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1
HEAT PUMP HOT-WATER SUPPLY SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation application of U.S. Ser.
No. 10/839,213 filed May 6, 2004 now U.S. Pat. No.
6,874,694 which is a divisional application of U.S. Ser. No.
10/358,277, filed Feb. 5, 2003 now U.S. Pat. No. 6,837,443,
the contents of each of which are incorporated hereby by
reference.

FIELD OF THE INVENTION

This invention relates to a hot-water supply system uti-
lizing a heat pump circuit.

BACKGROUND OF THE INVENTION

As conventional hot-water supply systems, there have
been adopted a combustion-type hot-water supply system
and an electric water heating system. The combustion-type
hot-water supply system has no hot-water storage tank. In
this unit, a gas is burned to instantly heat up water with its
high combustion heat to supply hot water. On the other hand,
the electric water heating system has a large-capacity hot-
water storage tank, in which a large quantity of water heated
during the nighttime with an electric water heater by utiliz-
ing a low-cost midnight power is held, so that the hot water
held in the hot-water storage tank may be used during the
daytime.

Recently, however, a heat pump hot-water supply system
having a 300 to 500 percent higher energy efficiency than the
electric water heating system has come into widespread use.
The heat pump hot-water supply system, utilizing changes in
the state of the refrigerant as a heat source, has several times
higher energy efficiency than the electric water heater.
Besides, since no gas combustion takes place, the hot-water
supply system produces no CO,, thereby being valued as an
eco-friendly system. However, because the quantity of heat
produced in the heat pump hot-water supply system is not as
great as compared with gas combustion, there is generally
adopted such a method that a large-capacity hot-water
storage tank is provided, like in the electric water heating
system; the hot water heated with a nighttime low-cost
electric power by the use of a heat pump circuit is held in a
hot-water storage tank during the nighttime, and is used
during the daytime. Therefore, in the conventional heat
pump hot-water supply system, a heat pump circuit and a
hot-water storage tank are separately mounted. The hot
water produced by the heat pump circuit is voluminously
held in the hot-water storage tank. The heat pump circuit and
the hot-water storage tank are connected by a piping, to
thereby combinedly function as a hot-water supply system.

There has been conventionally known a heat pump hot-
water supply system as an example as disclosed in Japanese
Patent Laid-Open No. 1997(H9)-126547. The heat pump
hot-water supply system is comprised of a heat pump circuit
including a compressor, a condenser, a pressure reducing
unit, and an evaporator; and a large-capacity hot-water
storage tank. In the unit, a water pipe is connected from
under the hot-water storage tank to a water heat exchanger,
which functions as the condenser of the heat pump circuit,
via a circulating pump; and a heating circuit is constituted by
connecting a hot-water supply pipe between the outlet port
of the water heat exchanger and the upper part of the
hot-water storage tank.
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The high energy-efficiency heat pump circuit is operated
by utilizing a low-cost nighttime electric power, to gradually
heat up water to a predetermined temperature of hot water by
circulating water in the hot-water storage tank by means of
the circulating pump. Upon detecting by a temperature
sensor that the water temperature has reached the predeter-
mined hot water temperature, the operation of the heat pump
circuit is stopped.

When using the hot water at a using end unit in the
daytime, the hot water is supplied after lowering to an
appropriate temperature by mixing, by a mixing valve, water
and the hot water taken out at the upper part of the hot-water
storage tank.

It is also described that, when the temperature of the hot
water in the hot-water storage tank has dropped, the hot
water in the hot-water storage tank is reheated at the water
heat exchanger and the heater and supplied to the using end
unit notwithstanding the hot water discharge channel is not
described in detail.

However, considering that a bathtub is filled with the hot
water from the hot-water storage tank, the required capacity
of the hot-water storage tank is as close to 200 liters as the
bathtub. Furthermore, where it is expected to allow a certain
amount of room for use of the hot water for other purposes,
the tank capacity in some cases will become as large as 500
liters. When the hot-water storage tank is filled up to its full
capacity, the mass will exceed 200 kg to 500 kg. The heat
pump hot-water supply system, therefore, needs the con-
struction of a firm, substantially wide ground foundation for
installation.

Furthermore, a great deal of energy is required to heat up
a large quantity of hot water. In addition, storing water at
high temperatures results in a substantial difference between
the hot water temperature and the outside air temperature
and therefore in a big heat loss by heat dissipation, conse-
quently requiring the use of an excess energy.

The heat pump hot-water supply system, therefore, can
not be installed in such a narrow space or a low-strength
place as the balcony of an apartment house or a condo-
minium.

The conventional heat pump hot-water supply system is
basically operated by utilizing a nighttime low-cost elec-
tricity rate as follows. During the nighttime the heat pump
circuit is operated to store the hot water in the hot-water
storage tank. During the daytime the heat pump circuit is not
operated and the hot water held in the hot-water storage tank
is used. According to this unit, however, the hot water in the
hot-water storage tank is sometimes used up; in such a case,
water can not be heated instantly, resulting in hot water
starvation. In the above-described heat pump hot-water
supply system disclosed in Japanese Patent Laid-Open No.
1997(H9)-126547 also, the hot water is held by utilizing the
nighttime electric power as in the case of the electric water
heater, and additional heating is performed in the case of
lack of hot water. The additional heating, therefore, is a
supplementary operation.

Furthermore, heat is dissipated out from the surface of the
hot-water storage tank which stores a large quantity of hot
water of higher temperatures than the outside air tempera-
ture, resulting in waste of energy and a drop of temperatures.
It is, therefore, necessary to heat an excess amount of water
up to the same temperature as the temperature drop during
the nighttime.
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SUMMARY OF THE INVENTION

The first object of this invention is to provide a hot-water
supply system which needs a narrow mounting space, and
has a small mass and a good energy efficiency.

The second object of this invention is to provide a
hot-water supply system which can decrease the length of
time for the stabilization of hot-water temperature when the
hot water is supplied from the hot-water supply system
which needs a narrow mounting space and has a small mass.

The third object of this invention is to provide a hot-water
supply system which needs a narrow mounting space and
has a small mass, and allows additional heating of the bath
water.

