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(57) Abrégée/Abstract:
A cooling plate structure of a cooling apparatus includes a cooling plate and at least one refrigerant circulating conduit disposed In

the cooling plate. The conduit includes refrigerant introducing and discharging ports disposed side by side on an outer surface of
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(57) Abrege(suite)/Abstract(continued):

the cooling plate in an exposed state, a flow-in part extending from the introducing port to an intermediate position between the
Introducing port and the discharging port in the cooling plate, and a flow-out part extending along the flow-in part from the
Intermediate position to the discharging port such that flow-out part is separated from the flow-in part. Heat generating elements
are disposed along the circulating conduit at an intermediate portion between a flow-in part corresponding portion and a flow-out

part corresponding portion, both corresponding to the flow-in part and flow-out part of the circulating conduit, on the outer surface
of the cooling plate.
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ABSTRACT OF THE DISCLOSURE

A cooling plate structure of a cooling apparatus
includes a cooling plate and at least one refrigerant
circulating conduit disposed in the cooling plate. The
conduit includes refrigerant introducing and
discharging ports disposed side by side on an outer
surface of the cooling plate in an exposed state, a
flow-in part extending from the inﬁroducing port to an
intermediate position between tﬁe introducing port and
the discharging port in the cooling plate, and a flow-
out part extending along the flow-in part from the
intermediate position to the discharging port such that
flow-out part is separated from the flow-in part. Heat
generating elements are disposed along the circulating
conduit at an i1ntermediate portion between a flow-in
part corresponding portion and a flow-out part
corresponding portion, both corresponding to the flow-
in part and flow-out part of the circulating conduit,

on the outer surface of the cooling plate.
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TITLE OF THE INVENTION

COOLING PLATE STRUCTURE OF COOLING APPARATUS AND

TRANSMITTER WITH THE COOLING APPARATUS
BACKGROUND OF THE INVENTION

This 1nvention relates to a cooling plate
structure of a cooling apparatus and a transmitter with
the cooling apparatus.

The cooling piate structure which 1s used 1in a
cooling apparatus for cooling a plurality of heat
generating elements has been well known. The
conventional cooling plate structure includes a cooling
plate and at least one refrigerant circulating conduit
extending in the cooling plate. The cooling plate has
an excellent thermal conductivity and an outer surface
to which the plurality of heat generating elements are
connected thermally. The at least one refrigerant
circulating conduit has an excellent thermal
conductivity, includes a refrigerant introducing port
and a refrigerant discharging port both of which are
exposed on the outer surface of the cooling plate, and
extends from the refrigerant introducing port to the
refrigerant discharging port in the cooling plate.

For example, 1t 1s well known that the
transmitter, particularly a transmitter for
broadcasting, generates a large amount of heat during
1ts operation. If the temperature of the transmitter

1s raised, various electric or electronic elements
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which constitute an electric circuit of the transmitter
cannot perform a predetermined function. Thus, a
conventional transmitter is provided with a cooling
apparatus for cooling these various electric or
electronic elements which constitute the electric
circuit.

The conventional transmitter usually uses a
cooling apparatus which employs the aforementipﬁed
cooling plate structure. And, electric or eléctronic
elements each of which generates relatively large
amount of heat (hereinafter referred to as heat
generating elements), for example power amplifiers, in
the various electric or electronic elements
constituting the electric circuit of the conventional
transmitter, are connected thermally to the cooling
plate of the cooling plate structure. In this
specification, “Thermally connected” includes any
connecting style which allows heat transmission.

