upper surface of the
transformer tank which is configured to accommodate
the winding wire and store the refrigerant.

[0052] Moreover, the cooler includes: the cooling-pipe
mechanism, which is formed of the plurality of cooling
pipes, and is arranged in the Z-direction from the upper
surface of the transformer tank; the inlet header, which
is configured to allow the refrigerant to flow into the cool-
ing-pipe mechanism from the circulation pump side; and
the outlet header, which is configured to allow the refrig-
erant having flowed through the cooling-pipe mechanism
to flow out to the transformer tank side. In the first em-
bodiment, as a specific configuration of such cooling-pipe
mechanism, an example is given of the cooling-pipe
mechanism including the direct cooling-pipe group in-
cluding a plurality of cooling pipes, which are arranged
so as to allow the refrigerant to flow out from the inlet
header and flow into the outlet header and are elongated
in the Y direction and arrayed in a plurality of rows in the
X direction.

[0053] As described above, even when the traction
transformer is arranged close to the peripheral device,
through the arrangement of the cooler in the space of the
upper surface of the transformer tank corresponding to
the space through which the traveling wind flows at high
velocity, the wind-guiding distance can be minimized,
and the installation space for the traction transformer can
be reduced. Moreover, there is no need to use, for ex-
ample, a fan for cooling. Therefore, power consumption
can be reduced, and a significant effect can be attained
also in terms of reduction of noise.

Second Embodiment

[0054] In a second embodiment of this invention, de-
scription is made of the transformer 10 including a cooler
15A having a configuration different from that of the cool-
er 15inthe first embodiment. In the second embodiment,
description of the features which are the same as those
of the first embodiment is omitted, and features which
are differentfrom those of the firstembodimentare mainly
described.

[0055] FIG. 10 is a perspective view for illustrating the
cooler 15A in the second embodiment of this invention.
The cooler 15A includes the inlet header 16a, the outlet
header 16b, an intermediate header 20, an inlet-side
cooling-pipe group 21a, and an outlet-side cooling-pipe
group 21b. The inlet header 16a is configured to allow
refrigerant to flow thereinto from the circulation pump 14
side. The outlet header 16b is configured to allow the
refrigerant to flow out to the transformer tank side. The
intermediate header 20 is arranged between the inlet
header 16a and the outlet header 16b.

[0056] The inlet-side cooling-pipe group 21a is ar-
ranged so as to allow the refrigerant to flow out from the
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inlet header 16a and flow into the intermediate header
20. The outlet-side cooling-pipe group 21b is arranged
so as to allow the refrigerant, which has once been gath-
ered, to flow out from the intermediate header 20 and
then flow into the outlet header 16b. In the second em-
bodiment, illustration is given of an example case in which
the cooling-pipe mechanism includes the inlet-side cool-
ing-pipe group 21a connected to the inlet header 16a and
the outlet-side cooling-pipe group 21b connected to the
outlet header 16b.

[0057] Theinletheader 16a, the inlet-side cooling-pipe
group 21a, the intermediate header 20, the outlet-side
cooling-pipe group 21b, and the outlet header 16b are
connected in series. The intermediate header 20 con-
necting the inlet-side cooling-pipe group 21a and the out-
let-side cooling-pipe group 21b is configured to mix inside
thereof the refrigerant having flowed into the intermediate
header 20 from the inlet-side cooling-pipe group 21a, and
allow the refrigerant to flow out to the outlet-side cooling-
pipe group 21b while the refrigerant is re-distributed.
[0058] The inlet-side cooling-pipe group 21a includes
a plurality of cooling pipes 17 arrayed in a plurality of
rows in the X direction. Similarly, the outlet-side cooling-
pipe group 21b includes a plurality of cooling pipes 17
arrayed in a plurality of rows in the X direction. Specifi-
cally, the inlet-side cooling-pipe group 21a is formed of
the cooling pipes 17 arrayed in a plurality of rows at a
constant pitch in the X direction. The plurality of rows of
the cooling pipes 17 each include six cooling pipes 17.
[0059] The six cooling pipes 17 are arranged on the Y-
Z plane, have different sizes, and each have a U-shape
protruding in the +Z direction. Similarly, the outlet-side
cooling-pipe group 21b is formed of the cooling pipes 17
arrayed in a plurality of rows at a constant pitch in the X
direction. The plurality of rows of the cooling pipes 17
each include six cooling pipes 17. The six cooling pipes
17 are arranged on the Y-Z plane, have different sizes,
and each have a U-shape protruding in the +Z direction.
[0060] The inlet header 16a is connected to the circu-
lation pump 14 side, that is, to the inlet-side pipe 12a.
The refrigerant having been increased in temperature
due to heat received from, for example, the winding wire
11 flows into the inlet header 16a through the circulation
pump 14. The inlet header 16a has a shape elongated
in the X direction.

[0061] Theoutletheader16bis connected tothe outlet-
side pipe 12a to return the refrigerant, which has been
decreased in temperature as compared to the refrigerant
inside the inlet header 16a, to the transformer tank 13.
The outlet header 16b has a shape elongated in the X
direction.