The above objects can be accomplished by the provision
of a heat pump hot-water supply system which has an
operation mode to supply water fed in through a water
supply pipe to a using end unit via a first heat exchanger, and
is comprised of a compressor, the first heat exchanger for
heat exchange between a refrigerant discharged from the
compressor and water, a pressure reducing unit for reducing
the pressure of the refrigerant from the first heat exchanger,
a second heat exchanger located between the pressure reduc-
ing unit and the compressor, a hot-water supply tank for
holding water heated by the first heat exchanger, and a water
circulating route for followed by water, which is kept in the
hot-water supply tank, back to the hot-water supply tank via
the first heat exchanger.

The second object of this invention can be accomplished
by the provision of a heat pump hot-water supply system
which has a mode for mixing water supplied through a water
supply pipe via a first heat exchanger with water in a
hot-water supply tank and supplying the mixture to a using
end unit, and is comprised of a compressor, the first heat
exchanger for heat exchange between a refrigerant dis-
charged from the compressor and water, a pressure reducing
unit for reducing the pressure of the refrigerant from the first
heat exchanger, a second heat exchanger located between
the pressure reducing unit and the compressor, the hot-water
supply tank for holding water heated by the first heat
exchanger, and a water circulating route followed by water,
which is kept in the hot-water supply tank, back to the
hot-water supply tank via the first heat exchanger.

The above objects can be accomplished by the provision
of a heat pump hot-water supply system which has an
operation mode for mixing water supplied through a water
supply pipe via a first heat exchanger with water in a water
supply pipe and supplying the mixture to a using end unit,
and is comprised of a compressor, a first heat exchanger for
heat exchange between a refrigerant discharged from the
compressor and water, a pressure reducing unit for reducing
the pressure of the refrigerant from the first heat exchanger,
a second heat exchanger located between the pressure reduc-
ing unit and the compressor, a hot-water supply tank for
holding water heated by the first heat exchanger, and a water
circulating route followed by water, which is kept in the
hot-water supply tank, back to the hot-water supply tank via
the first heat exchanger.

The second object of this invention can be accomplished
by the provision of a heat pump hot-water supply system
which has a mode for mixing water supplied through a water
supply pipe via a first heat exchanger with water in the
hot-water supply tank and further mixing with water sup-
plied from a water supply pipe and then supplying the
mixture to a using and unit, and is comprised of a compres-
sor, a first heat exchanger for heat exchange between a
refrigerant discharged from the compressor and water, a
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pressure reducing unit for reducing the pressure of the
refrigerant from the first heat exchanger, a second heat
exchanger located between the pressure reducing unit and
the compressor, the hot-water supply tank for holding water
heated by the first heat exchanger, and a water circulating
route followed by water, which is kept in the hot-water
supply tank, back to the hot-water supply tank via the first
heat exchanger.

The third object of this invention can be accomplished by
the provision of a heat pump hot-water supply system which
has a reheating mode for circulating water from the bathtub
back to the bathtub via the first heat exchanger, and is
comprised of a compressor, a first heat exchanger for heat
exchange between a refrigerant discharged from the com-
pressor and water, a pressure reducing unit for reducing the
pressure of the refrigerant from the first heat exchanger, a
second heat exchanger located between the pressure reduc-
ing unit and the compressor, a hot-water supply tank for
holding water heated by the first heat exchanger, and a water
circulating route followed by water, which is kept in the
hot-water supply tank, back to the hot-water supply tank via
the first heat exchanger.

The above object can be accomplished by the provision of
a heat pump hot-water supply system which has a hot-water
supply tank capacity of 60 liters to 100 liters, and is
comprised of a compressor, a first heat exchanger for heat
exchange between a refrigerant discharged from the com-
pressor and water, a pressure reducing unit for reducing the
pressure of the refrigerant from the first heat exchanger, a
second heat exchanger located between the pressure reduc-
ing unit and the compressor, a hot-water supply tank for
holding water heated by the first heat exchanger, and a water
circulating route followed by water, which is kept in the
hot-water supply tank, back to the hot-water tank via the first
heat exchanger.

The above object can be accomplished by the provision of
a heat pump hot-water supply system which has a hot-water
tank capacity of 60 liters to 100 liters, and is comprised of
a compressor, a first heat exchanger for heat exchange
between a refrigerant discharged from the compressor and
water, a pressure reducing unit for reducing the pressure of
the refrigerant from the first heat exchanger, a second heat
exchanger located between the pressure reducing unit and
the compressor, a hot-water supply tank for holding water
heated by the first heat exchanger, and a water circulating
route followed by water, which is kept in the hot-water
supply tank, back to the hot-water tank via the first heat
exchanger. In the unit, the compressor, the first heat
exchanger, the second heat exchanger, the pressure reducing
unit, and the hot-water supply tank are housed in one casing.

The above object can be accomplished by the provision of
a heat pump hot-water supply system which has a hot-water
supply tank capacity of 60 liters to 100 liters, and is
comprised of a compressor, a first heat exchanger for heat
exchange between a refrigerant discharged from the com-
pressor and water, a pressure reducing unit for reducing the
pressure of the refrigerant from the first heat exchanger, a
second heat exchanger located between the pressure reduc-
ing unit and the compressor, a hot-water supply tank for
holding hot water heated by the first heat exchanger, and a
water circulating route followed by water, which is kept in
the hot-water supply tank, back to the hot-water supply tank
via the first heat exchanger. In the unit, the compressor, the
first heat exchanger, the second heat exchanger, the pressure
reducing unit, and the hot-water supply tank are housed in
one casing, and the hot-water tank is mounted in the upper
part of the casing.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows one example of a heat pump circuit and a
water circuit of a heat pump hot-water supply system
according to this invention;

FIG. 2 is a graph showing a characteristic curve of water
temperature and time after the start of heat pump circuit
operation;

FIG. 3 is a block diagram showing a hot-water tank
incorporated in the lower part of the heat pump circuit;

FIG. 4 is a block diagram showing the hot-water tank
incorporated in the upper part of the heat pump circuit;

FIG. 5 is a block diagram showing the hot-water tank
mounted beside the heat pump circuit; and

FIG. 6 is a block diagram showing the hot-water tank
separately mounted outside of the heat pump circuit body.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An example of a heat pump hot-water supply system tank
will be explained with reference to the accompanying draw-
ings. FIG. 1 shows one example of the heat pump hot-water
supply system according to this invention.