The cooling plate is formed of a material having
an excellent thermal conductivity, such as copper,
aluminum, and alloy thereof. As the refrigerant, for
example, water mixed with antifreeze solution 1s used.
The refrigerant 1is supplied from a radiator to the
refrigerant introducing port of the refrigerant
circulating conduit of thg cooling plate structure, and
absorbs heat transmitted to the cooling plate from the

heat generating elements while the refrigerant 1is



10

15

20

25

CA 02645751 2008-12-01

circulated in the refrigerant circulating conduit 1in
the cooling plate. Then, the refrigerant is returned
to the radiator from the refrigerant discharging port
of the refrigerant circulating conduit, and, after heat
is radiated from the refrigerant by the radiator, the
refrigerant 1s supplied from the radiator to the
refrigerant introducing port of the refrigerant
circulating conduit of the cooling plate structure.

In the technical field of the transmitter in
recent years, amount of heat generated from the heat
generating elements of the transmitter increases with
improvement of the performance of the transmitter, so
that 1t has been strongly demanded to improve the
cooling performance of the cooling plate structure of
the cooling apparatus used in the transmitter.

Japanese Patent Application KOKAI Publication
No. 2005-197454 discloses a cooling plate structure of
a cooling apparatus for a transmitter, which has an
improved cooling performance as compared with that of
the conventional cooling apparatus. In this cooling
plate structure, the refrigerant introducing port and
refrigerant discharging port of one refrigerant
circulating conduit are arranged side by side on the
cooling plate, further a flow-in part of the
refrigerant circulating conduit, which extends from the
refrigerant introducing port to an intermediate

position between the refrigerant introducing port and
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the refrigerant discharging port, meanders and a flow-

g

out part of the refrigerant circulating conduit, which

extends from the 1ntermediate position to the
refrigerant discharging port, also meanders adjacently
to the flow-in part. Specifically, the refrigerant
circulating conduilt is partitioned into the flow-in
part and the flow-out part by a common partition wall
excepf at the intermediate position and meanders from
the refrigerant introducing port to the refrigerant
discharging port in the cooling plate.

A plurality of heat generating elements are
disposed on the cooling plate to correspond to plural
positions along the adjacent flow-in and flow-out parts
of the single refrigerant circulating conduit. Each of
the plural heat generating elements has an opposed
surface which opposes each of the corresponding
positions, and each heat generating element is disposed
at each corresponding position such that halves of the

opposed surface correspond to the flow-in part and the
flow-out part of the refrigerant circulating conduit,

respectively.

With such a conventional cooling plate structure,
the plural heat generating elements disposed at the
plural positions along the adjacent flow-in and flow-

out parts of the one refrigerant circulating conduit on

the cooling plate can be cooled equally.

However, 1n the conventional cooling plate
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structure, 1t 1s a troublesome work to partition the
refrigerant circulating conduit into the flow-in part

and the flow-out part by the common partition wall

except at the 1ntermediate position. Further, the area
(that 1s, heat exchanging area) of the outer surface of
the refrigerant circulating conduit making in contact
with the cooling plate while the refrigerant
cilrculating éonduit extends from the refrigerant
introducing port to the refrigerant discharging port in
the cooling plate 1s small as compared with a case
where the flow-in part and flow-out part of the
refrigerant circulating conduit are not disposed

adjacently to each other with any common partition wall

but i1ndependent from each other. That is, there is a
large difference in cooling performance between a
narrow band-like area along the adjacent flow-in and
flow-out parts of the single refrigerant circulating
conduit and the other area on the cooling plate. As a
result, the cooling performance of the entire cooling
plate having such a conventional cooling plate
structure 1s smaller than that of the cooling plate
structure 1n which the flow-in part and flow-out part
of the refrigerant circulating conduit are not disposed
adjacently to each other with any common partition wall

put 1ndependent from each other.

Further, the kinds of work for thermally

connecting the plural heat generating elements directly
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to the plural positions along the adjacent flow-in and
flow-out parts of the single refrigerant circulating
conduit on the cooling plate are limited, because the
work must be done so as not to damage the adjacent
flow-in part and flow-out part of the refrigerant
circulating conduit at each corresponding portion. For
example, after each heat generating element 1s
connected thermally énd directly onto a heat generating
element supporting member which 1s made of excellent
heat conductive material and which 1s configured to
cross over the adjacent flow-in part and flow-out part
of the refrigerant circulating condulit at each
corresponding position on the cooling plate, both end
parts of the heat generating element supporting member
with the heat generating element are fixed to both
outer sides of the adjacent flow-1in part and flow-out
part of the refrigerant circulating conduit at each
corresponding position on the cooling plate with fixing
members made of excellent heat conductive material, for
example, fixing screws.