[0062] The intermediate header 20 is installed be-
tween the inlet header 16a and the outlet header 16b,
and is arranged on the X-Y plane which is the same as
the plane on which the inlet header 16a and the outlet
header 16b are arranged. The intermediate header 20
has a shape elongated in the X direction. The inlet-side
cooling-pipe group 21a and the outlet-side cooling-pipe
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group 21b are located on the upper surface side of the
transformer tank 13.

[0063] The inlet-side cooling-pipe group 21a is ar-
ranged at the -Y direction end in the Y direction, and the
outlet-side cooling-pipe group 21b is arranged at the +Y
direction end inthe Y direction. Thatis, forexample, when
it is assumed that the inlet-side cooling-pipe group 21a
is arranged on the right side of the drawing sheet with
respect to the X direction, the outlet-side cooling-pipe
group 21b is arranged on the left side of the drawing
sheet with respect to the X direction. It is preferred that
the intermediate header 20 be located on the upper sur-
face of the transformer tank 13.

[0064] When the cooler 15A is arranged on the upper
surface of the transformer tank 13, in order to allow the
cooler 15A to be provided within the rolling stock gauge
4, the allowable height in the Z direction is about 0.3 m,
and hence limitation on the height is strict. However, in
the Y direction and the X direction which are parallel to
the upper surface of the transformer tank 13, as a space
for arranging the cooler 15, for example, a length of about
1 min the Y direction and a length of about 2.5 m in the
X direction can be secured. With this, the cooler 15A can
be arranged with a relatively sufficient space.

[0065] The vehicle 1 requires a large amount of power
at the time of acceleration during traveling, and a large
amount of current flows through the winding wire 11 of
the transformer 10. Therefore, the heat generation
amount of the transformer 10 increases. Meanwhile, also
when the vehicle is stopped, power is required for air
conditioners and illumination devices. Thus, the trans-
former 10 generates heat even though the heat genera-
tion amount is not as large as that given during the
traveling of the vehicle 1. Therefore, cooling of the trans-
former 10 is required not only during traveling of the ve-
hicle but also when the vehicle is stopped.

[0066] When the vehicle is stopped, the traveling wind
cannot be obtained. Therefore, it is required that a large
number of cooling pipes 17 be arranged on the X-Y plane
to increase the heat rejection area. However, when the
number of cooling pipes 17 to be arranged in the X di-
rection is excessively increased, pressure loss that may
occur when the traveling wind 5 obtained during traveling
of the vehicle passes through the cooler 15A in the X
direction increases.

[0067] Therefore, the wind cannot flow into the cooler
15A. That is, in order to allow the cooler 15A to obtain
high cooling performance during the traveling of the ve-
hicle, it is required that a large number of cooling pipes
17 be arranged on the Y-Z cross section exposed to the
traveling wind 5 during the traveling of the vehicle.
[0068] When the cooling pipes 17 are formed into the
U-shape, there are less number of bent parts, and ease
of processing is excellent. Thus, the manufacturing cost
can be reduced. However, the space on the upper sur-
face of the transformer tank 13 is a flat space which is
elongated in the horizontal direction, that is, elongated
in the X direction and the Y direction. Therefore, as in
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the case of the cooler 15 illustrated in FIG. 9, when the
large opening space 19 is defined at the center portion
of the cooler 15, there is a possibility that the cooling
efficiency per unit volume of the cooler cannot be im-
proved.

[0069] Itis also possible touse, forexample, W-shaped
cooling pipes in order to improve the cooling efficiency
of the cooler through arrangement of the cooling pipes
also in the opening space 19. However, in this case,
bending of the pipes becomes more complicated, with
the result that the manufacturing cost drastically increas-
es.

[0070] Therefore, in the second embodiment, as illus-
trated in FIG. 10, the intermediate header 20 is used to
form the cooler 15A with the inlet-side cooling-pipe group
21a provided so as to allow the refrigerant to flow into
the intermediate header 20 from the inlet header 16a and
the outlet-side cooling-pipe group 21b provided so as to
allow the refrigerant to flow out from the intermediate
header 20 and flow into the outlet header 16b.

[0071] With such a configuration of the cooler 15A, in
the flat space elongated in the horizontal direction on the
upper surface of the transformer tank 13, a large number
of cooling pipes 17 can be arrayed on a passage plane
of the traveling wind 5, that is, the Y-Z plane. As a result,
the cooler having high heat-rejection performance per
unit volume can be obtained at low cost.

[0072] Moreover, when the cooler 15 illustrated in FIG.
9 is arranged so as to fill the flat space elongated in the
horizontal direction on the upper surface of the trans-
former tank 13, the pipe length of the cooling pipes 17 in
the Y direction becomes larger. In aregion 31aillustrated
in FIG. 9 close to the inlet header 16a, the temperature
of the refrigerant flowing inside the cooling pipes 17 is
high.

[0073] Therefore, a sufficient temperature difference
with respect to outside air can be obtained, thereby being
capable of obtaining high heat-rejection performance in
accordance with the flow velocity of the traveling wind 5.
Moreover, when the pipe length of the cooling pipes 17
inthe Y direction is large, heat rejection proceeds midway
of the flow passage, and hence the temperature of the
refrigerant decreases as the refrigerant approaches the
outlet header 16b. Therefore, in a region 31b close to the
outlet header 16b, as compared to the region 31a, ather-
mal flux with the outside air is reduced.