First, a refrigeration cycle will be described. The refrig-
eration cycle includes two heat pump circuits: one is a heat
pump circuit 10 in which equipment constituting the refrig-
eration cycle are connected by a refrigeration pipe, through
which the equipment are filled with the refrigerant and
hermetically sealed, and the other is a heat pump circuit 10a
added to realize a maximum capacity necessary for supply-
ing hot water. In the present example, two heat pump circuits
are adopted to constitute the hot-water supply system. In this
case, either one circuit or three or more circuits may be used
in accordance with the performance of the compressor and
the heat exchanger and the hot-water supplying capacity.

The refrigerant (CO,) compressed by compressors 1 and
1a flows into a heat exchanger 2. In the heat exchanger 2 are
integrally installed condensers 3 and 3a for condensing the
refrigerant, a water heat exchanger 11 for heating the hot
water, and further a bath water heat exchanger 44. The
refrigerant that has flowed out of the heat exchanger 2 is
reduced in pressure by the action of pressure reducing units
5 and 5a, becoming a low-temperature, low-pressure refrig-
erant. Then, at evaporators 6 and 6a, the refrigerant absorbs
heat from the outside air drawn in by blowers 9 and 9a,
being drawn again into the compressors 1 and 1a through
accumulators 7 and 7a.

Numerals 8 and 8a denote bypass valves, which are
opened to allow the high-temperature, high-pressure refrig-
erant discharged from the compressors 1 and 1a, into the
evaporators 6 and 6a, thereby melting frost (defrost control)
which forms on the evaporators 6 and 6a. The timing of the
defrost control may be synchronized by simultaneously
operating the two refrigeration circuits, and also may be not
synchronized. In the case when the defrost control timing is
not synchronized, there is the advantage that the hot water
can be supplied without interruption notwithstanding a little
degradation in capacity.

Next explained is the hot-water circuit of a water circu-
lating circuit 22 which takes water in from a running water
pipe 16 and supplies the hot water directly to a using end unit
via the heat exchanger 2 or heats up water to a predeter-
mined temperature by circulating water inside as later
described.

To the water circulating circuit 22 are connected, by a
water pipe, the heat exchanger 2, a pressure reducing check
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valve 17, a flow sensor 21, check valves 48 and 49, a
hot-water supply tank 13, a circulating pump 15, a mixing
valve 61 for mixing hot water from a hot-water supply tank
13 with hot water coming out from the water heat exchanger
11, a mixing valve 62 for mixing the hot water from the
mixing valve 61 with water, and a flow control valve 63 for
controlling the flowrate of the hot water.

The bath water circuit is comprised of the heat exchanger
2, a hot-water supply solenoid valve 51, a check valve 50,
a water level sensor 60, and a bath water circulating pump
46.

The heat pump hot-water supply system of the present
example is a compact, light-weight hot-water supply system
which, unlike conventional system, uses no large-sized
hot-water tank. That is, an instantaneous hot-water supply
system is adopted, in which water is heated by heat
exchange at the water heat exchanger 11 between the
high-temperature refrigerant in the heat pump circuit 10 and
water in the water circulating circuit 22; water led in through
the water supply pipe 16 is heated by the water heat
exchanger 11; and the hot water is supplied to a using end
unit 27. It is, therefore, possible to eliminate the need for the
use of a conventional large-sized hot-water tank. Sufficient
heat of condensation to heat water can not be produced,
because pressure conditions of the heat pump circuit 10 is
not stabilized just after the start of operation. Therefore,
during a short period of rising time, a mixture of hot water
held in the hot-water tank 13 and water from the water heat
exchanger 11 is supplied, thereby enabling the downsizing
of the hot-water supply tank 13 while keeping on the preset
temperature. When the operation of the heat pump circuit 10
has stabilized and the hot water has been heated up to the
preset temperature, the use of the hot water from the
hot-water tank 13 is stopped and the direct supply of the hot
water is started. The operation will be described in detail
below.

Water supply to the heat pump hot-water supply system
will be explained. Water supplied from the water supply pipe
16 flows into the pressure-reducing check valve 17, where
the water pipe is branched off into two lines: one for
supplying the hot water into the hot-water supply tank 13
through the water supply pipe 19 and the other for supplying
the hot water into the heat exchanger 2 through a water pipe
connected to the water head exchanger 11. The hot water to
be supplied to the using end unit 27 is supplied at a preset
temperature through the mixing valves 61 and 62 and the
flow control valve 63.

The heat pump hot-water supply system stated in the
present example is assumed to be an instantaneous water
heater which raises temperature of water supplied from the
water supply pipe 16 to a user’s set value by means of the
heat exchanger 2, supplying the hot water to the using end
unit 27. Therefore, in the case of a high refrigeration cycle
capacity, or in the case of high performance of the water heat
exchanger 11, there is no necessity to provide the hot-water
supply tank 13. It is, therefore, possible to build a consid-
erably more compact, more advantageous hot-water supply
system than the conventional electric water heater which is
heavy and requires a wide mounting space.

There is such a case, however, that the temperature of the
hot water will not reach the preset temperature for the reason
that the heat exchanger 2 is not fully heated because of low
water supply temperatures and unstable refrigeration cycle.

In the present example, the hot-water supply tank 13 with
the minimum necessity is installed; and the hot water held as
supplement in the hot-water supply tank 13 is used until the
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temperature of water from the heat exchanger 2 reaches the
preset value, to thereby ensure the hot-water temperature at
the using end unit 27.

Therefore, it is conceivable that the temperature of the hot
water from the heat exchanger 2 will not rise. In this case,
the hot water is held at the predetermined temperature in the
hot-water supply tank 13 in the case when the use of the hot
water at the using end unit 27 is interrupted, so that the hot
water for subsequent use can be supplied at the preset
temperature. The operation of each section will gradually
become clearer from the following description.

