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(54) HEATING MEDIUM CIRCULATION APPARATUS

(57) The present disclosure provides a heatingmed-
ium circulation apparatus that can improve the reliability
of a compressor. The heating medium circulation appa-
ratus in the present disclosure includes: a refrigerant
circuit including a compressor, a use side heat exchan-
ger, adecompressiondevice,andaheat sourcesideheat
exchanger connected in order; a heating medium circuit
through which a heating medium cooled or heated by a
refrigerant from the compressor in the use side heat
exchanger circulates; a heating medium temperature
sensor that detects a temperature of the heatingmedium
flowing into the use side heat exchanger; and a control
device that controls the decompression device. The con-
trol device sets an opening degree of the decompression
device at startup of the compressor to a first opening
degree, the first opening degree being set larger as the
temperature of the heating medium detected by the
heating medium temperature sensor increases.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present disclosure relates to a heating
medium circulation apparatus.

Description of the Related Art

[0002] Japanese Patent Laid-Open No. 2000‑346449
discloses a technique that sets an initial opening degree
of a decompression device to an opening degree de-
pending on the outside air temperature at startup of a
compressor and maintains the set initial opening degree
constant for a predetermined time from the startup re-
gardless of a discharge temperature of the compressor,
thereby ensuring a sufficient refrigerant circulation
amount at the startup of the compressor and shortening
the startup time of the compressor.
[0003] Thepresent disclosure providesaheatingmed-
ium circulation apparatus that can improve the reliability
of a compressor.

SUMMARY OF THE INVENTION

[0004] A heating medium circulation apparatus in the
present disclosure includes: a refrigerant circuit including
a compressor, a use side heat exchanger, a decompres-
sion device, and a heat source side heat exchanger
connected in order; a heating medium circuit through
whichaheatingmediumcooledor heatedbya refrigerant
from the compressor in the use side heat exchanger
circulates; a heating medium temperature sensor that
detects a temperature of the heatingmedium flowing into
the use side heat exchanger; and a control device that
controls the decompression device. The control device
sets an opening degree of the decompression device at
startup of the compressor to a first opening degree, the
first opening degree being set larger as the temperature
of the heating medium detected by the heating medium
temperature sensor increases.

Advantageous Effects of Invention

[0005] The heating medium circulation apparatus in
the present disclosure performs control so that the open-
ing degree of the decompression device at startup of the
compressor increases as the temperature of the heating
medium flowing into the use side heat exchanger in-
creases. Thus, the refrigerant that has absorbed heat
from the heating medium and vaporized in the use side
heat exchanger is not excessively decompressed by the
decompression device, and excessive rise of the dis-
charge temperature of the compressor canbeprevented.
Thus, the reliability of the compressor can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a diagram showing the configuration of a
heating medium circulation apparatus in a first em-
bodiment;
FIG. 2 is a diagram showing the configuration of a
control device in the first embodiment;
FIG. 3 is a Mollier diagram showing the state of a
refrigerant in the first embodiment;
FIG. 4 is a flowchart showing the operation of the
control device in the first embodiment;
FIG. 5 is a chart for explaining a first opening degree
in the first embodiment; and
FIG. 6 is a chart for explaining a second opening
degree in the first embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

(Knowledge and the like Underlying Present Disclosure)