[0074] Meanwhile, in a region 32a and a region 32b
corresponding to downstream of the flow field of the
traveling wind 5, first of all, the traveling wind 5 is less
likely to flow thereinto. Thus, even in the region close to
the inlet header 16a, the thermal flux with the outside air
is small. Therefore, evenin a periphery of the outlet head-
er 16b, the temperature of the refrigerant does not sig-
nificantly decrease from the temperature in a periphery
of the inlet header 16a.

[0075] In the second embodiment, the intermediate
header 20 is arranged between the refrigerant flow pas-
sages of the inlet header 16a and the outlet header 16b.
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With such a configuration, the refrigerant flows into the
plurality of cooling pipes 17 from the inlet header 16a,
and the refrigerant having flowed through the region 31
in which the heat rejection has proceeded due to expo-
sure to the traveling wind 5 and the refrigerant having
flowed through the region 32a that is less decreased in
temperature without inflow of the traveling wind 5 can be
mixed once in the intermediate header 20.

[0076] Moreover,through mixing of the refrigerant hav-
ing flowed through the downstream of the flow field of
the traveling wind 5 with less decrease in temperature
and the refrigerant having flowed through upstream of
the flow field of the traveling wind 5 in which the decrease
in temperature has proceeded, the temperature of the
refrigerant flowing through the region 31b exposed to the
traveling wind 5 flowing at high flow velocity can be main-
tained higher as compared to the case in which the in-
termediate header 20 is not provided. Therefore, as com-
pared to the case in which the intermediate header 20 is
not provided, an overall heat rejection amount of the cool-
er can be set higher.

[0077] FIG. 11 is a top sectional view of the interme-
diate header 20 in the second embodiment of this inven-
tion. A flow straightening plate 22 is arranged in the X
direction in the intermediate header 20 so as to partition
the inlet-side cooling-pipe group 21a connected to the
inlet header 16a and the outlet-side cooling-pipe group
21b connected to the outlet header 16b. A +X direction
end of the flow straightening plate 22 is connected to a
header end surface of the intermediate header 20, and
a -X direction end of the flow straightening plate 22 is not
connected to a header end surface of the intermediate
header 20.

[0078] Asillustrated in FIG. 11, a flow passage cross
section of each of the cooling pipes 17 has a flat shape
with a large diameter in the X direction. Thus, while a
surface area of the cooling pipes 17 is increased, pres-
sure loss caused when the traveling wind 5 passes
through the cooler 15A can be reduced.

[0079] The refrigerant having flowed into the interme-
diate header 20 from the inlet header 16a, which is ar-
ranged onthe -Y direction side of the intermediate header
20, through the inlet-side cooling-pipe group 21a, as in-
dicated by the illustrated flow direction 23, flows in the
-Xdirection through the intermediate header 20 and turns
back at the -X end. Then, while flowing through a region
33c of the intermediate header 20 in the +X direction, the
refrigerant flows into the outlet header 16b through the
outlet-side cooling-pipe group 21b.

[0080] The refrigerant flowing into a region 33a of the
intermediate header 20 from the inlet header 16a through
the inlet-side cooling-pipe group 21a is exposed to the
traveling wind 5 during traveling of the vehicle. Therefore,
the temperature of the refrigerant is lower than the tem-
perature of the refrigerant flowing into a region 33b in
which the heat exchange with the traveling wind 5 does
not proceed. However, in the intermediate header 20,
the refrigerant having been delivered from the inlet head-
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er 16a is mixed once, and hence equalization of the tem-
perature of the refrigerant is promoted in the region 33c.
[0081] Forconvenience, description is made of the ex-
ample case with the mode in which the +X direction end
of the flow straightening plate 22 is connected to the
header end surface of the intermediate header 20. How-
ever, the mode of the flow straightening plate 22 is not
limited to this. Any other mode may be employed as long
as the equalization of the temperature of the refrigerant
can be promoted through mixing of the refrigerant in the
intermediate header 20.

[0082] For example, even in the mode in which the -X
direction end of the flow straightening plate 22 is con-
nected to the header end surface and in which the +X
direction end of the flow straightening plate 22 is not con-
nected to the header end surface, the same effect as that
of the mode described above can be attained. Moreover,
for example, even in a mode in which both the +X direc-
tion end and the -X direction end of the flow straightening
plate 22 are connected to the header end surfaces and
in which an intermediate portion of the flow straightening
plate 22 is separated, the same effect as that of the mode
described above can be attained.

[0083] As described above, the intermediate header
20 includes the flow straightening plate 22 configured to
promote the equalization of the temperature of the refrig-
erant in the intermediate header 20.

[0084] According to the second embodiment, the cool-
ing-pipe mechanism of the cooler includes the inlet-side
cooling-pipe group connected to the inlet header and the
outlet-side cooling-pipe group connected to the outlet
header. The inlet-side cooling-pipe group and the outlet-
side cooling-pipe group are connected through interme-
diation of the intermediate header. With this configura-
tion, the same effect as that of the first embodiment can
be attained.

[0085] Further, through use of the intermediate head-
er, a thin cooler including the plurality of cooling pipes
arrayed in a plurality of rows in a distributed manner can
be provided at low cost. Therefore, as compared to the
firstembodiment, the cooler can be more easily arranged
in a narrow space on the upper surface of the transformer
tank.

