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Description
BACKGROUND
1. Technical Field

[0001] The present invention relates to a heat pump-
type heating and hot-water supply apparatus that ex-
changes heat between refrigerant and water.

2. Description of the Related Art

[0002] A heatpump-type heating and hot-water supply
apparatus has conventionally been known which uses
hot water generated by heat exchange between refrig-
erant and water for heating and hot-water supply. The
heat pump-type heating and hot-water supply apparatus
includes a heat pump unit having a refrigerant circuit and
a hot-water supply unit (see, for example, JP-A-
2005-274021). The refrigerant circuit includes a com-
pressor, a water/refrigerant heat exchanger that ex-
changes heat between refrigerant and water, an expan-
sion valve, a heat source side heat exchanger, and a
refrigerant pipe that connects them sequentially. The hot-
water supply unit supplies hot water heated by the wa-
ter/refrigerant heat exchanger to a heating unit (such as
a floor heating panel or bathroom heating apparatus) or
water storage tank by a circulation pump.

[0003] In the above-mentioned heat pump-type heat-
ing and hot-water supply apparatus, the speed of the
compressor and the opening degree of the expansion
valve are controlled so that the temperature of the hot
water heated by the heat exchange with the refrigerant
and flowing out of the water/refrigerant heat exchanger
(hereinafter described as the going temperature) reach-
es a given target temperature. Here, the target temper-
ature is determined depending on, for example, a room
temperature requested by the heating unit, or a water
heating temperature to heat the water stored in the water
storage tank. Inthe following description, the above-men-
tioned room temperature requested by the heating unit,
and water heating temperature may be described as the
set temperature.

[0004] When the going temperature reaches the target
temperature in the above-mentioned heat pump-type
heating and hot-water supply apparatus, a control to
maintain the temperature is performed. Specifically, the
speed of the compressor is controlled so that the going
temperature falls within a given range of the target tem-
perature (for example, within = 2°C of the target temper-
ature). When the going temperature is within the given
range, the room temperature of aroom where the heating
unit is installed, or a water temperature in the water stor-
age tank becomes a temperature close to its set temper-
ature. Hence, the amount of heat dissipation of the hot
water flowing out of the water/refrigerant heat exchanger
and flowing into the heating unit or water storage tank in
the heating unit or water storage tank is reduced.
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[0005] When the amount of heat dissipation of the hot
water flowing out of the water/refrigerant heat exchanger
is reduced, the going temperature is stabilized at
(around) the target temperature. Hence, a condensation
temperature in the water/refrigerant heat exchanger will
hardly change. In other words, out of four processes
(compression process/condensation process/expansion
process/evaporation process) in the heat pump unit,
three processes excluding the compression process
hardly change in efficiency.

[0006] On the other hand, the operating efficiency of
the compressor varies depending on the type of com-
pressor and the outside temperature. However, in any
case, the compressor is designed to have its maximum
operating efficiency of the compressor when the speed
of the compressor is a given speed. When the speed of
the compressor increases or decreases as compared to
the given speed, the operating efficiency of the compres-
soris degraded, in other words, the efficiency of the com-
pression process out of the above-mentioned four proc-
esses in the heat pump unit, is degraded. This results
from the property of a motor mounted in the compressor.
Therefore, in the case that there is hardly any change in
condensation temperature, the efficiency of the heat
pump unit largely depends on the operating efficiency of
the compressor. In other words, when the speed of the
compressor is the given speed, the heat pump unit has
the maximum efficiency. When the speed of the com-
pressor increases or decreases as compared to this
speed, the efficiency of the heat pump unit is degraded.
When the above-mentioned going temperature is con-
trolled so as to fall within the given range of the target
temperature, in the case that the going temperature is
equal to or more than an upper limit temperature within
the given range, the going temperature is decreased to
the target temperature by decreasing the speed of the
compressor. At this point in time, the speed of the com-
pressor is decreased as compared to a speed at which
the compressor obtains the highest value of the operating
efficiency, the efficiency of the heat pump unit is degrad-
ed. Accordingly, it may degrade the COP (Coefficient Of
Performance) of the heat pump-type heating and hot-
water supply apparatus.

[0007] The present invention has been made to solve
the above problem. Document EP 2 312 226 A2 de-
scribes a heat pump-type heating and hot-water supply
apparatus having the features specified in the preamble
of claim 1. In this document the control means are con-
figured to control the compressor. The control means ro-
tates the compressor so that the current temperature of
the discharging hot water which is detected by the dis-
charging hot water temperature sensor may reach an
objective temperature which has been set in advance.
[0008] One objectof the presentinvention is to provide
a heat pump-type heating and hot-water supply appara-
tus that suppresses the degradation of the COP when
controlling the compressor to decrease the going tem-
perature.
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SUMMARY

[0009] According to the present invention, this object
is solved by a a heat pump-type heating and hot-water
supply apparatus comprising the features of claim 1. In
the heat pump-type heating and hot-water supply appa-
ratus described above, the control means judges whether
or not the speed of the compressor has decreased by a
given speed or more as compared to the optimum speed
corresponding to the highest value of the COP (whether
or not at or below the lower limit speed) when decreasing
the speed of the compressor. In the case that the speed
of the compressor is at or below the lower limit speed,
the control means judges whether or not the going tem-
perature (water temperature) is equal to or more than the
upper limit temperature that is higher by a given temper-
ature than the target temperature. If the going tempera-
ture is equal to or more than the upper limit temperature,
the control means stops the compressor. If the going tem-
perature is not equal to or more than the upper limit tem-
perature, the control means continues to operate the
compressor at a speed that is lower by a given speed
than the optimum speed corresponding to the highest
value of the COP (the lower limit speed). Consequently,
in the heat pump-type heating and hot-water supply ap-
paratus, it is possible to maintain the going temperature
at a temperature around the target temperature, and to
suppress the degradation of the COP resulting from the
degradation of the operating efficiency of the compres-
SOr.

BRIEF DESCRIPTION OF DRAWINGS
[0010]

Fig. 1is a configuration diagram of a heat pump-type
heating and hot-water supply apparatus in a first ex-
ample of the present invention;

Fig. 2 is a drawing illustrating the relationship be-
tween the speed of a compressor and the COP in
the first example of the present invention;

Fig. 3 is a compressor speed table in the first exam-
ple of the present invention;

Fig. 4 is a flowchart illustrating a process to be per-
formed by control means in the first example of the
present invention;

Fig. 5 is a drawing illustrating the relationship be-
tween the speed of a compressor and the COP in a
second example of the present invention;

Fig. 6 is a compressor speed table in the second
example of the present invention;

Figs. 7A and 7B are time charts describing changes
in the operating state of the compressor and the go-
ing temperature in a third example of the present
invention;

Fig. 8 is a flowchart illustrating a process to be per-
formed by control means in the third example of the
present invention;
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Fig. 9 is a time chart illustrating changes in the op-
erating state of a compressor and the going temper-
ature in a fourth example of the present invention;
Fig. 10 is a flowchart illustrating a process to be per-
formed by control means in the fourth example of
the present invention;

Fig. 11 is a time chart illustrating changes in the op-
erating state of a compressor and the going temper-
ature in a fifth example of the present invention; and
Fig. 12 is a flowchart illustrating a process to be per-
formed by control means in the fifth example of the
present invention.

DESCRIPTION OF THE EMBODIMENTS

[0011] Inthefollowing detailed description, for purpose
of explanation, numerous specific details are set forth in
order to provide a thorough understanding of the dis-
closed embodiments. It will be apparent, however, that
one or more embodiments may be practiced without
these specific details. In other instances, well-known
structures and devices are schematically shown in order
to simplify the drawing.

[0012] Hereinafter, embodiments of the presentinven-
tion are described in detail with reference to the accom-
panying drawings. A description is given of the embodi-
ments taking a heat pump-type heating and hot-water
supply apparatus as an example. The heat pump-type
heating and hot-water supply apparatus includes a water
storage tank and an indoor unit, which are heating ter-
minals of the present invention. In the heat pump-type
heating and hot-water supply apparatus, upon heating,
a water/refrigerant heat exchanger supplies hot water
obtained by heat exchange between water and refriger-
ant to the indoor unit. Moreover, in the heat pump-type
heating and hot-water supply apparatus, the water/refrig-
erant heat exchanger heats water stored in the water
storage tank by the hot water obtained by the heat ex-
change between the water and the refrigerant. The
present invention is not limited to the following embodi-
ments (examples). Various modifications can be made
to the embodiments of the present invention without de-
parting from the gist of the present invention.

[First Example]

[0013] Fig. 1 illustrates the configuration of a heat
pump-type heating and hot-water supply apparatus 100
according to afirst example. The heat pump-type heating
and hot-water supply apparatus 100 includes a refriger-
antcircuit 10. Therefrigerant circuit 10 includes a variable
capacity compressor 1, a four-way valve 2, a water/re-
frigerant heat exchanger 3 that exchanges heat between
refrigerant and water, an expansion valve 4, a heat
source side heat exchanger 5, an accumulator 6, and a
refrigerant pipe 11 that connects them sequentially. In
the heat pump-type heating and hot-water supply appa-
ratus 100, the four-way valve 2 of the refrigerant circuit
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10 is switched and accordingly a refrigerant circulation
direction can be switched.

[0014] In the refrigerant circuit 10, the refrigerant pipe
11 in the vicinity of a refrigerant discharge opening of the
compressor 1 is provided with a discharge temperature
sensor 51 for detecting the temperature of the refrigerant
discharged from the compressor 1. Moreover, the refrig-
erant pipe 11 between the water/refrigerant heat ex-
changer 3 and the expansion valve 4 is provided with a
refrigerant temperature sensor 53. The refrigerant tem-
perature sensor 53 detects the temperature of the refrig-
erant flowing out of the water/refrigerant heat exchanger
3 when the water/refrigerant heat exchanger 3 functions
as a condenser. Furthermore, the refrigerant tempera-
ture sensor 53 detects the temperature of the refrigerant
flowing into the water/refrigerant heat exchanger 3 when
the water/refrigerant heat exchanger 3 functions as an
evaporator. Moreover, the refrigerant pipe 11 between
the expansion valve 4 and the heat source side heat ex-
changer 5 is provided with a heat exchanger temperature
sensor 54. The heat exchanger temperature sensor 54
detects the temperature of the refrigerant flowing into the
heat source side heat exchanger 5 when the heat source
side heat exchanger 5 functions as an evaporator. The
heat exchanger temperature sensor 54 detects the tem-
perature of the refrigerant flowing out of the heat source
side heat exchanger 5 when the heat source side heat
exchanger 5 functions as a condenser. Furthermore, the
refrigerant pipe 11 on the discharge side of the compres-
sor 1 (between the four-way valve 2 and the water/refrig-
erant heat exchanger 3) is provided with a pressure sen-
sor 50. Moreover, an outside temperature sensor (out-
side temperature detection means) 52 is provided in the
vicinity of the heat source side heat exchanger 5.
[0015] Afan7is placedinthe vicinity of the heat source
side heat exchanger 5. The fan 7 takes in outside air into
an unillustrated housing of the heat pump-type heating
and hot-water supply apparatus 100 and accordingly
supplies the outside air to the heat source side heat ex-
changer 5. The fan 7 is attached to an unillustrated output
shaft (rotating shaft) of a motor whose speed is variable.
The expansion valve 4 is configured to be capable of
pulse control over the degree of opening of the expansion
valve 4 using a stepping motor.

[0016] The water/refrigerant heat exchanger 3 is con-
nected to the refrigerant pipe 11 and a hot-water supply
pipe 12a. As illustrated in Fig. 1, an end of the hot-water
supply pipe 12a is connected to a three-way valve 31.
Both of an end of an indoor unit side pipe 12c and an end
of a water storage tank side pipe 12b are connected to
the three-way valve 31. Moreover, the other end of the
hot-water supply pipe 12a is connected to the other end
of the indoor unit side pipe 12c and the other end of the
water storage tank side pipe 12b. InFig. 1, ajointbetween
the hot-water supply pipe 12a, the water storage tank
side pipe 12b, and the indoor unit side pipe 12c is set as
a connection point 13. The indoor unit side pipe 12c is
provided with an indoor unit 40 such as a floor heating
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apparatus or radiator. Moreover, the water storage tank
side pipe 12b is provided with a water storage tank 70.

[0017] A heat exchange unit 71 formed into a spiral
shape is provided in a lower part of the water storage
tank 70. Both ends of the heat exchange unit 71 are con-
nected to the water storage tank side pipe 12b. Conse-
quently, the hot water flowing through the water storage
tank side pipe 12b flows into the heat exchange unit 71.
A hot-water outlet 73 for supplying the hot water stored
in the water storage tank 70 to a bathtub, a wash basin
faucet, or the like is provided at the top of the water stor-
age tank 70. Moreover, a water inlet 72 for supplying
water into the water storage tank 70 is provided at the
bottom of the water storage tank 70. The water inlet 72
is directly coupled to an unillustrated water pipe.

[0018] A variable capacity circulation pump 30 is pro-
vided between the connection point 13 and the water/re-
frigerant heat exchanger 3. The circulation pump 30 is
driven to circulate the water that has exchanged heat
with the refrigerant by the water/refrigerant heat ex-
changer 3 in a direction of an arrow 90 illustrated in Fig.
1. The water flowing out of the water/refrigerant heat ex-
changer 3 flows into the indoor unit 40 via the indoor unit
side pipe 12c or into the water storage tank 70 via the
water storage tank side pipe 12b, in accordance with the
switched state of the three-way valve 31. The water flow-
ing out of the indoor unit 40 or the water storage tank 70
flows into the water/refrigerant heat exchanger 3 via the
connection point 13.

[0019] As described above, the water/refrigerant heat
exchanger 3, the circulation pump 30, the indoor unit 40,
and the water storage tank 70 are connected by the hot-
water supply pipe 12a, the water storage tank side pipe
12b, and the indoor unit side pipe 12c to configure a hot-
water supply circuit 12 of the heat pump-type heating and
hot-water supply apparatus 100.