Such a heat generating element supporting member
not only makes the conventional cooling plate structure
having the above-described configuration being
complicated but also makes an assembling work thereof
being troublesome, thereby reducing the efficiency of
heat transmission from the heat generating elements to

the corresponding positions on the cooling plate.
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This invention 1s derived from the above-described
circumstances, and an object of this invention is to
provide a cooling plate structure of a cooling
apparatus, which has a simpler configuration and 1s
easier to assemble than the cooling plate structure of
the conventional cooling apparatus and which can
perform a high cooling performance as a whole, and a
transmitter with the cooliﬂg apparatus.

BRIEF SUMMARY OF THE INVENTION

According to one aspect of this invention, a
cooling plate structure of a cooling apparatus for
cooling a plurality of heat generating elements,
comprises: a cooling plate which has an excellent
thermal conductivity and an outer surface to which the
plurality of heat generating elements are connected
thermally; and at least one refrigerant circulating
condult which has an excellent thermal conductivity and
which includes a refrigerant introducing.port and a
refrigerant discharging port disposed side by side on
the outer surface of the cooling plate in an exposed
state. The at least one refrigerant circulating
conduit further includes a flow—-in part extending from
the refrigerant i1ntroducing port to an intermediate
position between the refrigerant introducing port and
the refrigerant discharging port in the cooling plate,
and a flow-out part extending along the flow-in part

from the intermediate position to the refrigerant
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discharging port such that flow-out part is separated
from the flow-1in part. The plurality of heat
generating elements are disposed along the fefrigerant
circulating conduit at an i1ntermediate portion between
a flow-in part corresponding portion and a flow-out
part corresponding portion both of which correspond to
the flow-1n part and flow-out part of the refrigerant
circulating conduit on the outer sﬁrface of the cooling
plate.

According to one aspect of this invention, a

transmitter comprises: an electric circuit which

includes a plurality of heat generating elements, which
are supplied with electricity and generate heat, and
which 1s configured to transmit electric waves
containing information; and a cooling apparatus which
1s conflgured to cool the plurality of heat generating
elements 1n the electric circuit. The cooling
apparatus comprises: a cooling plate structure
including a cooling plate which has an excellent
thermal conductivity and an outer surface to which the
plurality of heat generating elements are connected
thermally, and at least one refrigerant circulating
conduit which has an excellent thermal conductivity and
which includes a refrigerant introducing port and a
refrigerant discharging port disposed side by side on
the outer surface of the cooling plate in an exposed

state. The at least one refrigerant circulating
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conduit further includes a flow-in part extending from

the refrigerant introducing port to an intermedliate

position between the refrigerant introducing port and
the refrigerant discharging port in the cooling plate,

and a flow-out part extending along the flow-1in part

from the intermediate position to the refrigerant

discharging port such that flow-out part 1s separated

from the flow-in part. The plurality of heat
generating elements are disposed along the refrigerant

circulating conduit at an intermediate portion between

| —

a flow—-in part corresponding portion and a flow-out
part corresponding portion both of which correspond to
the flow-in part and flow-out part of the refrigerant
circulating conduit on the outer surface of the cooling
plate. The cooling apparatus further comprises a
radiator which is connected to the refrigerant
introducing port and refrigerant discharging port of
the refrigerant circulating conduit and which radiates
heat from refrigerant discharged from the refrigerant

discharging port and supplies the heat radiated
refrigerant to the refrigerant introducing port.
In one aspect, the invention provides a cooling

plate structure of a cooling apparatus for cooling a

plurality of heat generating elements, the coolilng

plate structure comprising:

a cooling plate which has an excellent heat
conductivity and an outer surtface with which the

plurality of heat generating elements make intimate

contact; and
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at least one refrigerant circulating conduit which
has an excellent heat conductivity, which extends in
the cooling plate, and which includes a refrigerant
introducing port and a refrigerant discharging port,
both of the introducing and the discharging ports
disposed adjacently side by side on the outer surface
of the cooling plate in an exposed state, a flow-in
part extending from the refrigerant introducing port to

an intermediate position of the refrigerant circulating

conduit and a flow-out part extending from the
intermediate position to the refrigerant discharging
port;

wherein the intermediate position of the
refrigerant circulating condult is not located between
the refrigerant introducing port and the refrigerant
discharging port in the cooling plate, the flow-out
part returns from the intermediate position toward the
refrigerant introducing and discharging ports along the
flow-in part while the flow-out part is adjacent the
flow-in part with a gap therebetween, and the plurality
of heat generating elements are disposed along both of
the flow-in part and the flow-out part of the
refrigerant circulating conduit at an intermediate
portion between a flow-in part corresponding portion
and a flow-out part corresponding portion which
respectively correspond to the flow-in part and flow-

but part of the refrigerant circulating conduit on the

outer surface of the cooling plate.



10

15

20

25

CA 02645751 2011-03-14

- 9p -

In one aspect, the invention provides a
transmitter comprising:

an electric circuit which includes a plurality of
heat generating elements, which generate heat when
supplied with electricity, the electric circuit being
configured to transmit electric waves containing
information; and

a cooling apparatus configqured to cool the
plurality of heat generating elements in the electric
circuit;

wherein the cooling apparatus comprises:

a cooling plate structure 1ncluding:

a cooling plate which has an excellent
thermal conductivity and an outer surface
with which the plurality of heat generating
elements make intimate contact; and

at least one refrigerant circulating
conduit which has an excellent thermal
conductivity, which extends in the cooling
plate, and which includes a refrigerant
introducing port and a refrigerant
discharging port, both of the introducing and
the discharging ports disposed adjacently
side by side on the outer surface of the
cooling plate in an exposed state, a flow-in
part extending from the refrigerant
introducing port to an intermediate position

of the refrigerant circulating conduit and a
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flow-out part extending from the intermediate
position to the refrigerant discharging port;
wherein the intermediate position of the
refrigerant circulating conduit is not
located between the refrigerant introducing
port and the refrigerant discharging port in
the cooling plate, the flow-out part returns
from the intermediate position toward the
refrigerant introducing and discharging ports

along the flow-in part while the flow-out

part 1s adjacent the flow-in part with a gap
therebetween, and the plurality of heat
generating elements are disposed along both

gi—

of the flow-1n part and the flow-out part of

the refrigerant circulating conduit at an
intermediate portion between a flow-in part
correspondlng portion and a flow-out part
corresponding portion which respectively
correspond to the flow-in part and flow-out
part of the refrigerant circulating conduit
on the outer surface of the cooling plate;

and

a radiator which 1s connected to the
refrigerant introducing port and refrigerant
discharging port of the refrigerant circulating
conduit and which radilates heat from refrigerant
discharged from the refrigerant discharging port

and supplies the heat radiated refrigerant to the

refrigerant introducing port.
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BRIEEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 i1s a view showling schematically a structure

of a transmitter with a cooling apparatus according to
an embodiment of the present invention;
FIG. 2 1s a view showing schematically a cooling

plate structure of the cooling apparatus in FIG. 1;



© A R TN AR AL Bt e i 5 5 4 2o B R £ 200 e a2 S O T T D o B A S S R R MO o R P M A e S i a s M e’ £ 8T elm, et s a ke WL s Yot TR e L s e e e aar o i mer b 4

CA 02645751 2008-12-01

— 10 —

FIG. 3 1s a sectional view showing schematically a

section along a 1line III-III of FIG. 2;