[0007] At the time when the inventors conceived of the
present disclosure, there was a technique that controls
the opening degree of a decompression device at startup
of a compressor in a refrigerant circuit.
[0008] However, although Japanese Patent Laid-
Open No. 2000‑346449 discloses a configuration in
which the initial opening degree of the decompression
device decreases as the outside air temperature de-
creases, it doesnot describehow to set the initial opening
degree of the decompression device in relation to the
temperature of water flowing into a refrigerant-to-water
heat exchanger. Thus, in Japanese Patent Laid-Open
No. 2000‑346449, the initial opening degree of the de-
compression device is set small without depending on
the temperature of the water flowing into the refrigerant-
to-water heat exchanger.
[0009] When the temperature of the water flowing into
the refrigerant-to-water heat exchanger is higher than the
temperature of the refrigerant, the refrigerant that has
absorbed heat from the water and vaporized flows out of
the refrigerant-to-water heat exchanger. In this case, as
the temperature of the water flowing into the refrigerant-
to-water heat exchanger increases, the superheat de-
gree of the refrigerant flowing out of the refrigerant-to-
water heat exchanger increases.
[0010] From the above, in the configuration of Japa-
nese Patent Laid-Open No. 2000‑346449, at startup of
the compressor, the refrigerant that has vaporized in the
refrigerant-to-water heat exchanger is excessively de-
compressed in the decompression device, which causes
the compressor to compress the refrigerant havingahigh
superheat degree. Thus, the inventors have found a
problem in the configuration of Japanese Patent Laid-
OpenNo.2000‑346449such that thedischarge tempera-
ture of the compressor may excessively rise, which may
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result in loss of the reliability of the compressor, and have
come to constitute the subject matter of the present
disclosure to solve the problem.
[0011] Therefore, the present disclosure provides a
heating medium circulation apparatus that can improve
the reliability of a compressor.
[0012] Hereinbelow, embodiments will be described in
detail with reference to the drawings. Note that more
details than necessary may be omitted. For example,
detailed description of already well-known matters or
repetitivedescription for substantially identical configura-
tions may be omitted.
[0013] Note that the accompanying drawings and the
following description are provided to enable those skilled
in the art to fully understand the present disclosure and
are not intended to limit the subject matter described in
the claims.

(First Embodiment)

[1‑1. Configuration]

[1‑1‑1. Configuration of Heating Medium Circulation
Apparatus]

[0014] FIG. 1 is a diagram showing the configuration of
a heating medium circulation apparatus 100.
[0015] The heating medium circulation apparatus 100
includes an outdoor unit 200, and an indoor unit 300. The
outdoor unit 200 includes a refrigerant circuit 1, a part of a
heating medium circuit 2, and a control device 3. The
indoor unit 300 includes a part of the heating medium
circuit 2.
[0016] The refrigerant circuit 1 is a vapor compression
refrigeration cycle in which a compressor 10, a use side
heat exchanger 11, a decompression device 12, and a
heat source side heat exchanger 13 are connected in
order through a refrigerant pipe 14. For example, pro-
pane, which is a flammable refrigerant, is used as a
refrigerant circulating through the refrigerant circuit 1.
[0017] The refrigerant circuit 1 is provided with a four-
way valve 15 for performing switching between heating
operation that generates hot water and cooling operation
that generates cold water. In FIG. 1, solid line arrows
indicate a flowing direction of the refrigerant during heat-
ing operation, and dot-dash line arrows indicate a flowing
direction of the refrigerant during cooling operation.
[0018] Theheatingmediumcircuit 2 is a circuit inwhich
the use side heat exchanger 11, an indoor side heat
exchanger 20, and a pump 21 that functions as a carrier
device for a heating medium are connected in order
throughaheatingmediumpipe22.Water oranantifreeze
solution is used as the heating medium circulating
through the heating medium circuit 2. In FIG. 1, dash-
dot-dot line arrows indicate a flowing direction of the
heating medium.
[0019] The control device 3 is a device that controls
each part of the heating medium circulation apparatus

