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(54)  Water heater

(67) A water heater including: a refrigerant circuit 3
configured by annularly connecting, to one another
through refrigerant pipes, a compressor 11, a first radi-
ator 12, an expansion device 13, and an evaporator 14;
a hot water tank 21; and a heat medium circuit 4 config-
ured by annularly connecting, to one another through
heatmedium pipes, thefirstradiator 12, a second radiator

Refrigerant (CO2) 13
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22, and a circulation device 23, wherein the refrigerant
circulating through the refrigerant circuit 3 is carbon di-
oxide, and in the second radiator 22, the heat medium
pipe is disposed in the hot water tank 21, and the heat
medium releases heat to water in the hot water tank 21.
Therefore, it is possible to efficiently produce high tem-
perature water while suppressing precipitation of scale.
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Description
[TECHNICAL FIELD]

[0001] The present invention relates to a water heater
for producing high temperature water by a heat pump
heat source.

[BACKGROUND TECHNIQUE]

[0002] Accordingto a conventional water heater of this
kind, water is heated by a heat pump heat source which
uses carbon dioxide refrigerant, and the water heater pro-
duces warm water having higher temperature than a heat
pump heat source which uses CFC-based refrigerant.
The produced high temperature water is stored in a hot
water tank, and the high temperature water is supplied
(see patent document 1 for example).

[0003] Fig. 7 shows a water heater described in patent
document 1. As shown in Fig. 7, this water heater in-
cludes a heat pump unit 52 having a gas cooler (hot wa-
ter-supply heat exchanger) 51, and a hot water storing
unit 54 having a hot water tank 53. Hot water boiled by
the gas cooler 51 is stored in the hot water tank 53.
[0004] The heat pump unit 52 includes a refrigerant
circuit formed by annularly connecting a compressor 55,
the gas cooler 51, an expansion valve (decompressor)
56 and an evaporator 57 to one another through a refrig-
erant pipes. Carbon dioxide (CO2) refrigerant circulates
through the refrigerant circuit as refrigerant. The hot wa-
ter storing unit 54 includes a circulation pump 58 through
which hot water circulates, the hot water tank 53, a water
supply pipe 60 through which water is supplied from a
water pipe to the hot water tank 53, and a hot water supply
pipe 59 through which high temperature water stored in
the hot water tank 53 is supplied. The circulation pump
58, the hot water tank 53 and the gas cooler 51 are an-
nularly connected to one another through a water supply
pipe, thereby configuring a water circuit.

[0005] Water stored in a lower portion of the hot water
tank 53 is conveyed to the gas cooler 51 by the circulation
pump 58, the conveyed water and high temperature and
high pressure gas refrigerant compressed by the com-
pressor 55 exchange heat in the gas cooler 51, and high
temperature water (e.g., 85°C) is produced. The pro-
duced high temperature water is conveyed to the hot wa-
ter tank 53 through the water circuit and is stored therein,
the high temperature water is made to flow out from the
hot water supply pipe 59 as need arises and the high
temperature water is supplied. If carbon dioxide is used
as refrigerant, it is possible to produce higher tempera-
ture water as compared with CFC-based refrigerant.
[0006] According to another conventional water heat-
er, a vapor compression type refrigeration cycle is used
as a heat pump heat source, a refrigerant pipe through
which hightemperature and high pressure refrigerant dis-
charged from a compressor flows is disposed in a hot
water tank, and water in the hot water tank is heated (see
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patent document 2 for example).

[0007] Fig. 8 shows a water heater described in patent
document 2. As shown in Fig. 8, the water heater 100
includes a refrigerant circuit 90 through which refrigerant
circulates, and a hot water tank 110 in which warm water
is stored.

[0008] The refrigerant circuit 90 is configured by annu-
larly connecting a compressor 101, hot water storing-side
heat exchangers 116a and 116b, an expansion device
104 and an air-side heat exchanger 106 to one another
through refrigerant pipes. In the hot water storing-side
heat exchangers 116a and 116b, a refrigerant pipe
through which high temperature and high pressure re-
frigerant flows is disposed in the hot water tank 110.
[0009] An interior of the hot water tank 110 is divided
into an upper portion and a lower portion by a partition
117, the hot water storing-side heat exchanger 116a is
disposed above the partition 117, and the hot water stor-
ing-side heat exchanger 116b is disposed below the par-
tition 117. Water is supplied to the hot water tank 110
through a water supply pipe 119.