FIG. 4 1s a view showling schematically a first
modification of the cooling plate structure shown in
5 FIG. 2; and
FIG. 5 1s a view showing schematically a second
modification of the cooling plate structure shown in
FIG. 2.
DETAILED DESCRIPTION OF THE INVENTION
10 As shown 1in FIG. 1, a transmitter with a cooling
apparatus, according to an embodiment of the present

invention, includes: a known electric circuit 12 which

includes a plurality of heat generating elements, each
generating heat when 1t is supplied with electricity

15 from a known power supply 10, and which 1s configured
to transmit electric waves containing information; and
a cooling apparatus 14 which is configured to cool the
plural heat generating elements of the electric circuit

12. In this embodiment, the transmitter is used for

20 broadcasting.

As shown 1n FIG. 2, the cooling apparatus 14
includes a cooling plate 16 having an excellent thermal
conductivity and having an outer surface to which the
plural heat generating elements 12a of the electric

25 circuit 12 are connected thermally. The cooling plate
16 1s formed of excellent thermal conductive material,

such as aluminum, copper and alloy thereof. The
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“thermally connected” mentioned here 1ncludes any
connecting style which allows heat transmission.

The cooling apparatus 14 further includes at least
one refrigerant circulating conduit 18 having an
excellent thermal conductivity, including a refrigerant
introducing port 18a and a refrigerant discharging port
18b both of which are disposed side by side on the
outer surface of the cooling plate 16 in an exposed

state, and extending from the refrigerant introducing

port 18a to the refrigerant discharging port 18b 1n the

cooling plate 16. The refrigerant circulating conduilt

18 is formed of excellent thermal conductive material
such as aluminum, copper and alloys thereof.
A combination of the cooling plate 16 and the at

least one refrigerant circulating conduit 18 configures

a cooling plate structure 20.

Specifically, the at least one refrigerant
circulating conduit 18 includes a flow-in part 18d
extending from the refrigerant introducing port 18a to
an intermediate position 18c between the refrigerant
introducing port 18a and the refrigerant discﬁarging
port 18b, and a flow-out part 18e extending along the
flow-in part 18d from the 1ntermediate position 18c to
the refrigerant discharging port 18b such that the
flow-out part 18e 1s separated from the flow-1n part
18d. In this embodiment, the flow-i1n part 18d and

flow-out part 18e of the refrigerant circulating
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condult 18 are extended substantially in parallel to
each other from the refrigerant introducing port 18a to
the refrigerant discharging port 18b except at the
intermediate position 18c.

The cooling apparatus 14 further includes a
radiator 22 connected to the refrigerant introducing
port 18a and refrigerant discharging port 18b of the
refrigerant circulating conduit 18, radiating heat from
refrigerant discharged from the refrigerant discharging
port 18b, and supplying the heat radiated refrigerant
to the refrigerant supply port 18a. In this
embodiment, the refrigerant is water mixed with
antifreeze solution.

The plurality of heat generating elements 12a are
disposed along the refrigerant circulating conduit 18
at an i1ntermediate portion located between a flow-in
part corresponding portion and a flow-out part
corresponding portion, both of which correspond to the
flow-1in part 18d and flow-out part 18e of the
refrigerant circulating conduit 18, on the outer
surface of the cooling plate 16.

The plural heat generating elements 12a of the
electric circuit 12 are electric or electronic elements
each of which generates relatively large amount of heat
1n the various electric or electronic elements
constituting the electric circuit 12, and the heat

generating elements 12a are usually power amplifiers in
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case of the electric circuit 12 of the transmitter. In

this embodiment, each heat generating element 12a 1s so

configured that a part of 'its outer surface makes an
intimate contact with a predetermined position on the
outer surface of the cooling plate 16, and it 1s fixed
to the predetermined position on the outer surface of
the cooling plate 16 with known fixing elements (for
example, fixing screws or fixing pins) 19 made of
excellent thermal conductive material such as aluminum,
copper and alloy thereof.