[0086] Inthe second embodiment, description is made
of the example case with the cooler 15A in which the
inlet-side cooling-pipe group 21a and the outlet-side cool-
ing-pipe group 21b are connected through intermediation
ofthe intermediate header 20. However, the cooling-pipe
mechanism of the cooler 15A may include the direct cool-
ing-pipe group which is directly connected from the inlet
header 16a to the outlet header 16b without the interme-
diate header 20. Moreover, the flow straightening plate
22 is provided inside the intermediate header 20, and
hence the effect of equalizing the temperature of the re-
frigerant is excellent.

[0087] However, as long as the space in which the re-
frigerant is mixed is defined, the effect of equalization
can be attained to some extent even without the flow
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straightening plate 22. Further, in place of the flow
straightening plate 22, there may be provided a structure
for promoting mixing of the refrigerant such as a protru-
sion-and-recess structure or fins which may cause a tur-
bulentflowin the refrigerantinside the intermediate head-
er 20.

[0088] Moreover, the inlet-side cooling-pipe group 21a
and the outlet-side cooling-pipe group 21b may be con-
nected to each other through intermediation of a plurality
of intermediate headers 20 arranged between the inlet
header 16a and the outlet header 16b.

Third Embodiment

[0089] In athird embodiment of this invention, descrip-
tion is made of the transformer 10 including a cooler 15B
having a configuration different from that of the cooler 15
in the first embodiment and that of the cooler 15A in the
second embodiment. In the third embodiment, descrip-
tion of the features which are the same as those of the
first and second embodiments is omitted, and features
which are different from those of the first and second
embodiments are mainly described.

[0090] FIG. 12is a perspective view for illustrating the
cooler 15B in the third embodiment of this invention. FIG.
13 is arear perspective view of the cooler 15B of FIG. 12.
[0091] The cooler 15B includes the inlet header 16a,
the outlet header 16b, an upstream-side intermediate-
header portion, a downstream-side intermediate-header
portion, the inlet-side cooling-pipe group 21a, the outlet-
side cooling-pipe group 21b, and a direct cooling-pipe
group 24. The inlet header 16a is configured to allow the
refrigerant to flow thereinto from the circulation pump 14
side. The outlet header 16b is configured to allow the
refrigerant to flow out to the transformer tank side.
[0092] The upstream-side intermediate-header por-
tion and the downstream-side intermediate-header por-
tion are arrayed in the X direction between the inlet head-
er 16a and the outlet header 16b. The inlet-side cooling-
pipe group 21a is arranged so as to allow the refrigerant
to flow out from the inlet header 16a and flow into each
of the upstream-side intermediate-header portion and
the downstream-side intermediate-header portion.
[0093] The outlet-side cooling-pipe group 21b is ar-
ranged so as to allow the refrigerant to flow out from each
of the upstream-side intermediate-header portion and
the downstream-side intermediate-header portion and
flow into the outlet header 16b. The direct cooling-pipe
group 24 is arranged so as to allow the refrigerant to flow
out from the inlet header 16a and flow into the outlet
header 16b.

[0094] The intermediate header in the third embodi-
ment includes the upstream-side intermediate-header
portion and the downstream-side intermediate-header
portion which are arrayed in the X direction between the
inlet header 16a and the outlet header 16b. The terms
"upstream" and "downstream" of the upstream-side in-
termediate-header portion and the downstream-side in-
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termediate-header portion correspond to upstream and
downstream in the traveling direction, and do not corre-
spond to upstream and downstream of the flow of the
refrigerant.

[0095] Theinlet-side cooling-pipe group 21ainthe third
embodiment includes an upstream-side relay cooling-
pipe group connected to the upstream-side intermediate-
header portion and a downstream-side relay cooling-pipe
group connected to the downstream-side intermediate-
header portion. Those two relay cooling-pipe groups
forming the inlet-side cooling-pipe group 21a are each
formed of the cooling pipes 17 arrayed in a plurality of
rows at a constant pitch in the X direction.

[0096] The plurality ofrows ofthe cooling pipes 17 each
include six cooling pipes 17. The six cooling pipes 17 are
arranged onthe Y-Z plane, have differentsizes, and each
have a U-shape protruding in the +Z direction. A flow
passage cross section of each of the cooling pipes 17
forming the inlet-side cooling-pipe group 21a has a flat
shape having a diameter which is largerin the X direction.
[0097] Similarly, the outlet-side cooling-pipe group 21b
includes an upstream-side relay cooling-pipe group con-
nected to the upstream-side intermediate-header portion
and a downstream-side relay cooling-pipe group con-
nected to the downstream-side intermediate-header por-
tion. Those two relay cooling-pipe groups forming the
outlet-side cooling-pipe group 21b are each formed of
the cooling pipes 17 arrayed in a plurality of rows at a
constant pitch in the X direction. The plurality of rows of
the cooling pipes 17 each include six cooling pipes 17.
[0098] The six cooling pipes 17 are arranged on the Y-
Z plane, have different sizes, and each have a U-shape
protruding in the +Z direction. A flow passage cross sec-
tion of each of the cooling pipes 17 forming the inlet-side
cooling-pipe group 21b has a flat shape having a diam-
eter which is larger in the X direction. The inlet-side cool-
ing-pipe group 21ais arranged at the -Y direction end in
the Y direction, and the outlet-side cooling-pipe group
21bis arranged at the +Y direction end in the Y direction.
[0099] The direct cooling-pipe group 24 is formed of
the plurality of cooling pipes 17, which are elongated in
the Y direction and arrayed in a plurality of rows in the X
direction. The direct cooling-pipe group 24 connects the
inlet header 16a and the outlet header 16b to each other.
Specifically, the direct cooling-pipe group 24 is formed
of the cooling pipes 17 arrayed in a plurality of rows at a
constant pitch along the X direction. The plurality of rows
of the cooling pipes 17 each include six cooling pipes 17.
[0100] The six cooling pipes 17 are arranged on the Y-
Z plane, have different sizes, and each have a U-shape
protruding in the +Z direction. A flow passage cross sec-
tion of each of the cooling pipes 17 forming the direct
cooling-pipe group 24 has a flat shape having a diameter
which is larger in the X direction.

