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(57) Abrégée/Abstract:
An object Is to provide a heating tank capable of highly efficiently heating a target to be heated and having high safety and reliabillity,

and a hot water storage tank. The heating tank in which the target to be heated Is stored and which heats the target to be heated
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(57) Abrege(suite)/Abstract(continued):
by a circulated refrigerant of a heat pump, for example, the hot water storage tank which Is heated by the circulated refrigerant of

the heat pump to produce hot water in the tank includes a heat exchanger in which a wall surface of a tank main body Is partially
secured to peripheral edge portions and inner portions of two metal plates and in which non-secured portions swell to constitute a
refrigerant passage closed except an inlet and an outlet. A thickness dimension of one metal plate is set to be larger than that of the

other metal plate, and the one metal plate is arranged on the inner side of the other metal plate.
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ABSTRACT

An object is to provide a heating tank capable of
highly efficiently heating a target to be heated and having
high safety and reliability, and a hot water storage tank.
The heating ténk in which the target to be heated is stored
and which heats the target to be heated by a circulated
refrigerant of a heat pump, for example, the hot water
storage tank which is heated by the circulated refrigerant
of the heat pump to produce hot water in the tank includes
a.heat exchanger in which a wall surface of a tank main
body is partially secured to peripheral edge portions and
inner portions of two metal plateé and in which non-secured
portions swell to constitute a refrigerant passage closed
exdept an inlet and an outlet. A thickness dimension of
one metal plate is set to be larger than that of the other
metal plate, and the one metal plate is arranged on thé

inner side of the othet metal plate.
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SPECIFICATION

TITLE OF THE INVENTION

HEATING TANK AND HOT WATER STORAGE TANK

BACKGROUND OF THE INVENTION

The present invention relates to a heating tank
which heats a target to be heated stored by a circulated |
refrigerant of a heat pump in the tank, and a hot watep
storage tank.

Heretofore, in this type of heating tank, for
example, a hot water storage tank in which hot water 1is
stored, water (a target to be heated) has been heated by a
cifculated refrigerant of a heat pump to produce the high-
temperature hot water. The hot water is stored in the hot
water storage tank, and the hot water stored in the hot
water storage tank is taken out, if necessary.
Specifically, the hot water storage tank is connected to a
heat exchanger via a pipe, and the hot water produced via
the heat exchanger is stored in the hot water storage tank.

However, in a case where the hot water produced via
the heat exchanger is stored in the hot water storage tank
in this manner, a pump for feeding water 1s required for
circulating the water through the heat exchanger, and there
has occurred a problem that a device cost and a power
consumption increase. Furthermore, since the high-

temperature hot water produced by the heat exchanger
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returns to the hot water storage tank via the pipe,
reliability of a component such és the pipe needs to be
sufficiently considered, and there are many problems that
the temperature of the hot water drops in a process of
passing the hot water through the pipe, to result in heat
loss and the like. ‘

To solve the problem, there has been developed a
device in which the heat exchanger is incorporated in the
hot water storage'tank, or a refrigerant pipe of the heat
exchanger 1s woﬁhd around a wall surface of the hot water
storage tank, to directly heat the water in the hot water
storage tank by the circulated refrigerant of the heat pump,
for example, a device in which a so-called heat release
seétion of the heat pump is provided integrally in the hot
water storage tank (e.g., see Japanese Patent Application
Laid-Open No. 2001-221500).

However, as in the former case, when the pipe where
the refrigerant of the heat exchanger flows is incorporated
in the hot water storage tank, the above problem of the

heat release loss can be solved, but the refrigerant pipe
needs to be provided in the hot water storage tank. When
the pipe is cracked or broken, the water in the hot water

storage tank is polluted, and there have been many problems

of safety and reliability.

On the other hand, as in the latter case, when the

refrigerant pipe of the heat exchanger is wound around the

wall surface of the hot water storage tank, heat of the
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refrigerant 1s conducted to the water 1n the tank via the
pipe and the wall surface, and this lowers heat conductivity.

Moreover, since a contact area between the pipe and the wall

1s very small, an even thermally conductive surface cannot be

secured, and efficiency deteriorates.

SUMMARY OF THE INVENTION

The present 1nvention has been developed to solve such a

problem of a conventional technology, and an object thereof

is to provide a heating tank capable of highly efficiently
heating a target to be heated and having high safety and
reliability, and a hot water storage tank.

In a heating tank of a first aspect of the present
invention, a target to be heated i1s stored, the heating tank
heats the target to be heated by a circulated refrigerant of
a heat pump, and the heating tank i1s characterized by
comprising a heat exchanger in which a wall surface 1is
partially secured to peripheral edge portions and 1lnner
portions of two metal plates and in which non-secured
portions swell to constitute a refrigerant passage closed
except an inlet and an outlet.

—

The heating tank of a second aspect of the present

invention 1is characterized 1in that in the above first aspect

of the present invention, a thickness dimension of one of the
metal plates is set to be larger than that of the other metal
plate, and the one metal plate is arranged on the inner side

of the other metal plate.
The heating tank of a third aspect of the present

invention is characterized in that in the above first or
second aspects of the present invention, the heat exchanger
has a cylindrical shape, and constitutes a tank main body.

P

The heating tank of a fourth aspect of the present

invention is characterized in that in the above third aspect
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of the present 1nvention, a cylindrical partition plate is

concentrically arranged with a space from the inner side of

the tank main body.

'

- —

A hot water storage tank of a fifth aspect of the

P
—

present 1nvention is heated by a circulated refrigerant of a

heat pump to produce hot water therein, and is characterized
by comprising a heat exchanger provided in the hot water
storage tank and including two metal plates in which
peripheral edge portions and inner portions of both the metal

plates are partially secured and in which non-secured

portions swell to constitute a refrigerant passage closed

except an inlet and an outlet.

F
p—

The hot water storage tank of a sixth aspect of the

~— 0
p—

fifth aspect

present inventlion i1is characterized in that the
of the present invention includes a cylindrical tank main
body, and the heat exchanger has a cylindrical shape, and is
arranged concentrically with the tank main body.

P

The hot water storage tank of a seventh aspect of the

present i1nvention 1s characterized in that in the sixth

F

aspect of the present invention, an insulating material 1is

i

provided at an inner side surface of the heat exchanger.

The hot water storage tank of an eighth aspect of the

present invention 1s characterized in that in the sixth or

*

seventh aspects of the present i1invention, a plurality of heat

exchangers are concentrically arranged.

p—

According to the first aspect of the present invention,

the target to be heated 1s stored in the heating tank, the
heating tank heats the target to be heated by the circulated

refrigerant of the heat pump, and the heating tank comprises

the heat exchanger 1n which the wall surface 1s partially

secured to the peripheral edge portions and the inner

portions of the two metal plates and in which the non-secured

portions swell to constitute the refrigerant passage closed
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except the inlet and the outlet, so that the target to be
heated i1n the heating tank can substantially directly be
heated by the refrigerant which flows along the wall surface.

In consequence, heat loss can be eliminated.

Furthermore, since the refrigerant flows through the

refrigerant passage formed between two plates, a temperature
distribution of a thermally conductive surface can remarkably
be uniformed. In consegquence, a heat exchange performance
between the refrigerant and the target to be heated 1n the
heating tank improves, and the target to be heated can highly
efficiently be heated.