[0010] At the time of a hot water storing operation for
producing high temperature water, refrigerant flows
through the refrigerant circuit 90 in directions of solid ar-
rows in Fig. 8. Gas phase high temperature and high
pressure refrigerant discharged from the compressor
101 flows into the hot water storing-side heat exchanger
116a and flows into the hot water storing-side heat ex-
changer 116b, and releases heatto water in the hot water
tank 110. The refrigerant which releases heat to water in
the hot water tank 110 condenses and phase-changes
from a gas/liquid two phase state to a supercooled liquid
state. Thatis, the hot water storing-side heat exchangers
116aand 116bfunction as condensers of refrigerant, and
high temperature water is produced in the hot water tank
110.

[0011] The refrigerant in the supercooled liquid state
which is liquefied and condensed in the hot water storing-
side heat exchangers 116a and 116b is decompressed
by the expansion device 104, and is brought into a low
pressure gas/liquid two phase state, and the refrigerant
flows into the air-side heat exchanger 106 (evaporator).
The refrigerant absorbs heat from outside air sucked by
an outdoor fan 105 in the air-side heat exchanger 106
(evaporator) and evaporates, and the refrigerant phase-
changes from the gas/liquid two phase state to a super-
heated state. Then, the refrigerant flows into the com-
pressor 101 and is again compressed, and is brought
into a high temperature and high pressure gas phase
state.

[0012] If such refrigerant circulates, hot water in the
hotwater tank 110 is heated, and high temperature water
can be stored.
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[PRIOR ART DOCUMENT]
[PATENT DOCUMENTS]
[0013]

[Patent Document 1] Japanese Patent Application
Laid-open No0.2011-69572
[Patent Document 2] Japanese Patent Application
Laid-open N0.S60-78243

[SUMMARY OF THE INVENTION]
[PROBLEM TO BE SOLVED BY THE INVENTION]

[0014] Inthe configuration of patent document 1, water
supplied to the hot water tank 53 through the water supply
pipe 60 exchanges heat with carbon dioxide refrigerant
in the gas cooler 51 and the water is heated. Therefore,
when water containing much hardness component is
heated, there is a problem that hardness component is
precipitated as scale in the gas cooler 51 or water supply
pipe through which high temperature water flows, and
this scale component is deposited, and the water supply
pipe is clogged.

[0015] To suppress the deposition of the scale com-
ponent, it is considered that high temperature water is
produced using carbon dioxide refrigerant in the config-
uration of patent document 2. However, when carbon
dioxide refrigerant is used, it is necessary to increase a
diameter of a pipe to enhance pressure resistance so
that it is possible to withstand about two to three times
pressure of CFC-based refrigerant. Therefore, there is a
problem that machining man-hour of the refrigerant cir-
cuit is increased.

[0016] The presentinvention has been accomplished
to solve the conventional problems, and it is an object of
the invention to provide a water heater capable of effi-
ciently producing high temperature water while sup-
pressing precipitation of scale.

[MEANS FOR SOLVING THE PROBLEM]

[0017] To solve the above problems, the present in-
vention provides a water heater including: a refrigerant
circuit configured by annularly connecting, to one another
through refrigerant pipes, a compressor for compressing
refrigerant, a first radiator for exchanging heat between
the refrigerant and heat medium, an expansion device
for expanding the refrigerant, and an evaporator for evap-
orating the refrigerant, and the refrigerant circulating
through the refrigerant circuit; a hot water tank in which
water is stored; and a heat medium circuit configured by
annularly connecting, to one another through heat me-
dium pipes, the first radiator, a second radiator for ex-
changing heat between the heat medium and the water,
and a circulation device, and the heat medium circulating
through the heat medium circuit, wherein the refrigerant
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circulating through the refrigerant circuit is carbon diox-
ide, and in the second radiator, the heat medium pipe is
disposed in the hot water tank, and the heat medium
releases heat to water in the hot water tank.

[0018] The precipitation of scale is prone to be gener-
ated especially when water having much hardness com-
ponent is heated to high temperature and this high tem-
perature water flows through a pipe having a small diam-
eter like an outlet of a heat medium of a gas cooler.
Hence, according to the configuration of the invention,
since the heat medium circuit and a hot water supply
circuit are separated from each other, it is possible to
effectively suppress the precipitate of scale.

[0019] Further, since carbon dioxide refrigerant is
used, high pressure-side pressure in the refrigerant cir-
cuit is brought into a supercritical region. Hence, heat
medium on an inlet side of the second radiator disposed
in the hot water tank can be brought into high tempera-
ture, and a temperature difference between the heat me-
dium flowing through the heat medium pipe of the second
radiator and water in the hot water tank is increased.
Therefore, itis possible to secure a heating amount while
reducing a circulation amount of heat medium when wa-
ter in the hot water tank is heated.