Other various electric and electronic elements
12b, excluding the plural heat generating elements 123,
which do not generate relatively large amount of heat
in the various electric or electronic elements
constituting the electric circuit 12 but require
cooling, can be connected thermally to the outer
surface of the cooling plate 16 at positions at which
the other various electric or electronic elements 12b
can obtain a necessary cooling performance.

Depending on the positions along the refrigerant
circulating conduit 18 and a distance of each position
from the refrigerant circulating conduilt 18 on the
outer surface of the cooling plate 16, the various

electric and electronic elements 12b can obtain

different cooling performances.

As shown 1n FIG. 3, the outer surface of the

cooling plate 16 includes a pair of flat parts 1lo6a, 1l6b
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which direct in opposite directions to each other. 1In

one of the pair of the flat parts l6a, 16b, the flow-1n

part corresponding portion, the flow-out part

corresponding portion, and the intermediate portion are

dented integrally to provide a dent 24. In the dent
24, the flow-in part 18d, flow-out part 18e, and
intermediate position 18c of the refrigerant
circulating conduit 18 are disposed, and further a lid
26 having an excellent thermal conductivity 1s disposed
in the dent 24 to cover the flow-1in part 18d, flow-out

part 18e, and intermediate position 18c of the

refrigerant circulating conduit 18.

The lid 26 is formed of an excellent thermal
conductive material such as aluminum, copper or alloy
of these, and preferably that material 1s the same as
that of the cooling plate 16.

The 1lid 26 is connected thermally to the dented
surface portion configured by the dent 24, and the

flow-in part 18d, flow-out part 18e, and intermediate
position 18c of the refrigerant circulating conduit.
In this embodiment, such a thermal connection 1S
performed by a known friction diffusion bonding.

In the cooling plate structure 20 used in the
transmitter according to the embodiment of the present
invention and described with reference to FIGS. 1 to 3,
the at least one refrigerant circulating conduit 18

extending between the refrigerant introducing port 18a
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and the refrigerant discharging port 18b both of which
are disposed side by side on the outer surface of the
cooling plate 16 1n the exposed state includes the
flow-in part 18d extending from the refrigerant
introducing port 18a to the intermediate position 18c
in the cooling plate 16 and the flow-out part 1l8e
extending along the flow—-in part 18d from the

intermediate position 18c to the refrigerant

discharging port 18b such that the flow-out part 18e 1is
separated from the flow-in part 18d. Therefore, the
refrigerant circulating conduit 18 1s in contact with
the cooling plate 16 through the entire outer surfaces
of the flow—-in part 18d, intermediate position 18c and
flow-out part 18e (this means that the whole thermally
conductive surface area of the refrigerant circulating
conduit 18 to the cooling plate 16 1s increased),
thereby improving the cooling performance of the
refrigerant circulating conduit 18 to the cooling plate
16.

Further, the plurality of heat generating elements
12a, that is the plurality of electric or electronic
elements each of which generates a relatively large
amount of heat, among the various electric and
electronic elements constituting the electric circuit
12 of the transmitter, are disposed along the
refrigerant circulating conduit 18 and connected

thermally to an intermediate portion between the
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flow-in part corresponding portion and flow-out part
corresponding portion, both of which correspond to the

flow—-in part 18d and flow—-out part 18e of the

refrigerant circulating conduit 18, on the outer
surface of the cooling plate 16. Thus, heat generated
by each of the plural heat generating elements 12a can
be transmitted quickly to refrigerant flowing 1n the
refrigerant.circulating conduit 18 through both the
flow-1in pért 18d and flow-out part 18e of the
refrigerant circulating conduit 18.