The mixing valve 61, as described above, has a function
to supply to the using end unit 27 the hot water subsidiarily
mixed to reach a preset temperature in the hot-water supply
tank 13 when the temperature of the hot water from the heat
exchanger 2 (the water heat exchanger 11) does not fully rise
immediately after the start of heat pump circuit operation.
The mixing valve 61 and the hot-water supply tank 13 are
connected by a hot-water supply pipe 20.

The mixing valve 62 functions to mix the hot water
supplied from the mixing valve 61 with water supplied
through the water supply pipe 16 when the temperature of
the hot water exceeds the preset value, thereby lowering the
hot-water temperature to the preset value.

Furthermore, the flow control valve 63 is a valve which
functions to control the flowrate so that the quantity of the
hot water to be supplied will not exceed the total quantity
expected.

In each section are placed a water supply temperature
sensor 52, a water heat exchanger outlet water temperature
sensor 53, a water temperature sensor 54 for measuring the
temperatures of a mixed hot water in the hot-water supply
tank and water at the water heat exchanger outlet, a hot-
water supply temperature 55 for measuring the temperature
of hot water finally supplied, and a tank temperature sensor
56 (a, b, ¢) for measuring the residual quantity of hot water
in the hot-water supply tank 13. On the refrigeration cycle
side are placed evaporator temperature sensors 58, 58a for
measuring the intermediate temperature of the evaporators
6, 6a, and suction temperature sensors 59, 594 for sensing
the suction temperature of the compressor 1.

The heat pump circuits 10, 10a, the water circulating
circuit 22 including the hot-water supply tank 13, and other
equipment are housed in a later-described casing 23.

As the using end units 27, the hot-water supply system is
provided with a faucet 24 in a kitchen or other, a shower 25
in a bathroom, and a bathtub 26 separated by the hot-water
supply solenoid valve 51 and the check valve 50. The check
valve 50 is used for hygienic reasons to prevent mixing of
hot water supplied from the water supply pipe 16 with hot
water in the bathtub 26. In the present example, a terminal
for water use is added to each using terminal as occasion
demands unless otherwise described.

The heat pump hot-water supply system according to the
present example has the above-described constitution and
operates as explained below. The heat pump hot-water
supply system is said to have a 300 to 500% higher energy
efficiency as compared with the electric water heater, and
utilizes the heat pump circuit 10, like an instantaneous
hot-water heater, to directly supply hot water to the using
end unit 27. As previously explained, however, the heat
pump circuit 10 can not fully supply the heat of condensa-
tion needed for heating water at the water heat exchanger 11
during a period immediately after the start of operation till
the stabilization of heat pump circuit operation. Accordingly
hot water can not be supplied directly to the using end unit
27. In the heat pump hot-water supply system of the present
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example, a period of several minutes of rising is utilized for
subsidiarily supplying high-temperature water held in a
small-capacity hot-water supply tank 13.

First, the capacity of the hot-water supply tank 13 will be
explained. With an extreme case excluded, 11.8 liters/min.
of water is needed for a shower for general home use; 8.5
liters/min. for the kitchen; and 7.5 liters/min. for the lava-
tory. The hot-water supply tank 13 is continuously usable for
9.7 min. for the shower, and for 13.4 min. for the kitchen.
When the simultaneous use is not taken into account, the
continuously usable necessary quantity of hot water is about
114 liters. Presume that the temperature of hot water to be
supplied is 40° C., the temperature of hot water held in the
hot-water supply tank 13 is 60° C. at which salmonellas can
not live, and the temperature of water to be supplied from the
heat exchanger 2 is 8° C. with the worst condition taken into
account. The computed quantity of hot water to be held in
the hot-water supply tank 13 under these conditions is about
70 liters. However, since it is not conceivable that water to
be supplied from the heat exchanger 2 always remains at the
temperature of 8° C., the water temperature should be set at
18° C., i.e. 10° C. higher than the presumed temperature, so
that the hot-water supply tank 13 having the capacity of 60
liters will be sufficient.

Furthermore, supposing that the size of an outdoor unit of
a commercial packaged air conditioner currently on the
market is an allowable size for a household hot-water supply
equipment, the equipment is 1400 mm high, 900 mm wide,
and 300 mm deep. When the hot-water supply tank 13 is of
a cylindrical shape and housed inside of the casing of the
outdoor unit, the maximum permissible size is 300 mm in
diameter of the hot-water supply tank 13, and 1400 mm in
height. The capacity of the tank is 0.1 cubic meter (100
liters).

From the above description, it can be summarized such
that a desirable range of the hot-water storing capacity of the
hot-water supply tank 13 is 60 liters to 100 liters. When the
hot-water storing capacity of the hot-water supply tank 13 is
set within the range stated above, an outdoor unit such as the
packaged air conditioner and the room air conditioner can be
housed in one casing within the scope that the use of hot
water will not be interfered with. That is, the hot-water
supply tank 13 can be housed, together with such major
components as the compressor 1, the exterior heat exchanger
6, the water heat exchanger 11, and the pressure reducing
unit 5, in one casing.

In the refrigeration cycle using the CFCs refrigerant,
approximately the highest heating temperature is 60° C. The
water temperature can be further increased by using CO,,
and therefore the hot-water storing capacity of the hot-water
supply tank 13 may be decreased by that increase in the
water temperature.

In the case when a using end unit used is other than the
bath 26, the flowrate sensor 21 senses the use of the terminal,
starting the compressor 1 to start the operation of the heat
pump circuit 10. At the initial stage of operation, the heat
pump circuit 10 is still in the state of rising, performing
hot-water supplying operation utilizing the hot-water supply
tank 10. Water supplied through the water supply pipe 16
flows into the lower part of the hot-water supply tank 13 via
the pressure reducing valve 17 and the water supply pipe 19.
The hot-water supply tank 13 supplies water from its lower
part; high-temperature water present in the upper part in the
hot-water supply tank 13 is forced out by the water pressure
into the hot-water supply pipe 20.