[EFFECT OF THE INVENTION]

[0020] According to the presentinvention, itis possible
to provide a water heater capable of efficiently producing
high temperature water while suppressing precipitation
of scale.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0021]

Fig. 1 is a schematic block diagram of a water heater
in a first embodiment of the present invention;

Fig. 2 is a block diagram of a hot water tank of the
water heater;

Fig. 3 is a Mollier diagram for explaining variation in
a refrigeration cycle of a refrigerant circuit of the wa-
ter heater;

Fig. 4 is a conceptual diagram showing water tem-
perature variation in the hot water tank of the water
heater;

Fig. 5 is a diagram showing a relation between an
operation efficiency ratio and a pipe length L/in-pipe
cross-sectional area S at the time of hot water storing
operation of the water heater;

Fig. 6 is a diagram showing a relation between a
pressure loss dP and the pipe length L/in-pipe cross-
sectional area S at the time of hot water storing op-
eration of the water heater;

Fig. 7 is a schematic block diagram of a conventional
water heater; and

Fig. 8 is a schematic block diagram of another con-
ventional water heater.
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[MODE FOR CARRYING OUT THE INVENTION]

[0022] A first aspect of the present invention provides
a water heater including: a refrigerant circuit configured
by annularly connecting, to one another through refrig-
erant pipes, a compressor for compressing refrigerant,
a first radiator for exchanging heat between the refriger-
antand heat medium, an expansion device for expanding
the refrigerant, and an evaporator for evaporating the
refrigerant, and the refrigerant circulating through the re-
frigerant circuit; a hot water tank in which water is stored;
and a heat medium circuit configured by annularly con-
necting, to one another through heat medium pipes, the
first radiator, a second radiator for exchanging heat be-
tween the heat medium and the water, and a circulation
device, and the heat medium circulating through the heat
medium circuit, wherein the refrigerant circulating
through the refrigerant circuit is carbon dioxide, and in
the second radiator, the heat medium pipe is disposed
in the hot water tank, and the heat medium releases heat
to water in the hot water tank.

[0023] The precipitation of scale is prone to be gener-
ated especially when water having much hardness com-
ponent is heated to high temperature and this high tem-
perature water flows through a pipe having a small diam-
eter like an outlet of a heat medium of a gas cooler.
Hence, according to the configuration of the invention,
since the heat medium circuit and a hot water supply
circuit are separated from each other. That is, the heat
medium circuit which is under such a temperature con-
dition that high temperature fluid circulates and scale is
prone to be precipitated is closed. Hence, fluid having
much hardness component does not flow any time in the
heat medium circuit, and it is possible to effectively sup-
press the precipitate of scale.

[0024] Further, since carbon dioxide refrigerant is
used, high pressure-side pressure in the refrigerant cir-
cuit is brought into a supercritical region. Hence, heat
medium is heated to high temperature by the first radiator
and the heat medium on the inlet side of the second ra-
diator which is disposed in the hot water tank can be
brought into high temperature, and a temperature differ-
ence between the heat medium flowing through the heat
medium pipe of the second radiator and water in the hot
water tankisincreased. Therefore, itis possible to secure
a heating amount while reducing a circulation amount of
heat medium when water in the hot water tank is heated.
[0025] By reducing the circulation amount of the heat
medium, the heat medium releases heat to water in the
hot water tank in the second radiator, and temperature
of the heat medium is sufficiently lowered. Thereafter,
the heat medium flows out from the second radiator and
flows into the first radiator. That is, since the temperature
of the heat medium flowing into the first radiator is low-
ered, excessive pressure rise on the high pressure side
in the refrigerant circuit is suppressed.

[0026] Since a circulation water amount of heat medi-
um which flows through the heat medium pipe is reduced,
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it is possible to increase the length of the heat medium
pipe of the second radiator, and to reduce a diameter of
the heat medium pipe while suppressing the increase in
the pressure losws in the heat medium pipe.

[0027] Therefore, deterioration in the operation effi-
ciency of the compressoris suppressed. Ifthe pipe length
of the heat medium pipe is increased, a heat transfer
areaisincreased. If turbulent flow generated by reducing
a diameter of the heat medium pipe is facilitated, a heat
passage rate is increased. As a result, by this synergetic
effect, it is possible to enhance the efficiency at the time
of the hot water storing operation of the water heater.
[0028] According to a second aspect of the invention,
in the water heater of the first aspect, when an entire
length of the heat medium pipe configuring the second
radiator is defined as L (m) and an in-pipe cross-sectional
area of the heat medium pipe is defined as S (mm2) , L/S
(m/mm?2) is 2.0 or more and 4.5 or less.

[0029] According tothis, inthe water heater which uses
carbon dioxide refrigerant, which heats water in the hot
water tank through the heat medium, and which produces
high temperature water, itis possible to produce hot water
while maximizing the operation efficiency.

[0030] According to a third aspect of the invention, in
the water heater of the first or second aspect, the heat
medium flows from an upper portion to a lower portion
of the second radiator.