Further, the plural heat generating elements 1l2a

are disposed along the refrigerant circulating conduit

18 at the intermediate portion between the flow-in part

corresponding portion and the flow-out part
corresponding portion, both of which correspond to the
flow-in part 18d and flow-out part 18e of the
refrigerant circulating conduit 18, on the outer
surface of the cooling plate 16. And, no refrigerant

circulating conduit 18 exists in the cooling plate 16

inside of the intermediate portion on the outer surface

of the cooling plate 16. Thus, the plural heat
generating elements 12a can be fixed to the
intermediate portion on the outer surface of the
cooling plate 16 in a direct contact condition using
only the known fixing elements 19. That is, the
thermal connection of each heat generating element 12a

to the outer surface of the cooling plate 16 can be

e e 'ﬂ\\ﬁ«ﬁfmtﬂ\\%ﬁi\{fﬂ%‘;}.ﬁ‘
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performed easily with an excellent heat conduction
efficiency.

In the cooling plate structure 20 used 1n the
transmitter according to the embodiment of the present
invention and described with reference to FIGS. 1 to 3,
the flow-1n part 18d and the flow-out part 18e of the
single refrigerant circulating conduit 18 are bent in
parallel to each,ther once in the cooling plate 16.

However, acéording to the concept of the present
invention, as shown schematically in FIG. 4, a flow-in
part 18’d and fiow-out part 18’e of a refrigerant
circulating portion 18’ may be bent i1n parallel to each
other several times 1n the cooling plate 16 to meander
in the cooling plate 16.

Further, according to the concept of the present
invention, as shown schematically in FIG. 5, a
plurality of the refrigerant circulating conduits 18
may be disposed in the cooling plate 16. The number of
bendings of each of the refrigerant circulating

condulits 18 may be equal to one another or different

from one another.
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The embodiments of the invention 1n which an exclusive

property or privilege 1s claimed are defined as follows:

1. A cooling plate structure of a cooling apparatus for
cooling a plurality of heat generating elements, the
cooling plate structure comprising:

a cooling plate which has an excellent heat
conductivity and an outer surface with which the plurality

of heat generating elements make i1ntimate contact; and

at least one refrigerant circulating conduit which has
an excellent heat conductivity, which extends 1in the
cooling plate, and which includes a refrigerant introducing
port and a refrigerant discharging port, both of the
introducing and the discharging ports disposed adjacently

side by side on the outer surface of the cooling plate 1in

an exposed state, a flow-in part extending from the

refrigerant introducing port to an intermediate position of

the refrigerant circulating conduit and a flow-out part
extending from the intermediate position to the refrigerant
discharging port;

wherein the intermediate position of the refrigerant

circulating conduit is not located between the refrigerant

introducing port and the refrigerant discharging port 1n
the cooling plate, the flow-out part returns from the
intermediate position toward the refrigerant introducing
and discharging ports along the flow-in part while the
flow-out part is adjacent the flow-in part with a gap
therebetween, and the plurality of heat generating elements
are disposed along both of the flow-in part and the flow-
out part of the refrigerant circulating conduit at an
intermediate portion between a flow-in part corresponding
portion and a flow-out part corresponding portion which

respectively correspond to the flow-in part and flow-out
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part of the refrigerant circulating conduit on the outer

surface of the cooling plate.

=

2. The cooling plate structure of a cooling apparatus

according to claim 1, wherein the flow-in and flow-out
parts of the refrigerant circulating conduit are bent in

parallel to each other at least once in the cooling plate.

3. The cooling plate structure of a cooling apparatus
according to claim 2, wherein the flow-in and flow-out
parts of the refrigerant circulating conduit are bent in
parallel to each other plural times in the cooling plate to

meander 1n the cooling plate.

