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(54) HEAT PUMP DEVICE

(57)  Aheatpump device includes heat source equip-
ment that produces heated water by a heat source, a
radiation terminal, a forced convection terminal, and a
control device. The radiation terminal is connected to the
source equipment and adjusts a temperature of an indoor
space using radiant heat that is obtained by flowing the
heated water from the source equipment into a radiation
panel. The forced convection terminal is connected to the
source equipment, flows the heated water from the
source equipment into a use-side heat exchanger, and
blows air on which heat exchange with the heated water
is performed by the use-side heat exchanger using a
blast fan and thus adjusts the temperature of the indoor
space. The control device controls the source equipment,
the radiation terminal, and the forced convection term-
inal. The control device includes a controller that, when
the radiation terminal and the forced convection terminal
are operated at a time, controls the forced convection
terminal to reduce an air volume of the forced convection
terminal compared to an air volume in a case where only
the forced convection terminal is in operation. The heat
pump device capable of inhibiting comfortableness to a
user from lowering is provided.
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Description
Field

[0001]
device.

The present invention relates to a heat pump

Background

[0002] For example, a heat pump device that flows
heated water that is produced by heat source equipment
toanindoorterminal to warm anindoor space in which the
indoor terminal is set is known. There are, as the indoor
terminal, for example, a forced convection terminal that
adjusts an indoor temperature by forced convection from
the indoor terminal and a radiation terminal that adjusts
the indoor temperature by radiant heat of the heated
water that passes through the indoor terminal.

[0003] When a heating operation is performed using a
forced convection terminal that is connected to a heat
pump device, heat is supplied to a user via indoor air and
therefore, it is necessary to increase the temperature of
the heated water to a high temperature compared to a
case where a radiation terminal is used. For this reason,
when a heating operation is performed using the forced
convection terminal, setting a target temperature such
thatthe temperature of the heated water is high in heating
ensures comfortableness to the user.

Citation List
Patent Literature

[0004] PatentLiterature 1: Japanese Laid-open Patent
Publication No. 2019-70498

Summary
Technical Problem

[0005] Intheconventional heat pump device, however,
when the forced convection terminal and the radiation
terminal are operated at a time, heated water at the same
temperature as heated water thatis supplied to the forced
convection terminal is supplied to the radiation terminal.
As a result, in the radiation terminal, heated water at a
temperature exceeding a temperature that he user feels
comfortable is supplied and thus the case where the user
feels uncomfortable is assumed

[0006] In view of the above-described problem, an
object of the present invention is to provide a heat pump
device that makes it possible to inhibit comfortableness
to a user from lowering.

Solution to Problem

[0007] According to an aspect of an embodiment, the
heat pump device includes a heat source equipment, a
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radiation terminal, a forced convection terminal and a
control device. The heat source equipment produces
heated water by a heat source. The radiation terminal
is connected to the heat source equipment and adjusts a
temperature of an indoor space by radiation heat that is
obtained by flowing the heated water from the heat
source equipment into a radiation panel. The forced
convection terminal is connected to the heat source
equipment, flows the heated water from the heat source
equipment into a use-side heat exchanger, and blows air
on which heat exchange with the heated water is per-
formed by the use-side heat exchanger using a blast fan
and thus adjusts the temperature of the indoor space.
The control device controls the heat source equipment,
the radiation terminal, and the forced convection term-
inal. The control device includes a controller that, when
the radiation terminal and the forced convection terminal
are operated at a time, controls the forced convection
terminal to reduce an air volume of the forced convection
terminal compared to an air volume in a case where only
the forced convection terminal is in operation.

Advantageous Effects of Invention

[0008] Itis possible to inhibit comfortableness to a user
from lowering as an aspect.

Brief Description of Drawings
[0009]

FIG. 1 is an illustration illustrating an example of a
heat pump device of an embodiment.

FIG. 2 is an illustration illustrating an example of an
air volume target value table that is stored in a
storage unit.

FIG. 3 is an illustration illustrating an example of a
relationship between the air conditioning perfor-
mance and the volume of circulated water.

FIG. 4 is a flowchart illustrating an example of pro-
cessing operations of a control device that relate to a
temperature adjustment process.