[0020] A water inlet side of the water/refrigerant heat
exchanger 3 of the hot-water supply pipe 12a is provided
with an inlet temperature sensor 56. The inlet tempera-
ture sensor 56 detects a return temperature that is the
temperature of the water flowing into the water/refrigerant
heat exchanger 3. A water outlet side of the water/refrig-
erant heat exchanger 3 of the hot-water supply pipe 12a
is provided with an outlet temperature sensor 57. The
outlet temperature sensor 57 is going temperature de-
tection means that detects the going temperature that is
the temperature of the water flowing out of the water/re-
frigerant heat exchanger 3. Moreover, a water storage
tank temperature sensor 58 is provided at a substantially
central portion in the vertical direction inside the water
storage tank 70. The water storage tank temperature
sensor 58 detects the temperature of the hot water built
up inside the water storage tank 70.

[0021] In addition to the configuration described
above, the heat pump-type heating and hot-water supply
apparatus 100 includes control means 60. The control
means 60 captures the temperature detected by each
temperature sensor and the refrigerant pressure detect-
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ed by the pressure sensor 50, or an operation request of
a user by an unillustrated remote controller or the like,
and performs various controls related to the operation of
the heat pump-type heating and hot-water supply appa-
ratus 100 depending on them. In other words, the control
means 60 performs, for example, the drive control of the
compressor 1, the fan 7, and the circulation pump 30,
the switching control of the four-way valve 2, the control
of the degree of opening of the expansion valve 4, and
the switching control of the three-way valve 31. Further-
more, the control means 60 includes a timer unit that
measures the time, and a storage unit (both are not illus-
trated). For example, values detected by various sen-
sors, and a control program of the heat pump-type heat-
ing and hot-water supply apparatus 100 are stored in the
storage unit.

[0022] As illustrated in Fig. 1, when the heat pump-
type heating and hot-water supply apparatus 100 is op-
erated setting the refrigerant circuit 10 as a heating cycle,
the refrigerant discharged from the compressor 1 flows
through the four-way valve 2, the water/refrigerant heat
exchanger 3, the expansion valve 4, and the heat source
side heat exchanger 5 sequentially, and flows back into
the four-way valve 2, and is suctioned by the compressor
1 via the accumulator 6 (an arrow 80 illustrated in Fig. 1
indicates the flow of the refrigerant). On the other hand,
when the heat pump-type heating and hot-water supply
apparatus 100 is operated setting the refrigerant circuit
10 as a cooling cycle, the refrigerant discharged from the
compressor 1 flows through the four-way valve 2, the
heat source side heat exchanger 5, the expansion valve
4, and the water/refrigerant heat exchanger 3 sequen-
tially, and flows back into the four-way valve 2, and is
suctioned by the compressor 1 via the accumulator 6. In
other words, in the cooling cycle, the refrigerant flows in
the opposite direction to the refrigerant flow direction (di-
rection of the arrow 80) in the heating cycle. In Fig. 1, the
description of the refrigerant flow direction in the cooling
cycle is omitted.

[0023] Next, a description is given of the operations of
the refrigerant circuit 10 and the hot-water supply circuit
12 in the heat pump-type heating and hot-water supply
apparatus 100 according to the example. In the following
description, a description is given, as an example, of the
operations of the refrigerant circuit 10 and the hot-water
supply circuit 12 in a case of operating the heat pump-
type heating and hot-water supply apparatus 100 setting
the refrigerant circuit 10 as the heating cycle. Especially,
adescriptionis given taking, as examples, the operations
of the refrigerant circuit 10 and the hot-water supply cir-
cuit 12 in a case of the heating operation with the drive
of the indoor unit 40, and in a case of a water heating
operation of heating the water stored in the water storage
tank 70 to a given temperature.

[0024] Firstly, the case of the heating operation is de-
scribed. When the user operates the remote controller
or the like of the indoor unit 40, turns on the heat pump-
type heating and hot-water supply apparatus 100, and
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instructs the start of the heating operation, the control
means 60 starts the circulation pump 30 ata given speed.
Furthermore, the control means 60 switches the three-
way valve 31 so that hot water flows through the indoor
unit side pipe 12c. Consequently, the hot water circulates
between the water/refrigerant heat exchanger 3 and the
indoor unit 40.

[0025] Moreover, the control means 60 switches the
four-way valve 2 so as to set the refrigerant circuit 10 to
the heating cycle. Specifically, the control means 60
switches the four-way valve 2 so as to connect the dis-
charge side of the compressor 1 to the water/refrigerant
heat exchanger 3, and connect an intake side of the com-
pressor 1 to the heat source side heat exchanger 5. Con-
sequently, the water/refrigerant heat exchanger 3 func-
tions as a condenser as well as the heat source side heat
exchanger 5 functions as an evaporator.

[0026] Next, the control means 60 starts the compres-
sor 1 and the fan 7 to start the heating operation of the
heat pump-type heating and hot-water supply apparatus
100. The control means 60 controls the compressor 1 so
that the going temperature detected by the outlet tem-
perature sensor 57, in other words, the temperature of
the water heated by the water/refrigerant heat exchanger
3, reaches a water temperature corresponding to a set
temperature ofthe heating operation, the set temperature
having been set by the user (hereinafter described as
the target temperature). The refrigerant discharged from
the compressor 1 passes through the four-way valve 2,
is condensed by heat exchange with water by the wa-
ter/refrigerant heat exchanger 3, is further decom-
pressed by the expansion valve 4, evaporates by heat
exchange with the outside air by the heat source side
heat exchanger 5, is suctioned into the compressor 1,
and compressed again by the compressor 1. The proc-
esses of condensation, decompression (expansion),
evaporation, and compression on the refrigerant are re-
peated.

[0027] On the other hand, the hot water heated by the
water/refrigerant heat exchanger 3 flows out to the hot-
water supply pipe 12a by the drive of the circulation pump
30. Furthermore, the hot water flows into the indoor unit
40 via the three-way valve 31 and the indoor unit side
pipe 12c. A room where the indoor unit 40 is installed is
heated by the heat dissipation of the hot water flowing
through the indoor unit 40. The hot water flowing out of
the indoor unit 40 flows into the water/refrigerant heat
exchanger 3 via the connection point 13 and the circula-
tion pump 30, and is reheated by heat exchange with the
refrigerant.

[0028] Next, the case of the water heating operation is
described. In the above heating operation, the control
means 60 performs the drive control of the compressor
1 so that the going temperature detected by the outlet
temperature sensor 57 reaches the target temperature
corresponding to the set temperature of the heating op-
eration set by the user. On the other hand, in the water
heating operation, the control means 60 controls the
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compressor 1 so that the going temperature detected by
the outlet temperature sensor 57 reaches the target tem-
perature corresponding to a water heating temperature
(described below). The water heating temperature is a
target value of the temperature of the water stored in the
water storage tank 70. The control of the refrigerant circuit
10 during the water heating operation is the same as the
one during the above-mentioned heating operation. Ac-
cordingly, its detailed description is omitted.

[0029] The hot water stored in the water storage tank
70 decreases in amount by flowing out of the hot-water
outlet 73. The water inlet 72 is directly coupled to the
water pipe as described above. Hence, the pressure of
the tap water causes water to be supplied by the de-
creased amount from the water inlet 72 to the water stor-
age tank 70. Consequently, the temperature of the hot
water stored in the water storage tank 70 decreases.
[0030] The control means 60 always monitors a water
storage tank temperature detected by the water storage
tank temperature sensor 58, which is the temperature of
the hot water stored in the water storage tank 70. The
control means 60 starts the water heating operation to
bring the temperature of the hot water stored in the water
storage tank 70 to the water heating temperature, when
the detected water storage tank temperature increases
to or above a temperature that is lower by a predeter-
mined given temperature (for example, 5°C) than the wa-
ter heating temperature (hereinafter described as the wa-
ter heating start temperature).

[0031] The control means 60 starts the circulation
pump 30 at a given speed and also switches the three-
way valve 31 so as to flow water through the water stor-
age tank side pipe 12b. Consequently, hot water circu-
lates between the water/refrigerant heat exchanger 3and
the water storage tank 70. The hot water heated by the
water/refrigerant heat exchanger 3 flows out from the wa-
ter/refrigerant heat exchanger 3 to the hot-water supply
pipe 12a by the operation of the circulation pump 30,
flows through the water storage tank side pipe 12b via
the three-way valve 31, and flows into the heat exchange
unit 71 placed in the water storage tank 70. The water
stored in the water storage tank 70 is heated by the hot
water flowing through the heat exchange unit 71. The hot
water flowing out of the heat exchange unit 71 flows into
the water/refrigerantheat exchanger 3 via the connection
point 13 and the circulation pump 30, and is reheated by
heat exchange with the refrigerant.

[0032] As described above, when the heat pump-type
heating and hot-water supply apparatus 100 performs
the heating or water heating operation, the speed of the
compressor 1 is controlled so that the going temperature
detected by the outlet temperature sensor 57 (hereinafter
described as the going temperature Tg) reaches the tar-
gettemperature (hereinafter described as the target tem-
perature Tt). The COP (the value of the COP) of the heat
pump-type heating and hot-water supply apparatus 100
changes depending on the speed of the compressor 1.
The relationship between the speed of the compressor
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1 and the COP is described in detail with reference to
Fig. 2.

[0033] Fig. 2 is a drawing illustrating the relationship
between the speed of the compressor 1 (hereinafter de-
scribed as the compressor speed R) and the COP. In
Fig. 2, the vertical axis indicates the value of the COP.
The horizontal axis indicates the compressor speed R
(unit: rps). Fig. 2 depicts as an example, the relationship
between the compressor speed R and the COP at differ-
ent outside temperatures To1 and To2 (To1 > To2),
where the outside temperature is To.

[0034] When the heat pump-type heating and hot-wa-
ter supply apparatus 100 performs the heating or water
heating operation, and the going temperature Tg reaches
the target temperature Tt, the speed of the compressor
1is controlled so that the going temperature Tgfalls with-
in a given range of the target temperature Tt. For exam-
ple, when the target temperature Tt is 40°C, the speed
of the compressor 1 is controlled so that the going tem-
perature Tg is equal to or more than 38°C (hereinafter
described as the lower limit temperature Tt2), and less
than 42°C (hereinafter described as the upper limit tem-
perature Tt1).

[0035] When the going temperature Tg reaches a tem-
perature around the target temperature Tt, the tempera-
ture of the room where the indoor unit 40 is installed or
the water temperature in the water storage tank 70 is
close to each set temperature. Hence, the amount of the
heat dissipation of the hot water flowing out of the wa-
ter/refrigerant heat exchanger 3 and flowing into the in-
door unit 40 or the water storage tank 70 decreases.
When the amount of the heat dissipation of the hot water
flowing out of the water/refrigerant heat exchanger 3 de-
creases, the going temperature Tg is stabilized at a tem-
perature around the target temperature Tt. Hence, the
condensation temperature in the water/refrigerant heat
exchanger 3 will hardly change. In other words, out of
the four processes (compression process/condensation
process/expansion process/evaporation process) in the
refrigerant circuit 10, the three processes excluding the
compression process hardly changes in efficiency.
[0036] On the other hand, the operating efficiency of
the compressor 1 varies depending on the type of com-
pressor 1 and the outside temperature To. However, in
any case, the compressor 1 is so designed as to have
the maximum operating efficiency when the speed of the
compressor 1 is an optimum speed Rm. When the speed
ofthe compressor 1increases or decreases as compared
to the optimum speed Rm, the operating efficiency of the
compressor 1 is degraded. In other words, the efficiency
of the compression process out of the above-mentioned
four processes (compression process/condensation
process/expansion process/evaporation process) in the
refrigerant circuit 10 is degraded. This results from the
operating efficiency property of a motor mounted in the
compressor 1. Therefore, the efficiency of the refrigerant
circuit 10 of the heat pump-type heating and hot-water
supply apparatus 100 depends largely on the operating
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efficiency of the compressor 1 in the case that the con-
densation temperature in the water/refrigerant heat ex-
changer 3 hardly changes. In other words, when the com-
pressor speed R is the optimum speed Rm, the refriger-
ant circuit 10 has the maximum operating efficiency.
Onthe other hand, In the case that the compressor speed
R increases or decreases as compared to the optimum
speed Rm, the operating efficiency of the refrigerant cir-
cuit 10 is degraded.

[0037] When the above-mentioned going temperature
Tgis being controlled so as to be between the upper limit
temperature Tt1 and the lower limit temperature Tt2, in
the case that the going temperature Tg is equal to or
more than the upper limit temperature Tt1, the compres-
sor speed R is decreased to decrease the going temper-
ature Tg to the target temperature Tt. At this pointin time,
if the compressor speed R is decreased to or below the
optimum speed Rm, the efficiency of the refrigerant cir-
cuit 10 is degraded. Accordingly, the COP of the heat
pump-type heating and hot-water supply apparatus 100
is degraded.

[0038] From the above descriptions, as illustrated in
Fig. 2, the compressor speed R at which the COP has
its highest value, in other words, the optimum speed Rm
at which the compressor 1 has the maximum operating
efficiency, is present at each of the outside temperatures
To1 and To2. In the case that the compressor speed R
is an optimum speed Rm1 at the outside temperature
To1, the COP has a highest value C1. In the case that
the compressor speed R is an optimum speed Rm2 at
the outside temperature To2, the COP has a highest val-
ue C2. Here, Rm1 < Rm2 and C1 > C2. In other words,
the lower the outside temperature To, the higher the COP
at a lower compressor speed R. When the compressor
speed R decreases as compared to the optimum speeds
Rm1 and Rm2, respectively, at the outside temperatures
To1 and To2, the COP is degraded.