[0101] The upstream-side intermediate-header por-
tion is arranged at the +X direction end, and the down-
stream-side intermediate-header portion is arranged at
the -X direction end. In the case of such arrangement
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relationship, the inlet-side cooling-pipe group 21a and
the outlet-side cooling-pipe group 21b are arranged at
each of the +X direction end and the -X direction end.
[0102] The direct cooling-pipe group 24 is arranged
between the inlet-side cooling-pipe group 21a and the
outlet-side cooling-pipe group 21b arranged at the X di-
rection end, and the inlet-side cooling-pipe group 21a
and the outlet-side cooling-pipe group 21b arranged at
the -X direction end.

[0103] The upstream-side intermediate-header por-
tion has a first space 25a for allowing the refrigerant to
flow thereinto from the inlet-side cooling-pipe group 21a
and a second space 25b for allowing the refrigerant to
flow out to the outlet-side cooling-pipe group 21b. The
downstream-side intermediate-header portion has a first
space 26a for allowing the refrigerant to flow thereinto
from the inlet-side cooling-pipe group 21a and a second
space 26b for allowing the refrigerant to flow out to the
outlet-side cooling-pipe group 21b.

[0104] Specifically, the upstream-side intermediate-
header portion includes a header 25 and a partition plate
27. The partition plate 27 is configured to partition the
inside of the header 25 into the first space 25a for allowing
the refrigerant to flow thereinto from the inlet-side cool-
ing-pipe group 21a and the second space 25b for allowing
the refrigerant to flow out to the outlet-side cooling-pipe
group 21b. Similarly, the downstream-side intermediate-
header portion includes a header 26 and the partition
plate 27.

[0105] The partition plate 27 is configured to partition
the inside of the header 26 into the first space 26a for
allowing the refrigerant to flow thereinto from the inlet-
side cooling-pipe group 21a and the second space 26b
for allowing the refrigerant to flow out to the outlet-side
cooling-pipe group 21b. Among the cooling pipes 17
forming the inlet-side cooling-pipe group 21a, the plurality
of cooling pipes 17 located at the +X direction end are
connected to the first space 25a of the upstream-side
intermediate-header portion, and the plurality of remain-
ing cooling pipes 17 located at the -X direction end are
connected to the first space 26a of the downstream-side
intermediate-header portion.

[0106] Moreover, among the cooling pipes 17 forming
the outlet-side cooling-pipe group 21b, the plurality of
cooling pipes 17 located at the +X direction end are con-
nected to the second space 25b of the upstream-side
intermediate-header portion, and the plurality of remain-
ing cooling pipes 17 located at the -X direction end are
connected to the second space 26b of the downstream-
side intermediate-header portion.

[0107] The cooler 15B further includes a first auxiliary
pipe 28 and a second auxiliary pipe 29. The first auxiliary
pipe 28 serves as a first flow passage for allowing the
refrigerant to flow from the first space 25a of the up-
stream-side intermediate-header portion to the second
space 26b of the downstream-side intermediate-header
portion. The second auxiliary pipe 29 serves as a second
flow passage for allowing the refrigerant to flow from the
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first space 26a of the downstream-side intermediate-
header portion to the second space 25b of the upstream-
side intermediate-header portion.

[0108] The partition plate 27 is arranged in each of the
header 25 and the header 26 so as to partition in the Y
direction and be elongated in the X direction. The partition
plate 27 arranged in the header 25 partitions the space
inside the header 25 into the first space 25a and the sec-
ond space 25b.

[0109] The partition plate 27 arranged in the header
26 partitions the space inside the header 26 into the first
space 26a and the second space 26b. The first auxiliary
pipe 28 connects the first space 25a and the second
space 26b to each other. The second auxiliary pipe 28
connects the first space 26a and the second space 25b
to each other.

[0110] The refrigerant having flowed into the inlet
header 16a from the inlet-side pipe 12a by the circulation
pump 14 flows into the inlet-side cooling-pipe group 21a
arranged at each of the +X direction end and the -X di-
rection end and into the direct cooling-pipe group 24.
[0111] The refrigerant having flowed into the inlet-side
cooling-pipe group 21a arranged at the +X direction end
from the inlet header 16a flows into the first space 25a
of the header 25. The refrigerant having flowed into the
first space 25a flows into the second space 26b of the
header 26 through the first auxiliary pipe 28. The refrig-
erant having flowed into the second space 26b flows into
the outlet header 16b through the outlet-side cooling-pipe
group 21b arranged at the - X direction end.