Description of Embodiments

[0010] An embodiment of a heat pump device, etc.,
disclosed in the preset application will be described in
detail below according to the drawings. Note that the
embodiment does not limit the disclosed technique. Each
embodimentiillustrated below may be modified as appro-
priate within a range where no inconsistency is caused.

[Embodiment]
Configuration of Heat Pump Device

[0011] FIG. 1isanillustrationillustrating an example of
a heat pump device 1 of the present embodiment. The
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heat pump device 1 illustrated in FIG. 1 includes heat
source equipment 2 that produces heated water, a use-
side terminal group 3 including a plurality of use-side
terminals 4, and a control device 5 that controls the entire
heat pump device 1.

Configuration of Heat Source Equipment

[0012] The heat source equipment 2 includes a heat
source 20 that produces heated water. The heat source
20 includes a refrigerant line 21 ad a water line 22. The
refrigerant line 21 is, for example, a line in which a
refrigerant circulates inside with a compressor and that
performs heat exchange between the refrigerant that
circulates and external air. In the water line 22, for ex-
ample, water circulates inside and the water line 22
causes heat exchange between the water circulating
inside and the refrigerant circulating in the refrigerant
line 21, thereby producing heated water. The water line
22, for example, flows the heated water into the use-side
terminal group 3 using a circulation pump, thereby ad-
justing the temperature of the indoor space in which the
use-side terminal 4 of the use-side terminal group 3 is
arranged.

Configuration of Use-side Terminal Group

[0013] The use-side terminal group 3 includes the use-
side terminals 4, a branch pipe 31 and a merging pipe 32.
There are, as the use-side terminals 4 that are set in the
indoor space, for example, a radiation terminal 4A, a
forced convection terminal 4B, etc.

[0014] The radiation terminal 4Ais, for example, a floor
heating terminal and includes a radiation panel 41A that
is an use-side heat exchanger 41, is connected to the
water line 22 in the heat source equipment 2, and adjusts
the temperature of the indoor space using the radiant
heat obtained by flowing the heated water from the water
line 22 into the radiation panel 41A.

[0015] The forced convection terminal 4B includes a
use-side heat exchanger 41B (41), a blower fan 42, afan
controller 43, and a temperature sensor 44. The use-side
heat exchanger 41B is connected to the water line 22 in
the heat source equipment 2, the heated water flows from
the water line 22 into the use-side heat exchanger 41B,
and the blower fan 42 blows the air on which heat ex-
change with the heated water is performed by the use-
side heat exchanger 41B into the indoor space, thereby
adjusting the temperature of the indoor space. The
blower fan 42 is a fan that generates forced convection.
The fan controller 43 adjusts the air volume by controlling
the rotation rate of the blower fan 42. The temperature
sensor 44 is a sensor that is arranged at the inlet of the
use-side heat exchanger 41B and that detects a tem-
perature of the heated water that flows into the use-side
heat exchanger 41B.
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Configuration of Control Device

[0016] The control device 5 controls the heat source
equipment 2 and the radiation terminal 4A and the forced
convection terminal 4B that are the use-side terminal 4.
The control device 5includes a detector 51, a storage unit
52, and a controller 53. The detector 51 detects a current
temperature of the heated water that is produced by the
heat source equipment 2. Specifically, the detector 51
detects, as the current temperature, the temperature of
the heated water that flows from the temperature sensor
44 in the forced convection terminal 4B into the use-side
heat exchanger 41B.