[0031] According to this, water in the hot water tank is
heated in order from above at the time of hot water storing
operation, temperature of upper side water in the hot wa-
tertank is maintained high, and temperature of lower side
water is maintained low. That is, temperature stratifica-
tion is formed in the hot water tank while suppressing
natural convection of hot water in the hot water tank.
[0032] Hence, a temperature difference between the
heat medium and water in the hot water tank can appro-
priately be maintained. It is possible to efficiently heat
waterwhile suppressing temperature rise of heat medium
which flows into the first radiator. Therefore, it is possible
to enhance energy saving as a water heater.

[0033] An embodiment of the present invention will be
described below with reference to the drawings. The in-
vention is not limited to the embodiment.

[0034] Fig. 1is a schematic diagram of a water heater
in an embodiment of the present invention. The water
heater of the embodiment includes a heat source unit 1
for heating heat medium, and a tank unit 2 having a hot
water tank 21 in which warm water produced by the heat-
ed heat medium is stored.

[0035] The water heater of the embodiment includes
a refrigerant circuit 3 as a heat pump unit, i.e., a heat
source, through which refrigerant circulates, a heat me-
dium circuit 4 through which heat medium circulates, and
a hot water supply circuit 5 which supplies water into the
hot water tank and supplies heated warm water. In this
embodiment, carbon dioxide (CO2) is used as refrigerant
which circulates through the refrigerant circuit 3, and wa-
ter is used as heat medium which circulates through the
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heat medium circuit 4.

[0036] The refrigerant circuit 3 is configured by annu-
larly connecting a compressor 11, a refrigerant/heat me-
dium heat exchanger 12, an expansion valve (expansion
device) 13 which expands refrigerant, and a refriger-
ant/air heat exchanger 14 to one another through refrig-
erant pipes. The refrigerant/heat medium heat exchang-
er 12 functions as a first radiator, and exchanges heat
between refrigerant and heat medium. The refriger-
ant/heat medium heat exchanger 12 includes a refriger-
ant flow path through which refrigerant flows, and a heat
medium flow path through which heat medium flows. Re-
frigerant and heat medium exchange heat through par-
titions forming the respective flow paths, thereby produc-
ing high temperature heat medium. The refrigerant/air
heatexchanger 14 is a fin tube heat exchanger, functions
as an evaporator, and exchanges heat between refrig-
erant and air. A blower 16 disposed adjacent to the re-
frigerant/air heat exchanger 14 sends air to the heat ex-
changer 14, and the sent air and refrigerant exchange
heat.

[0037] The heat medium circuit 4 is configured by an-
nularly connecting, to one another through heat medium
pipes, the refrigerant/heat medium heat exchanger 12,
an expansion tank 24 corresponding to expansion of
warm water, a hot water-storing heat exchanger 22 which
functions as a second radiator, and a circulation pump
(circulation device) 23.

[0038] The hot water-storing heat exchanger 22 is
composed of a heat medium pipe disposed in the hot
water tank 21. That is, high temperature heat medium
produced in the refrigerant/heat medium heat exchanger
12 flows into the heat medium pipe disposed in the hot
water tank 21, exchanges heat with water in the hot water
tank 21, and heats water in the hot water tank 21. After
the heat medium exchanges heat with water in the hot
water tank 21, the heat medium flows out from the hot
water-storing heat exchanger 22. In this embodiment,
when a length of the heat medium pipe configuring the
hot water-storing heat exchanger 22 is defined as L (m)
and an in-pipe cross-sectional area of the heat medium
pipe is defined as S (mm?2) , L/S (m/mm2) is 2.0 or more
and 4.5 or less.

[0039] The hot water supply circuit 5 includes the hot
water tank 21, a water supply pipe 5b connected to a
lower portion of the hot water tank 21 and supplies water
to the hot water tank 21, and a hot water supply pipe 5a
connected to an upper portion of the hot water tank 21
and supplies warm water to a user. At the time of a hot
water storing operation for heating water in the hot water
tank 21 to produce high temperature water, high temper-
ature heat medium heated in the refrigerant/heat medium
heat exchanger 12 flows into the hot water-storing heat
exchanger 22, this high temperature heat medium and
water stored in the hot water tank 21 exchange heat
through the heat medium pipe of the hot water-storing
heat exchanger 22. High temperature water stored in the
hot water tank 21 is supplied to a user through the hot
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water supply pipe 5a. According to this, if an amount of
hot water in the hot water tank 21 is reduced, water is
supplied from the water supply pipe 5b to the hot water
tank 21.

[0040] As shown in Fig. 2, the hot water tank 21 is
composed of a cylindrical central portion 21a, an upper
member 21b and a lower member 21c. One end of each
of the upper member 21b and the lower member 21c
opens and the other end is formed into a dome shape.
The central portion 21a, the upper member 21b and the
lowermember 21care welded and bonded to one another
through bonded portions 21d.