100. Various sensors included in the heating medium
circulation apparatus 100 are connected to the control
device 3, and detected values are input to the control
device 3 from the various sensors connected thereto.
[0020] Next, the various sensors connected to the
control device 3 will be described.
[0021] The heating medium circulation apparatus 100
includes a heating medium temperature sensor 4, a
condensation temperature sensor 5 for the refrigerant,
an outside air temperature sensor 6, a discharge tem-
perature sensor 7, a first superheat degree detection
sensor 8, and a second superheat degree detection
sensor 9.
[0022] The first superheat degree detection sensor 8 is
anexampleof "first superheatdegreedetectionunit".The
second superheat degree detection sensor 9 is an ex-
ample of "second superheat degree detection unit".
[0023] The heating medium temperature sensor 4 is a
sensor that detects the temperature of the heating med-
ium flowing into the use side heat exchanger 11 (here-
inbelow, referred to as "heating medium inlet tempera-
ture" as appropriate). The heating medium temperature
sensor 4 is provided downstream of the pump 21 and
upstreamof theusesideheat exchanger11 in theheating
medium pipe 22, based on the flowing direction of the
heating medium.
[0024] The condensation temperature sensor 5 is a
sensor that detects the condensation temperature of the
refrigerant passing through the use side heat exchanger
11, that is, the saturation temperature of the refrigerant
discharged by the compressor 10. The condensation
temperature sensor 5 is provided downstream of the
compressor 10 and upstream of the decompression de-
vice 12 in the refrigerant pipe 14, based on the flowing
direction of the refrigerant. Note that the installation
position of the condensation temperature sensor 5 is
not limited to the position in FIG. 1 and may be any
position between the compressor 10and thedecompres-
sion device 12, based on the flowing direction of the
refrigerant during heating operation.
[0025] Theoutsideair temperaturesensor6 isasensor
that detects the outside air temperature arounda location
where the outdoor unit 200 is installed. The outside air
temperature sensor 6 is installed at a predetermined
position on the outdoor unit 200. The outside air tem-
perature sensor 6maybe installed inside theoutdoor unit
200 or outside the outdoor unit 200.
[0026] Thedischarge temperature sensor 7 is a sensor
that detects the discharge temperature of the compres-
sor 10 during heating operation. The discharge tempera-
ture of the compressor 10 is the temperature of the
refrigerant discharged by the compressor 10. The dis-
charge temperature sensor 7 is provided upstreamof the
use side heat exchanger 11 and downstream of the
compressor 10, based on the flowing direction of the
refrigerant during heating operation.
[0027] The first superheat degree detection sensor 8 is
a sensor that detects the superheat degree of the suction
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temperature of the compressor 10 during heating opera-
tion. The suction temperature of the compressor 10 is the
temperature of the refrigerant suctioned by the compres-
sor 10. The first superheat degree detection sensor 8 is
equippedwith a sensor that detects the suction tempera-
ture of the compressor 10 and a sensor that detects the
pressure of the refrigerant suctioned by the compressor
10, and calculates the superheat degree from the differ-
ence between the detected suction temperature and the
saturation temperature of the detected pressure. Here,
the saturation temperature is derived from the formula of
refrigerant properties. The first superheat degree detec-
tion sensor 8 is provided downstream of the heat source
side heat exchanger 13 and upstream of the compressor
10, basedon theflowingdirectionof the refrigerant during
heating operation.
[0028] The second superheat degree detection sensor
9 is a sensor that detects the superheat degree of the
discharge temperatureof the compressor 10duringheat-
ing operation. The second superheat degree detection
sensor 9 is equipped with a sensor that detects the
discharge temperature of the compressor 10 and a sen-
sor that detects thepressureof the refrigerantdischarged
by the compressor 10, and calculates the superheat
degree from the difference between the detected dis-
charge temperature and the saturation temperature of
the detected pressure. Here, the saturation temperature
is derived from the formula of refrigerant properties. The
second superheat degree detection sensor 9 is provided
upstream of the use side heat exchanger 11 and down-
stream of the compressor 10, based on the flowing
direction of the refrigerant during heating operation.
[0029] Next, the configuration of the control device 3
will be described.
[0030] FIG. 2 is a diagram showing the configuration of
the control device 3.
[0031] The control device 3 includes a processor 30
such as a central processing unit (CPU) or a micro
processing unit (MPU), a memory 31, and an interface
circuit towhichother devicesandsensorsare connected.
The control device 3 performs various functions of the
control device 3 by the processor 30 reading and execut-
ing a control program 311 stored in the memory 31. Note
that the control program 311 is a program for controlling
the heating medium circulation apparatus 100.
[0032] The memory 31 is a memory that stores pro-
grams and data. The memory 31 stores the control
program 311 and other data to be processed by the
processor 30. The memory 31 has a nonvolatile storage
area. Thememory31alsohasa volatile storageareaand
constitutes awork area of the processor 30. Thememory
31 is composed of, for example, a read only memory
(ROM) and a random access memory (RAM).
[0033] Various devices are connected to the control
device 3 via the interface circuit described above. FIG. 2
shows a configuration in which the compressor 10, the
heatingmedium temperature sensor 4, the condensation
temperature sensor 5, theoutsideair temperature sensor