Especially, in a case where the heating tank 1s used as
a hot water storage tank which heats a liquid such as water
to produce hot water or the like, unlike a case where the

heat exchanger is provided outside the hot water storage

tank, water feeding means such as a water feeding pump 1s not

required, so that a device cost and a power consumption can

be reduced.

According to the heating tank of the second aspect of

the present invention, in the first aspect of the present
invention, the thickness dimension of one of the metal plates
is set to be larger than that of the other metal plate, and

the one metal plate is arranged on the inner side of the

other metal plate. Therefore, in a case where a high pressure
is generated in the passage, the other metal plate having the
small thickness dimension is plastically deformed, and

broken, and it is therefore possible to avoid a disadvantage

that the one metal plate arranged on the inner side of the

other metal plate 1s broken.

Especially, 1in a case where it is assumed that the heat

exchanger has the cylindrical shape and constitutes the tank

P

main body as in the third aspect of the present invention, 1t

is possible to avoid a disadvantage that the target to be
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heated stored in the heating tank on an inner side of the one

metal plate is polluted. In consequence, safety and
reliability of the heating tank including the heat exchanger
can be improved.

Furthermore, 1n a case where the heating tank 1i1s used as
the hot water storage tank which heats a liquid such as the
water to produce the hot water or the like, when the
cylindrical partition plate 1s concentrically arranged with a

space from the inner side of the tank main body as in the

fourth aspect of the present invention, a space between the
partition plate and the heat exchanger can be separated as a

hot water production area from a cold water area on the 1nner

side of the partition plate. In consequence, cold water
supplied from a lower part of the hot water storage tank can
be heated in the hot water production area to produce
high-temperature hot water, and the produced high-temperature

hot water can effectively be stored 1n an upper part of the

hot water storage tank. Therefore, without impairing

F

production layers of the hot water and the cold water as much

as possible, the hot water can be produced and stored.

According to the fifth aspect of the present invention,
the hot water storage tank is heated by the circulated

refrigerant of the heat pump to produce the hot water

therein, and comprises the heat exchanger provided in the hot

water storage tank and including two metal plates 1in which

the peripheral edge portions and the inner portions of both
the.metal plates are partially secured and i1in which the Nnon-
secured portions swell to constitute the refrigerant passage
closed except the inlet and the outlet. Therefore, the water
in the hot water storage tank can substantially directly be

heated and stored. In consequence, heat loss can be

eliminated. Since water feeding means such as a water feeding
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pump 1s not requilired, a device cost and a power consumption
can be reduced.

Furthermore, since the refrigerant flows through the
refrigerant passage formed between two plates, a temperature
distribution of a thermally conductive surface can remarkably

be uniformed.

In addition, according to the hot water storage tank of

the sixth aspect of the present invention, the fifth aspect

of the present invention includes the cylindrical tank main

body, and the heat exchanger has the cylindrical shape, and

is arranged concentrically with the tank main body, so that

the water 1n the whole hot water storage tank can efficiently

be heated. In consequence, the hot water can highly

efficiently be produced.

Especially, when the insulating material is provided at

ﬁ

the inner side surface of the heat exchanger as in the

seventh aspect of the present invention, a space where the
heat exchanger outside the insulating materlal 1s present can

be separated as a hot water production area from a cold water

area on an inner side of the insulating material. In
consequence, cold water supplied from a lower part of the hot
water storage tank can be heated in the hot water production

area to produce high-temperature hot water, and the produced

high-temperature hot water can effectively be stored in an

upper part of the hot water storage tank.

Furthermore, in the sixth or seventh aspects of the
present invention, when the plurality of heat exchangers are

concentrically arranged as 1n the eighth aspect of the

present invention, the hot water can more efficiently be
produced, and the produced high-temperature hot water can be
stored in the upper part of the hot water storage tank. In

consequence, without impairing production phases of the hot
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water and the cold water, the hot water can be produced and

stored.

P

According to another aspect of the present invention

there 1s provided a hot water storage tank which i1s heated

by a circulated refrigerant of a heat pump to produce hot

water therein, the hot water storage tank comprising a heat

exchanger provided in the hot water storage tank, the heat
exchanger having a wall, wherein:

the wall includes a cylindrical wall body, a top cover
and a bottom cover,

the cylindrical wall body 1includes two metal plates
having an i1nner metal plate and an outer metal plate,

the outer metal plate includes an inlet hole and an
outlet hole for passing refrigerant therethrough,

peripheral edges of the i1nner metal plate and the

outer metal plate are seam-welded,

in an inside portion other than the peripheral edges
of the inner metal plate and the outer metal plate, the
inner metal and the outer metal are partially secured by
welding, portions to form secured portions,

non-secured portions in the inside portion, which are
portions other than the secured portions, swell outwardly,

the swelling non-secured portion and the sealed
peripheral edges constitute a closed refrigerant passage

between the inlet hole and the outlet hole,

the heating tank further comprises a cylindrical
partition plate concentrically arranged with a space from

an inner side of the tank main body,

a height of the cylindrical partition plate 1s greater
than a height of the cylindrical body,

the hot water storage tank further comprises a

cylindrical tank main body,
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the heat exchanger has a cylindrical shape, and is

arranged concentrically with the tank main body, and

a plurality of heat exchangers are concentrically

arranged.

BRIEF DESCRIPTION OF THE DRAWINGS

e byl li—v—vliy—r—vubl—

FIG. 1 1s a refrigerant circulit diagram of a heat pump
device 1ncludling a hot water storage tank as one embodiment
of a heating tank of the present invention;

FIG. 2 1s a vertically sectional view of the hot water

storage tank of FIG. 1;

FIG. 3 1s a partially enlarged view of a range A shown

in FIG. 2;

FIG. 4 i1s a side view of a tank main body of the hot

water storage tank of FIG. 2;
FIG. 5 1s a plan view of the tank main body of the hot
water storage tank of FIG. 2;

=

FIG. © 1s a diagram showing a flow of a refrigerant

around a refrigerant inlet formed at the tank main body;

FIG. 7 1s a side view of a tank main body according to

another embodiment;

FIG. 8 1s a plan view of the tank main body of FIG. 7;
FIG. 9 1s a developed diagram schematically showing the

tank main body of FIG. 7;

FIG. 10 1s an explanatory view of a hot water storage

tank according to still another embodiment of the present

invention;
FIG. 11 i1is a vertically sectional view of a

treatment tank according to another embodiment of the
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heating tank of the present invention:

FIG. 12 is a sectional view cut along the B-B line
of FIG. 11;

FIG. 13 is a diagram showing a flow of a refrigerant
which flows through a tank main body 102 of the treatment
tank of FIG. 11;

FIG. 14 is another diagram showing the flow of the
refrigerant which flows through the tank main body 102 of
the treatment tank of FIG. 11;

FIG. 15 is a diagram showing a flow of a refrigerant
in a treatment tank of another embodiment; and

FIG. 16 is a diagram showing a cap member of the

treatment tank shown in FIG. 15.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention relates to a heating tank 1n
which a target to be heated is stored and which heats the
target to be heated by a circulated refrigerant of a heat
pump to store the target, and a hot water storage tank, and
the present invention has been developed to eliminate steep
rise of a device cost and a power consumption, eliminate
heat loss, and solve problems of safety and reliability
generated in a case where the heating tank includes a heat
exchanger, or prevent deterioration of efficiency due to
drop of thermal conductivity or the like. An object to

provide the heating tank in which the target to be heated

can highly efficiently be heated and which has high safety
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and reliability is realized by a constitution where the
heating tank is constituted by a heat exchanger in which
the wall surface is partially secured to peripheral edge
portions and inner portions of two metal plates and in
which non-secured portions swell to constitute a
refrigerant passage closed except an inlet and an outlet.
Embodiments of the present invention will hereinafter be

described in detail with reference to the drawings.