[0041] The heat medium pipe forming the hot water-
storing heat exchanger 22 is disposed in the hot water
tank 21. The heat medium pipe is inserted from the upper
member 21b into the hot water tank 21, spirally wound
up to alower portion of the hot water tank 21 and projects
outward from the lower member 21c¢ to outside of the hot
water tank 21. That is, as shown in Fig. 2, the hot water-
storing heat exchanger 22 is formed by the heat medium
pipe which extends from the inlet portion 4a through
which heat medium flows into the hot water tank 21 to
the outlet portion 4b from which the heat medium flows
toward outside of the hot water tank 21. By inserting the
heat medium pipe from the upper member 21b into the
hot water tank 21 and projecting the heat medium pipe
from the lower member 21c, the hot water-storing heat
exchanger 22 can be disposed over the entire hot water
tank 21. Therefore, it is possible to heat entire water in
the hot water tank 21 to high temperature.

[0042] Wateris supplied from the water supply pipe 5b
connected to a lower connected portion 5d of the lower
member 21c to the hot water tank 21, high temperature
water heated in the hot water-storing heat exchanger 22
flows out from the hot water supply pipe 5a connected
to an upper connected portion 5c of the upper member
21b, and the high temperature water is supplied to a user.
[0043] By connecting the heat medium pipe and a pipe
which forms the hot water supply circuit to the upper
member 21b and the lower member 21c in this manner,
mounted portions of the pipes are gathered, and itis pos-
sible to enhance machining properties and pressure re-
sistance of the hot water tank 21.

[0044] As shown in Fig. 2, water is supplied from the
water supply pipe 5b to the hot water tank 21 at a location
higher than the outlet portion 4b. That is, the lower con-
nected portion 5d is disposed at a location higher than
the outlet portion 4b in the vertical direction of the hot
water tank 21. According to this, at least a portion of the
heat medium pipe which forms the hot water-storing heat
exchanger 22 is disposed at a location lower than the
lower connected portion 5d. Therefore, it is possible to
efficiently heat low temperature water which is prone to
stay in the lower portion of the hot water tank 21 by natural
convection, and to produce high temperature water in
the entire interior of the hot water tank 21.

[0045] As shown in Fig. 2, hot water is supplied from
the hot water supply pipe 5a to a user at a location higher
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than the inlet portion 4a. That is, the upper connected
portion 5c is disposed at a location higher than the inlet
portion 4a in the vertical direction of the hot water tank
21. According to this, high temperature water which is
heated by the hot water-storing heat exchanger 22 and
which is stored in the upper portion in the hot water tank
21 by the natural convection can efficiently be used for
hot water supply.

[0046] A connection relation between the hot water
supply pipe 5a and the hot water tank 21, a connection
relation between the water supply pipe 5b and the hot
water tank 21, a positional relation between the inlet por-
tion 4a and the upper connected portion 5c, and a posi-
tional relation between the outlet portion 4b and the lower
connected portion 5d can selectively be applied.

[0047] Action of the water heater having the above-
described configuration will be described below using
Figs. 1, 3 and 4. Fig. 3 is a P-h diagram (Mollier diagram)
showing a relation between refrigerant pressure P of the
refrigerant circuit and refrigerant enthalpy h, and Fig. 4
is a schematic diagram showing water temperature var-
iation in the hot water tank 21.

[0048] Ifthe hotwater storing operation for heating wa-
ter in the hot water tank 21 and storing the warm water
is started, CO2 refrigerant circulates through the refrig-
erant circuit 3 in directions of solid arrows in Fig. 1. Then,
CO2 refrigerant in a saturated or superheated state is
sucked by the compressor 11 (point a in Fig. 3), the CO2
refrigerant is compressed up to supercritical pressure by
the compressor 11, and the CO2 refrigerant is brought
into a high temperature and high pressure gas state (point
b in Fig. 3). The CO2 refrigerant in the high temperature
and high pressure gas state is sent to the refrigerant/heat
medium heat exchanger 12, the CO2 refrigerant ex-
changes heat with heat medium, and high temperature
heat medium is produced.

[0049] The CO2 refrigerant is cooled in the refriger-
ant/heat medium heat exchanger 12, the CO2 refrigerant
flows out from the refrigerant/heat medium heatexchang-
er 12 and then flows into the expansion valve 13 (point
¢ in Fig. 3). Thereafter, the CO2 refrigerant is decom-
pressed and expanded by the expansion valve 13, and
is brought into a liquid state (points c to d in Fig. 3), and
the CO2 refrigerant flows into the refrigerant/air heat ex-
changer 14. Thereafter, the CO2 refrigerant absorbs heat
fromairwhichis sentby the blower 16 in the refrigerant/air
heat exchanger 14 and evaporates and is brought into a
saturated gas state or superheated gas state and again
flows into the compressor 11 (point a in Fig. 3).