[0039] In this example, in order to solve the above-
mentioned problem, when the compressor speed R is
being decreased to decrease the going temperature Tg,
in the case that the compressor speed R reaches a com-
pressor speed that is lower by a given rate than the op-
timum speed Rm (hereinafter described as the lower limit
speed Rd), the control means 60 stops the compressor
1. For example, as illustrated in Fig. 2, in the case that
the outside temperature is To1 or To2, the control means
60 decreases the compressor speed R and, when the
compressor speed R reaches a lower limit speed Rd1 or
Rd2 that is lower by 10% than the optimum speed Rm1
or Rm2 (see points P1 and P2 of Fig. 2), stops the com-
pressor 1. Consequently, it is possible to decrease the
going temperature Tg to reach a temperature between
the upper limit temperature Tt1 and the lower limit tem-
perature Tt2, and to suppress the degradation ofthe COP
of the heat pump-type heating and hot-water supply ap-
paratus 100, resulting from the decrease of the compres-
sor speed R.

[0040] While the compressor 1 is at rest, the water is
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not heated by the water/refrigerant heat exchanger 3.
However, the heat capacity of water is large. Accordingly,
even if the compressor 1 stops for a short time, the water
temperature is not suddenly decreased in the indoor unit
40 or the water storage tank 70. Hence, the control of
the example is unlikely to provide discomfort to the user.
[0041] Next, with reference to Figs. 1 and 4, a detailed
description is given of the control of the heat pump-type
heating and hot-water supply apparatus 100 in which af-
ter the going temperature Tg reaches the target temper-
ature Tt, the going temperature Tg is maintained between
the upper limit temperature Tt1 and the lower limit tem-
perature Tt2. Firstly, a compressor speed table 200 used
upon the above control is described with reference to Fig.
3. Next, the flow of a process of when the control means
60 performs the above controlis described with reference
to Fig. 4.

[0042] The compressor speed table 200 illustrated in
Fig. 3 is stored in the unillustrated storage unit of the
control means 60. The compressor speed table 200 is
created based on the result of an examination carried
out in advance, and the like, and stored in the control
means 60.

[0043] The optimum speed Rm and the lower limit
speed Rd are defined in the compressor speed table 200,
in accordance with the outside temperature To and the
target temperature Tt. The optimum speed Rm is a com-
pressor speed corresponding to the highest value of the
COP (a compressor speed at which the COP has the
highest value). The lower limit speed Rd is lower by a
given rate (in the example, 10%) than the optimum speed
Rm. As illustrated in Fig. 3, the outside temperature To
is divided into three temperature ranges: less than 5°C,
5°C ormore and less than 10°C, and 10°C or more. More-
over, the target temperature Tt is divided into three tem-
perature ranges: less than 30°C, 30°C or more and less
than 40°C, and 40°C or more, and assigned to each of
the three temperature ranges of the outside temperature
To.

[0044] For example, a description is given of a case
where the outside temperature To is less than 5°C. In
this case, when the target temperature Tt is less than
30°C, the optimum speed Rm is defined as 30 rps, and
the lower limit speed Rd as 27 rps. Moreover, when the
targettemperature Ttis 30°C or more and less than 40°C,
the optimum speed Rm is defined as 35 rps, and the
lower limit speed Rd as 32 rps. Moreover, when the target
temperature Tt is 40°C or more, the optimum speed Rm
is defined as 40 rps, and the lower limit speed Rd as 36
rps. In other words, the optimum speed Rm and the lower
limit speed Rd are defined so as to increase as the target
temperature Tt increases.

[0045] Moreover, a description is given of the optimum
speed Rm and the lower limit speed Rd in each temper-
ature range of the outside temperature To in the case
where the target temperature Tt is 40°C or more. In this
case, when the outside temperature To is less than 5°C,
the optimum speed Rm is 40 rps and the lower limit speed
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Rd is 36 rps, as described above. On the other hand,
when the outside temperature To is 5°C or more and less
than 10°C, the optimum speed Rm is 35 rps is defined
as 35 rps, and the lower limit speed Rd as 32 rps. Fur-
thermore, when the outside temperature To is 10°C or
more, the optimum speed Rm is defined as 30 rps, and
the lower limit speed Rd as 27 rps. In other words, the
optimum speed Rm and the lower limit speed Rd are
defined so as to decease as the outside temperature To
increases.

[0046] Next, a description is given of the control of the
compressor 1 using the above-mentioned compressor
speed table 200, the control being performed by the con-
trol means 60 during the heating or water heating oper-
ation, with reference to a flowchart illustrated in Fig. 4.
The flowchart illustrated in Fig. 4 illustrates the flow of a
process of when the compressor 1 is controlled so that
the going temperature Tg falls between the upper limit
temperature Tt1 and the lower limit temperature Tt2 dur-
ing the heating or water heating operation of the heat
pump-type heating and hot-water supply apparatus 100.
ST represents a step and the subsequent numeral rep-
resents a step number. In Fig. 4, the illustrations and
descriptions of the controls of the heat pump-type heating
and hot-water supply apparatus 100, other than the con-
trol related to the characteristic technology of the exam-
ple, are omitted. The omitted controls include, for exam-
ple, the control of the compressor 1 and the control of
the degree of opening of the expansion valve 4 when the
going temperature Tg is increased to the target temper-
ature Tt.

[0047] When performing the heating or water heating
operation, the control means 60 captures the going tem-
perature Tg detected by the outlet temperature sensor
57, and judges whether or not the going temperature Tg
is equal to or more than the target temperature Tt (ST1).
The target temperature Tt is set by the user and stored
in the storage unit at the start of the heating or water
heating operation. If the going temperature Tg is not
equal to or more than the target temperature Tt (ST1 -
No), the control means 60 returns the processing to ST1,
and maintains the current compressor speed R. After the
start of the heating or water heating operation, the control
means 60 continues to drive the compressor 1 setting
the compressor speed R to a starting speed (for example,
60 rps) until the going temperature Tg reaches the target
temperature Tt. Moreover, the control means 60 captures
the going temperature Tg at given time intervals (for ex-
ample, at intervals of 30 seconds).

[0048] If the going temperature Tg is equal to or more
than the target temperature Tt in ST1 (ST1 - Yes), the
control means 60 decreases the compressor speed R
(ST2). The control means 60 decreases the compressor
speed R in decrements of a given speed, for example, 2
rps/30 seconds.

[0049] When decreasing the compressor speed R, the
control means 60 judges whether or not the compressor
speed R is equal to or below the lower limit speed Rd
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(ST3). The control means 60 captures the outside tem-
perature To detected by the outside temperature sensor
52 at given time intervals (for example, at intervals of 30
seconds). The control means 60 uses the outside tem-
perature To and the stored target temperature Tt, refers
to the compressor speed table 200, and extracts the low-
er limit speed Rd.

[0050] If the compressor speed R is not equal to or
below the lower limit speed Rd (ST3 - No), the control
means 60 returns the processing to ST2, and continues
to decrease the compressor speed R. If the compressor
speed R is equal to or below the lower limit speed Rd
(ST3 - Yes), the control means 60 sets the compressor
speed R to the lower limit speed Rd, and judges whether
or not the going temperature Tg is less than the upper
limit temperature Tt1 (ST4).

[0051] If the going temperature Tg is less than the up-
per limit temperature Tt1 (ST4 - Yes), the control means
60 continues to operate the compressor 1 at the lower
limitspeed Rd (ST11), and returns the processing to ST4.
If the going temperature Tg is not less than the upper
limit temperature Tt1 (ST4 - No), the control means 60
stops the compressor 1 (ST5).

[0052] After stopping the compressor 1, the control
means 60 judges whether or not the going temperature
Tg is equal to or less than the lower limit temperature Tt2
(ST6). If the going temperature Tg is not equal to or less
than the lower limit temperature Tt2 (ST6 - No), the con-
trol means 60 returns the processing to ST5, and contin-
ues to stop the compressor 1. If the going temperature
Tg is equal to or less than the lower limit temperature Tt2
(ST6 - Yes), the control means 60 restarts the compres-
sor 1 at the lower limit speed Rd (ST7).

[0053] After restarting the compressor 1, the control
means 60 causes the timer to start measuring the time
(ST8), and judges whether or not a given time has passed
since the start of the time measurement (ST9). The given
time here is, for example, 10 minutes. The given time is
such a time as that the operating efficiency of the com-
pressor 1is degraded unless the compressor 1 continues
to be driven over the given time or more.

[0054] If the given time has not passed (ST9 - No), the
control means 60 returns the processingto ST9, and con-
tinues to drive the compressor 1 at the lower limit speed
Rd. If the given time has passed (ST9 - Yes), the control
means 60 resets the timer (ST10), and returns the
processing to ST4.

[0055] As described above, in the heat pump-type
heating and hot-water supply apparatus according to the
example, the control means judges whether or not the
speed ofthe compressor has decreased by a given speed
or more as compared to the optimum speed correspond-
ing to the highest value of the COP (whether or not at or
below the lower limit speed) when decreasing the speed
of the compressor. In the case that the speed of the com-
pressor is at or below the lower limit speed, the control
means judges whether or not the going temperature (wa-
ter temperature) is equal to or more than the upper limit
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temperature that is higher by a given temperature than
the target temperature. If the going temperature is equal
to or more than the upper limit temperature, the control
means stops the compressor. If the going temperature
is not equal to or more than the upper limit temperature,
the control means continues to operate the compressor
at a speed (the lower limit speed) that is lower by a given
speed than the optimum speed corresponding to the
highest value of the COP. Consequently, in the heat
pump-type heating and hot-water supply apparatus, it is
possible to maintain the going temperature at a temper-
ature around the target temperature, and to suppress the
degradation of the COP resulting from the degradation
of the operating efficiency of the compressor.

[0056] Inthe above-described example, the lower limit
speed Rd is set to a speed that is lower by a given rate
(forexample, 10%) than the optimum speed Rm. Instead,
the lower limit speed Rd may be set to, for example, a
speed that is lower by 10 rps than the optimum speed
Rm. In other words, in the example, a drop rate (for ex-
ample, 10%), based on the optimum speed Rm, of the
lower limit speed Rd may be set to be uniform, and the
lower limit speed Rd may be set to a speed that is lower
by a uniform speed (for example, 10 rps) than the opti-
mum speed Rm.

[Second Example]

[0057] Inthe example, the heat pump-type heating and
hot-water supply apparatus 100 operates as follows to
maintain the going temperature at a temperature around
the target temperature and suppress the degradation of
the COP resulting from the degradation of the operating
efficiency of the compressor.

[0058] In other words, when the compressor speed R
is being decreased to decrease the going temperature
Tg, in the case that the compressor speed R decreases
to or below the lower limit speed Rd corresponding to a
COP thatis lower by a given rate (for example, -5%) than
the highest value of the COP, the control means 60 stops
the compressor 1. In this manner, in the example, the
definition of the lower limit speed Rd is different from that
of the first example.

[0059] Forexample, asillustrated in Fig. 5, in the case
that the outside temperature is To1, the control means
60 decreases the compressor speed R and, when the
compressor speed R reaches the lower limit speed Rd1
corresponding to C1’ (see a point P1 of Fig. 5), stops the
compressor 1. C1' is a COP value that is lower by 5%
than C1 being the highest value of the COP. Moreover,
in the case that the outside temperature is To2, the con-
trol means 60 decreases the compressor speed R and,
when the compressor speed R reaches the lower limit
speed Rd2 corresponding to C2’ (see a point P2 of Fig.
5), stops the compressor 1. C2’ is a COP value that is
lower by 5% than C2 being the highest value of the COP.
Consequently, it is possible to decrease the going tem-
perature Tg to reach a temperature between the upper

10

15

20

25

30

35

40

45

50

55

limittemperature Tt1 and the lower limit temperature Tt2,
and to suppress the degradation of the COP of the heat
pump-type heating and hot-water supply apparatus 100,
resulting from the decrease of the compressor speed R.
[0060] While the compressor 1 is at rest, the water is
not heated by the water/refrigerant heat exchanger 3.
However, the heat capacity of water is large. Accordingly,
even if the compressor 1 stops for a short time, the water
temperature is not suddenly decreased in the indoor unit
40 or the water storage tank 70. Hence, the control of
the example is unlikely to provide discomfort to the user.
[0061] Next, with reference to Figs. 1, 4 to 6, a detailed
description is given of the control of the heat pump-type
heating and hot-water supply apparatus 100 in which af-
ter the going temperature Tg reaches the target temper-
ature Tt, the going temperature Tg is maintained between
the upper limit temperature Tt1 and the lower limit tem-
perature Tt2. Firstly, a compressor speed table 300 used
upon the above control is described with reference to Fig.
6. Next, the flow of a process of when the control means
60 performs the above controlis described with reference
to Fig. 4.

[0062] The compressor speed table 300 illustrated in
Fig. 6 is stored in the unillustrated storage unit of the
control means 60. The compressor speed table 300 is
created based on the result of an examination carried
out in advance, and the like, and stored in the control
means 60.

[0063] The optimum speed Rm and the lower limit
speed Rd are predetermined in the compressor speed
table 300, in accordance with the outside temperature
To and the target temperature Tt. The optimum speed
Rm is a compressor speed corresponding to the highest
value of the COP (a compressor speed at which the COP
has the highest value). The lower limit speed Rd, in the
example, is a compressor speed corresponding to COP
lower by a given rate (in the embodiment, -5%) than the
highest value of the COP.

[0064] As illustrated in Fig. 6, the outside temperature
To is divided into three temperature ranges: less than
5°C, 5°C or more and less than 10°C, and 10°C or more.
Moreover, the target temperature Tt is divided into three
temperature ranges: less than 30°C, 30°C or more and
less than 40°C, and 40°C or more, and assigned to each
of the three temperature ranges of the outside tempera-
ture To.

[0065] For example, a description is given of a case
where the outside temperature To is less than 5°C. In
this case, when the target temperature Tt is less than
30°C, the optimum speed Rm is defined as 30 rps, and
the lower limit speed Rd as 25 rps. Moreover, when the
targettemperature Ttis 30°C or more and less than 40°C,
the optimum speed Rm is defined as 35 rps, and the
lower limit speed Rd as 30 rps. Moreover, when the target
temperature Tt is 40°C or more, the optimum speed Rm
is defined as 40 rps, and the lower limit speed Rd as 35
rps. In other words, the optimum speed Rm and the lower
limit speed Rd are defined so as to increase as the target
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temperature Tt increases.