(Embodiment 1)

First, one embodiment in a case where a heating tank
of the present invention is applied to a hot water storage
tank will be described. FIG. 1 is a refrigerant circuit
diagram of a heat pump device including the hot water
stdrage tank according to the present embodiment. A hot
water storage tank 1 of the embodiment is a hdt water
storing tank of a hot water supply device having a function
of a heat exchanger which releases heat of a circulated
refrigerant of a heat pump. The tank constitutes a

refrigerant circuit together with '‘a compressor 10, an

expansion valve (a pressure reduction unit) 14 and an

evaporator 16.

That is, a refrigerant discharge tube 12 of the
compressor 10 is connected to a refrigerant passage inlet /A

(not shown in FIG. 1) of the hot water storage tank 1, and
a refrigerant pipe 13 connected to a refrigerant passage
outlet 7B (not shown in FIG. 1) of the hot water storage

tank 1 is connected to the expansion valve 14. Then, a
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refrigerant pipe 15 connected to an outlet of the expansion
valve 14 is connected to the evaﬁorator 16, and an outlet
of the evaporator 16 is connected to a refrigerant
introduction tube 11 of the compressor 10 to constitute an
annular refrigerant circuit. in this refrigerant circuit,
carbon dioxide (CO,) is used as a refrigerant. In the
embodiment, it is assumed that the carbon dioxide
refrigerant is compressed into a supercritical state, and
the refrigerant does not condense in the hot water storage
tank 1 (the heat exchanger), but a temperature of the fank
drops, and the supercritical state changes to a gas-liquid
two-phase state by reduction of the pressure in the
expansion valve 14.

Then, the high-temperature high-pressure gas
refrigerant (CO,) compressed by a compression element (not
shown) of the compressor 10 performs heat exchange between
the refrigerant'and water as a target to be heated
contained (stored) in the hot water storage tank 1, to
release heat. At this time, the water stored in the hot
water storage tank 1 is heated by such heat release of the
refrigerant, to form high-temperature hot water.

On the other hand, the refrigerant which has
released the heat in the hot water storage tank 1 flows
into the expansion valve 14 and is pressed, then liquefied
in the process of the pressure reduction, and then achieves
a gas-liquid two-phase state. Then, the refrigerant flows

into the evaporator 16, takes heat from the air (outside
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air) blown by a fan 16F in the evaporator, and evaporates.
The refrigerant which has exited from the evaporator 16
repeats a supercritical freezing cycle in which the
refrigerant is sucked into the compressor 10 from the
refrigerant introduction tube 11.

Next, the hot water storage tank 1 of the present
embodiment will be described in detail with reference to
FIGS. 2 to 5. FIG. 2 shows a vertically éectional view of
the hot water storage tank 1 of the embodiment, FIG. 3
shows a partially enlarged view of a range A shown in FIG.
2, FIG. 4 shows a side view of a tank main body 2 of the
hot water storage tank 1 of FIG. 2, and FIG. 5 shows a plan
view of the tank main body 2 of FIG. 4, respectively. The
hot‘water storage tank 1 of the embodiment is constituted
of the tank main body 2 having a cylindrical shape, a cap
part 3 welded to one end (an upper end in FIGS. 2 and 4) of
the tank main body 2, and a bottom part 4 welded to the
other end (a lower end in FIGS. 2 and 4) of the tank main
body 2.

The tank main body 2 of the present embodiment is
constituted of a heat exchanger. Specifically, the tank
main body 2 1s constituted of a heat exchanger in which a
wall surface is partially secured to peripheral edge
portions and'inner portions of two metal plates 5, 6 and in
which non-secured portions swell to constitute a
refrigerant passage 7 (a refrigerant circulating section)

closed except an inlet 7A and an outlet 7B. In this case,
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hot water to be supplied is stored at an inner surface of
the metal plate 5 arranged on thé inner side of the other
metal plate. In FIG. 4, Wi indicates secured portions
formed by partially securing the inner portions of the
metal plates 5, 6, and in the embodiment, the secured
portions Wi are fofmed by spot welding of the metal plates
6 and 5 from one surface side (the side of the surface
opposite to the side where the metal plate 5 1s positioned)
of the metal plate 6. Moreover, Wo indicates secured
portions of the peripheral edge portions of the metal
plates 5, 6, and in the embodiment, the secured portions Wo
are formed by seam welding of the metal plates 6 and 5 from
the one surface side (the side of the surface opposite to
thé side where the metal piate S is positioned) of the
metal plate 6.

In a wall surface of the tank main body 2 according
to the embodiment, the one metal plate 5 arranged on the
inner side is constituted of a plate material of a metal
having a thickness dimension of 1.5 mm, and the other metal
plate 6 arranged on the outer side is constituted of a
plate material of a metal having a thickness dimension of
1.0 mm. That is, the wall surface is constituted of the
metal plates having different thickness dimensions, and the
one metal plate 5 having a large thickness is arranged on-
the inner side. Therefore, one surface (an inner surface)
of the metal plate 5 comes in contact with the water in the

hot water storage tank 1.
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The thickness dimension of the one metal plate 5
arranged on the inner side is sef to be larger than that of
the other metal plate 6 arranged on the outer side in this
manner, whereby if a high pressure is generated in the
passage 7 formed between both the metal plates 5 and 6, the
outer metal plate 6 completely blocked from the contact
with the water in the hot water storage tank 1 is
plastically deformed and broken. For example, in a case
where a plate thickness of the inner metal plate 5 which
comes in contact with the water in the tank 1 is set té be
equal to or smaller than that of the outer metal plate 6,
when the high pressure is generated in the passage 7 formed
between both the metal plates 5 and 6, the metal plate 5
might be deformed and broken. Thus, in a case where the
metal plate 5 which comes in contact with the water in the
hot water storage tank 1 is deformed and broken, the
refrigerént in the passage 7 and machine o0il for
lubrication mixed into the refrigerant from the compressor
10 leak into the hot water storage tank 1, and the water in
the hot water storage tank 1 is polluted. In consequence,
safety and reliability remarkably deteriorate. Especially
when the hot water produced in the hot water storage tank 1
is used for beverages, such a problem is not acceptable.

Therefore, as described above, the thickness
dimenéion of the metal plate 5 arranged on the inner side
is set to be larger than that of the metal plate 6 arranged

on the outer side, so that it is possible to avoid in
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advance a disadvantage that the metal plate 5 arranged on

the inner side to come in contact'with the water in the hot

water storage tank 1 is deformed and broken. In

consequence, safety and reliability of the hot water
storage tank 1 can be improved. In addition, it 1is
preferable that the metal plate 5 arranged on the inner
side is constituted of at least a material having an
excellent resistance to corrosion. It is to be noted that
in the present embodiment, the thickness dimension of the
metal plate 5 is set to 1.5 mm, and the thickness'dimenéion
of the metal plate 6 is set to 1.0 mm, but the thickness
dimensions of the metal plates 5, 6 are not limited to the
dimensions of the embodiment.