[0112] Meanwhile, the refrigerant having flowed into
the inlet-side cooling-pipe group 21a arranged at the -X
direction end from the inlet header 16a flows into the first
space 26a ofthe header 26. The refrigeranthaving flowed
into the first space 26a flows into the second space 25b
of the header 25 through the second auxiliary pipe 29.
The refrigerant having flowed into the second space 25b
flows into the outlet header 16b through the outlet-side
cooling-pipe group 21b arranged at the +X direction end.
[0113] When the cooling pipes 17 are arrayed in a plu-
rality of stages in the X direction, pressure loss of the
wind passage system of the cooler increases. As aresult,
there is a possibility that the traveling wind having flowed
into the cooler from the +X direction does not reach the
-X direction end of the cooler while maintaining sufficient
wind velocity.

[0114] Therefore, in the third embodiment, the cooler
15B has a configuration in which only the cooling pipes
17 which are arranged at the X direction end and highly
contribute to the heat rejection during traveling of the
vehicle are densely arranged on the Y-Z plane. With such
a configuration, as illustrated in FIG. 13, the opening
space 19is defined at the center portion ofthe cooler 15B.
[0115] Therefore, even when the cooling pipes 17 are
arrayed in a plurality of stages in the X direction, the in-
crease in pressure loss of the wind passage system of
the cooler for the traveling wind can be suppressed.
Moreover, the traveling wind can spread over the entirety
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of the cooler. With this, the heat-rejection performance
of the cooler can be maximally brought out.

[0116] Moreover,the cooler 15B has the following con-
figuration. That is, the refrigerant flow passage is provid-
ed between the first space 25a and the second space
26b through use of the first auxiliary pipe 28, and the
refrigerant flow passage is provided between the first
space 26a and the second space 25b through use of the
second auxiliary pipe 29.

[0117] With such a configuration, the refrigeranthaving
a high temperature can be exposed to the traveling wind
flowing upstream of the flow field, which has not yet re-
ceived heat from the refrigerant and has not been in-
creased in temperature. As a result, the thermal flux from
the refrigerant to the outside air can be increased, and
hence high heat-rejection performance can be obtained
in the cooler 15B installed in the limited space.

[0118] Description is made of the example case in
which the two spaces are defined by partitioning the one
space inside the intermediate header into two spaces
through use of the partition plate 27. However, the same
effect as that described above can be attained also when
two spaces are defined through use of two separate
headers without use of the partition plate 27.

[0119] In this case, the upstream-side intermediate-
header portion and the downstream-side intermediate-
header portion each include a first header and a second
header arrayed in the Y direction. The first auxiliary pipe
28 allows the refrigerant to flow from the first header of
the upstream-side intermediate-header portion to the
second header of the downstream-side intermediate-
header portion. The second auxiliary pipe 29 allows the
refrigerant to flow from the first header of the down-
stream-side intermediate-header portion to the second
header of the upstream-side intermediate-header por-
tion.

[0120] In the third embodiment, description is made of
the example case in which the cooler 15B includes, in
addition to the inlet-side cooling-pipe group 21a and the
outlet-side cooling-pipe group 21b, the direct coupling-
pipe group 24 which is arranged so as to allow the refrig-
erant to flow out from the inlet header 16a and directly
flow into the outlet header 16b.

[0121] However, all of the cooling pipe groups of the
cooler 15B may be formed of only the inlet-side cooling-
pipe group 21a and the outlet-side cooling-pipe group
21b. Moreover, the upstream-side intermediate-header
portion and the downstream-side intermediate-header
portion may form an integrated structure, and flow pas-
sages corresponding to the first auxiliary pipe 28 and the
second auxiliary pipe 29 may be provided inside the
structure.

[0122] According to the third embodiment, the cooling-
pipe mechanism of the cooler includes the inlet-side cool-
ing-pipe group connected to the inlet header and the out-
let-side cooling-pipe group connected to the outlet head-
er. The inlet-side cooling-pipe group connected to the
inlet header includes the upstream-side relay cooling-
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pipe group connected to the upstream-side intermediate-
header portion and the downstream-side relay cooling-
pipe group connected to the downstream-side interme-
diate-header portion.

[0123] The outlet-side cooling-pipe group connected
to the outlet header includes the upstream-side relay
cooling-pipe group connected to the upstream-side in-
termediate-header portion and the downstream-side re-
lay cooling-pipe group connected to the downstream-
side intermediate-header portion.

[0124] With this, the same effect as that of the first em-
bodiment and the second embodiment can be attained.
Further, through the arrangement of the upstream-side
intermediate-header portion at the +X direction end and
the arrangement of the downstream-side intermediate-
header portion at the -X direction end, as compared to
the first embodiment and the second embodiment, the
heat-rejection performance of the cooler can be more
maximally brought out.

Fourth Embodiment

[0125] In a fourth embodiment of this invention, de-
scription is made of a case in which, in the cooler 15B of
the third embodiment, a diameter in the X direction of
each of the cooling pipes 17 forming the inlet-side cool-
ing-pipe group 21aand the outlet-side cooling-pipe group
21bis setlarger than a diameter in the X direction of each
of the cooling pipes 17 forming the direct cooling-pipe
group 24. In the fourth embodiment, description of the
features which are the same as those of the first to third
embodiments is omitted, and features which are different
from those of the first to third embodiments are mainly
described.