[0017] Whenthe forced convectionterminal 4B and the
radiation terminal 4A are operated at a time, the tem-
perature of the heated water flowing into the forced
convection terminal 4B and the radiation terminal 4A is
conventionally set higher than thatin the case where only
the radiation terminal 4A is used. This is because the
forced convection terminal 4B supplies heat to the user
via indoor air and thus the heated water has to be higher
than that in the case where only the radiation terminal 4A
is used. As a result, the heated water at the same tem-
perature as that of the heated water that is supplied to the
forced convection terminal 4B is supplied to the radiation
terminal 4A and, if the airflow to the forced convection
terminal 4B is not lowered, the temperature of the air that
is blown (blow temperature) lowers substantially, which
makes the user uncomfortable. Thus, the embodiment
focuses on lowering the heat discharge from the heated
water to the air by changing the air flow to inhibit the
temperature of the heated water from lowering. It is
possible to calculate a heat discharge from the heated
water to the air per unit of time by an air specific heatxan
air density X an air flow X a difference in temperature. The
difference in temperature is (an average temperature of
the heated water in the heat exchanger-an air inlet tem-
perature). In other words, reducing the air volume that is
the air flow reduces the heat discharge from the heated
water to the air per unit of time, which reduces a decrease
in the temperature of the heated water. Accordingly, even
when the temperature of the heated water is the same,
reducing the air volume enables an appropriate tempera-
ture of the blow temperature from the forced convection
terminal 4B.

[0018] FIG.2isanillustration illustrating an example of
an air volume target value table that is stored in the
storage unit 52. The air volume target value table is a
table that is used when the radiation terminal 4A and the
forced convection terminal 4B are operated atatime. The
storage unit 52 stores an air volume level that is a target
value of the air volume of the forced convection terminal
4B corresponding to the temperature level of the heated
water. The temperature level of the heated wateris alevel
corresponding to the temperature of the heated water
that flows into the use-side heat exchanger of the forced
convection terminal 4B, that s, the level corresponding to
the current temperature that is a detected value of the
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temperature sensor 44. The temperature level of the
heated water includes levels at three stages of "high"
of aregion where the current temperature is high, "low" of
aregion where the current temperature is low, and "inter-
mediate" of a region where the current temperature is
between "high" and "low" described above. The air vo-
lume level is a level of the air volume of the forced
convection terminal 4B for the user to feel comfortable.
The air volume level also includes levels at three stages
of "large" at which the air volume is large, "small" at which
the air volume is small, and "intermediate" at which the air
volume is between "large" and "small".

[0019] The air volume level of the forced convection
terminal 4B is large when the temperature level of the
heated water is high, the air volume level of the forced
convection terminal 4B is intermediate when the tem-
perature level of the heated water is intermediate, and the
air volume level of the forced convection terminal 4B is
small when the temperature level of the heated water is
low. When the temperature level of the heated water is
high, a decrease in the air volume for enabling a blow
temperature that the user does not feel uncomfortable
may be small. On the other hand, when the temperature
level of the heated water is low, the decrease in the air
volume has to be increased to enable a blow temperature
that the user does not feel uncomfortable. Note that, in
the embodiment, the air volume levels corresponding to
the temperature levels of the heated water atthree stages
are setand this however does not apply to the case where
an air volume corresponding to the temperature of the
heated water is assigned and the air volume decreases
as the temperature of the heated water decreases.
[0020] When the radiation terminal 4A and the forced
convection terminal 4B are operated at a time, the con-
troller 53 controls the forced convection terminal 4B to
reduce the air volume of the forced convection terminal
4B compared to the air volume in the case where only the
forced convection terminal 4B is in operation. Specifi-
cally, when the radiation terminal 4A and the forced
convection terminal 4B are operated at a time, the con-
troller 53 reads the air volume level corresponding to a
temperature level of the temperature of the heated water
thatis detected by the detector 51 from the storage unit 52
and controls the forced convection terminal 4B to enable
the read air volume level.

[0021] After controlling the forced convection terminal
4B to lower the air volume of the forced convection
terminal 4B, when the temperature of the indoor space
ofthe forced convection terminal 4B lowers, the controller
53 controls the heat source equipment 2 to increase the
flow of the heated water to the forced convection terminal
4B and the radiation terminal 4A. When the heat dis-
charge from the heated water to the air is small compared
to the rate of heat leak because of the wall, windows, the
entrance of the room, etc., the temperature of the indoor
space lowers. For this reason, even when a blow tem-
perature that the user does not feel uncomfortable is
enabled, there is a risk that the temperature of the indoor
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space would lower and the user would thus feel uncom-
fortable. For this reason, by controlling the heat source
equipment 2 to increase the flow of the heated water to
the forced convection terminal 4B and the radiation
terminal 4A, the heat discharge from the heated water
to the air is increased to increase the blow temperature.
[0022] FIG. 3isanillustration illustrating an example of
a relationship between air conditioning performance and
the volume of circulated water. As for the air conditioning
performance of the forced convection terminal 4B, the air
conditioning performance increases because the circu-
lated flow of the heated water of the heat source equip-
ment 2 increases as illustrated in FIG. 3.