On the other hand, water from the water supply pipe 16
flows into a water circuit connected to the water heat
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exchanger 11 to thereby heat water by the refrigeration cycle
10. The hot water from the hot-water supply tank 13 and the
hot water from the water heat exchanger 11 are mixed by the
mixing valve 61, at which the temperature of the hot water
is sensed by the water temperature sensor 54, controlling the
quantity of the hot water from the hot-water storage tank 13
and the quantity of water heated by the refrigeration cycle 10
and fed out of the water heat exchanger 11 to thereby adjust
the hot water temperature to the preset value. During the
initial period of operation, water passing through the water
heat exchanger 11 is not sufficiently heated, and therefore
the hot water is supplied mostly from the hot-water supply
tank 13. Therefore, a little quantity of water is flowing in the
water heat exchanger 11 (a mixture operation mode). At this
stage of initial operation, the temperature of the hot water
can be quickly raised by thus decreasing the quantity of
water flowing in the water heat exchanger 11.

In the mixture operation mode, when the hot-water tem-
perature at the using end unit 27 is too high (over the preset
value), the mixing valve 62 is opened to mix water from the
water supply pipe 16, thus controlling the hot-water tem-
perature.

As the operation is kept on, the heat pump circuit 10 is
gradually stabilized; the temperature of hot water from the
water heat exchanger 11 rises high; and the mixing valve 61
which mixes the hot water from the water heat exchanger 11
with the hot water from the hot-water supply tank 13
gradually reduces the hot water being fed from the hot-water
supply tank 13 until the temperature of hot water from the
water heat exchanger 11 reaches the preset value. Thus, the
supply of hot water from the hot-water supply tank 13 is
fully stopped, so that only the hot water that has passed
through the water heat exchanger 11 after heating at the heat
pump circuit 10 may be supplied (instantaneously heating
mode).

To supply the hot water at the preset temperature to the
using end unit, the water temperature is sensed by the
temperature sensor 55, and the hot water that has come out
of the water heat exchanger 11 and passed the mixing valve
61 and water bypassed are mixed by the mixing valve 62,
from which the hot water is supplied at the preset tempera-
ture to the using end unit. When the temperature of water
supplied from the water supply pipe 16 is high especially in
the summer season, the temperature of hot water outputted
from the water heat exchanger 11 tends to rise higher than
the preset temperature. At this time, therefore, the mixing
valve 61 is controlled to appropriately mix water to supply
the hot-water temperature at the preset value to the using end
unit (water mixing mode).

When an inverter control capable of controlling the speed
of the compressor 1 is adopted in the refrigeration cycle 10,
the hot-water temperature at the water heat exchanger 11 is
sensed by means of the temperature sensor 53, thereby
controlling the speed of the compressor 1 to obtain the preset
water temperature.

Furthermore, in the refrigeration cycle 10 itself an expan-
sion valve 5 is provided for adjustment to gain a constant
difference between a temperature sensor 58 located on the
way of the evaporator 6 and a compressor suction tempera-
ture sensor.

Then, when the using end unit is closed, the flowrate
sensor 21 senses the closing of the terminal. When the water
temperature in the hot-water supply tank 13 is below the
preset value, the hot-water supply tank 13 starts additional
heating operation.

To perform the additional heating of the hot-water supply
tank, the pump 15 is operated after waiting until the water
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heat exchanger outlet temperature reaches a high tempera-
ture (hot-water storage temperature) while operating the
refrigeration cycle 10. Therefore water present in the lower
part of the hot-water supply tank 13 goes into the water heat
exchanger 11, where water is heated to high temperature,
then returning to the upper part in the hot-water supply tank
13 via the check valve 49. The check valve 49 checks the
flow of the hot water out of the hot-water supply tank 13
when the mixing valve 61 is fully closed during the above-
described normal supply of hot water.

The temperature at the outlet of the water heat exchanger
at this time is controlled by changing the speed of the
compressor 1 and the flowrate of water in the circulating
pump 15. The tank temperature sensor 56 senses the comple-
tion of heating of the hot-water in the hot-water supply tank;
thus the additional heating of the hot-water supply tank 13
is finished, setting the hot-water supply system to the
standby state.

The hot water is supplied from the hot-water supply tank
13 to the using end unit by supplying water from the water
supply pipe 16. The hot-water supply tank is kept full of
water and accordingly, in principle, the quantity of hot water
in the hot-water supply tank 13 will not decrease. The
hot-water supply tank 13 is drained at the time of completion
of installation or a long-time shutdown; therefore no water
is present in the hot-water supply tank 13 when operation is
restarted. When restarting operation of the tank, it is nec-
essary to supply water. In this case, if the shower 25 or the
faucet 24 of the using end unit 27 is opened, water from the
water supply pipe 16 flows to the using end unit 11 via the
water heat exchanger 11. At this time, the hot water supply
temperature sensor 55 detects a low temperature. The mix-
ing valve 62, therefore, opens only to the hot-water side (no
water from the water supply pipe 16 is mixed). Since the
detected value of the hot-water supply temperature sensor 54
indicates a low temperature, the mixing valve 61 opens to
mix the hot water from the water heat exchanger 11 with
water from the hot-water supply tank 20. However, because
the hot-water supply tank 13 is not yet full of water, no water
will be supplied from the hot-water supply tank 13 through
the mixing valve 61. Then, the mixing valve 61 on the
hot-water supply tank 13 is also opened to bleed air;
therefore water from the water supply pipe 16 flows into the
water heat exchanger 11 and also into the hot-water supply
tank 13. The faucet of the using end unit 27 is closed when
the hot-water supply tank 13 is filled to capacity, the
additional heating of the hot-water supply tank 13 is started.

The refrigeration cycle 10 will still have both the maxi-
mum and minimum capacities if the compressor 1 equipped
with an inverter is adopted. Capacity required for supplying
hot water can be estimated by the water supply temperature
sensor 52, the flowrate sensor 21, and the set temperature of
hot water to be supplied.