Moreover, a water supply pipe 20 for supplying the
water into the hot water storage tank 1 is attached so as
to extend through an outer surface of the center of the
bottom part 4, and one end of the pipe opens at the bottom
part of the hot water storage tank 1. The other end of the
water supply pipe 20 is connected 'to a water supply source
sﬁch as city water via a pressure reduction valve or the

like (not shown).

On the other hand, a hot water outflow pipe 22 for
taking out the hot water produced in the hot water storage
tank 1 is attached so as to extend through an outer surface
of the center of the cap part 3, one end of the pipe opens

at the upper part of the hot water storage tank 1, and the

other end is connected to, for example, a tap of the city
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water or the like.

Moreover, in the vicinity bf the inner surface of
the tank main body 2 (in the vicinity of an inner wall of
the metal plate 5), a cyiindrical partition plate 8 1is
disposed with a space from the metal plate 5. As the
partition plate 8 of the present embodiment, an insulating
member such as a foaming material of a synthetic resin such
as polystyrene or polyethylene, the foaming material nipped
by fiber reinforcing plastics (FRP) or the foaming material
nipped between stainless steel materials is formed into'a
cylindrical shape, and is arranged concentrically with the
tank main body 2.

In consequence, the hot water storage tank 1 can be
separated by the partition plate 8 into a space formed
between the outer side of the partition plate 8 and the
inner surface of the tank main body 2 and a spacé on the
inner side of the cylindrical partition plate 8.

Moreover, a ﬁeight dimension (a vertical dimension
corresponding to an area where the partition plate is
installed as shown in FIG. 2) of the partition plate 8 is
formed to be larger than that of the tank main body 2, and
the partition plate is arranged so that a lower end of the
partition plate 8 is positioned below the lower end of the
tank main body 2 in at least the hot water storage tank 1
and so that a predetermined gap is formed between the

partition plate 8 and the lower bottom part 4.

The partition plate 8 is arranged so that an upper
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end of the plate has substantially the same position as
that of the upper end of the tank.maih body 2 or a position
slightly higher than that of the upper end of the tank main
body 2. 1In consequence, a sufficient gap is secured
between the partition plate 8 and the upper cap part 3. 1In
FIG. 2, reference numeral 25 is a fixing member for fixing
the upside of the partition plate 8, and 26 is a fixing
member for fixing the downside of the partition plate 8.

In the embodiment, two fixing members 25 and two fixing
members 26 are used, respectively, and the partition plate
8 1s fixed to the tank main body 2 via the fixing members
25, 26. It is to be noted that circulation of the water in
the hot water storage tank 1 is not disturbed by the fixing
members 25, 26.

Thus, the partition plate 8 is formed to be larger
than the height dimension of the tank main body 2, the
ldwer end of the partition plate 8 1is disposed at a
position lower than that of the lower end of the tank main
body 2, and the upper end of the plate is disposed at
substantially the same position as that of the upper end of
the tank main body 2 or at a position slightly higher than
that of the tank main body 2, whereby the tank main body 2
1s separated by the partition plate 8 into a space formed
between the outer side of the partition plate 8 and the
inner su:face of the tank main body 2 and a space on the

i1nner side of the cylindrical partition plate 8. 1In

consequence, the space formed between the outer side of the
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partition plate 8 and the inner surface of the tank main
body 2 constituting the heat excHanger can be constituted
as a hot water production area, and the space on the inner
side of the partition plate 8 can be constituted as a cold
water area. .

To assemble the hot water storage tank 1 in the
above constitution, first at one end and the other end of
the metal plate 6, holes (corresponding to the refrigerant
inlet 7A and the refrigerant outlet\7B) extending through
the metal plate 6 are formed, respectively. Subsequenfly,
the metal plates 5 and 6 are arranged so as.to be
superimposed on each other, and both the metal plates 5, 6
are spot-welded from one surface side (the side of the
sufface opposite to the surface where the metal plate 5 is
positioned) of the metal plate 6. In consequence, both the
metal plates 5, 6 are partially secured to form the secured
portions Wi. Then, all peripheral edge portions of both
the metal plates 5, 6 are seam-welded from the one surface
side (the side of the surface opposite to the surface where
the metal plate 5 is positioned) of the metal plate 6. In
consequence, between both the metal plates 5 and 6, a space
where all the peripheral edge portions are secured with the
secured portions Wo is formed.

Subsequently, the metal plate 5 is processed into a
cylindrical shape so as to be arranged on the inner side.
In consequence, the tank main body 2 is formed. Afterward,

a high-pressure liquid is injected from one hole (e.g., a
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hole corresponding to the refrigerant inlet 7A) formed at
the metal plate 6. 1In consequende, non-secured portions
other than the spot-welded secured portions Wi on the inner
side of the secured portions Wo swell owing to the pressure
of the liquid. In consequence, the heat exchanger is
constituted in which the passage 7 closed except the
refrigerant inlet 7A and the refrigerant outlet 7B is
formed between the metal plates 5 and 6 and in which the
insidé of the passage 7 is a refrigerant passage.

Then, the cylindrically processed partition platé 8
is attached on the inner side of the tank main body 2. At
this time, the lower end of the partition plate 8 is
positioned at the position lower than the lower end of the
taﬁk main body 2 in at least the hot water storage tank 1
so that a predetermined gap is formed between the partition
plate 8 and the lower bottom part 4, and the downside of
the pattition plate 8 is fixed by the fixing members 26.

Similarly, the upper end of the partition plate 8 is
positioned at substantially the same position as the upper
end of the tank main body 2 or the position slightly higher
than the upper end of the tank main body 2 in the hot water
storage tank 1, and the upsidé of the partition plate 8 is
fixed by the fixing members 25.

Subsequently, the cap part 3 provided with a through
hole (not shown) to be connected to the hot water outflow
pipe 22 around the center thereof is attached to an opening

of the upper end of the tank main body 2, and all
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peripheral edges of a connecting portion are secured by
welding (seam welding or the liké). Similarly, the bottom
part 4 provided with a through hole (not shown) to be
connected to the water supply pipe 20 at the center thereof
1s attached to an opening of the other end of the tank main
body 2, and all peripheral edges of a connecting portion
are secured by the welding (the seam welding or the like).

Then, the refrigerant introduction tube 12 of the
compressor_ld is connected and secured to the refrigerant
inlet 7A of-the tank main body 2, and the refrigerant ﬁipe
13 is connected and secured to the refrigerant outlet 7B.
?urthermore, the hot water outflow pipe 22 is connected and
secured to the through hole of the cap part 3, and the
water supply pipe 20 is connected and secured to the
through hole of the bottom part 4. 1In conseqﬁence, the hot
water storage tank 1 of the embodiment is assembled.

An operation of the heat pump device including the
hot water storage tank 1 having the above constitution of
the present embodiment will be described. The compressor
10 is started to compress the refrigerant, and the carbon
dioxide refrigerant havihg high temperature and high
pressure is discharged‘to the refrigerant discharge tube 12.
At this time, the discharged refrigerant is compressed into
a supercritical state.