[0066] Moreover, adescription is given of the optimum
speed Rm and the lower limit speed Rd in each temper-
ature range of the outside temperature To in the case
where the target temperature Tt is 40°C or more. In this
case, when the outside temperature To is less than 5°C,
the optimum speed Rmis 40 rps and the lower limit speed
Rd is 35 rps, as described above. On the other hand,
when the outside temperature To is 5°C or more and less
than 10°C, the optimum speed Rm is defined as 35 rps,
and the lower limit speed Rd as 30 rps. Furthermore,
when the outside temperature To is 10°C or more, the
optimum speed Rm is defined as 30 rps, and the lower
limit speed Rd as 25 rps. In other words, the optimum
speed Rm and the lower limit speed Rd are defined so
as to decease as the outside temperature To increases.
[0067] The control of the compressor 1 using the
above-mentioned compressor speed table 300, the con-
trol being performed by the control means 60 during the
heating or water heating operation, according to the ex-
ample, is substantially the same as the control of the
compressor 1 using the compressor speed table 200 il-
lustrated in the first example, excluding the difference of
the compressor speed table. Hence, the details of the
control of the compressor 1 using the compressor speed
table 300 are omitted.

[0068] As described above, in the heat pump-type
heating and hot-water supply apparatus according to the
example, when the speed of the compressor is being
decreased, in the case that the speed of the compressor
decreases to or below the lower limit speed thatis a speed
corresponding to a COP that is lower by a given rate than
the highest value of the COP, the control means judges
whether or not the going temperature (water tempera-
ture) is equal to or more than the upper limit temperature
that is higher by a given temperature than the target tem-
perature. If the going temperature is equal to or more
than the upper limit temperature, the control means stops
the compressor. If the going temperature is not equal to
or more than the upper limit temperature, the control
means continues to operate the compressor at the lower
limit speed. Consequently, in the heat pump-type heating
and hot-water supply apparatus, itis possible to maintain
the going temperature at the target temperature and to
suppress the degradation of the COP resulting from the
degradation of the operating efficiency of the compres-
SOr.

[0069] Inthe above-described example, the lower limit
speed Rd is set to a speed corresponding to a COP that
is lower by 5% than the highest value of the COP. In other
words, a COP (first COP) corresponding to the lower limit
speed Rd has a value thatis lower by 5% than the highest
value of the COP. Instead, for example, the first COP
corresponding to the lower limit speed Rd may be a COP
having a value that is lower by 0.5 than the highest value
of the COP. In other words, in the example, the lower
limit speed Rd may be set to a speed corresponding to
the first COP that is lower by a given rate than the highest
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value of the COP, or may be setto a speed corresponding
to the first COP that is lower by a given value than the
highest value of the COP. In other words, the first COP
may have a value that is lower by a given rate than the
highest value of the COP, or may have a value that is
lower by a given value than the highest value of the COP.

[Third Example]

[0070] Inthe example, a description is given of a prob-
lem arising when the compressor 1 is being controlled
using the compressor speed table 200 or 300, and an
operation to solve the problem, with reference to Figs.
7A and 7B. Fig. 7A is a timing chart illustrating the oper-
ation/stop of the compressor 1 and changes in the going
temperature Tgin the case that the heat pump-type heat-
ing and hot-water supply apparatus 100 operates as il-
lustrated in the first and second examples. Fig. 7B is a
timing chart illustrating the operation/stop of the com-
pressor 1 and changes in the going temperature Tg in
the case that the heat pump-type heating and hot-water
supply apparatus 100 operates as illustrated in this ex-
ample.

[0071] Inthe first and second examples, as illustrated
in Fig. 7A, when the compressor 1 stops, and the going
temperature Tg decreases, and reaches the lower limit
temperature Tt2 or below, the control means 60 restarts
the compressor 1 atthe lower limit speed Rd. At this point
in time, the going temperature Tg may increase to the
upper limittemperature Tt1 in a shorttime after the restart
of the compressor 1 (a point Q of Fig. 7A). The reasons
for this include, for example, that the outside temperature
Tois high, and that the temperature of the water returning
from the indoor unit 40 or the water storage tank 70 to
the water/refrigerant heat exchanger 3 (the return tem-
perature) is high.

[0072] On the other hand, the operating efficiency of
the compressor 1 varies depending also on the time dur-
ing which the compressor 1 continues to be driven, in
addition to the compressor speed R. Specifically, in the
case that the operating time of the compressor 1 is short-
er than a continuous operating time unique to the com-
pressor 1 (for example, 10 minutes. Hereinafter de-
scribed as the compressor minimum operating time tcm),
the operating efficiency is degraded. On the other hand,
in the case that the operating time of the compressor 1
is longer than the compressor minimum operating time
tcm, the operating efficiency is improved.

[0073] From the above description, it is desired for the
control means 60 to continue to operate the compressor
1 without a stop during a time from the restart of the com-
pressor 1 at the lower limit speed Rd to the end of the
passage of the compressor minimum operating time tcm.
However, as illustrated in Fig. 7A, the going temperature
Tg may be above the upper limit temperature Tt1 during
the time from the restart of the compressor 1 to the end
of the passage of the compressor minimum operating
time tcm. In this case, the compressor 1 will continue to
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operate during a time from a point when the going tem-
perature Tg is above the upper limit temperature Tt1 (at
the time of the point Q) to the end of the passage of the
compressor minimum operating time tcm. Consequently,
the going temperature Tg may increase by AT°C (here-
inafter described as the excessive temperature AT) from
the upper limit temperature Tt1. In other words, water
may be heated more than necessary. In this case, the
compressor 1 may be unnecessarily operated, and the
improvement of the COP of the heat pump-type heating
and hot-water supply apparatus 100 may be suppressed.
[0074] Hence, in the heat pump-type heating and hot-
water supply apparatus 100 according to the example,
as illustrated in Fig. 7B, in the case that the excessive
temperature AT occurs between the restart of the com-
pressor 1 and the end of the passage of the compressor
minimum operating time tcm, the following control is per-
formed: The control means 60 stops the compressor 1
and decreases the going temperature Tg after the com-
pressor minimum operating time tcm passes. When the
going temperature Tg decreases to or below a temper-
ature obtained by subtracting the excessive temperature
AT from the lower limit temperature Tt2, the control
means 60 restarts the compressor 1 at the lower limit
speed Rd. Consequently, a time ti from the restart of the
compressor 1to when the going temperature Tg increas-
es to the upper limit temperature Tt1 can be made longer
than the compressor minimum operating time tcm. In oth-
er words, it is possible to continue to operate the com-
pressor 1during the compressor minimum operating time
tcm, and to suppress the unnecessary operation of the
compressor 1. Consequently, the COP of the heat pump-
type heating and hot-water supply apparatus 100 im-
proves.

[0075] Next, a description is given of the control of the
compressor 1 using the above-mentioned compressor
speed tables 200 or 300, the control being performed by
the control means 60 during the heating or water heating
operation, with reference to a flowchart illustrated in Fig.
8. The flowchart illustrated in Fig. 8 illustrates the flow of
a process of when the compressor 1 is controlled so that
the going temperature Tg falls between the upper limit
temperature Tt1 and the lower limit temperature Tt2 dur-
ing the heating or water heating operation of the heat
pump-type heating and hot-water supply apparatus 100.
ST represents a step and the subsequent numeral rep-
resents a step number. In Fig. 8, the illustrations and
descriptions of the controls of the heat pump-type heating
and hot-water supply apparatus 100, other than the con-
trol related to the characteristic technology of the exam-
ple, are omitted. The omitted controls include, for exam-
ple, the control of the compressor 1 and the control of
the degree of opening of the expansion valve 4 when the
going temperature Tg is increased to the target temper-
ature Tt.

[0076] When performing the heating or water heating
operation, the control means 60 captures the going tem-
perature Tg detected by the outlet temperature sensor
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57, and judges whether or not the going temperature Tg
is equal to or more than the target temperature Tt
(ST101). The target temperature Tt is defined corre-
sponding to the set temperature of the heating or water
heating operation and stored in the storage unit. If the
going temperature Tg is not equal to or more than the
target temperature Tt (ST101 - No), the control means
60 returns the processing to ST101, and maintains the
currentcompressor speed R. After the start of the heating
or water heating operation, the control means 60 contin-
ues to drive the compressor 1 setting the compressor
speed R to a starting speed (for example, 60 rps) until
the going temperature Tg reaches the target temperature
Tt. Moreover, the control means 60 captures the going
temperature Tg at given time intervals (for example, at
intervals of 30 seconds).

[0077] If the going temperature Tg is equal to or more
than the target temperature Tt in ST101 (ST101 - Yes),
the control means 60 decreases the compressor speed
R (ST102). The control means 60 decreases the com-
pressor speed R in decrements of a given speed, for
example, 2 rps/30 seconds.

[0078] When decreasing the compressor speed R, the
control means 60 judges whether or not the compressor
speed R is equal to or below the lower limit speed Rd
(ST103). The control means 60 captures the outside tem-
perature To detected by the outside temperature sensor
52 at given time intervals (for example, at intervals of 30
seconds). The control means 60 uses the outside tem-
perature To and the stored target temperature Tt, refers
to the compressor speed table 200 or 300, and extracts
the lower limit speed Rd.

[0079] If the compressor speed R is not equal to or
below the lower limit speed Rd (ST103 - No), the control
means 60 returns the processing to ST102, and contin-
ues to decrease the compressor speed R. If the com-
pressor speed R is equal to or below the lower limit speed
Rd (ST103 - Yes), the control means 60 sets the com-
pressor speed R to the lower limit speed Rd, and judges
whether or not the going temperature Tg is less than the
upper limit temperature Tt1 (ST104).

[0080] If the going temperature Tg is less than the up-
per limit temperature Tt1 (ST104 - Yes), the control
means 60 continues to operate the compressor 1 at the
lower limitspeed Rd (ST116), and returns the processing
to ST104. If the going temperature Tg is not less than
the upper limit temperature Tt1 (ST104 - No), the control
means 60 stops the compressor 1 (ST105).

[0081] After stopping the compressor 1, the control
means 60 judges whether or not the going temperature
Tg is equal to or less than the lower limit temperature Tt2
(ST106). If the going temperature Tg is not equal to or
less than the lower limit temperature Tt2 (ST106 - No),
the control means 60 returns the processing to ST105,
and continues to stop the compressor 1. If the going tem-
perature Tg is equal to or less than the lower limit tem-
perature Tt2 (ST106 - Yes), the control means 60 restarts
the compressor 1 at the lower limit speed Rd (ST107).
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[0082] After restarting the compressor 1, the control
means 60 causes the timer to start measuring the time
(ST108), and judges whether or not the compressor min-
imum operating time tcm has passed since the start of
the time measurement (in other words, the restart of the
compressor 1) (ST109). If the compressor minimum op-
erating time tcm has not passed (ST109 - No), the control
means 60 returns the processing to ST109, and contin-
ues to drive the compressor 1 at the lower limit speed
Rd. If the compressor minimum operating time tcm has
passed (ST109 - Yes), the control means 60 resets the
timer (ST110).

[0083] After resetting the timer, the control means 60
judges again whether or not the going temperature Tg is
less than the upper limit temperature Tt1 (ST111). If the
going temperature Tg is less than the upper limit temper-
ature Tt1 (ST111 - Yes), the control means 60 continues
to operate the compressor 1 at the lower limit speed Rd
(ST117), and returns the processing to ST111. If the go-
ing temperature Tg is not less than the upper limit tem-
perature Tt1 (ST111 - No), the control means 60 calcu-
lates the excessive temperature AT (ST112). Specifical-
ly, the control means 60 captures the going temperature
Tg detected by the outlet temperature sensor 57 at the
point when the compressor minimum operating time tcm
has passed since the compressor 1 was restarted. The
control means 60 calculates the excessive temperature
AT by subtracting the upper limit temperature Tt1 from
the captured going temperature Tg.

[0084] Next, the control means 60 stops the compres-
sor 1(ST113). The control means 60 then judges whether
or not the going temperature Tg is equal to or less than
a temperature obtained by subtracting the excessive
temperature AT from the lower limit temperature Tt2
(ST114). If the going temperature Tg is not equal to or
less than the temperature obtained by subtracting the
excessive temperature AT from the lower limit tempera-
ture Tt2 (ST114 - No), the control means 60 returns the
processingto ST113, and continues to stop the compres-
sor 1. If the going temperature Tg is equal to or less than
the temperature obtained by subtracting the excessive
temperature AT from the lower limit temperature Tt2
(ST114 - Yes), the control means 60 restarts the com-
pressor 1 atthe lower limit speed Rd (ST115), and returns
the processing to ST108.

[0085] After restarting the compressor 1 at the lower
limit speed Rd (ST115), the control means 60 advances
the processing to ST109 through ST108. Hence, the con-
trol means 60 continues to drive the compressor 1 for
the compressor minimum operating time tcm or more,
irrespective of the going temperature Tg.

[0086] As described above, in the heat pump-type
heating and hot-water supply apparatus according to the
example, the control means detects the going tempera-
ture during the operation of the compressor when the
compressor minimum operating time has passed since
the compressor was restarted. In the case that the going
temperature is equal to or more than the upper limit tem-
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perature, the control means calculates the excessive
temperature being a difference in temperature between
the going temperature and the upper limit temperature,
and stops the compressor. The control means then re-
starts the compressor when the going temperature
reaches less than the temperature obtained by subtract-
ing the excessive temperature from the lower limit tem-
perature. Consequently, it is possible to prevent or sup-
press the going temperature from being equal to or above
the upper limit temperature until the compressor mini-
mum operating time passes after the restart of the com-
pressor. As a result, it is possible to prevent or suppress
the unnecessary operation of the compressor. Accord-
ingly, the COP of the heat pump-type heating and hot-
water supply apparatus can be improved.