When the required hot-water supply capacity is under the
minimum capacity, the refrigeration cycle 10 is not operated,
but the same circuit as during the normal supply of hot water
(an operation circuit for mixing hot water (water) from the
water heat exchanger 11 with hot water from the hot-water
supply tank 13) is used to supply hot water at the preset
temperature only from the hot-water supply tank 13. When
the remaining quantity of hot water in the tank has decreased
(low hot-water temperature), the additional heating of the
tank is performed to add hot water to the tank.

An instantaneous water-heater tank such as a gas hot-
water supply system is not equipped with an auxiliary tank,
and therefore can not supply hot water at the minimum
capacity or less (a mixing valve at the using end unit is used
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to adjust hot-water temperatures). In the present embodi-
ment, the heat pump hot-water supply system has the
hot-water supply tank 13; therefore in such a case also it is
possible to supply hot water at the preset temperature to the
terminal.

In the case when the hot-water supply capacity has
exceeded the maximum capacity of the refrigeration cycle
10, the flow control valve 63 is operated to reduce the
flowrate, thereby supplying hot water at the preset tempera-
ture.

Generally, the heat pump hot-water supply system utilizes
the nighttime electric power. In the case of a hot-water
supply system with a 300-liter or larger tank, it is required
to heat and hold hot water at 70° C. to 90° C. Since the water
is required to be heated at high temperatures, a heat effi-
ciency is lowered. According to the present invention,
however, the water is heated at the temperature (e.g. 42° C.
in general use) required by the terminal, and therefore its
heat efficiency becomes very high as compared with other
heat pump hot-water supply systems.

When putting hot water in, or filling up, the bathtub 26,
the same operation as the hot-water supply operation is
done: opening the hot-water supply solenoid valve 51 to fill
up the bathtub 26. In case the supply of hot water to the
bathtub 26 is stopped, it is conceivable that the hot water
flows back from the bathtub 26. To prevent this, the check
valve 50 is provided for hygienic reasons.

The bathtub 27 requires over 180 liters of hot water to be
filled up. This hot-water supply operation, therefore, may be
altered to the following operation. That is, during the initial
period of operation, water may be supplied directly from the
water heat exchanger 11 by operating the heat pump circuit
10 without using hot water in the hot-water supply tank 13.
It is because over 180 liters of hot water is needed to fill up
the bathtub 26, and the rising time of the refrigeration cycle
10 is little on the whole. The water level in the bathtub 26
is monitored by means of the water level sensor 60, and
therefore when the water has reached the preset water level,
the supply of hot water to the bathtub, or filling up operation,
will stop.

Next, the additional heating of the bath will be explained.
In the case when the bathtub 26 using the same hot-water
heater as conventional ones is already filled up and needs to
be heated, an electric hot-water heater with a large tank filled
up with water can not heat the water in the bathtub.

According to the present example, however, the heat
exchanger 2 integrally incorporates the condenser 3 for
refrigerant condensation, the water heat exchanger 11 for
heating the water, and the bathtub water heat exchanger 44.
Therefore, the water in the bathtub can be heated by oper-
ating the heat pump circuit 10 and the circulating pump 46
to recirculate the water filled up in the bathtub 26. That is,
the water filled up in the bathtub 26 is sent to the bathtub
water heat exchanger by means of the circulating pump 46,
being heated up and flowing back to the bathtub 26. A bath
water temperature sensor 57 for detecting the water tem-
perature in the bathtub is mounted at the upstream side of the
bathtub water heat exchanger 44. When the detected value of
the sensor 57 has reached the preset temperature, the heat
pump circuit (mainly the compressor 1) and the circulating
pump 46 are stopped. That is, the heat pump hot-water
supply system has an automatic function to automatically
keep the preset temperature of hot water in the bathtub.

As heretofore described, the heat pump hot-water supply
system of this invention has various automatic bath func-
tions such as the supply or filling up of hot water to the
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bathtub 26 and water heating. That is, itis possible to add hot
water and also to additionally heat bath water.

FIG. 2 is a graph showing a characteristic curve obtained
by experimenting a relationship between time and water
temperature during the initial transient period of operation.

The temperature and quantity of hot water used at a using
end unit for home use are said to be about 40 to 42° C. and
6 to 8 liters/min. At the experiments conducted with outside
air conditions in the winter season as well as these tempera-
tures and quantities of hot water taken into account, the
temperature of hot water to be supplied was set at 8° C.

The graph shows a change in water temperature at the
outlet of the water heat exchanger 11 when water is supplied
to the water heat exchanger 11 simultaneously with the
operation of the heat pump circuit 10. From this character-
istic curve it is understood that it takes about 7 minutes from
the start of water supply at the temperature of 8° C. at the
inlet of the water heat exchanger 11 till the hot-water
temperature reaches 42° C. at the outlet of the water heat
exchanger 11.

Generally one can not keep on waiting for 7 minutes with
patience until the hot water temperature rises at the faucet 24
of a kitchen or the shower 25.

In the present example, based on the experiments, an
about 30-liter small-capacity hot-water supply tank 13 (actu-
ally, 90 liters to allow room) is provided, in which about 60°
C. hot water is stored.

At the using end unit, the 60° C. hot water is added with
8° C. running water supplied from the water heat exchanger
11 to lower the water temperature to 42° C. as the initial
value. Therefore, even if the temperature of water from the
water heat exchanger 11 remains at 8° C., 30 liters of 60° C.
hot water is sufficient for five minutes. Furthermore, the
hot-water tank of this size can be integrally housed in the
heat pump circuit casing, and therefore does not require a
wide mounting space unlike the conventional heat pump
hot-water supply system. Besides, the hot-water tank, hav-
ing a small mass, requires no firm ground, and therefore can
be mounted on the balcony of an apartment house or a
condominium.

Next, the mounting position of the hot-water supply tank
13 will be explained. A conceivable mounting position of the
hot-water supply tank 13 is under the heat pump circuit 10
as shown in FIG. 3, on the heat pump circuit 10 as shown in
FIG. 4, or beside the heat pump circuit 10 as shown in FIG.
5.