- The refrigerant discharged to the refrigerant

discharge tube 12 flows from the refrigerant inlet 7A into

the hot water storage tank 1 (into the refrigerant passage
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7 in the tank main body 2). The refrigerant which has
flowed from the refrigerant inlet 7A into the refrigerant
passage 7 1s dispersed as shown in FIG. 6 to flow through
the passage 7 formed among the secured portions Wi. In

this process, the refrigerant releases heat to the water in

the hot water storage tank 1. In the hot water storagé

tank 1 of the present invention, since the refrigerant
flows rhrough the refrigerant passage 7 formed between two
metal plates 5 and 6 as described above, a temperature
distribution of a thermally conductive surface is
remarkably uniform. That is, the heat of the refrigerant
which flows through the passage 7 can evenly be transmitted
to the water in the hot water storage tank via the metal
plate 5. In conseguence, a heat ekchange performance
between the refrigerant and the water improves, and the hot
water can highly efficiently be produced.

Moreover, the refrigerant flows from the refrigerant
inlet 7A formed on the upside of the hot water storage tank
1 into the passage 7, and flows downwards. On the other
hand, the water in the hot water storage tank 1 enters the
hbt water storage tank 1 from an opening of the water
supply pipe formed at the lower part, and flows upwards.
Therefore, the refrigerant and the water in the hot water
storage tank 1 performs the heat exchange while flowing in
a counter flow. The flows of the refrigerant and the water

form the counter flow, so that the water in the hot water

storage tank 1 can efficiently be heated.
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Especially, in a case wheré the carbon dioxide
refrigerant is used as in the preéent embodiment, in the
hot water storage tank 1, the refrigerant does not condense,
and releases the heat while maintaining the supercritical
state, so that a temperature of the refrigerant drops.
Therefore, the temperature of the refrigerant 1s highest

around the refrigerant inlet 7A formed on the upside of the

- hot water storage tank 1, the temperature of the

refrigerant gradually drops while the refrigerant flows
downwards from the inlet to release the heat, and the .
temperature of the refrigerant becomes lowest around the
refrigerant outlet 7B. Therefore, the refrigerant and the
water are passed so as to form the counter flows, whereby
the'low-temperature refrigerant and the low-temperature
water perform the heat exchange on the downside of the hot
water storage tank 1, and the high-temperature refrigerant
and the comparatively high-temperature hot water perform '
the heat exchange on the upside of the hot water storage
tank 1 so that the water can be heated to a higher
temperature. Therefore, the refrigerant and the water can
highly efficiently perform the heat exchange.

Furthermore, as in the embodiment, the cylindrical
partition plate 8 is concentrically arranged with a gap on
the inner side of the tank main body 2, so that the
partition plate 8 can separate the space in the tank main
body 2 into the hot water production area (corresponding to

an area where heating is performed in FIG. 2) formed
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‘between the outer side of the partition plate 8 and the
inner surface of the tank main bddy 2 and the cold water
area on the inner side of the cylindrical partition plate 8.

In consequence, the water (cold water) supplied from

- the lower part of the hot water storage tank 1 is heated in

the hot water production area to produce the high-
temperature hot water, and the produced high-temperature
hot water can effectively be stored in an upper part of the
hot water storage tank 1. That is, in the hot water
storage tank 1 of the present émbodiment, since the passage
7 where the refrigerant flows is constituted at the wall
surface of the tank main body 2, the center of the hot
water storage tank 1 in an axial center direction is an
aréa.which comes farthest from the refrigerant passage 7
and which is not easily heated by the refrigerant.
Especially, with regard to the refrigerant which operates
(releases the heat) in the supercritical area, for example,
the carbon dioxide refrigerant, it is important that the
hot water raised to the high temperature in the process of
the heat exchange is not mixed with the cold water.
Therefore, in a case where the partition plate 8 does not
separate the inside of the hot water storage tank 1, the
heat of the water around the wall surface of the tank main
body 2 heated by the refrigerant is taken by water closer
to the center than to the heated water, so that the high-

temperature hot water cannot effectively be stored in the

upper part. of the hot water storage tank 1. However, the
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partition.plate 8 is provided as in the present invention,
whereby the heat of the hot watef produced in the hot water
production area on the outer side of the partition plate 8
is not taken by the cold water around the center farthest
from the passage 7 in the hot water storage tank 1 through
which the refrigerant flows, and the hot water can be
passed upwards while retaining the high temperature.
Furthermore, as in the embodiment, the partition
plate 8 is formed to be larger than thé height dimension of
the tank main body 2, the lower end éf the partition piate
8 is provided at the poSition lower than the lower end of
the tank main body 2, and the upper end of the partition
plate is provided at substantially the same position as the
upﬁer end of the tank main body 2 or a position slightly
higher than the upper end of the tank main body 2, so that
a disadvantage that the heat is taken by the cold water
supplied from the lower part can be prevented. Especially,
since the high-temperature hot water circulates upwards
from the lower part owing to natural convection using a
density ratio with respect to the cold water as a driving
force, in general, a high-temperature layer is formed in
the upper part of the hot water storage tank 1, and
temperature layers are formed so that the temperature drops
toward the lower part. However, the partition plate 8 is
provided as described above, so that such produced layers
are not impaired as much as possible, the hot water can be

produced in the hot water storage tank 1, and the high-
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temperature h0t'Water can be stored in the upper part.

On the other hand, thé reffigerant which has flows
through the refrigerant passage 7 to release the heat exits
from the refrigerant outlet 7B and flows into the expansion
valve 14 so that the pressure of the refrigerant is reduced.
At the inlet of the expansion valve 14, the refrigerant
still has the supercritical state. Then, the refrigerant
1s liquefied in the process of the pressure reduction at
the expansion valve 14, brought into a gas—liduid two-phase
state, and flows into the evaporator 16 in fhis state. ‘In
the evaporator, the refrigerant takes the heat from the air
(outside air) blown by the fan 16F, evaporates, and is then
sucked from the refrigerant introduction tube 11 into the
coﬁpressor 10.

As described above in detail, according to the
present invention, since the hot water storage tank 1
performs a funCtion of the heat exchanger in which the

refrigerant releases the heat, the water in the hot water

‘storage tank 1 can be heated substantially directly by the

refrigerant flowing along the wall surface, and stored. In
consequence, the heat loss can be eliminated. Moreover,

special water feeding means such as the water feeding pump

in a case where the heat exchanger is provided outside the

hot water storage tank 1 is not required, and the device
cost and the power consumption can be reduced. Furthermore,

since the water feeding means is not required and the hot

water storage tank 1 itself performs the function of the
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heat exchanger, compacthess of the device can be achieved.
In general, according to the hot Water storage tank of the
present invention, energy saving, space saving and cost
reduction can be realized.

It is to be noted that in the above embodiment, the
partition plate 8 is constituted of the insulating member,
but the partition plate 8 is not limited to the insulating
member as in the present embodiment. There is not any
restriction on the partition plate as long as the partition
plate can separate the space formed between the oUtér side
of the partition plate 8 and the inner surface of the tank
main body 2 and the space on the inner side of the-
cylindrical partition plate 8. Even when the plate is
coﬁstituted of a stainless steel plate, the present
invention is effective.

Moreover, in the embodiment, peripheral wall

portions of the metal plates 5, 6 are secured by the seam

- welding, and the inner portions of the metal plates are

partially secured by spot welding, but the securing method
is not limited to the present embodiment, another securing
method such as a method of securing the metal plates 5, 6
by brazing may be used, and still another method is
effective.