[0050] In the heat medium circuit 4, high temperature
heat medium produced in the refrigerant/heat medium
heat exchanger 12 flows in directions of dotted line ar-
rows in Fig. 1. The heat medium flows from an upper
portion of the hot water tank 21 into the hot water-storing
heat exchanger 22 through the expansion tank 24 exist-
ing on the inlet side of the hot water tank 21. Heat energy
possessed by the high temperature heat mediumis trans-
mitted to water in the hot water tank 21 through the pipe
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wall of the heat medium pipe of the hot water-storing heat
exchanger 22, and high temperature water is produced.
[0051] According to this configuration, fluid flowing
through the heat medium circuit 4 and fluid flowing
through the hot water supply circuit 5 are completely sep-
arated from each other. Precipitation of scale is prone to
be generated especially when water having much hard-
ness component is heated to high temperature and this
high temperature water flows through a pipe having a
small diameter. Hence, according to this configuration,
it is possible to effectively suppress the precipitation of
scale.

[0052] Since CO2 refrigerant is used, high pressure-
side pressure in the refrigerant circuit 3 can be increased
to a supercritical region. Hence, it is possible to produce
high temperature heat mediumin the refrigerant/heatme-
dium heat exchanger 12, and the high temperature heat
medium can be made to flow into the hot water-storing
heat exchanger 22. Therefore, it is possible to increase
a temperature difference between water and heat medi-
um in the hot water-storing heat exchanger 22.

[0053] According to this, even if a circulation amount
of heat medium is small, it is possible to secure a prede-
termined heating amount. After heat medium releases
heat to water in the hot water tank 21 and temperature
of the heat medium is sufficiently lowered, the heat me-
dium flows out from the hot water-storing heat exchanger
22, and it is possible to maintain, at low temperature,
heat medium which flows into the refrigerant/heat medi-
um heat exchanger 12. Therefore, it is possible to sup-
press excessive rise of high pressure-side pressure in
the refrigerant circuit 3.

[0054] Especially if high temperature heat medium is
made to flow from the upper portion of the hot water-
storing heat exchanger 22 and is made to flow out from
the lower portion of the hot water-storing heat exchanger
22, water in the hot water tank 21 is heated in order from
above, and warm water distribution in the hot water tank
21 moves from the upper portion to the lower portion with
progression of the hot water storing operation as shown
in Fig. 4. Therefore, until temperature of water stored in
the bottom of the hot water tank 21 rises, temperature of
heat medium flowing out from the hot water-storing heat
exchanger 22 does not rise. Hence, it is possible to heat
the heat medium in the refrigerant/heat medium heat ex-
changer 12 to high temperature while maintaining, at low-
er temperature, the heat medium flowing into the refrig-
erant/heat medium heat exchanger 12. Therefore, it is
possible to efficiently operate the heat pump while sup-
pressing rise of high pressure-side pressure of the refrig-
erant circuit 3.

[0055] Further, since a circulation amount of heat me-
dium which flows through the hot water-storing heat ex-
changer 22 is reduced, it is possible to increase the pipe
length of the heat medium pipe which restraining a pres-
sure loss from increasing, and a diameter of the heat
medium pipe can be reduced.

[0056] As described above, the operation efficiency of
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the heat pump is enhanced. By increasing the pipe length
of the heat medium pipe, a contact area is increased. By
facilitating turbulent flow generated by reducing the di-
ameter of the heat medium pipe, a heat passage rate is
increased. As a result, it is possible to enhance the effi-
ciency at the time of the hot water storing operation of
the water heater by the synergetic effect.

[0057] Next, a configuration of the hot water-storing
heat exchanger 22 will be described using Figs. 5 and 6.
[0058] Here, heat medium is made to flow into the hot
water-storing heat exchanger 22 from an upper portion
thereof and flow out from a lower portion thereof. An av-
erage heating ability Q = 2.0 to 2.5 kW is secured and
the water heater is operated under such conditions that
alength L of the heat medium pipe of the hot water-storing
heat exchanger 22 is 25 to 45 (m), an inner diameter di
of the heat-transfer pipe is 3 to 28 (mm) and an internal
volume Vt of the hot water tank is 150 to 300 (liters). Fig.
5 shows a relation between L/S and a ratio (called "op-
eration efficiency ratio", hereinafter) of average operation
efficiency when the conditions are changed. That s, Fig.
5 shows a case where heating temperature of water in
the hotwater tank 21is 55°C using the conventional CFC-
based refrigerant and a case where the heating temper-
ature of water in the hot water tank 21 is 85°C using
carbon dioxide refrigerant.