6, thedischarge temperaturesensor7, thefirst superheat
degree detection sensor 8, and the second superheat
degree detection sensor 9 are connected to the control
device 3. However, the devices connected to the control
device 3 are not limited to these devices, and another
device such as a motor that drives a fan may also be
connected to the control device 3.

[1‑2. Operation]

[0034] Next, the operation of the heating medium cir-
culation apparatus 100 according to the present embodi-
ment will be described.
[0035] In order to prevent excessive rise of the dis-
charge temperatureof thecompressor10at startupof the
compressor 10, the control device 3 of the present em-
bodiment performs the operation described below. First,
the mechanism by which the discharge temperature of
the compressor 10 excessively rises at startup of the
compressor 10will be describedwith reference to FIG. 3.
[0036] FIG. 3 is a Mollier diagram showing the state of
the refrigerant.
[0037] In the description of excessive rise of the dis-
charge temperature, it is assumed that the outside air
temperature is - 20°C, the temperature of the heating
medium is +70°C, and the temperature of the refrigerant
is +60°C.
[0038] When the compressor 10 starts up, the refrig-
erant inside the compressor 10 is pressurized and goes
into a state corresponding to a point P2 in FIG. 3 from a
state corresponding to point P1 in FIG. 3. However, the
refrigerant that is condensedbya shell of the compressor
10 having a low temperature due to the outside air and
discharged by the compressor 10 goes into a state cor-
responding to a point P3 in FIG. 3, that is, a two-phase
refrigerant. Since the temperature of the refrigerant is
lower than the temperature of the heating medium in the
use side heat exchanger 11, the refrigerant flowing into
the use side heat exchanger 11 absorbs heat from the
heating medium and vaporizes. Thus, the refrigerant
flowing out of the use side heat exchanger 11 has a high
superheat degree and low density. In theMollier diagram
of FIG. 3, the refrigerant flowing out of the use side heat
exchanger 11 goes into a state corresponding to a point
P4 in FIG. 3. The refrigerant flowing out of the use side
heat exchanger 11 is decompressed by the decompres-
sion device 12. The refrigerant is more excessively de-
compressed as the opening degree of the decompres-
sion device 12 decreases and goes into a state corre-
sponding to a point P5 in FIG. 3. The refrigerant decom-
pressed by the decompression device 12 absorbs heat in
the heat source side heat exchanger 13. Thus, the com-
pressor 10 suctions and compresses the refrigerant hav-
ing a high superheat degree. As a result, the refrigerant
discharged by the compressor 10 goes into a state cor-
responding to a point P6 in FIG. 3, that is, a state away to
the right from a saturated vapor line, and the discharge
temperature of the compressor 10 excessively rises.
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[0039] As described above, under low outside air tem-
perature conditions, the discharge temperature of the
compressor 10 may excessively rise when the compres-
sor 10 starts up. Thus, the heating medium circulation
apparatus 100 of the present embodiment performs the
following operation.
[0040] FIG. 4 is a flowchart showing the operation of
the control device 3.
[0041] At the start of the flowchart in FIG. 4, the heating
medium circulation apparatus 100 is in a stopped state.
[0042] The control device 3 determines whether to
start heating operation (step S1). For example, in step
S1, when the control device 3 receives a signal to start
heating operation from a device that accepts operations
related to the heating medium circulation apparatus 100
from a user, the control device 3 makes an affirmative
determination in step S1.
[0043] When thecontrol device3determines that heat-
ing operation is to be started (step S1: YES), the control
device 3 sets the opening degree of the decompression
device 12 to a first opening degree based on a detected
value of the heating medium temperature sensor 4 (step
S2).
[0044] FIG. 5 is a chart for explaining the first opening
degree.
[0045] In FIG. 5, the vertical axis represents the open-
ingdegreeof thedecompressiondevice12. Inaddition, in
FIG.5, thehorizontal axis represents theheatingmedium
inlet temperature. In the vertical axis of FIG. 5, the max-
imum opening degree of the decompression device 12 is
100%.
[0046] The first opening degree is an opening degree
that is set at startup of the compressor 10. In FIG. 5, a
graphGF1shows the relationship between the first open-
ing degree and the heatingmedium inlet temperature. As
shown in the graph GF1, the first opening degree is set
larger as the heating medium inlet temperature in-
creases.
[0047] FIG. 5 shows a range from 20°C to 70°C as an
example of a range of the heatingmedium inlet tempera-
ture. That is, in the example of FIG. 5, the lowest heating
medium inlet temperature is 20°C, and the highest heat-
ingmedium inlet temperature is 70°C. In the case of FIG.
5, when the heating medium inlet temperature is 20°C,
the first opening degree is set to an opening degree of
70%. In the caseof FIG. 5,when theheatingmedium inlet
temperature is 70°C, the first opening degree is set to an
opening degree of 85%. In the case of FIG. 5, when the
heating medium inlet temperature is higher than 20°C
and lower than 70°C, the first opening degree is set to a
larger opening degree as the heating medium inlet tem-
perature increases.
[0048] Although the example of FIG. 5 shows that the
first opening degree is set proportionally larger as the
heating medium inlet temperature increases, the rela-
tionship between the heating medium inlet temperature
and the magnitude of the first opening degree is not
limited to the proportional relationship.