[0126] FIG. 14 is a sectional view for illustrating the
inlet-side cooling-pipe group 21a, the outlet-side cooling-
pipe group 21b, and the direct cooling-pipe group 24 in
the fourth embodiment of this invention.

[0127] As illustrated in FIG. 14, the cooling pipes 17
forming each of the inlet-side cooling-pipe group 21a and
the outlet-side cooling-pipe group 21b are equal in diam-
eter in the Z direction but larger in diameter in the X di-
rection with respect to the cooling pipes 17 forming the
direct cooling-pipe group 24.

[0128] Inthe configuration of the cooler 15B in the third
embodiment, there is a difference in pressure loss be-
tween the refrigerant flow passages, that is, between the
flow passage for the refrigerant flowing from the inlet
header 16a to the outlet header 16b through the header
25 and the header 26 and the flow passage for the re-
frigerant directly flowing from the inlet header 16a to the
outlet header 16b.

[0129] Specifically, the flow passage for the refrigerant
flowing from the inlet header 16a to the outlet header 16b
through the header 25 and the header 26 has more bend-
ing portions in the flow passage as compared to the flow
passage for the refrigerant directly flowing from the inlet
header 16a to the outlet header 16b, with the result that
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the pressure loss increases.

[0130] When the pressure loss difference occurs be-
tween the refrigerant flow passages connected from the
inlet header 16a to the outlet header 16b, a difference in
flow rate of the refrigerant flowing through the cooling
pipes 17 occurs, and hence unevenness in heat-rejection
performance of the cooling pipes 17 becomes more con-
spicuous. As a result, the heat-rejection performance
may be degraded. For the flow passages through which
the refrigerant flows at significantly high flow velocity, an
additional countermeasure related to the mechanical
strength is also required.

[0131] A flow-passage sectional area of the cooling
pipe having the U-shape is sensitive with respect to the
pressure loss in the refrigerant flow passage. Therefore,
when the flow-passage sectional area of each of the cool-
ing pipes 17 forming the inlet-side cooling-pipe group21a
and the outlet-side cooling-pipe group 21b is set larger
than the flow-passage sectional area of each of the cool-
ing pipes 17 forming the direct cooling-pipe group 24, the
pressure loss can be evenly set for the refrigerant flow
passages. However, when the flow passage cross sec-
tion for the traveling wind 5 is set narrow, the traveling
wind 5 becomes less likely to flow into the cooler 15B.
[0132] Therefore, in the fourth embodiment, as illus-
trated in FIG. 14, without changing the flow-passage sec-
tional area for the traveling wind 5, the diameter in the X
direction of each of the cooling pipes 17 forming the inlet-
side cooling-pipe group 21a and the outlet-side cooling-
pipe group 21b is set larger than the diameter in the X
direction of each of the cooling pipes 17 forming the direct
cooling-pipe group 24. With such a configuration, without
a hindrance to the flow of the traveling wind 5, the flow
rate balance of the refrigerant flowing through the cooling
pipes 17 can be adjusted.

[0133] Moreover, the increase in pressure loss in the
refrigerant flow passages can be suppressed by setting
the flow-passage sectional area of each of the first aux-
iliary pipe 28 and the second auxiliary pipe 29 to be larger
than the flow-passage sectional area of each of the cool-
ing pipes 17 forming the inlet-side cooling-pipe group21a
and the outlet-side cooling-pipe group 21b. As a result,
degradation in flow rate balance of the refrigerant flowing
through the cooling pipes 17 can be prevented.

[0134] According to the fourth embodiment, as com-
pared to the configuration of the cooler in the third em-
bodiment, the diameter in the X direction of each of the
cooling pipes forming the inlet-side cooling-pipe group
and the outlet-side cooling-pipe group is set larger than
the diameterin the X direction of each of the cooling pipes
forming the cooling-pipe group.

[0135] With this, without a hindrance to the flow of the
traveling wind 5, the flow rate balance of the refrigerant
flowing through the cooling pipes 17 can be adjusted.
[0136] Description is given of the first to fourth embod-
iments individually, but the configuration examples de-
scribed respectively in the first to fourth embodiments
can arbitrary be combined with each other.
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Claims

A traction transformer, which is to be installed on a
roof of a vehicle, comprising:

- amain pipe, which forms a circulation passage
for refrigerant;

- a transformer tank, which is arranged midway
of the circulation passage, and is configured to
accommodate a winding wire and store the re-
frigerant;

- a circulation pump, which is arranged midway
of the circulation passage, and is configured to
circulate the refrigerant in the circulation pas-
sage; and

- a cooler, which is arranged midway of the cir-
culation passage and on an upper surface of the
transformer tank, and is configured to cool the
refrigerant by heat exchange with air,

- wherein the vehicle has an X direction corre-
sponding to a length direction of the vehicle, a
Y direction corresponding to a vehicle width di-
rection of the vehicle, and a Z direction corre-
sponding to a height direction of the vehicle, and
- wherein the cooler includes:

a cooling-pipe mechanism, which is formed
of a plurality of cooling pipes, and is ar-
ranged in the Z direction from the upper sur-
face of the transformer tank;

an inlet header, which is configured to allow
the refrigerant to flow into the cooling-pipe
mechanism from the circulation pump side;
and

an outlet header, which is configured to al-
low the refrigerant having flowed through
the cooling-pipe mechanism to flow out to
the transformer tank side.