[0087] Moreover,inthe above-described embodiment,
the excessive temperature AT, which is a difference be-
tween the going temperature Tg exceeding the upper
limittemperature Tt1 and the upper limittemperature Tt1,
is subtracted from the lower limit temperature Tt2. When
the going temperature Tg reaches the temperature ob-
tained by subtracting the excessive temperature AT from
the lower limit temperature Tt2, the compressor 1 is re-
started. The temperature to restartthe compressor 1 may
be set to a temperature obtained by subtracting an ad-
justment temperature from the lower limit temperature
Tt2 instead. The adjustment temperature is a tempera-
ture that is higher or lower than the excessive tempera-
ture AT. As described above, in the example, when the
going temperature Tg reaches the temperature obtained
by subtracting the excessive temperature AT from the
lower limit temperature Tt2, the compressor 1 is restart-
ed. In the case that a second excessive temperature AT2
that is smaller than AT occurs in the next cycle, when the
going temperature Tg reaches a temperature obtained
by subtracting the sum of the excessive temperature AT
and the second excessive temperature AT2 from the low-
er limittemperature (= Tt2 - (AT + AT2), the control means
60 may restart the compressor.

[0088] Inotherwords, the control means 60 may restart
the compressor 1 at the lower limit speed Rd when the
going temperature Tg decreases to or below a first tem-
perature calculated based on the lower limit temperature
Tt2 and the excessive temperature. The first temperature
may be a temperature obtained by subtracting the ex-
cessive temperature AT from the lower limit temperature
Tt2.

[0089] Moreover, in the example, if the going temper-
ature Tg is less than the upper limit temperature Tt1
(ST104 - Yes), the control means 60 continues to operate
the compressor 1 at the lower limit speed Rd (ST116),
and returns the processing to ST104. Instead, if the going
temperature Tg is less than the upper limit temperature
Tt1 (ST104 - Yes), the control means 60 may continue
to operate the compressor 1 at the lower limit speed Rd
(ST116), and advance the processing to ST108.

[0090] Moreover, in the example, the processing illus-
trated in ST108 to ST115 in Fig. 8 is performed after the
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compressor 1 is started, the going temperature Tg in-
creases to or above the upper limit temperature Tt1, the
compressor 1 is stopped, the going temperature Tg de-
creases to or below the lower limit temperature Tt2, and
the compressor 1 is restarted. However, the processing
is not limited to this. The control means 60 may not per-
form ST104 to ST107 and ST116 illustrated in Fig. 8, in
the example. In this case, if the compressor speed R is
equal to or less than the lower limit speed Rd (ST103 -
Yes), the control means 60 sets the compressor speed
R tothelower limitspeed Rd. The control means 60 caus-
es the timer to start measuring the time (ST108), and
judges whether or not the compressor minimum operat-
ing time tcm has passed since the start of the time meas-
urement (in other words, the restart of the compressor
1) (ST109). The processing of ST110 to ST115 and
ST117 is subsequently performed. In this case, the con-
trol means 60 does not make a restart of the compressor
1 without considering the compressor minimum operat-
ing time tcm.

[Fourth Example]

[0091] Inthe example, a description is given of a prob-
lem arising when the compressor 1 is being controlled
using the compressor speed table 200 or 300, and the
operation of the example to solve the problem, with ref-
erence to Fig. 9. Fig. 9 is a timing chart illustrating the
operation/stop of the compressor 1 and changes in the
going temperature Tg. Fig. 9 illustrates the above-men-
tioned going temperature Tg, target temperature Tt, up-
per limit temperature Tt1, and lower limit temperature
Tt2. Furthermore, in Fig. 9, a threshold temperature is
set as Ts, a threshold temperature excessive time as ti,
and a first excessive time limitation as te1.

[0092] Here, the threshold temperature Ts is a temper-
ature equal to or more than the predetermined target tem-
perature Tt and less than the upper limit temperature Tt1.
For example, when the target temperature Tt is 40°C and
the upper limit temperature Tt1 is 42°C, the threshold
temperature Ts is 41.5°C. Moreover, the threshold tem-
perature excessive time ti is the duration during which
the going temperature Tg is equal to or more than the
threshold temperature Ts and less than the upper limit
temperature Tt1. Moreover, the first excessive time lim-
itation te1 is a time limitation on the predetermined
threshold temperature excessive time ti. The first exces-
sive time limitation te1 is preferred to be longer than the
compressor minimum operating time tcm.

[0093] As described above, in the heat pump-type
heating and hot-water supply apparatus 100 of the first
and second examples, if the compressor speed R reach-
es the lower limit speed Rd, the control means 60 judges
whether or not the going temperature Tg is equal to or
more than the upper limit temperature Tt1. If the going
temperature Tg is equal to or more than the upper limit
temperature Tt1, the control means 60 stops the com-
pressor 1. If the going temperature Tg decreases to or
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below the lower limit temperature Tt2 while the compres-
sor 1 is at rest, the control means 60 restarts the com-
pressor 1 at the lower limit speed Rd. If the compressor
1 is restarted at the lower limit speed Rd, and then the
going temperature Tg increases to or above the upper
limit temperature Tt1 again, the control means 60 stops
the compressor 1.

[0094] For example, when the compressor 1 was re-
started at the lower limit speed Rd and the going tem-
perature Tg is increasing, the going temperature Tg may
be equal to or above the upper limit temperature Tt1 while
the lapse of a threshold temperature excessive time Ti1
is still short which is a time that has passed since a point
when the going temperature Tg exceeds the threshold
temperature Ts (a point Q1 of Fig. 9). In this case, the
time is short during which the compressor 1 is being op-
erated in a state where the going temperature Tgis higher
than the target temperature Tt. Hence, an unnecessary
operating time of the heat pump-type heating and hot-
water supply apparatus 100 becomes short. Accordingly,
the COP is not degraded much.

[0095] On the other hand, depending on the heating
load (for example, the solar radiation state of the room
where the indoor unit 40 is installed) of the indoor unit 40
or the outside temperature To, even if a threshold tem-
perature excessive time Ti2 is long which is a time that
has passed since a point when the going temperature
Tg exceeds the threshold temperature Ts (a point Q2 of
Fig.9), the going temperature Tg may notreach the upper
limit temperature Tt1 as illustrated in Fig. 9. In such a
case, the water temperature in the indoor unit 40 or the
water storage tank 70 may be equal to or more than the
set temperature. Furthermore, the compressor 1 contin-
ues to be operated at the lower limit speed Rd since the
going temperature Tg is not equal to or more than the
upper limit temperature Tt1. In other words, the heat
pump-type heating and hot-water supply apparatus 100
will be unnecessarily operated. If this state continues for
along time (in the above example, the threshold temper-
ature excessive time Ti2), the improvement of the COP
of the heat pump-type heating and hot-water supply ap-
paratus 100 is prevented.

[0096] Hence, in the heat pump-type heating and hot-
water supply apparatus 100 of the example, the control
means 60 starts measuring the time when the going tem-
perature Tg reaches the threshold temperature Ts after
therestart of the compressor 1. In other words, the control
means 60 starts measuring a time during which the going
temperature Tg is equal to or more than the threshold
temperature Ts and less than the upper limit temperature
Tt1 (in other words, a threshold temperature excessive
time Ti). When the threshold temperature excessive time
Tireaches the first excessive time limitation te1 or above
as in the threshold temperature excessive time Ti2 illus-
trated in Fig. 9, even if the going temperature Tg is not
equal to or more than the upper limit temperature Tt1,
the control means 60 stops the compressor 1. Conse-
quently, it is possible to prevent or suppress the com-
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pressor 1 from continuing to be operated when the going
temperature Tg is equal to or more than the target tem-
perature Tt. As a result, the COP of the heat pump-type
heating and hot-water supply apparatus 100 can be im-
proved.

[0097] Next, a description is given of the control of the
compressor 1 using the above-mentioned compressor
speed tables 200 or 300, the control being performed by
the control means 60 during the heating or water heating
operation, with reference to a flowchart illustrated in Fig.
10. The flowchart illustrated in Fig. 10 illustrates the flow
of a process of when the compressor 1 is controlled so
that the going temperature Tg falls between the upper
limit temperature Tt1 and the lower limit temperature Tt2
during the heating or water heating operation of the heat
pump-type heating and hot-water supply apparatus 100.
ST represents a step and the subsequent numeral rep-
resents a step number. In Fig. 10, the illustrations and
descriptions of the controls of the heat pump-type heating
and hot-water supply apparatus 100, other than the con-
trol related to the characteristic technology of the exam-
ple, are omitted. The omitted controls include, for exam-
ple, the control of the compressor 1 and the control of
the degree of opening of the expansion valve 4 when the
going temperature Tg is increased to the target temper-
ature Tt.

[0098] When performing the heating or water heating
operation, the control means 60 captures the going tem-
perature Tg detected by the outlet temperature sensor
57, and judges whether or not the going temperature Tg
is equal to or more than the target temperature Tt
(ST201). The target temperature Tt is defined corre-
sponding to the set temperature of the heating or water
heating operation and stored in the storage unit. If the
going temperature Tg is not equal to or more than the
target temperature Tt (ST201 - No), the control means
60 returns the processing to ST201, and maintains the
current compressor speed R. After the start of the heating
or water heating operation, the control means 60 contin-
ues to drive the compressor 1 setting the compressor
speed R to a starting speed (for example, 60 rps) until
the going temperature Tg reaches the target temperature
Tt. Moreover, the control means 60 captures the going
temperature Tg at given time intervals (for example, at
intervals of 30 seconds). If the going temperature Tg is
equal to or more than the target temperature Ttin ST201
(ST201 - Yes), the control means 60 decreases the com-
pressor speed R (ST202). The control means 60 de-
creases the compressor speed R in decrements of a giv-
en speed, for example, 2 rps/30 seconds.

[0099] When decreasing the compressor speed R, the
control means 60 judges whether or not the compressor
speed R is equal to or below the lower limit speed Rd
(ST203). The control means 60 captures the outside tem-
perature To detected by the outside temperature sensor
52 at given time intervals (for example, at intervals of 30
seconds). The control means 60 uses the outside tem-
perature To and the stored target temperature Tt, refers
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to the compressor speed table 200 or 300, and extracts
the lower limit speed Rd.

[0100] If the compressor speed R is not equal to or
below the lower limit speed Rd (ST203 - No), the control
means 60 returns the processing to ST202, and contin-
ues to decrease the compressor speed R. If the com-
pressor speed R is equal to or below the lower limit speed
Rd (ST203 - Yes), the control means 60 sets the com-
pressor speed R to the lower limit speed Rd, and judges
whether or not the going temperature Tg is less than the
upper limit temperature Tt1 (ST204).

[0101] If the going temperature Tg is less than the up-
per limit temperature Tt1 (ST204 - Yes), the control
means 60 continues to operate the compressor 1 at the
lower limit speed Rd (ST211). The control means 60 then
judges whether or not the going temperature Tg is equal
to or more than the threshold temperature Ts (ST212).

[0102] If the going temperature Tg is not equal to or
more than the threshold temperature Ts (ST212 - No),
the control means 60 returns the processing to ST204.
If the going temperature Tg is equal to or more than the
threshold temperature Ts (ST212 - Yes), the control
means 60 starts measuring the threshold temperature
excessive time ti (ST213). After the start of the measure-
ment of the threshold temperature excessive time ti, the
control means 60 judges whether or not the going tem-
perature Tg is equal to or more than the threshold tem-
perature Ts and less than the upper limit temperature Tt1
(ST214). If the going temperature Tg is not equal to or
more than the threshold temperature Ts and less than
the upper limit temperature Tt1 (ST214 - No), the control
means 60 returns the processing to ST204. If the going
temperature Tg is equal to or more than the threshold
temperature Ts and less than the upper limit temperature
Tt1 (ST214-Yes), the control means 60 judges whether
or notthe threshold temperature excessive time tiis equal
to or more than the first excessive time limitation te1
(ST215).

[0103] Ifthe threshold temperature excessive time tiis
not equal to or more than the firstexcessive time limitation
te1 (ST215 - No), the control means 60 returns the
processing to ST214. If the threshold temperature ex-
cessive time tiis equal to or more than the first excessive
time limitation te1 (ST215 - Yes), the control means 60
resets the timer (ST216), and advances the processing
to ST205.

[0104] If the going temperature Tg is not less than the
upper limit temperature Tt1 in ST204 (ST204 - No), the
control means 60 stops the compressor 1 (ST205). After
stopping the compressor 1, the control means 60 judges
whether or not the going temperature Tg is equal to or
less than the lower limit temperature Tt2 (ST206). If the
going temperature Tg is not equal to or less than the
lower limit temperature Tt2 (ST206 - No), the control
means 60 returns the processing to ST205, and contin-
ues to stop the compressor 1. If the going temperature
Tg is equal to or less than the lower limit temperature Tt2
(ST206 - Yes), the control means 60 restarts the com-
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pressor 1 at the lower limit speed Rd (ST207).

[0105] After restarting the compressor 1, the control
means 60 causes the timer to start measuring the time
(ST208), and judges whether or not the given time has
passed since the start of the time measurement (in other
words, the restart of the compressor 1) (ST209). If the
given time has not passed (ST209 - No), the control
means 60 returns the processing to ST209, and contin-
ues to drive the compressor 1 at the lower limit speed
Rd. If the given time has passed (ST209 - Yes), the con-
trol means 60 resets the timer (ST210), and returns the
processing to ST204. Here, the given time in ST209 is
the above-mentioned compressor minimum operating
time tcm. In other words, the given time is such a time
as that while the operating efficiency is degraded in the
case that the operating time of the compressor 1 is short-
er than the given time, the operating efficiency of the
compressor 1 improves in the case that the operating
time of the compressor 1 is longer than the given time.
The control means 60 stops the compressor 1 regardless
of the threshold temperature excessive time ti when the
going temperature Tg reaches the upper limit tempera-
ture Tt1 or above.