[0049] The range of the first opening degree shown in
FIG. 5 ismerely anexample and is not limited to the range
from 70% to 85%, as long as it is a range in which the first
opening degree increases as the heating medium inlet
temperature increases. In addition, the range of the
heating medium inlet temperature that defines the range
of the first openingdegree shown inFIG. 5 is not limited to
the range from 20°C to 70°C. The range of the first
opening degree may be defined by a broader range of
the heating medium inlet temperature or a narrower
range of the heating medium inlet temperature.
[0050] In determining the first opening degree, the
control device3maymakeadeterminationbyperforming
a calculation based on a predetermined algorithm or by
referring to a table in which the magnitude of the first
opening degree is determined for each heating medium
inlet temperature.
[0051] Returning to the description of the flowchart
shown in FIG. 4, after setting the opening degree of
the decompression device 12 to the first opening degree,
the control device 3 starts driving the compressor 10
(step S3). That is, in step S3, the control device 3 starts
up the compressor 10.
[0052] Next, the control device 3 determineswhether a
switching condition for switching the opening degree of
the decompression device 12 from the first opening
degree to the second opening degree is satisfied (step
S4). Thesecondopeningdegreewill bedescribed further
below.
[0053] Here, a plurality of switching conditions will be
described.

<First Switching Condition>

[0054] A first switching condition is that the tempera-
ture of the refrigerant flowing into the use side heat
exchanger 11 falls below the heating medium inlet tem-
perature. The control device 3 determines whether the
first switching condition is satisfied based on a detected
value of the heatingmedium temperature sensor 4 and a
detected value of the condensation temperature sensor
5. More specifically, the control device 3 determines
whether the temperature detected by the condensation
temperature sensor 5 has fallen below the heating med-
ium inlet temperature detected by the heating medium
temperature sensor 4 after setting the opening degree of
the decompression device 12 to the first opening degree.
Then, when the control device 3 determines that the
temperature of the refrigerant flowing into the use side
heat exchanger 11 has fallen below the heating medium
inlet temperature, the control device 3 determines that
the first switching condition is satisfied.