The hot-water supply tank 13 filled with water is mounted
under the heat pump circuit 10 as shown in FIG. 3, that is,
is located in the lower part of the casing; therefore the heat
pump hot-water supply system ensures improved stability.
Furthermore, in the manufacturing process also, equipment
can be mounted in order on the top of the hot-water supply
tank 13, resulting in improved operation performance and
further in improved serviceability because interior equip-
ment can be checked easily by removing the casing 23.
Numeral 30 refers to a control circuit, which controls the
compressor 1, the pressure reducing unit 6, various mixing
valves, and the blower 9 in accordance with the output of
sensors thereof. The above description is similarly appli-
cable to the following drawings.

However, the hot-water supply tank filled with hot water,
when mounted in the lower part of the casing, tends to
dissipate heat from the surface of the hot-water supply tank
13 because it is located close to the ground, excessively
wasting an energy. To cope with this drawback, the hot-
water supply tank 13 is mounted on the heat pump circuit 10
as shown in FIG. 4, to thereby slightly sacrifice assembly
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operation efficiency and serviceability. In this case, the
hot-water supply tank 13 is surrounded with heat produced
by the heat pump circuit 10; therefore it is possible to
decrease the excess dissipation of heat from the hot-water
supply tank 13.

Furthermore, the hot-water supply tank 13 is mounted
beside the heat pump circuit 10 as shown in FIG. 5, serving
the purpose for reducing the excess amount of heat dissi-
pation from the tank 13 while ensuring assembly operation
efficiency and serviceability.

Furthermore as shown in FIG. 6, the hot-water supply
tank 13 is not integrally housed in the casing, but may be
mounted beside the casing in which the heat pump circuit 10
is housed. In this case, a plumbing system for supplying hot
water is separated from the heat pump circuit 10 related to
the refrigerant. Accordingly, parallel production of their
products becomes possible, thus improving products pro-
duction efficiency, facilitating installation of the products
because of separate performance of work, and improving
serviceability.

According to the present invention, it is possible to
provide a hot-water supply system which needs a narrow
mounting space, and has a small mass and a good energy
efficiency.

Also, according to the present invention, it is possible to
provide a hot water supply system which can decrease the
length of time for stabilization of hot-water temperature
when the hot water is supplied from the hot-water supply
system which needs a narrow mounting space and has a
small mass.

And according to the present invention, it is possible to
provide a hot-water supply system which needs a narrow
mounting space and has a small mass, and allows additional
heating of the bath water.

What is claimed is:

1. A heat pump hot-water supply system, comprising:

a heat pump circuit comprising a compressor,

first heat exchanger for heat-exchange between a refrig-
erant discharged from the compressor and water with-
drawn from a running water pipe,

pressure reducing unit for reducing the pressure of the
refrigerant from the first heat exchanger,

second heat exchanger located between the pressure
reducing unit and the compressor;

a controller that controls a speed of the compressor based
on a temperature of water heat-exchanged with the
refrigerant in the first heat exchanger;

a hot-water supply tank for holding hot water;

a direct hot-water supply route which can supply hot
water directly from the water supply pipe to a using end
unit via the first heat exchanger;

tank supply route which can supply hot water to the using
end unit by mixing water from the first heat exchanger
with hot water collected in the hot-water supply tank
via a first mixing unit; and

a bypass supply route which can supply water that has
bypassed the first heat exchanger and the hot-water
supply tank from the water supply pipe to a position
downstream of the first mixing unit via a second mixing
unit.

2. The heat pump hot-water supply system according to
claim 1, wherein the heat pump circuit and the hot-water
supply tank are housed in a single casing.

3. The heat pump hot-water supply system according to
claim 2, wherein the heat pump circuit is mounted above the
hot-water supply tank in the casing.
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4. The heat pump hot-water supply system according to
claim 2, wherein the heat pump circuit is mounted below the
hot-water supply tank in the casing.

5. The heat pump hot-water supply system according to
claim 2, wherein the heat pump circuit is mounted beside the
hot-water supply tank in the casing.

6. The heat pump hot-water supply system according to
claim 1, wherein the heat pump circuit is housed in a single
casing.

7. The heat pump hot-water supply system according to
claim 6, wherein the hot-water supply tank is mounted
beside the casing in which the heat pump circuit is housed.

8. The heat pump hot-water supply system according to
claim 1, wherein the heat pump circuit further comprises
CO, as the refrigerant.

9. A heat pump hot-water supply system, comprising:

a heat pump circuit comprising a compressor, a first heat
exchanger for heat-exchange between a refrigerant
discharged from the compressor and water withdrawn
from a running water pipe, a pressure reducing unit for
reducing the pressure of the refrigerant from the first
heat exchanger, a second heat exchanger located
between the pressure reducing unit and the compressor;

a controller that controls a speed of the compressor based
on a temperature of water heat-exchanged with the
refrigerant in the first heat exchanger and a preset target
temperature for the temperature of the hot-water
desired at the using end unit;

a hot-water supply tank for holding hot water;

a direct hot-water supply route which can supply hot
water directly from the water supply pipe to a using end
unit via the first heat exchanger;

a tank supply route which can supply hot water to the
using end unit by mixing water from the first heat
exchanger with hot water collected in the hot-water
supply tank via a first mixing unit; and

a bypass supply route which can supply water that has
bypassed the first heat exchanger and the hot-water
supply tank from the water supply pipe to a position
downstream of the first mixing unit via a second mixing
unit.

10. The heat pump hot-water supply system according to
claim 9, wherein the heat pump circuit and the hot-water
supply tank are housed in a single casing.

11. The heat pump hot-water supply system according to
claim 10, wherein the heat pump circuit is mounted above
the hot-water supply tank in the casing.

12. The heat pump hot-water supply system according to
claim 10, wherein the heat pump circuit is mounted below
the hot-water supply tank in the casing.

13. The heat pump hot-water supply system according to
claim 10, wherein the heat pump circuit is mounted beside
the hot-water supply tank in the casing.

14. The heat pump hot-water supply system according to
claim 9, wherein the heat pump circuit is housed in a single
casing.

15. The heat pump hot-water supply system according to
claim 14, wherein the hot-water supply tank is mounted
beside the casing in which the heat pump circuit is housed.