[0106] As described above, in the heat pump-type
heating and hot-water supply apparatus of the example,
the control means operates the compressor at the lower
limit speed and puts the going temperature within a tem-
perature range defined by the upper limit temperature
and the lower limit temperature, and also stops the com-
pressor when the threshold temperature excessive time
reaches the given excessive time limitation or above. The
threshold temperature excessive time is a time during
which the going temperature is equal to or more than the
threshold temperature being a temperature that is higher
by a given temperature than the target temperature, and
less than the upper limit temperature. Consequently, it
is possible to prevent or suppress the compressor from
being operated for a long time when the going tempera-
ture is stable at a temperature that is higher than the
target temperature. As a result, the COP of the heat
pump-type heating and hot-water supply apparatus can
be improved.

[Fifth Example]

[0107] Inthe example, a description is given of a prob-
lem arising when the compressor 1 is being controlled
using the compressor speed table 200 or 300, and the
operation of the example to solve the problem, with ref-
erence to Fig. 11. Fig. 11 is a timing chart illustrating the
operation/stop of the compressor 1 and changes in the
going temperature Tg. Fig. 11 illustrates the above-men-
tioned going temperature Tg, target temperature Tt, up-
per limit temperature Tt1, and lower limit temperature
Tt2. Furthermore, in Fig. 11, a threshold temperature is
set as Ts, a threshold temperature excessive time as ti,
and a second excessive time limitation as te2.

[0108] Therelationship between the second excessive
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time limitation te2 and the first excessive time limitation
tetillustratedin the fourthexampleis te1 >te2. Moreover,
in the example, operating the compressor 1 at the lower
limit speed Rd is defined to as an operation 1, and oper-
ating the compressor 1 at the optimum speed Rm as an
operation 2.

[0109] Here, the threshold temperature Tsis a temper-
ature equal to or more than the predetermined targettem-
perature Tt and less than the upper limit temperature Tt1.
For example, when the target temperature Ttis 40°C and
the upper limit temperature Tt1 is 42°C, the threshold
temperature Ts is 41.5°C. Moreover, the threshold tem-
perature excessive time ti is the duration during which
the going temperature Tg is equal to or more than the
threshold temperature Ts and less than the upper limit
temperature Tt1. Moreover, the second excessive time
limitation te2 is a time limitation on the predetermined
threshold temperature excessive time ti. The second ex-
cessive time limitation te2 is preferred to be longer than
the compressor minimum operating time tcm.

[0110] As described above, depending on the heating
load (for example, the solar radiation state of the room
where the indoor unit 40 is installed) of the indoor unit 40
or the outside temperature To, even if a threshold tem-
perature excessive time Ti2 is long which is a time that
has passed since a point when the going temperature
Tg exceeds the threshold temperature Ts (a point Q2 of
Fig. 11), the going temperature Tg may not reach the
upper limit temperature Tt1 as illustrated in Fig. 11. In
such a case, the water temperature in the indoor unit 40
or the water storage tank 70 may be equal to or more
than the set temperature. Furthermore, the compressor
1 continues to be operated at the lower limit speed Rd
since the going temperature Tg is not equal to or more
than the upper limit temperature Tt1. In other words, the
heat pump-type heating and hot-water supply apparatus
100 will be unnecessarily operated. If this state continues
for a long time (in the above example, the threshold tem-
perature excessive time Ti2), the improvement of the
COP of the heat pump-type heating and hot-water supply
apparatus 100 is prevented.

[0111] Hence, in the heat pump-type heating and hot-
water supply apparatus 100 of the example, the control
means 60 starts measuring the time when the going tem-
perature Tg reaches the threshold temperature Ts after
the compressor 1 is restarted. In other words, the control
means 60 starts measuring a time during which the going
temperature Tg is equal to or more than the threshold
temperature Ts and less than the upper limit temperature
Tt1 (in other words, the threshold temperature excessive
time Ti). When the threshold temperature excessive time
Ti reaches the second excessive time limitation te2 (a
point X of Fig. 11) or above as in the threshold temper-
ature excessive time Ti2 illustrated in Fig. 11, the control
means 60 increases the speed of the compressor 1 from
the lower limit speed Rd to the optimum speed Rm
(switches from the operation 1 to the operation 2). The
control means 60 stops the compressor 1 when the going
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temperature Tg increases to or above the upper limit tem-
perature Tt1 during the operation of the compressor 1 at
the optimum speed Rm.

[0112] In this manner, in the example, the control
means 60 accelerates the increase of the going temper-
ature Tg by increasing the speed of the compressor 1 to
the optimum speed Rm corresponding to the highest val-
ue of the COP. In other words, the control means 60
causes the going temperature Tg to reach the upper limit
temperature Tt1 quickly and stops the compressor 1
quickly. Consequently, it is possible to prevent or sup-
press the compressor 1 from continuing to be operated
when the going temperature Tg is equal to or more than
the target temperature Tt. As a result, the COP of the
heat pump-type heating and hot-water supply apparatus
100 can be improved.

[0113] Next, a description is given of the control of the
compressor 1 using the above-mentioned compressor
speed tables 200 or 300, the control being performed by
the control means 60 during the heating or water heating
operation, with reference to a flowchart illustrated in Fig.
12. The flowchart illustrated in Fig. 12 illustrates the flow
of a process of when the compressor 1 is controlled so
that the going temperature Tg falls between the upper
limit temperature Tt1 and the lower limit temperature Tt2
during the heating or water heating operation of the heat
pump-type heating and hot-water supply apparatus 100.
ST represents a step and the subsequent numeral rep-
resents a step number. In Fig. 12, the illustrations and
descriptions of the controls of the heat pump-type heating
and hot-water supply apparatus 100, other than the con-
trol related to the characteristic technology of the exam-
ple, are omitted. The omitted controls include, for exam-
ple, the control of the compressor 1 and the control of
the degree of opening of the expansion valve 4 when the
going temperature Tg is increased to the target temper-
ature Tt.

[0114] When performing the heating or water heating
operation, the control means 60 captures the going tem-
perature Tg detected by the outlet temperature sensor
57, and judges whether or not the going temperature Tg
is equal to or more than the target temperature Tt
(ST301). The target temperature Tt is defined corre-
sponding to the set temperature of the heating or water
heating operation and stored in the storage unit. If the
going temperature Tg is not equal to or more than the
target temperature Tt (ST301 - No), the control means
60 returns the processing to ST301, and maintains the
current compressor speed R. After the start of the heating
or water heating operation, the control means 60 contin-
ues to drive the compressor 1 setting the compressor
speed R to a starting speed (for example, 60 rps) until
the going temperature Tg reaches the target temperature
Tt. Moreover, the control means 60 captures the going
temperature Tg at given time intervals (for example, at
intervals of 30 seconds).

[0115] If the going temperature Tg is equal to or more
than the target temperature Tt in ST301 (ST301 - Yes),
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the control means 60 decreases the compressor speed
R (ST302). The control means 60 decreases the com-
pressor speed R in decrements of a given speed, for
example, 2 rps/30 seconds.

[0116] When decreasing the compressor speed R, the
control means 60 judges whether or not the compressor
speed R is equal to or below the lower limit speed Rd
(ST303). The control means 60 captures the outside tem-
perature To detected by the outside temperature sensor
52 at given time intervals (for example, at intervals of 30
seconds). The control means 60 uses the outside tem-
perature To and the stored target temperature Tt, refers
to the compressor speed table 200 or 300, and extracts
the lower limit speed Rd.

[0117] If the compressor speed R is not equal to or
below the lower limit speed Rd (ST303 - No), the control
means 60 returns the processing to ST302, and contin-
ues to decrease the compressor speed R. If the com-
pressor speed R is equal to or below the lower limit speed
Rd (ST303 - Yes), the control means 60 sets the com-
pressor speed R to the lower limit speed Rd, and judges
whether or not the going temperature Tg is less than the
upper limit temperature Tt1 (ST304).

[0118] If the going temperature Tg is less than the up-
per limit temperature Tt1 (ST304 - Yes), the control
means 60 continues to operate the compressor 1 at the
lower limit speed Rd (ST311). The control means 60 then
judges whether or not the going temperature Tg is equal
to or more than the threshold temperature Ts (ST312).
[0119] If the going temperature Tg is not equal to or
more than the threshold temperature Ts (ST312 - No),
the control means 60 returns the processing to ST304.
If the going temperature Tg is equal to or more than the
threshold temperature Ts (ST312 - Yes), the control
means 60 starts measuring the threshold temperature
excessive time ti (ST313).

[0120] After the start ofthe measurement of the thresh-
old temperature excessive time ti, the control means 60
judges whether or not the going temperature Tg is equal
to or more than the threshold temperature Ts and less
than the upper limit temperature Tt1 (ST314). If the going
temperature Tg is not equal to or more than the threshold
temperature Ts and less than the upper limit temperature
Tt1 (ST314 - No), the control means 60 returns the
processing to ST304. Ifthe going temperature Tgis equal
to or more than the threshold temperature Ts and less
than the upper limit temperature Tt1 (ST314 - Yes), the
control means 60 judges whether or not the threshold
temperature excessive time ti is equal to or more than
the second excessive time limitation te2 (ST315).
[0121] Ifthe threshold temperature excessive time tiis
not equal to or more than the second excessive time lim-
itation te2 (ST315 - No), the control means 60 returns
the processing to ST314. If the threshold temperature
excessive time ti is equal to or more than the second
excessive time limitation te2 (ST315 - Yes), the control
means 60 resets the timer (ST316), and sets the com-
pressor speed R to the optimum speed Rm to operate
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the compressor 1 (ST317). The control means 60 cap-
tures the outside temperature To detected by the outside
temperature sensor 52 at given time intervals (for exam-
ple, at intervals of 30 seconds). The control means 60
uses the outside temperature To and the stored target
temperature Tt, refers to the compressor speed table 200
or 300, and extracts the optimum speed Rm.

[0122] Next, the control means 60 judges whether or
not the going temperature Tg of when the compressor 1
is being operated at the optimum speed Rm is less than
the upper limit temperature Tt1 (ST318). If the going tem-
perature Tg is less than the upper limit temperature Tt1
(ST318 - Yes), the control means 60 returns the process-
ing to ST317, and continues to operate the compressor
1 at the optimum speed Rm. If the going temperature Tg
is not less than the upper limit temperature Tt1 (ST318
- No), the control means 60 advances the processing to
ST305.

[0123] If the going temperature Tg is not less than the
upper limit temperature Tt1 in ST304 (ST304 - No), the
control means 60 stops the compressor 1 (ST305). After
stopping the compressor 1, the control means 60 judges
whether or not the going temperature Tg is equal to or
less than the lower limit temperature Tt2 (ST306). If the
going temperature Tg is not equal to or less than the
lower limit temperature Tt2 (ST306 - No), the control
means 60 returns the processing to ST305, and contin-
ues to stop the compressor 1. If the going temperature
Tgis equal to or less than the lower limit temperature Tt2
(ST306 - Yes), the control means 60 restarts the com-
pressor 1 at the lower limit speed Rd (ST307).

[0124] Atfter restarting the compressor 1, the control
means 60 causes the timer to start measuring the time
(ST308), and judges whether or not the given time has
passed since the start of the time measurement (in other
words, the restart of the compressor 1) (ST309). If the
given time has not passed (ST309 - No), the control
means 60 returns the processing to ST309, and contin-
ues to drive the compressor 1 at the lower limit speed
Rd. If the given time has passed (ST309 - Yes), the con-
trol means 60 resets the timer (ST310), and returns the
processing to ST304. Here, the given time in ST309 is
the above-mentioned compressor minimum operating
time tcm. In other words, the given time is such a time
as that while the operating efficiency is degraded in the
case that the operating time of the compressor 1 is short-
er than the given time, the operating efficiency of the
compressor 1 improves in the case that the operating
time of the compressor 1 is longer than the given time.
The control means 60 stops the compressor 1 regardless
of the threshold temperature excessive time ti when the
going temperature Tg reaches the upper limit tempera-
ture Tt1 or above.

[0125] As described above, in the heat pump-type
heating and hot-water supply apparatus according to the
example, the control means increases the speed of the
compressor to the optimum speed when the threshold
temperature excessive time reaches a given excessive
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time limitation or more, and stops the compressor when
the going temperature increases to or above the upper
limit temperature. The threshold temperature excessive
time is a time during which the going temperature is equal
to or more than the threshold temperature and less than
the upper limit temperature. The threshold temperature
is a temperature that is higher by a given temperature
than the target temperature.

[0126] In this manner, in the example, the control
means increases the speed of the compressor to the op-
timum speed corresponding to the highest value of the
COP, and accordingly accelerates the increase of the
going temperature. In other words, the control means
causes the going temperature to reach the upper limit
temperature quickly and stops the compressor quickly.
Consequently, it is possible to prevent or suppress the
compressor from continuing to be operated when the go-
ing temperature is equal to or more than the target tem-
perature. As a result, the COP of the heat pump-type
heating and hot-water supply apparatus can be im-
proved.

[0127] Moreover, in the third to fifth examples, the low-
er limit speed Rd may be a speed that is lower by a given
rate (for example, 10%) than the optimum speed Rm, or
may be a speed that is lower by a uniform speed (for
example, 10 rps) than the optimum speed Rm. Further-
more, the lower limit speed may be a speed correspond-
ing to the first COP that is lower by a fixed rate than the
highest value of the COP, or may be a speed correspond-
ing to the first COP that is lower by a fixed value than the
highest value of the COP. In other words, in this case,
the first COP may have a value that is lower by a given
rate than the highest value of the COP, or may have a
value thatis lower by a given value than the highest value
of the COP.