[0059] Fig. 6 shows a relation between L/S and a pres-
sure loss dP in the heat medium pipe of the hot water-
storing heat exchanger 22 under the same conditions as
those shown in Fig. 5.

[0060] A vertical axis in Fig. 5 shows an operation ef-
ficiency ratio. The operation efficiency ratio shows a rel-
ative ratio in which a peak value no of operation efficiency
n when heating temperature of water in the hot water
tank 21 is set to 55°C is defined as 100%. A horizontal
axis in Fig. 5 shows L/S. If a length L of one heat medium
pipe configuring the hot water-storing heat exchanger 22
is increased or the inner diameter di of the heat medium
pipe is reduced, L/S is increased, and if the length L is
reduced or the inner diameter di is increased, L/S is re-
duced.

[0061] Inthis embodiment, when the length of one heat
medium pipe configuring the hot water-storing heat ex-
changer 22 is defined as L (m) and an in-pipe cross-
sectional area of the heat medium pipe is defined as S
(mm?2) , the hot water-storing heat exchanger 22 is con-
figured such that L/S (m/mm?2) becomes 2.0 or more and
4.5 or less. According to this configuration, it is possible
to maximize the operation efficiency n while taking a per-
formance error of constituent parts of the compressor
and other refrigerant circuit into consideration.

[0062] Thisis based on such a tendency that when the
heat medium pipe is disposed in the hot water tank 21
and water inthe hot watertank 21 is heated, a peak value
no of the operation efficiency (COP) is varied depending
upon a ratio between the length L of the heat medium
pipe and the in-pipe cross-sectional area S of the heat
medium pipe, and the variation in the peak value no is
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largely varied depending upon temperature of produced
warm water.

[0063] The peak value no of the operation efficiency n
is varied depending upon L/S due to the following phe-
nomenon:

[0064] Thatis, asL/S is gradually increased from zero,
i.e., as the length L of the heat medium pipe of the hot
water-storing heat exchanger 22 is increased, a surface
area of the hot water-storing heat exchanger 22 is in-
creased. Therefore, thereis atendency thatthe operation
efficiency n is gradually increased. Ifthe L/S is increased,
this means that the length L of the heat medium pipe is
increased or the in-pipe pipe di of the heat medium pipe
is reduced.

[0065] Hence, as shown in Fig. 6, if L/S is increased,
the pressure loss dP in the heat medium pipe is increased
by more than square of L/S, consumed power of the cir-
culation pump 23 is also increased by the increase of the
pressure loss dP, and the operation efficiency n is grad-
ually deteriorated. If the in-pipe pipe di of the heat medium
pipe is reduced, thermal conductivity in the inner surface
of the heat medium pipe is increased, but the heat trans-
fer area of the heat medium pipe is reduced on the other
hand.

[0066] Therefore, as shown in Fig. 5, the operation ef-
ficiency n has such characteristics that the operation ef-
ficiency n is increased together with increase of L/S, and
after the operation efficiency n reaches the peak value
no, the operation efficiency is gradually deteriorated. If
heating temperature of water in the hot water tank 21 is
set to 85°C, it is necessary to further increase a com-
pression ratio in the compressor 11 as compared with a
case where the heating temperature is 55°C. Therefore,
the compressor power is increased. If the heating tem-
perature is 85°C, the operation efficiency n is lowered as
compared with the case where the heating temperature
is 55°C.

[0067] If heat medium is produced using CO2 refriger-
ant and water in the hot water tank 21 is heated to high
temperature, i.e., 85°C, itis possible to increase the tem-
perature difference between the water in the hot water
tank 21 and the heat medium as compared with a case
where the heating temperature is 55°C. According to this,
since the flow rate of circulating heat medium can be
reduced under such a condition that average heating abil-
ities are equal to each other, a pressure loss in the heat
medium pipe which configures the hot water-storing heat
exchanger 22 has such characteristics that the pressure
loss is reduced as compared with the case where the
heating temperature is 55°C as shown in Fig. 6.

[0068] Therefore, if the length L of the heat medium
pipe is increased and the heat transfer areais increased,
orifthe in-pipe cross-sectional area S of the heat medium
pipe is reduced and flowing speed of the heat medium
is increased, thermal conductivity is increased. Hence,
when heat medium flowing into the hot water-storing heat
exchanger 22 is heated to high temperature, i.e., 85°C
and warm water is produced in the hot water tank 21, the
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operation efficiency n can be maximized by increasing
L/S as compared with the case where the heating tem-
perature is 55°C as shown in Fig. 5.

[0069] Thatis, as shown in Fig. 5, when heat medium
is heated using CFC-based refrigerant and warm water
of 55°C is produced by heating water by the heated heat
medium, the operation efficiency n reaches the peak val-
ue nounder such a condition that L/S (m/mm?2) is between
1.0 or more and 1.8 or less.