4, The cooling plate structure of a cooling apparatus
according to any one of claims 1 to 3, wherein:

the outer surface of the cooling plate i1ncludes a pair
of flat parts which directs 1in opposite directions to each
other;

the flow-in part corresponding portion, the flow-out
part corresponding portion, and the intermediate portion on
one of the pair of flat parts are dented integrally and
provide a dent configuring a dented surface portion in the
one flat part;

the flow-in part, flow-out part, and intermediate
position of the refrigerant circulating conduit are
disposed in the dent and further a lid having an excellent
thermal conductivity 1s disposed in the dent to cover the
flow-in part, flow-out part, intermediate position of the
refrigerant circulating conduit; and

the dented surface portion configured by the dent, and

the flow-in part, the flow-out part and the intermediate
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position of the refrigerant circulating conduit, and the

l1d are connected thermally to one another.

5. The cooling plate structure of a cooling apparatus
according to claim 4, wherein the thermal connection is

performed by a friction diffusion bonding.

0. A transmitter comprising:
an electric circuit which includes a plurality of heat
generating elements, which generate heat when supplied with

electricity, the electric circuit being configured to

transmit electric waves containing information; and
a cooling apparatus configured to cool the plurality
of heat generating elements 1n the electric circuit;
wherein the cooling apparatus comprises:
a cooling plate structure including:

a cooling plate which has an excellent
thermal conductivity and an outer surface with
which the plurality of heat generating elements
make intimate contact; and

at least one refrigerant circulating conduit
which has an excellent thermal conductivity,
which extends in the cooling plate, and which

includes a refrigerant introducing port and a

refrigerant discharging port, both of the
introducing and the discharging ports disposed
adjacently side by side on the outer surface of
the cooling plate in an exposed state, a flow-in
part extending from the refrigerant introducing
port to an intermediate position of the
refrigerant circulating conduit and a flow-out

part extending from the intermediate position to

the refrigerant dischargihg port;
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wherein the intermediate position of the

refrigerant circulating conduit is not located

between the refrigerant introducing port and the
refrigerant discharging port in the cooling
plate, the flow-out part returns from the
intermediate position toward the refrigerant
introducing and discharging ports along the flow-
1n part while the flow-out part is adjacent the
flow-in part with a gap therebetween, and the
plurality of heat generating elements are
disposed along both of the flow-in part and the
flow-out part of the refrigerant circulating
condult at an intermediate portion between a
flow-1in part corresponding portion and a flow-out
part corresponding portion which respectively
correspond to the flow—-1n part and flow-out part
of the refrigerant circulating conduit on the
outer surface of the cooling plate; and

a radiator which 1s connected to the refrigerant

introducing port and refrigerant discharging port of
the refrigerant circulating conduit and which radiates
heat from refrigerant discharged from the refrigerant
discharging port and supplies the heat radiated

refrigerant to the refrigerant introducing port.

The transmitter according to claim 6, wherein the

flow-in and flow-out parts of the refrigerant circulating

conduit are bent in parallel to each other at least once 1n

the cooling plate of the cooling plate structure of the

cooling apparatus.

8.

The transmitter according to claim 7, wherein the

flow-in and flow-out parts of the refrigerant circulating
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conduit are bent in parallel to each other plural times in

the cooling plate to meander in the cooling plate of the

cooling plate structure of the cooling apparatus.

9. The transmitter according to any one of claims 6 to 8,
wherein:

the outer surface of the cooling plate of the cooling
plate structure of the cooling apparatus includes a palir of
flat parts which directs in opposite directions to each

other;
the flow—-in part corresponding portion, the flow-out
part corresponding portion, and the i1ntermediate portion on

one of the pair of flat parts are dented integrally and

provide a dent configuring a dented surface portion 1in the
one flat part;
the flow-in part, flow-out part, and intermediate

position of the refrigerant circulating condult are

disposed in the dent and further a lid having an excellent
thermal conductivity is disposed in the dent to cover the
flow-in part, flow-out part, and intermediate position of
the refrigerant circulating conduit; and

the dented surface portion configured by the dent, and
the flow-in part, the flow-out part and the intermediate
position of the refrigerant circulating conduit, and the

1id are connected thermally to one another.

10. The transmitter according to claim 9, wherein the

thermal connection is performed by a friction diffusion

bonding.
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