Claims

1. A heat pump-type heating and hot-water supply ap-
paratus (100) comprising:

a refrigerant circuit (10) including

a compressor (1),

a water/refrigerant heat exchanger (3) con-
figured to exchange heat between refriger-
ant and water, and

a heat source side heat exchanger (5);

a hot-water supply circuit (12) including a circu-
lation pump (30) and being configured to circu-
late hot water between a heating terminal (40,
70) and the water/refrigerant heat exchanger
()

going temperature detection means (57) config-
ured to detect a going temperature (Tg) being
the temperature of water flowing out of the wa-
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ter/refrigerant heat exchanger (3); outside tem-
perature detection means (52) provided in the
vicinity of the heat source side heat exchanger
(5) configured to detect an outside temperature
(TO) and

control means (60) configured to control the
compressor (1) so that the going temperature
(Tg) approaches to a target temperature (Tt) in
accordance with a set temperature of the heat-
ing terminal (40, 70),

characterized in that
the control means (60)

when decreasing the speed of the compressor
(1) to decrease the going temperature (Tg),
judges whether or not the going temperature
(Tg) is equal to or more than an upper limit tem-
perature (Tt1) higher by a given temperature
than the target temperature (Tt), in the case that
the speed of the compressor (1) is at or below
a lower limit speed (Rd) lower than an optimum
speed (Rm) corresponding to the highest value
of the COP at the outside temperature (T0),
stops the compressor (1) in the case that the
going temperature (Tg) is equal to or more than
the upper limit temperature (Tt1), and
continues to operate the compressor (1) at the
lower limit speed (Rd) in the case that the going
temperature (Tg) is not equal to or more than
the upper limit temperature (Tt1).

The heat pump-type heating and hot-water supply
apparatus (100) according to claim 1, wherein during
the operation of the compressor (1) at the lower limit
speed (Rd),

the control means (60)

judges whether or not a compressor mini-
mum operating time (tcm) being a given
time has passed since the start of the com-
pressor (1),

judges whether or not the going tempera-
ture (Tg) is equal to or more than the upper
limit temperature (Tt1) in the case that the
compressor minimum operating time (tcm)
has passed,

stops the compressor (1) and calculates an
excessive temperature (AT) being a differ-
ence in temperature between the going
temperature (Tg) and the upper limit tem-
perature (Tt1) inthe case that the going tem-
perature (Tg) is equal to or more than the
upper limit temperature (Tt1), and

restarts the compressor (1) atthe lower limit
speed (Rd) when the going temperature
(Tg) decreases to or below a first tempera-
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ture calculated based on a lower limit tem-
perature (Tt2) lower by a given temperature
than the target temperature (Tt), and the ex-
cessive temperature (AT) during the stop of
the compressor (1).

The heat pump-type heating and hot-water supply
apparatus (100) according to claim 2, wherein the
first temperature is a temperature obtained by sub-
tracting the excessive temperature (AT) from the low-
er limit temperature (Tt2).

The heat pump-type heating and hot-water supply
apparatus (100) according to claim 2 or 3, wherein
the control means (60) continues to drive the com-
pressor (1) for the compressor minimum operating
time (tcm) or more, irrespective of the going temper-
ature (Tg), after restarting the compressor (1) at the
lower limit speed (Rd).

The heat pump-type heating and hot-water supply
apparatus (100) according to claim 1, wherein
during the operation of the compressor (1) at the
lower limit speed (Rd), the control means (60)

judges whether or not the going temperature
(Tg) has increased to or above a threshold tem-
perature (Ts) being a given temperature be-
tween the target temperature (Tt) and the upper
limit temperature (Tt1),

measures a threshold temperature excessive
time (ti) being a time after the going temperature
(Tg) reaches the threshold temperature (Ts),
during which the going temperature (Tg) is equal
to or more than the threshold temperature (Ts)
and less than the upper limit temperature (Tt1),
in the case that the going temperature (Tg) is
equal to or above the threshold temperature
(Ts), and

stops the compressor (1) in the case that the
threshold temperature excessive time (ti) reach-
es a predetermined first excessive time limita-
tion (te1) or above.

The heat pump-type heating and hot-water supply
apparatus (100) according to claim 1, wherein during
the operation of the compressor (1) at the lower limit
speed (Rd),

the control means (60)

judges whether or not the going temperature
(Tg) has increased to or above a threshold tem-
perature (Ts) being a given temperature be-
tween the target temperature (Tt) and the upper
limit temperature (Tt1),

measures a threshold temperature excessive
time (ti) being a time after the going temperature
(Tg) reaches the threshold temperature (Ts),
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during which the going temperature (Tg) is equal
to or more than the threshold temperature (Ts)
and less than the upper limit temperature (Tt1),
in the case that the going temperature (Tg) is
equal to or more than the threshold temperature
(Ts),

sets the speed of the compressor (1) at the op-
timum speed (Rm) when the threshold temper-
ature excessive time (ti) reaches a predeter-
mined second excessive time limitation (te2) or
above, and

stops the compressor (1) when the going tem-
perature (Tg) reaches the upper limit tempera-
ture (Tt1) or above during the operation of the
compressor (1) at the optimum speed (Rm).

The heat pump-type heating and hot-water supply
apparatus (100) according to claim 5 or 6, wherein
the control means (60) stops the compressor (1),
irrespective of the threshold temperature excessive
time (ti), in the case that the going temperature (Tg)
increases to or above the upper limit temperature
(Tt1) during the operation of the compressor (1) at
the lower limit speed (Rd).

The heat pump-type heating and hot-water supply
apparatus according to any one of claims 1 to 7,
wherein the lower limit speed (Rd) is lower by a given
speed than the optimum speed (Rm).

The heat pump-type heating and hot-water supply
apparatus according to any one of claims 1 to 7,
wherein the lower limit speed (Rd) is lower by a given
rate than the optimum speed (Rm).

The heat pump-type heating and hot-water supply
apparatus according to any one of claims 1 to 7, fur-
ther comprising outside temperature detection
means (52) configured to detect an outside temper-
ature (To), wherein the lower limit speed (Rd) is a
speed corresponding to a first COP lower than the
highest value of the COP predetermined in accord-
ance with the outside temperature (To) and the target
temperature (Tt).

The heat pump-type heating and hot-water supply
apparatus according to claim 10, wherein the first
COP has avalue lower by a given rate than the high-
est value of the COP.

The heat pump-type heating and hot-water supply
apparatus according to claim 10, wherein the first
COP has a value lower by a given value than the
highest value of the COP.

The heat pump-type heating and hot-water supply
apparatus according to claim 1, wherein the control
means (60) restarts the compressor (1) at the lower
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36

limit speed (Rd) in the case that the going tempera-
ture (Tg) reaches less than a lower limit temperature
(Tt2) lower by a given temperature than the target
temperature (Tt) during the stop of the compressor

(1)

The heat pump-type heating and hot-water supply
apparatus according to claim 1, wherein

the lower limit speed (Rd) is a speed corresponding
to a first COP lower than the highest value of the
COP predetermined in accordance with the outside
temperature (To) and the target temperature (Tt),
and

the control means (60) restarts the compressor (1)
atthe lower limit speed (Rd) in the case thatthe going
temperature (Tg) reaches less than alower limit tem-
perature (Tt2) lower by a given temperature than the
target temperature (Tt) during the stop of the com-
pressor (1).

Patentanspriiche

1.

Heizungs- und Warmwasserversorgungsvorrich-
tung vom Warmepumpentyp (100), umfassend:

einen Kaltemittelkreislauf (10), umfassend:

einen Kompressor (1),

einen Wasser/Kéltemittel-Warmetauscher
(3), der dafur ausgebildet ist, Warme zwi-
schen Kaéltemittel und Wasser auszutau-
schen, und

einen warmequellenseitigen Warmetau-
scher (5);

einen Warmwasserzulaufkreis (12), der ei-
ne Umlaufpumpe (30) umfasst und dafir
ausgebildet ist, Warmwasser zwischen ei-
nem Heizungsterminal (40, 70) und dem
Wasser/Kaltemittel-Warmetauscher (3) zir-
kulieren zu zirkulieren;

ein  Ausstromtemperaturdetektionsmittel
(57), das dafir ausgebildet ist, eine Aus-
stromtemperatur (Tg) zu detektieren, bei
der es sich um die Temperatur von Wasser
handelt, das aus dem Wasser/Kaltemittel-
Warmetauscher (3) ausstromt;

ein AuBentemperaturdetektionsmittel (52),
das in der Nahe des warmequellenseitigen
Warmetauschers (5) angeordnetistund da-
fir ausgebildet ist, eine Aulentemperatur
zu detektieren, und

ein Steuerungsmittel (60), das daflir ausge-
bildet ist, den Kompressor (1) so zu steuern,
dass die Ausstréomtemperatur (Tg) sich ei-
ner Solltemperatur (Tt) gemaR einer einge-
stellten Temperatur des Heizungsterminals
(40, 70) annahert,
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dadurch gekennzeichnet, dass

das Steuerungsmittel (60),

wenn es die Drehzahl des Kompressors (1)
verringert, um die Ausstrémtemperatur (Tg)
zu senken, beurteilt, ob die Ausstromtem-
peratur (Tg) mindestens so hochist wie eine
Obergrenzentemperatur (Tt1), die um eine
bestimmte Temperatur hoéher ist als die
Solltemperatur (Tt), oder nicht, falls die
Drehzahl des Kompressors (1) nicht héher
ist als eine Untergrenzendrehzahl (Rd), die
niedriger ist als eine optimale Drehzahl
(Rm), die dem hochsten Wert des Leis-
tungskoeffizienten (Coefficient of Perfor-
mance, COP) bei der AuRentemperatur ent-
spricht,

den Kompressor (1) stoppt, falls die Aus-
strdomtemperatur (Tg) mindestens so hoch
ist wie die Obergrenzentemperatur (Tt1),
und

den Kompressor (1) weiterhin auf der Un-
tergrenzendrehzahl (Rd) betreibt, falls die
Ausstromtemperatur (Tg) nicht mindestens
so hoch ist wie die Obergrenzentemperatur
(Tt1).

Heizungs- und Warmwasserversorgungsvorrich-
tung vom Warmepumpentyp (100) nach Anspruch
1, wobei wahrend des Betriebes des Kompressors
(1) auf der Untergrenzendrehzahl (Rd)

das Steuerungsmittel (60)

beurteilt, ob eine Kompressor-Mindestbetriebszeit
(tcm), die eine bestimmte Zeit ist, seit dem Start des
Kompressors (1) verstrichen ist oder nicht, beurteilt,
ob die Ausstrémtemperatur (Tg) mindestens sohoch
ist wie die Obergrenzentemperatur (Tt1) oder nicht,
falls die Kompressor-Mindestbetriebszeit (tcm) ver-
strichen ist,

den Kompressor (1) stoppt und eine Ubertemperatur
(AT) berechnet, die eine Temperaturdifferenz zwi-
schen der Ausstrémtemperatur (Tg) und der Ober-
grenzentemperatur (Tt1) ist, falls die Ausstrdmtem-
peratur (Tg) mindestens so hoch ist wie die Ober-
grenzentemperatur (Tt1), und den Kompressor (1)
bei der Untergrenzendrehzahl (Rd) neu startet,
wenn die Ausstromtemperatur (Tg) auf oder unter
eine erste Temperatur sinkt, die auf der Basis einer
Untergrenzentemperatur (Tt2), die um eine be-
stimmte Temperatur niedriger ist als die Solltempe-
ratur (Tt), und der Ubertemperatur (AT) wahrend des
Stopps des Kompressor (1) berechnet wird.

Heizungs- und Warmwasserversorgungsvorrich-
tung vom Warmepumpentyp (100) nach Anspruch
2, wobei die erste Temperatur eine Temperatur ist,
die durch Subtrahieren der Ubertemperatur (AT) von
der Untergrenzentemperatur (Tt2) erhalten wird.
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4. Heizungs- und Warmwasserversorgungsvorrich-

tung vom Warmepumpentyp (100) nach Anspruch 2
oder 3, wobei das Steuerungsmittel (60) den Kom-
pressor (1) fir die Dauer der Kompressor-Mindest-
betriebszeit (tcm) oder langer, unabhangig von der
Ausstromtemperatur (Tg), weiter betreibt, nachdem
der Kompressor (1) bei der Untergrenzendrehzahl
(Rd) neu gestartet wurde.

Heizungs- und Warmwasserversorgungsvorrich-
tung vom Warmepumpentyp (100) nach Anspruch
1, wobei wahrend des Betriebes des Kompressors
(1) bei der Untergrenzendrehzahl (Rd) das Steue-
rungsmittel (60) beurteilt, ob die Ausstrémtempera-
tur (Tg) auf mindestens eine Schwellentemperatur
(Ts) gestiegen ist oder nicht, bei der es sich um eine
bestimmte Temperatur zwischen der Solltemperatur
(Tt) und der Obergrenzentemperatur (Tt1) handelt,
eine Schwellentemperatur-Uberzeit (ti) misst, bei
der es sich um eine Zeit handelt, nachdem die Aus-
stromtemperatur (Tg) die Schwellentemperatur (Ts)
erreicht hat, wahrend der die Ausstromtemperatur
(Tg) mindestens so hoch wie die Schwellentempe-
ratur (Ts) und niedriger als die Obergrenzentempe-
ratur (Tt1) ist, falls die Ausstromtemperatur (Tg) min-
destens so hoch ist wie die Schwellentemperatur
(Ts), und

den Kompressor (1) stoppt, falls die Schwellentem-
peratur-Uberzeit (ti) eine zuvor festgelegte erste
Uberzeitbeschrankung (te1) oder dariiber erreicht.

Heizungs- und Warmwasserversorgungsvorrich-
tung vom Warmepumpentyp (100) nach Anspruch
1, wobei wahrend des Betriebes des Kompressors
(1) bei der Untergrenzendrehzahl (Rd)

das Steuerungsmittel (60)

beurteilt, ob die Ausstromtemperatur (Tg) auf min-
destens eine Schwellentemperatur (Ts) gestiegen
ist oder nicht, bei der es sich um eine bestimmte
Temperatur zwischen der Solltemperatur (Tt) und
der Obergrenzentemperatur (Tt1) handelt,

eine Schwellentemperatur-Uberzeit (ti) misst, bei
der es sich um eine Zeit handelt, nachdem die Aus-
stromtemperatur (Tg) die Schwellentemperatur (Ts)
erreicht, wahrend der die Ausstromtemperatur (Tg)
mindestens so hoch wie die Schwellentemperatur
(Ts) und niedriger als die Obergrenzentemperatur
(Tt1) ist, falls die Ausstromtemperatur (Tg) mindes-
tens so hoch ist wie die Schwellentemperatur (Ts),
die Drehzahl des Kompressors (1) auf die optimale
Drehzahl (Rm) einstellt, wenn die Schwellentempe-
ratur-Uberzeit (ti) eine zuvor festgelegte zweite
Uberzeitbeschrankung (te2) oder dariiber erreicht,
und den Kompressor (1) stoppt, wenn die Ausstrom-
temperatur (Tg) die Obergrenzentemperatur (Tt 1)
oder darlber erreicht, wahrend der Kompressor (1)
bei der optimalen Drehzahl (Rm) arbeitet.
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Heizungs- und Warmwasserversorgungsvorrich-
tung vom Warmepumpentyp (100) nach Anspruch 5
oder 6, wobei das Steuerungsmittel (60) den Kom-
pressor (1), ungeachtet der Schwellentemperatur-
Uberzeit (ti) stoppt, falls die Ausstrdmtemperatur
(Tg) wahrend des Betriebes des Kompressors (1)
bei der Untergrenzendrehzahl (Rd) auf mindestens
die Obergrenzentemperatur (Tt1) steigt.