Furthermore, in Embodiment 1, the only peripheral
wall portions of the metal plates 5, 6 are secured by the
seam welding, and the refrigerant which has flowed from the

refrigerant inlet 7A into the refrigerant passage 7 is
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dispersed in the course. However, as shown in FIGS. 7 to 9,
the metal plates 5, 6 may be subjected to the seam welding

in parallel over a vertical direction to form the passage 7

- so that the refrigerant flows in a meandering manner. It

1s to be noted that in FIGS. 7 to 9, Wt shows seam-welded
secured portions, and arrows indicate a flow of the
refrigerant which flows in the meandering manner from the
inlet 7A toward the outlet 7B.

(Embodiment 2)

In Embodiment 1 described above, a tank main body 2
of a hot water Storagé tank 1 is a heat exchanger, but as
shown in FIG. 10, the heat exchanger may be provided in the
hot water storage tank 1. FIG. 10 shows a side view of the
hot‘water storage tank 1 in a case where a cylindrical heat
exchanger 30 1is installed in the hot water storage tank 1.
For the sake of description, in FIG. 1, the hot water
storage tank 1 is shown in a sectional view, and the heat
exchanger 30 and a partition plate 8 are shown in a side
view. It is to be noted that in FIG. 10, components
denoted with the same reference numerals as those of FIGS.
1 to 9 produce the same effects or similar effects, and
description thereof is omitted. In this case, 1n the heat
exchanger 30, shape, since structure and forming method of
a tank main body are substantially the same as those of the
tank main body 2 of Embodiment 1 described above, here

specific description is omitted.

Since the heat exchanger 30 of the embodiment is
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submerged into the water in the h0t water storage tank 1,
it 1s preferable to use a materidl having an excellent
resistance to corrosion in both the metél plates 5, 6. 1In
this embodiment, a tank main body 32 of the hot water
storage tank 1 is formed by processing one metal plate into
a cylindrical shape, a hole is formed on the upside of a
side surface, and a refrigerant introduction tube 12 of a
compressor 10 is passed through the hole and connected to a
refrigerant inlet 7A of the heat exchanger 30 in the hot
water storage tank 1. Moreover, a hole is similarly férmed
on the downside of a side surface, and a refrigerant pipe
13 is passed through the hole and connected to a
refrigerant outlet 7B of the heat exchanger 30 in the hot
wafer storage tank 1.

In a case where the heat exchanger 30 1is arranged in
the hot water storage tank 1 in this manner, it is assumed
that the upside and the downside of an outer surface of the
heat exchanger 30 are fixed to the tank main body 32 via
fixing members 35, 36 (two upper fixing members and two
lower fixing members are used, respectively, in the
embodiment). It is to be noted that these fixing members
35, 36 do not disturb circulation of water in the hot.water

storage tank 1 in the same manner as in the fixing.members ~
25, 26 of Embodiment 1. An outer periphery of the heat
exchanger comes close to a wall surface (an inner surface)
of the tank main body 32, and it is preferable to set a gap

between the inner surface of the tank main body 32 and a
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metal platé 6 positioned outside the heat'éxchanger to 30
mm or less. In consequence, effébts similar to those of
Embodiment 1 described above can be obtained.

Furthermore, even in the present embodiment, the
partition plate 8 is provided at an inner side surface of
the heat exchanger 30, éo that a space where the heat
exchanger outside the partition plate 8 is present as a hot
water production area and a cold water area on the inner
side of the partition plate 8 can be separated. 1In
consequence, in the same manner as in Embodiment 1, coid
water supplied from a lower part of the hot water storage
tank 1 is heated in the hot water production area, to
produce high-temperature hot water, and the produced high-
teﬁperature hot water can effectively be stored in_an upper
part of the hot water storage tank 1.

‘ In the present embodiment, it is assumed that one
heat exchanger 30 is provided in the hot water storage tank
1, but the present invention is not limited to this
embodiment, and a plurality of hedat exchangers 30 may
concentrically be arranged in the hot water storage tank 1.
It is to be noted that since a shape and a constitution of
the heat exchanger are similar to those of the above heat
exchanger, description thereof is omitted. Thus, when the
plurality of heat exchangers 30 are concentrically arranged
in the hot water storage tank 1, the hot water can more
efficiently be produced, and the produced high-temperature

hot water can be stored in the upper part of the hot water
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storage tank. In consequence, without impairing'production
layers of the hot water and the cbld water, the hot water
can be produced and stored.

It is to be noted that in a case where the heat
exchanger is provided in the hot water storage tank 1 as in
Embodiment 2, the heat exchanger is not limited to a
cylindrically formed exchanger, and a planar exchanger may
be submerged as it is 1n the water'in the hot water storage
tank 1.

(Embodiment 3)

Next, another embodiment of the heating tank of the
present invention will be described. In the above
embodiments (Embodiments 1 and 2), a case where the heating
tahk is used as a hot water storage tank has been described,
but the heating tank of the present invention 1is not
limited to the hot water storage tank which produces hot
water, and the heating tank may be used as a tank for
fermentation and brewing of foods such as rice malt and
soybean paste, a tank for drying and condensing the food, a

treatment tank for treating raw garbage, a tank for drying

a solvent or water or the like.

Here; as one example of the above tank, for example,
a case where the heating tank of the present invention 1is
used as the treatment tank for drying or condensing the
food, or treating the raw garbage or the like will be
described in detail with reference to FIGS. 11 to 14. FIG.

11 is a vertically sectional view of a treatment tank 100
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according to the present embodiment, FIG. 12 is a sectional
view cut along the B-B line of FIG. 11, and FIGS. 13 and 14
are diagrams showing a flow of a refrigerant which flows
through a tank main body 102 of the treatment tank 100. It
is to be noted that in FIGS. 11 and 14, components denoted
with the same reference numerals as those of FIGS. 1 to 10
produce similar effects or functions, and description
thereof is omitted.

The treatment tank 100 of the present embodiment is
a heating tank having a function of a heat exchanger which
release heat of a circulated refrigerant of a heat pump,
and constitutes a refrigerant circuit together with a
compressor 10, an expansion valve (a pressure reduction
unit) 14 and an evaporator 16 in the same manner as in
Example 1. It is also assumed that as a refrigerant,
carbon dioxide (CO,) is similarly used, a supercritical
state 1s obtained on a high pressure side of the
refrigerant circuit, the refrigerant does not condense, the
temperature drops, and the supercritical state changes tb a
gas-liquid two-phase state by pressure reduction in the
expansion valve 14. It is to be noted that since a
constitution of the refrigerant circuit is similar to that
shown in FIG. 1 of Embodiment 1, specific description is
omitted here.

Then, a high-temperature high-pressure gas
refrigerant (CO,) compressed by a compression element (not

shown) of the compressor 10 performs heat exchange between
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the refrigerant and a target to be heated (e.g., the raw
garbage*or the like) stored in thé treatment tank 100, to
release heat in the tank. At this time, the target to be
heated stored in the treatment tank 100 is heated at the
high temperature by such heat release of the refrigerant.