Operations of Heat Pump Device

[0023] FIG. 4 is a flowchart illustrating an example of
processing operations of the control device 5 that relates
to a temperature adjustment process. In FIG. 4, the
control device 5 determines whether the radiation term-
inal 4A is in operation (step S11). When the radiation
terminal 4A is in operation (step S11: Yes), the control
device 5 determines whether the forced convection term-
inal 4B is in operation (step S12).

[0024] When the forced convection terminal 4B is in
operation (step S12: Yes), the control device 5 does not
change the set temperature of the heated water (step
S13)and reads an air volume level thatis an air volume of
atarget value corresponding to a temperature level of the
heated water that is the current temperature and that is
detected by the detector from the storage unit 52 (step
S14).

[0025] The control device 5 sets the read air volume of
the target value (air volume level) in the forced convection
terminal 4B (step S15) and ends the processing opera-
tions illustrated in FIG. 4. In other words, when the
radiation terminal 4A and the forced convection terminal
4B are operated at a time, the control device 5 reads an
air volume level corresponding to a temperature level of
the detected temperature of the heated water from the
storage unit 52 and controls the forced convection term-
inal 4B to enable the read air volume level. As a result,
while maintaining the temperature that the user feels
comfortable in the radiation terminal 4A, it is possible
to inhibit comfortableness to the user from lowering also
in the forced convection terminal 4B.

[0026] When the radiation terminal 4A is not in opera-
tion at step S11 (step S11: No), the control device 5
determines whether the forced convection terminal 4B
is in operation (step S16). When the forced convection
terminal 4B is in operation is in operation (step S16: Yes),
the control device 5 adjusts the set temperature of the
heated water (step S17) and ends the processing opera-
tions illustrated in FIG. 4. In other words, when only the
forced convection terminal 4B is operated, the control
device 5 controls the heat source equipment 2 to adjust
the current temperature of the heated water without
changing the normal air volume level. Specifically, in
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the refrigerantline 21, the rotation rate of the compressor
is increased to increase heat exchange between the
refrigerant and the air and between the water and the
refrigerant. As a result, it is possible to maintain the
temperature that the user feels comfortable in the forced
convection terminal 4B.

[0027] Whentheforced convectionterminal4Bis notin
operation (step S16: No), the control device 5 ends the
processing operations illustrated in FIG. 4. When the
forced convection terminal 4B is not in operation (step
S12: No), the control device 5 ends the processing op-
erations illustrated in FIG. 4.

Effect of Embodiment

[0028] When the radiation terminal 4A and the forced
convection terminal 4B are operated at a time, the heat
pump device 1 of the embodiment reads an air volume
level corresponding to a temperature level of a tempera-
ture of heated water that is detected by the detector 51
from the storage unit 52 and controls the forced convec-
tion terminal 4B to enable the read air volume level. As a
result, while maintaining a temperature that the user feels
comfortable in the radiation terminal 4A, it is possible to
inhibit comfortableness to the user from lowering also in
the forced convection terminal 4B. In other words, be-
cause the blow temperature is increase by lowering the
airvolume level of the forced convection terminal 4B even
in a state where the temperature of the heated water is
low, it is possible to avoid a situation in which comfor-
tableness lowers even when the wind is on the user.
[0029] After controlling the forced convection terminal
4B to lower the air volume of the forced convection
terminal 4B, when the temperature of the indoor space
of the forced convection terminal 4B lowers, the heat
pump device 1 controls the heat source equipment 2 to
increase the flow of the heated water to the forced con-
vection terminal 4B and the radiation terminal 4A. As a
result, it is possible to increase the blow temperature by,
instead of reducing the air volume of the forced convec-
tion terminal 4B that is the circulated volume of the air
side, increasing the flow that is the volume of circulation
of the heated water to the forced convection terminal 4B
and the radiation terminal 4A and maintain air condition-
ing performance.