Heizungs- und Warmwasserversorgungsvorrich-
tung vom Warmepumpentyp nach einem der An-
spriiche 1 bis 7, wobei die Untergrenzendrehzahl
(Rd) um eine bestimmte Drehzahl niedriger ist als
die optimale Drehzahl (Rm).

Heizungs- und Warmwasserversorgungsvorrich-
tung vom Warmepumpentyp nach einem der An-
spriiche 1 bis 7, wobei die Untergrenzendrehzahl
(Rd) um eine bestimmte Rate niedriger ist als die
optimale Drehzahl (Rm).

Heizungs- und Warmwasserversorgungsvorrich-
tung vom Warmepumpentyp nach einem der An-
spriiche 1 bis 7, die des Weiteren ein Aulientempe-
raturdetektionsmittel (52) umfasst, das daflir ausge-
bildetist, eine AuRentemperatur (T0) zu detektieren,
wobei die Untergrenzendrehzahl (Rd) eine Drehzahl
ist, die einem ersten COP entspricht, der niedriger
ist als der héchste Wert des COP, der gemaR der
AuBentemperatur (TO) und der Solltemperatur (Tt)
zuvor festgelegt wurde.

Heizungs- und Warmwasserversorgungsvorrich-
tung vom Warmepumpentyp nach Anspruch 10, wo-
bei die erste COP einen Wert hat, der um eine be-
stimmte Rate niedriger ist als der h6chste Wert des
COP.

Heizungs- und Warmwasserversorgungsvorrich-
tung vom Warmepumpentyp nach Anspruch 10, wo-
bei der erste COP einen Wert hat, der um einen be-
stimmten Wert niedriger ist als der héchste Wert des
COP.

Heizungs- und Warmwasserversorgungsvorrich-
tung vom Warmepumpentyp nach Anspruch 1, wo-
bei das Steuerungsmittel (60) den Kompressor (1)
bei der Untergrenzendrehzahl (Rd) neu startet, falls
die Ausstromtemperatur (Tg) um eine bestimmte
Temperatur, die niedriger als die Solltemperatur (Tt)
ist, unterhalb einer Untergrenzentemperatur (Tt2)
bleibt, wahrend der Kompressor (1) stoppt.

Heizungs- und Warmwasserversorgungsvorrich-
tung vom Warmepumpentyp nach Anspruch 1, wo-
beidie Untergrenzendrehzahl (Rd) eine Drehzahl ist,
die einem ersten COP entspricht, der niedriger ist
als der héchste Wert des COP, der gemaR der Au-
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Rentemperatur (TO) und der Solltemperatur (Tt) zu-
vor festgelegt wurde, und

das Steuerungsmittel (60) den Kompressor (1) bei
der Untergrenzendrehzahl (Rd) neu startet, falls die
Ausstromtemperatur (Tg) um eine bestimmte Tem-
peratur, die niedriger als die Solltemperatur (Tt) ist,
unterhalb einer Untergrenzentemperatur (Tt2)
bleibt, wahrend der Kompressor (1) stoppt.

Revendications

Appareil de chauffage de type pompe a chaleur et
d’alimentation en eau chaude (100) comprenant :

un circuit de fluide frigorigene (10) comportant :

un compresseur (1),

un échangeur de chaleur eau-fluide frigori-
gene (3), congu pour échanger de lachaleur
entre un fluide frigorigene et de I'eau, et
un échangeur de chaleur cété source de
chaleur (5) ;

un circuit d’alimentation en eau chaude (12)
comportant une pompe de circulation (30)
et étant congu pour faire circuler de I'eau
chaude entre un terminal de chauffage (40,
70) et 'échangeur de chaleur eau-fluide fri-
gorigéne (3) ;

un moyen de détection de température de
sortie (57) congu pour détecter une tempé-
rature de sortie (Tg) qui est la température
de I'eau s’écoulant hors de I'échangeur de
chaleur eau-fluide frigorigene (3) ;

un moyen de détection de température ex-
térieure (52), placé au voisinage de I'échan-
geur de chaleur cété source de chaleur (5),
congu pour détecter une température exté-
rieure; et

un moyen de commande (60) congu pour
commander le compresseur (1) de maniére
que latempérature de sortie (Tg) se rappro-
che d’une température cible (Tt) en confor-
mité avec une température de consigne du
terminal de chauffage (40, 70),
caractérisé en ce que :

le moyen de commande (60)

lors de la réduction de la vitesse du
compresseur (1) pour réduire latempé-
rature de sortie (Tg), détermine si la
température de sortie (Tg) est ou non
supérieure ou

égale a une limite supérieure de tem-
pérature (Tt1),

supérieure d’'une température donnée
a la température cible (Tt), dans le cas
ou la vitesse du compresseur (1) est
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inférieure ou égale a une limite inférieu-
re de vitesse (Rd) inférieure a une vi-
tesse optimale (Rm) correspondant a
la valeur la plus élevée du COP (coef-
ficient of performance, coefficient de
performance) a la température exté-
rieure,

arréte le compresseur (1), dans le cas
ou la température de sortie (Tg) est su-
périeure ou égale a la limite supérieure
de température (Tt1), et

continue de faire fonctionner le com-
presseur (1) a la limite inférieure de vi-
tesse (Rd), dans le cas ou la tempéra-
ture de sortie (Tg) n’est pas supérieure
ou égale a la limite supérieure de tem-
pérature (Tt1).

2. Appareil de chauffage de type pompe a chaleur et

d’alimentation en eau chaude (100) selon la reven-
dication 1, dans lequel au cours du fonctionnement
du compresseur (1) a la limite inférieure de vitesse
(Rd),

le moyen de commande (60) :

détermine si un temps minimum de fonctionne-
ment du compresseur (tcm), qui est un temps
donné, s’est écoulé ou non depuis le démarrage
du compresseur (1),

détermine si la température de sortie (Tg) est
ounon supérieure ou égale a la limite supérieure
de température (Tt1), dans le cas ou le temps
minimum de fonctionnement du compresseur
(tcm) s’est écoule,

arréte le compresseur (1) et calcule un dépas-
sement de température (AT) qui est une diffé-
rence de température entre la température de
sortie (Tg) et la limite supérieure de température
(Tt1), dans le cas ou la température de sortie
(Tg) est supérieure ou égale a la limite supé-
rieure de température (Tt1), et

redémarre le compresseur (1) a la limite infé-
rieure de vitesse (Rd), lorsque la température
de sortie (Tg) chute a une valeur inférieure ou
égale a une premiere température calculée sur
la base d’'une limite inférieure de température
(Tt2), inférieure d’'une température donnée a la
température cible (Tt), etde la différence de tem-
pérature (AT) au cours de I'arrét du compresseur

(1)

Appareil de chauffage de type pompe a chaleur et
d’alimentation en eau chaude (100) selon la reven-
dication 2, dans lequel la premiére température est
une température obtenue par soustraction du dépas-
sement de température (AT) de la limite inférieure
de température (Tt2).
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4.

5.

6.

Appareil de chauffage de type pompe a chaleur et
d’alimentation en eau chaude (100) selon la reven-
dication 2 ou 3, dans lequel le moyen de commande
(60) continue d’entrainer le compresseur (1) pen-
dant le temps minimum de fonctionnement du com-
presseur (tcm) ou au-dela, indépendamment de la
température de sortie (Tg), apres le redémarrage du
compresseur (1) alalimite inférieure de vitesse (Rd).

Appareil de chauffage de type pompe a chaleur et
d’alimentation en eau chaude (100) selon la reven-
dication 1, dans lequel :

au cours du fonctionnement du compresseur (1)
a la limite inférieure de vitesse (Rd), le moyen
de commande (60) :

détermine si la température de sortie (Tg)
s’est élevée ou non a une valeur supérieure
ou égale a un seuil de température (Ts) qui
estunetempérature donnée comprise entre
la température cible (Tt) et la limite supé-
rieure de température (Tt1),

mesure un temps de dépassement du seuil
de température (ti) qui est un temps, apres
que la température de sortie (Tg) a atteint
le seuil de température (Ts), pendantlequel
la température de sortie (Tg) est supérieure
ou égale au seuil de température (Ts) etin-
férieure a la limite supérieure de tempéra-
ture (Tt1), dans le cas ou la température de
sortie (Tg) est supérieure ou égale au seuil
de température (Ts), et

arréte le compresseur (1), dans le cas ou le
temps de dépassement du seuil de tempé-
rature (i) atteint ou

dépasse une premiére limite prédéterminée
de temps de dépassement (te1).

Appareil de chauffage de type pompe a chaleur et
d’alimentation en eau chaude (100) selon la reven-
dication 1, dans lequel au cours du fonctionnement
du compresseur (1) a la limite inférieure de vitesse
(Rd),

le moyen de commande (60) :

détermine si la température de sortie (Tg) s’est
élevée ou non a une valeur supérieure ou égale
a un seuil de température (Ts) qui est une tem-
pérature donnée comprise entre la température
cible (Tt) et la limite supérieure de température
(Tt1),

mesure un temps de dépassement du seuil de
température (ti) qui est un temps, aprés que la
température de sortie (Tg) a atteint le seuil de
température (Ts), pendant lequel latempérature
de sortie (Tg) est supérieure ou égale au seuil
de température (Ts) et inférieure a la limite su-
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périeure de température (Tt1), dans le cas ou la
température de sortie (Tg) est supérieure ou
égale au seuil de température (Ts),

regle la vitesse du compresseur (1) a la vitesse
optimale (Rm), lorsque le temps de dépasse-
ment du seuil de température (ti) atteint ou dé-
passe une seconde limite prédéterminée de
temps de dépassement (te2), et

arréte le compresseur (1), lorsque la tempéra-
ture de sortie (Tg) atteint ou dépasse la limite
supérieure de température (Tt1), au cours du
fonctionnement du compresseur (1) a la vitesse
optimale (Rm).

Appareil de chauffage de type pompe a chaleur et
d’alimentation en eau chaude (100) selon la reven-
dication 5 ou 6, dans lequel le moyen de commande
(60) arréte le compresseur (1), indépendamment du
temps de dépassement du seuil de température (ti),
dans le cas ou la température de sortie (Tg) s’éleve
a une valeur supérieure ou égale a la limite supé-
rieure de température (Tt1), au cours du fonctionne-
ment du compresseur (1) a la limite inférieure de
vitesse (Rd).

Appareil de chauffage de type pompe a chaleur et
d’alimentation en eau chaude selon I'une quelcon-
que des revendications 1 a 7, dans lequel la limite
inférieure de vitesse (Rd) estinférieure d'une vitesse
donnée a la vitesse optimale (Rm).

Appareil de chauffage de type pompe a chaleur et
d’alimentation en eau chaude selon I'une quelcon-
que des revendications 1 a 7, dans lequel la limite
inférieure de vitesse (Rd) est inférieure d’'un taux
donné a la vitesse optimale (Rm).

Appareil de chauffage de type pompe a chaleur et
d’alimentation en eau chaude selon I'une quelcon-
que des revendications 1 a 7, comprenant en outre
un moyen de détection de température extérieure
(52), congu pour détecter une température extérieu-
re (To), dans lequel la limite inférieure de vitesse
(Rd) est une vitesse correspondant a un premier
coefficient COP inférieur a la valeur la plus élevée
du coefficient COP, prédéterminée en fonction de la
température extérieure (To) et de la température ci-
ble (Tt).

Appareil de chauffage de type pompe a chaleur et
d’alimentation en eau chaude selon la revendication
10, dans lequel le premier coefficient COP a une
valeur inférieure d’un taux donné a la valeur la plus
élevée du coefficient COP.

Appareil de chauffage de type pompe a chaleur et
d’alimentation en eau chaude selon la revendication
10, dans lequel le premier coefficient COP a une
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valeur inférieure d’une valeur donnée a la valeur la
plus élevée du coefficient COP.

13. Appareil de chauffage de type pompe a chaleur et

d’alimentation en eau chaude selon la revendication
1, dans lequel le moyen de commande (60) redé-
marre le compresseur (1) a la limite inférieure de
vitesse (Rd), dans le cas ou la température de sortie
(Tg) atteint une valeur plus basse qu’une limite infé-
rieure de température (Tt2), inférieure d’'une tempé-
rature donnée a la température cible (Tt), au cours
de l'arrét du compresseur (1).

14. Appareil de chauffage de type pompe a chaleur et

d’alimentation en eau chaude selon la revendication
1, dans lequel :

la limite inférieure de vitesse (Rd) est une vites-
se correspondant a un premier coefficient COP
inférieur a la valeur la plus élevée du coefficient
COP, prédéterminée en fonction de la tempéra-
ture extérieure (To) et de la température cible
(Tt), et

le moyen de commande (60) redémarre le com-
presseur (1) alalimite inférieure de vitesse (Rd),
dans le cas ou la température de sortie (Tg) at-
teint une valeur plus basse qu’une limite infé-
rieure de température (Tt2), inférieure d'une
température donnée a la température cible (Tt),
au cours de l'arrét du compresseur (1).
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FIG. 3
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FIG. 6
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