16. The heat pump hot-water supply system according to
claim 9, wherein the heat pump circuit further comprises
CO, as the refrigerant.

17. A heat pump hot-water supply system, comprising:

a heat pump circuit comprising a compressor, a first heat
exchanger for heat-exchange between a refrigerant
discharged from the compressor and water withdrawn
from a running water pipe, a pressure reducing unit for
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reducing the pressure of the refrigerant from the first
heat exchanger, a second heat exchanger located
between the pressure reducing unit and the compressor;

a hot-water supply tank for holding hot water;

a direct hot-water supply route which can supply hot
water directly from the water supply pipe to a using end
unit via the first heat exchanger;

a tank supply route which can supply hot water to the
using end unit by mixing water from the first heat
exchanger with hot water collected in the hot-water
supply tank via a first mixing unit;

a bypass supply route which can supply water that has
bypassed the first heat exchanger and the hot-water
supply tank from the water supply pipe to a position
downstream of the first mixing unit via a second mixing
unit;

a first temperature sensor provided between an outlet of
the first heat exchanger and an inlet of the first mixing
unit;

a second temperature sensor provided between an outlet
of the first mixing unit and an inlet of the second
mixing unit;

a third temperature sensor provided between an outlet of
the second mixing unit and the using end unit;

a controller that controls a speed of the compressor based
on an output of the first temperature sensor, controls the
first mixing unit based on an output of the second
temperature sensor, and controls the second mixing unit
based on an output of the third temperature sensor.

18. The heat pump hot-water supply system according to
claim 17, wherein the heat pump circuit and the hot-water
supply tank are housed in a single casing.

19. The heat pump hot-water supply system according to
claim 18, wherein the heat pump circuit is mounted above
the hot-water supply tank in the casing.

20. The heat pump hot-water supply system according to
claim 18, wherein the heat pump circuit is mounted below
the hot-water supply tank in the casing.

21. The heat pump hot-water supply system according to
claim 18, wherein the heat pump circuit is mounted beside
the hot-water supply tank in the casing.

22. The heat pump hot-water supply system according to
claim 17, wherein the heat pump circuit is housed in a single
casing.

23. The heat pump hot-water supply system according to
claim 22, wherein the hot-water supply tank is mounted
beside the casing in which the heat pump circuit is housed.

24. The heat pump hot-water supply system according to
claim 17, wherein the heat pump circuit further comprises
CO, as the refrigerant.

25. A heat pump hot-water supply system, comprising:

a heat pump circuit comprising a compressor, a first heat
exchanger for heat-exchange between a refrigerant
discharged from the compressor and water withdrawn
from a running water pipe, a pressure reducing unit for
reducing the pressure of the refrigerant from the first
heat exchanger, a second heat exchanger located
between the pressure reducing unit and the compressor;

a controller that controls a speed of the compressor based
on a temperature of water heat-exchanged with the
refrigerant in the first heat exchanger;

a direct hot-water supply route which can supply hot
water directly from the water supply pipe to a using end
unit via the first heat exchanger;

a tank supply route which can supply hot water to the
using end unit by mixing water from the first heat
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exchanger with hot water collected in a hot-water
supply tank via a first mixing unit; and

a bypass supply route which can supply water that has
bypassed the first heat exchanger and the hot-water
supply tank from the water supply pipe to a position
downstream of the first mixing unit via a second mixing
unit.

26. The heat pump hot-water supply system according to
claim 25, wherein the heat pump circuit further comprises
CO, as the refrigerant.

27. A heat pump hot-water supply system, comprising:

a heat pump circuit comprising a compressor, a first heat
exchanger for heat-exchange between a refrigerant
discharged from the compressor and water withdrawn
from a running water pipe, a pressure reducing unit for
reducing the pressure of the refrigerant from the first
heat exchanger, a second heat exchanger located
between the pressure reducing unit and the compressor;

a controller that controls a speed of the compressor based
on a temperature of water heat-exchanged with the
refrigerant in the first heat exchanger and a preset target
temperature for the temperature of the hot-water
desired at the using end unit;

a direct hot-water supply route which can supply hot
water directly from the water supply pipe to a using end
unit via the first heat exchanger;

a tank supply route which can supply hot water to the
using end unit by mixing water from the first heat
exchanger with hot water collected in a hot-water
supply tank via a first mixing unit; and

a bypass supply route which can supply water that has
bypassed the first heat exchanger and the hot-water
supply tank from the water supply pipe to a position
downstream of the first mixing unit via a second mixing
unit.

28. The heat pump hot-water supply system according to
claim 27, wherein the heat pump circuit further comprises
CO, as the refrigerant.

29. A heat pump hot-water supply system, comprising:

a heat pump circuit comprising a compressor, a first heat
exchanger for heat-exchange between a refrigerant
discharged from the compressor and water withdrawn
from a running water pipe, a pressure reducing unit for
reducing the pressure of the refrigerant from the first
heat exchanger, a second heat exchanger located
between the pressure reducing unit and the compressor;

a direct hot-water supply route which can supply hot
water directly from the water supply pipe to a using end
unit via the first heat exchanger;

a tank supply route which can supply hot water to the
using end unit by mixing water from the first heat
exchanger with hot water collected in a hot-water
supply tank via a first mixing unit;

a bypass supply route which can supply water that has
bypassed the first heat exchanger and the hot-water
supply tank from the water supply pipe to a position
downstream of the first mixing unit via a second mixing
unit;

a first temperature sensor provided between an outlet of
the first heat exchanger and an inlet of the first mixing
unit;

a second temperature sensor provided between an outlet
of the first mixing unit and an inlet of the second
mixing unit;

a third temperature sensor provided between an outlet of
the second mixing unit and the using end unit;
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a controller that controls a speed of the compressor based 30. The heat pump hot-water supply system according to
on an output of the first temperature sensor, controls the claim 29, wherein the heat pump circuit further comprises
first mixing unit based on an output of the second CO, as the refrigerant.

temperature sensor, and controls the second mixing unit
based on an output of the third temperature sensor. ¥ % % % %