[0030] Note that, for convenience of explanation, the
case where, when the forced convection terminal 4B and
the radiation terminal 4A are operated at a time, the
controller 53 reads an air volume level corresponding
to a temperature level of heated water that is detected by
the detector 51 from the storage unit 52 and controls the
forced convection terminal 4B to enable the read air
volume. The controller 53 however may control the
forced convection terminal 4B to reduce the air volume
of the forced convection terminal 4B compared to the air
volume in the case where only the forced convection
terminal 4B is in operation and it is possible to make
appropriate changes. As aresult, in the radiation terminal
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4A, itis possible to, while maintaining a temperature that
a user feels comfortable in the radiation terminal 4A, itis
possible to inhibit comfortableness to the user from low-
ering in the forced convection terminal 4B. For example,
reducing the air volume of the air passing through the
use-side heat exchanger 41B in the forced convection
terminal 4B increases the blow temperature. In other
words, without adjusting the temperature of heated water
as in the conventional technique, it is possible to adjust
the temperature of blow from the forced convection
terminal 4B and thus ensure comfortableness.

[0031] Each component of each unit illustrated in the
drawings need not necessarily be configured physically
as illustrated in the drawings. In other words, specific
modes of distribution and integration of each units are not
limited to those illustrated in the drawings and all or part of
the units can be configured by functional or physical
distribution or integration in any unit according to various
types of load and usage.

[0032] Furthermore, all or given part of various types of
processing functions implemented by each device may
be executed on a CPU (Central Processing Unit) (or a
microcomputer, such as a MPU (Micro Processing Unit)
or a MCU (Micro Controller Unit)). Needless to say, all or
any part of the various types of processing functions may
be executed on a program that is analyzed and executed
by the CPU (or a microcomputer, such as a MPU or a
MCU) or on hardware according to a wired logic.

Reference Signs List

[0033]

1 HEAT PUMP DEVICE

2 HEAT SOURCE EQUIPMENT
4A FORCED CONVECTION TERMINAL
5 CONTROL DEVICE

20 HEAT SOURCE

41A  RADIATION PANEL
41B  USE-SIDE HEAT EXCHANGER
51 DETECTOR

52 STORAGE UNIT

53 CONTROLLER

Claims

1. A heat pump device comprising:

a heat source equipment that produces heated
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water by a heat source;
aradiation terminal that is connected to the heat
source equipment and that adjusts a tempera-
ture of an indoor space by radiation heat that is
obtained by flowing the heated water from the 5
heat source equipment into a radiation panel;
aforced convection terminal thatis connected to
the heat source equipment, flows the heated
water from the heat source equipment into a
use-side heatexchanger, and blows aironwhich 70
heat exchange with the heated water is per-
formed by the use-side heat exchanger using
a blast fan and thus adjusts the temperature of
the indoor space; and
a control device that controls the heat source 15
equipment, the radiation terminal, and the
forced convection terminal,
wherein the control device includes a controller
that, when the radiation terminal and the forced
convection terminal are operated at atime, con- 20
trols the forced convection terminal to reduce an
air volume of the forced convection terminal
compared to an air volume in a case where only
the forced convection terminal is in operation.
25
2. The heat pump device according to claim 1, wherein
the control device includes

a detector that detects a temperature of the
heated water thatis produced by the heatsource 30
equipment; and

a storage that stores a target value of the air
volume of the forced convection terminal corre-
sponding to the temperature of the heated water,
wherein, when the radiation terminal and the 35
forced convection terminal are in operation at

a time, the controller reads the target value
corresponding to the temperature of the heated
water that is detected by the detector from the
storage and controls the forced convectionterm- 40
inal to enable the read target value.

3. The heat pump device according to claim 2, wherein
the detector detects the temperature of the heated
water that flows into the use-side heat exchangeras 45
the heated water that is produced by the heat source
equipment.

4. The heat pump device according to claim 1 or 2,
wherein, when the temperature of the indoor space %0
of the forced convection terminal lowers after the
controller controls the forced convection terminal to
lower the air volume of the forced convection term-
inal, the controller controls the heat source equip-
ment to increase a flow of the heated water to the 55
forced convection terminal and the radiation term-
inal.
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