On the other hand, the refrigerant which has
released the heat in the treatment tank 100 flows into the
expansion valve 14 and is pressed, then liquefied in the
process of the pressure reduction, and then achieves a gas -
liquid two-phase state. Then, the refrigerant flows into
the evaporator 16, takes heat from the air (outside air)
blown by a fan 16F, and evaporates. The refrigerant which
has exited from the evaporator 16 repeats a supercritical
fréezing cycle in which the refrigerant is sucked into the
compressor 10 from a refrigerant introduction tube 11.

Next, the treatment tank 100 of the present
embodiment will be described in detail. The treatment tank
100'is constituted of a laterally long cylindrical tank
main body 102 having both ends sealed with cylindrical cap
members 103, 104, and the whole outer peripheral surface of
this treatment tank 100 is covered with an insulating
material 108 constituted of a foaming material of a
synthetic resin such as polystyrene, polyethylene or
urethane, glass wool or the like.

The tank main body 102 of the present embodiment is

constituted of a heat exchanger in the same manner as in

Embodiment 1. Specifically, the tank main body 102 is
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constituted by a heat exchanger in which a wall surface 1is
partially secured to peripheral edge portions and inner
portions of two metal plates 105, 106 and in which non-
secured portions swell to constitute a refrigerant passage
107 (a refrigerant circulating section) closed except an
inlet (refrigerant ports 115A, 115B in the present
embodiment) and an outlet (a refrigerant port 116 in the
pressure). In FIG. 13, Wo indicates secured portions in
which peripheral edge portions of the two metal plates 105,
106 are welded, Wt indicates secured portions welded in
parallel with a vertical direction on the inner side of the
secured portions, and Wi indicates secured portions in
which inner portions of the secured portions Wo are
parfially secured, respectively. In the present embodiment,
a passage 107 is welded in parallel with the vertical
direction on the inner side of the secured portions Wo of
the peripheral edge portions, and formed so that the
refrigerant flows in a meandering manner.

Then, the secured portions Wi are formed by spot

welding of the metal plates 106 and 105 from one surface

side (the side of the surface opposite to the side where
the metal plate 105 is positioned) of the metal plate 106.
The secured portions Wo and Wt are formed by seam welding
of the metal plates 106 and 105 from the one surface side
(the side of tﬁe surface opposite to the side where the
metal plate 105 is positioned) of the metal plate 106.

In a wall surface of the tank main body 102 of the
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embodiment, in the same manner as in Embodiment 1 described
above, a thickness dimension of the one metal plate 105
arranged on the inner side is constituted to be larger than
that of the other metal plate 106 arranged on the outer
side. Therefore, one surface (an inner surface) of the
metal plate 105 comes in contact with a target to be heated
stored in the treatment tank 100.

The thickness dimension of thé metal plate 105
arranged on the inner side is set to be larger than that of
the metal plate 106 arranged on the outer side in this |
manner, whereby if a high pressure is generated in the
passage 107 formed between both the metal plates 105 and
106, the outer meta; plate 106 completely blocked from the
coﬁtact with the target to be heated in the treatment tank
100 is plastically deformed, and broken. Therefore, it is
possible to avoid in advance a disadvantage that the metal
plate 105 which is arranged on the inner side and which
comes in contact with the target to be heated in the
treatment tank 100 is deformed and@ broken. In consequence,
safety and reliability of the treatment tank 100 can be
improved. In addition, it is preferable that the metal
plate 105 arranged on the inner side is constituted of at
least a material having an excellent resistance to
corrosion.

Moreover, in the treatment tank 100, a stirring
blade 112 is attached which is constituted of a rotary

shaft 110 extending in an axial center direction of the
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tank main body 102 and a plurality of wing members 111 each
having one end attached to the rotary shaft 110. One end
of the stirring blade 112 extends through the cap member

103 and the insulating material 108, and is attached to a

-driving unit (not shown), and the other end of the stirring

blade extends thrbugh the cylindrical member 104, and is
rotatably held in a holding portion 109 formed in the
insulating material 108. Then, it is constituted that when
the rotary shaft 110 is driven by the driving unit, a
plurality of.stirring blades 112 attached to the rotary
shaft 110 rotate in the treatment tank 100 so as to stir
the target to be heated stored in the treatment tank 100.

To assemble the treatment tank 100 in the above
cohstitution, first at one end and the other end of the
metal plate 106 on one éide (i.e., a cap member 103 side),
holes (corresponding to the refrigerant ports 115A and
115B) extending through the metal plate 106 are formed,
respectively, and a hole (the refrigerant port 116)
extending through the metal plate '106 is similarly formed
on the other side (i.e., a cap member 104 side) of the
metal plate 106 between both the holes. Subsequently, the
metal plates 105 and 106 are arranged so as to be
superimposed on each other, and both the metal plates 105,
106 are spot-welded from one surface side (the side of the
surface opposite to the surface where the metal plate 105
is positioned) of the metal plate 106. In consequence,

both the metal plates 105, 106 are partially secured to
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form the secured portions Wi. Then, all peripheral edge
portions and inner portions of bdth the metal plates 105,
106 are seam-welded in parallel with the vertical direction
from the one surface side (the side of the surface opposite
to the surface where the metal plate 105 is positioned) of
the metal plate 106. In consequence, between both the
metal plates 105 and 106, all the peripheral edge pbrtions
are secured with the secured portions Wo, and a meandering
space (the passage 107) is formed by the secured portions
Wt.

Subsequently, the metal plate 105 is processed into
a cylindrical shape so as to be arranged on the inner side.
In consequence, the tank main body 102 is formed.
Afterward, a high-pressure liquid is injected from one hole
(e.g., one or both of the refrigerant ports 115A, 115B)
formed at the metal plate 106. In consegquence, non-secured
portions other than the secured portions Wo, the secured
portions Wt on the inner side of the secured portions Wo
and the spot-welded secured portions Wi swell owing to the
pressure of the liquid. In consequence, the heat exchanger
is constituted in which the passage 107 closed except the
refrigerant ports 115A, 115B and the refrigerant port 116
is formed between the metal plates 105 and 106 and in which
the inside of the passage 107 1is a réfrigerant passage.

At this time, as shown in FIG. 14, in a case where

the tank main body 102 is arranged so that the refrigerant

port 116 is disposed on the downside, that is, the secured
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portions Wo having one end and the other end welded by the
seam welding are disposed on the ﬁpside, the refrigerant
ports 115A, 115B on the upside are used as refrigerant
inlets, and the refrigerant port 116 on the downside 1is
used as a refrigerant outlet. Therefore, the treatment
tank 100 of the present embodiment is provided with two
refrigerant inlets and one refrigerant outlet. In this
case, the refrigerant inlets 115A, 115B are connected to a
refrigerant discharge tube 12 of the compressor 10.
Specifically, one end of the refrigerant discharge tube 12
is branched into two ends, one branched refrigerant
discharge tube 12 is connected to the refrigerant inlet
115A, and the other branched refrigerant discharge tube 12
1S Connected to the refrigerant inlet 115B. The
refrigerant outlet 116 is connected to a refrigerant pipe
13 which reaches the expansion valve 14.

Subsequently, the cap members 103, 104 are attached
to openings at both ends of the tank main body 102 to weld
and connect outer peripheral edges of the cap members 103,
104 to opening edges of the tank main body 102,
respectively, whereby the treatment tank 100 of the present
embodiment is assembled. It is to be noted that
introducing and extracting of the target to be heated with
respect to the present treatment tank 100 are performed via
an outlet/inlet (not shown) formed at, for example, the

disc-like members 103, 104 or a portion of the tank main

body 102, and it is assumed that this outlet/inlet is



10

15

20

25

CA 02612705 2007-11-28

closed with an openable 1id member.