The traction transformer according to claim 1,
wherein the cooling-pipe mechanism includes a di-
rect cooling-pipe group, which includes a plurality of
cooling pipes elongated in the Y direction and ar-
rayed in a plurality of rows in the X direction and
connects the inlet header and the outlet header to
each other.

The traction transformer according to claim 1,
wherein the cooling-pipe mechanism includes:

an inlet-side cooling-pipe group connected to
the inlet header; and

an outlet-side cooling-pipe group connected to
the outlet header, and wherein the cooler further
includes anintermediate header which connects
the inlet-side cooling-pipe group and the outlet-
side cooling-pipe group to each other.

10

15

20

25

30

35

40

45

50

55

13

4.

9.

The traction transformer according to claim 3,
wherein the inlet-side cooling-pipe group includes a
plurality of cooling pipes arrayed in a plurality of rows
in the X direction, and is arranged at a -Y direction
end in the Y direction, and

wherein the outlet-side cooling-pipe group includes
a plurality of cooling pipes arrayed in a plurality of
rows in the X direction, and is arranged at a +Y di-
rection end in the Y direction.

The traction transformer according to claim 3 or 4,
wherein the inlet header, the outlet header, and the
intermediate header are arranged on the same X-Y
plane.

The traction transformer according to any one of
claims 3 to 5,

wherein the intermediate header includes a flow
straightening plate configured to promote equaliza-
tion of temperature of the refrigerant inside the inter-
mediate header.

The traction transformer according to any one of
claims 1 to 6,

wherein the flow passage cross section of each of
the cooling pipes has a flat shape having a diameter
which is larger in the X direction.

The traction transformer according to any one of
claims 3 to 5,

wherein the intermediate header includes an up-
stream-side intermediate-header portion and a
downstream-side intermediate-header portion,
which are arrayed in the X direction between the inlet
header and the outlet header, and

wherein the inlet-side cooling-pipe group includes:

an upstream-side relay cooling-pipe group con-
nected to the upstream-side intermediate-head-
er portion; and

a downstream-side relay cooling-pipe group
connected to the downstream-side intermedi-
ate-header portion.

The traction transformer according to claim 8,
wherein the outlet-side cooling-pipe group includes:

an upstream-side relay cooling-pipe group con-
nected to the upstream-side intermediate-head-
er portion; and

a downstream-side relay cooling-pipe group
connected to the downstream-side intermedi-
ate-header portion.

10. The traction transformer according to claim 8 or 9,

wherein the upstream-side intermediate-header por-
tion is arranged at a +X direction end in the X direc-
tion, and



1.

12.

13.

14.

25

wherein the downstream-side intermediate-header
portion is arranged at a -X direction end in the X
direction.

The traction transformer according to any one of
claims 8 to 10,

wherein the upstream-side intermediate-header por-
tion and the downstream-side intermediate-header
portion each include:

a first space for allowing the refrigerant to flow
in from the inlet-side cooling-pipe group; and

a second space for allowing the refrigerant to
flow out to the outlet-side cooling-pipe group,
and

wherein the cooler further includes:

a first flow passage for allowing the refrig-
erant to flow from the first space in the up-
stream-side intermediate-header portion to
the second space in the downstream-side
intermediate-header portion; and

a second flow passage for allowing the re-
frigerant to flow from the first space in the
downstream-side intermediate-header por-
tion to the second space in the upstream-
side intermediate-header portion.

The traction transformer according to any one of
claims 8 to 10,

wherein the upstream-side intermediate-header por-
tion and the downstream-side intermediate-header
portion each include a first header and a second
header which are arrayed in the Y direction, and
wherein the cooler includes:

a first flow passage for allowing the refrigerant
to flow from the first header of the upstream-side
intermediate-header portion to the second
header of the downstream-side intermediate-
header portion; and

a second flow passage for allowing the refriger-
ant to flow from the first header of the down-
stream-side intermediate-header portion to the
second header of the upstream-side intermedi-
ate-header portion.

The traction transformer according to claim 11 or 12,
wherein the flow-passage sectional area of each of
the first flow passage and the second flow passage
is larger than the flow-passage sectional area of
each of the cooling pipes of the inlet-side cooling-
pipe group and the outlet-side cooling-pipe group.

The traction transformer according to any one of
claims 8 to 13,

wherein the cooling-pipe mechanism further in-
cludes a direct cooling-pipe group, which includes a
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15.

16.

17.

26

plurality of cooling pipes elongated in the Y direction
and arrayed in a plurality of rows in the X direction
and connects the inlet header and the outlet header
to each other.

The traction transformer according to claim 14,
wherein the flow passage cross section of each of
the cooling pipes has a flat shape having a diameter
which is larger in the X direction.

The traction transformer according to claim 15,
wherein the diameter of each of the cooling pipes of
the inlet-side cooling-pipe group and the outlet-side
cooling-pipe group in the X direction is larger than
the diameter of each of the cooling pipes of the direct
cooling-pipe group in the X direction.

The traction transformer according to any one of
claims 1 to 16,
wherein the cooling pipes each have a U-shape.
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