[0070] When heat medium is heated using CO2 refrig-
erant and water is heated by the heated heat medium to
produce high temperature water of 85°C, the heat medi-
um pipe is configured such that the L/S (m/mm?2) falls
within a range of 2.0 or more and 4.5 or less. According
to this, it is possible to maximize the average operation
efficiency while taking the performance error (2%) of con-
stituent parts of the compressor and other refrigerant cir-
cuit into consideration.

[0071] Although water is used as heat medium which
circulates through the heat medium circuit 4 in the em-
bodiment, the invention is not limited to this, and anti-
freeze liquid may be used for example.

[0072] Although the heat medium circuit 4 is provided
with the expansion tank 24 in the embodiment, if a circu-
lation amount of heat medium is small and an expansion
amount of heat medium is small, the heat medium circuit
4 may be not provided with the expansion tank 24.

[INDUSTRIAL APPLICABILITY]

[0073] Since the water heater of the present invention
can efficiently produce high temperature water while sup-
pressing precipitation of scale, the invention can be ap-
plied to domestic or professional use water heaters.

[EXPLANATION OF SYMBOLS]
[0074]

heat source unit
tank unit
refrigerant circuit
heat medium circuit
hot water supply circuit
1  compressor
2 refrigerant/heat medium heat exchanger (first ra-
diator)
13  expansion valve (expansion device)
14  refrigerant/air heat exchanger (evaporator)
21 hot water tank
22 hot water-storing heat exchanger (second radia-
tor)
23  circulation pump (circulation device)

Ao b WN

Claims

1. A water heater comprising: a refrigerant circuit con-
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figured by annularly connecting, to one another
through refrigerant pipes, a compressor for com-
pressing refrigerant, a first radiator for exchanging
heat between the refrigerant and heat medium, an
expansion device for expanding the refrigerant, and
an evaporator for evaporating the refrigerant, and
the refrigerant circulating through the refrigerant cir-
cuit;

a hot water tank in which water is stored; and

a heat medium circuit configured by annularly con-
necting, to one another through heat medium pipes,
the first radiator, a second radiator for exchanging
heat between the heat medium and the water, and
a circulation device, and the heat medium circulating
through the heat medium circuit,

the refrigerant circulating through the refrigerant cir-
cuit is carbon dioxide, and

in the second radiator, the heat medium pipe is dis-
posed in the hot water tank, and the heat medium
releases heat to water in the hot water tank.

The water heater according to claim 1, wherein when
an entire length of the heat medium pipe configuring
the second radiator is defined as L (m) and an in-
pipe cross-sectional area of the heat medium pipe
is defined as S (mm2), L/S (m/mm?2) is 2.0 or more
and 4.5 or less.

The water heater according to claim 1 or 2, wherein
the heat medium flows from an upper portion to a
lower portion of the second radiator.



EP 2770 277 A1

[Fig. 1]
1 2
e S e S -
| 24i Heat | PPy ©
_ ¢! di I . h_oi water
g Refrigerant (CO2) 113 [ mesmy > /0
- & [ | e |
I | . R |
i St s i E 22
: 0 l | erP--, :
! % IERE TN i (—’2‘1’—” !
i A s i
P I -5
16 | I : - l
| 14 t : g !
i : I < —
i 5 - 11 | 4 ‘ S [Supply of
| : ! fwater
: | .
3 s L j B 5 _|
1 Heat source unit
2 Tank unit
3 Refrigerant circuit
4 Heat medium circuit
5 Hot water supply circuit
11 Compressor
12 Refrigerant/heat medium heat exchanger (first radiator)
13 Expansion valve (expansion device
14 Refrigerant/air heat exchanger (evaporator)
21 Hot water tank
22 Hot water-storing heat exchanger {second radiator)
23 Circulation pump (circulation device)
24 Expansion tank



[Fig.

4a
4b
5a
5b
21a
21b
21c
21d

2]

EP 2770 277 A1

4a

21<

21d

21d
\\21‘:__\

5c

Supp]y O.I:

hot water =

-

N
l;,\
)

S

21a (_-_-:“:’:;i::ii‘_iiiii,,

Y /a::_{;::::‘:*:"‘::,:::,,,,.

Heat
medium 4

Inlet portion
Outlet portion

Hot water supply pipe
Water supply pipe
Central portion
Upper member
Lower member
Bonded portion

10

IRRE T




gl
'_l.
Q

Refrigerant pressure P

EP 2770 277 A1

. 3]

P a—

Saturated vapor line

S

Saturated
liquid line

L/ -

Refrigerant enthalpy h

P-h diagram of refrigerant circuit (Mollier diagram)

1"



EP 2770 277 A1

[Fig. 4]
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[Fig. 6]
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