An operation of a heat pumb device including the
treatment tank 100 of the present embodiment having the
above constitution will be described. The compressor 10 is
started to compress the refrigerant, and the carbon dioxide
refrigerant having high temperature and high pressure is
discharged to the refrigeranf discharge tube 12. At this
time, the discharged refrigerant is compressed into a
Supercritical state.

The refrigerant discharged to the refrigerant
discharge tube 12 is branched into two flows to flow from
the refrigerant inlets 115A, 115B into the treatment tank
100 (into the passage 107 in the tank main body 102),
reépectively. The refrigerant which has flowed from the
refrigerant inlet 115A into the refrigerant passage 107
flows downwards from the refrigerant inlet 115A as shown by
arrows of FIGS. 13 and 14, and the refrigerant which has
flowed from the refrigerant inlet 115B into the refrigerant
passage 107 similarly flows from the refrigerant inlet 115B

in a direction shown by arrows in FIG. 13, and releases

- heat to the target to be heated in the treatment tank 100

in this process. In the treatment tank 100 of the present
invention, since the refrigerant flows through the
refrigerant passage 107 formed between two metal plates 105
and 106 as described above, a temperature distribution of a
thermally conductive surface is remarkably uniform. That

is, the heat of the refrigerant which flows through the
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passage 107 can evenly be transmitted to the target to be
heated in the heating tank via tnemetal plate 105. In
consequence, a heat exchange performance between the
refrigerant and the target to be heated improves, and the
target to be heated can highly efficiently be heated.
Especially, in a case where as the refrigerant, the
carbon dioxide refrigerant is used which does not condense
by the heat release in the treatment tank 100 and which
maintains_the supercritical state as in the present
embodiment, as in the present embodiment, the refrigerant
which has flows from the refrigerant inlets 115A, 115B into
the paSsage 107 formed in the treatment tank 100 is passed
downwards from above in a meandering manner, whereby the
refrigerant and the target to be heated stored in the tank
performs the heat exchange, and a refrigerant temperature
in the refrigerant outlet 116 can sufficiently be lowered

by the heat exchange.

On the other hand, the refrigerant which has flowed

through the refrigerant passage 107 to release the heat

exists from the refrigerant outlet 116, and flows into the

expansion valve 14 so that the pressure of the refrigerant
is reduced. At the inlet of the expansion valve 14, the
refrigerant still has the supercritical state. Then, 1in
the process of the pressure reduction in the expansion
valve 14, the refrigerant is liquefied, obtains a gas-
liquid two-phase state, and flows into the evaporator 16 in

this state. In the evaporator, the refrigerant takes heat
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from air (outside air) blown with the fan 16F, evaporates,
and 1s then sucked from the refrigerant introduction tube
11 into the compressor 10.

As described above in detail, according to the
present lnvention, the heating tank 100 performs a function
of a heat exchanger in which the refrigerant releases the
heat, and the target to be heated in the heating tank 100
can substantially directly be heated by the refrigerant
flowing along thewall surface, and stored. In consequence,
heat loss can be eliminated.

It is to be noted that in the present embodiment, as
shown in FIG. 14, the tank main body 102 is arranged soO
that the refrigerant port 116 is disposed on the downside,
buf the tank main body 102 may be arranged so that the
refrigerant port 116 is disposed on the upside. In this
case, the refrigerant port 116 on the upside is used as a
refrigerant inlet, and the refrigerant ports 115A, 115B on
the downside are used as refrigerant outlets. In the
present embodiment, the treatment tank 100 is of a
laterally disposed type, but the present invention is not
limited to this embodiment, and the tank may be of a
vertically disposed type. In this case, the treatment tank
100 is constituted so that with the progress of a heating
treatment, the target to be heated moves downwards, whereby
the target to be heated immediately stored in the treatment
tank 100 and the target to be heated progressively

subjected to the heating treatment can efficiently be
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sorted.

Furthermore, a shape of the stirring blade 112 which
stirs the target to be heated in the treatment tank 100 1is
not limited to the shape of that in the present embodiment
shown in FIGS. 11 and 12, and another shape may be used.
Without disposing any stirring blade 112, the treatment
tank 100 itself may rotatably be constituted.

In addition, in the present embodiment, the tank
main body 102 of the‘treatment tank 100 is constituted as
the heat exchanger; but as shown in, for example, FIGS. 15
and 16, cap members 103, 104 which closes both ends of a
tank main body 102 may be used as heat exchangers. That is,
each of the cap members 103, 104 is constituted of two
metal plates in the same manner as in the tank main body
102, peripheral edge portions and inner portions of the
metal plate are secured, and non-secured portions swell to
constitute a refrigerant passage (a refrigerant circﬁlating
section) closed except an inlet and an outlet. Even this
constitution is effective. In this case, a high-

temperature high-pressure refrigerant compressed by a

compressor 10 is branched into four flows. As shown by
arrows in FIG. 15, one refrigerant flow is passed from a
refrigerant inlet 115A through a refrigerant passage 107
formed at the tank main body 102, another refrigerant flow
is passed from a refrigerant inlet 115B through the

refrigerant passage 107 formed at the tank main body 102, a

further refrigerant flow is passed through a refrigerant
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passage formed at the cap member 103, and a still further
refrigerant flow is passed throujh a refrigerant passage
formed at the cap member 104. Furthermore, it is
constituted that the refrigerant performs heat exchange
between the refrigerant and a target to be heated in a
treatment tank 100 while flowing through the refrigerant
passages, to release heat, exits from the treatment tank
100 and then joins another refrigerant at a refrigerant
pipe 13. 1In such a constiﬁufion, the target to be heated
in the treatment tank 100.is heated from the whole

peripheral surface of the treatment tank 100.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A hot water storage tank which is heated by a
circulated refrigerant of a heat pump to produce hot water
therein, the hot water storage tank comprising a heat
exchanger provided in the hot water storage tank, the heat
exchanger having a wall, wherein:

the wall includes a cylindrical wall body, a top cover
and a bottom cover,

the cylindrical wall body includes two metal plates
having an inner metal plate and an outer metal plate,

the outer metal plate includes an inlet hole and an

outlet hole for passing refrigerant therethrough,

peripheral edges of the inner metal plate and the

outer metal plate are seam-welded,

in an inside portion other than the peripheral edges
of the inner metal plate and the outer metal plate, the
inner metal and the outer metal are partially secured by
welding, portions to form secured portions,

non-secured portions in the inside portion, which are
portions other than the secured portions, swell outwardly,

the swelling non-secured portion and the sealed

peripheral edges constitute a closed refrigerant passage

between the inlet hole and the outlet hole,

the heating tank further comprises a cylindrical

partition plate concentrically arranged with a space from

an inner side of the tank main body,

a height of the cylindrical partition plate 1is greater

than a height of the cylindrical body,

the hot water storage tank further comprises a

cylindrical tank main body,
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the heat exchanger has a cylindrical shape, and is

arranged concentrically with the tank main body, and

ﬁ

a plurality of heat exchangers are concentrically

arranged.
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