<Second Switching Condition>

[0055] A second switching condition is that the super-
heat degree of the refrigerant suctioned by the compres-
sor 10 falls below a predetermined threshold. An exam-
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ple of the predetermined threshold is 2 K (Kelvin). The
control device 3 determines whether the second switch-
ing condition is satisfied based on a detected value of the
first superheat degree detection sensor 8. More specifi-
cally, the control device 3 determines whether the super-
heat degree detected by the first superheat degree de-
tection sensor 8 has fallen below the predetermined
threshold after setting the opening degree of the decom-
pression device 12 to the first opening degree. When the
control device 3 determines that the superheat degree
detected by the first superheat degree detection sensor 8
has fallen below the predetermined threshold, the control
device 3 determines that the second switching condition
is satisfied.

<Third Switching Condition>

[0056] A third switching condition is that the superheat
degree of the refrigerant discharged by the compressor
10 exceeds a predetermined threshold. An example of
the predetermined threshold is 5 K (Kelvin). The control
device3determineswhether the third switchingcondition
is satisfied based on a detected value of the second
superheat degree detection sensor 9. More specifically,
the control device 3 determines whether the superheat
degree detected by the second superheat degree detec-
tion sensor 9 has exceeded the predetermined threshold
after setting the opening degree of the decompression
device 12 to the first opening degree. When the control
device 3 determines that the superheat degree detected
by the second superheat degree detection sensor 9 has
exceeded the predetermined threshold, the control de-
vice 3 determines that the third switching condition is
satisfied.

<Fourth Switching Condition>

[0057] A fourth switching condition is that a first preset
time elapses after startup of the compressor 10. The first
preset time is a predetermined time and increases as the
heating medium inlet temperature increases. After set-
ting the opening degree of the decompression device 12
to the first opening degree, the control device 3 deter-
mines the first preset time corresponding to the heating
medium inlet temperature detected by the heating med-
ium temperature sensor 4. The determination of the first
preset time may be performed by performing a calcula-
tionbasedonapredeterminedalgorithmorby referring to
a table in which the first preset time is determined in
accordance with the heating medium inlet temperature.
After determining thefirst preset time, thecontrol device3
determines whether the determined first preset time has
elapsed after startup of the compressor 10. When the
control device 3 determines that the first preset time has
elapsed, the control device 3 determines that the fourth
switching condition is satisfied.
[0058] For example, the first preset time is 3 minutes
when the heatingmedium inlet temperature is +20°Cand

7 minutes when the heating medium inlet temperature is
+70°C

<Fifth Switching Condition>

[0059] A fifth switching condition is that a second pre-
set time elapses after startup of the compressor 10. The
second preset time is a predetermined time and in-
creases as the outside air temperature decreases. After
setting the opening degree of the decompression device
12 to the first opening degree, the control device 3
determines the second preset time corresponding to
the outside air temperature detected by the outside air
temperature sensor 6. The determination of the second
preset time may be performed by performing a calcula-
tionbasedonapredeterminedalgorithmorby referring to
a table in which the second preset time is determined in
accordance with the outside air temperature. After de-
termining the second preset time, the control device 3
determines whether the determined second preset time
haselapsedafter startupof the compressor 10.When the
control device 3 determines that the second preset time
has elapsed, the control device 3 determines that the fifth
switching condition is satisfied.
[0060] For example, the second preset time is 7 min-
utes when the outside air temperature is ‑20°C and 1
minute when the outside air temperature is +20°C.
[0061] In step S4, an affirmative determination may be
made when any one of the above-mentioned first to fifth
switching conditions is satisfied or when any multiple
ones of the above-mentioned first to fifth switching con-
ditions are satisfied.
[0062] Returning to the description of step S4, when
the control device 3 determines that the switching con-
dition is not satisfied (step S4: NO), the control device 3
performs the determination of step S4 again.
[0063] On the other hand, when the control device 3
determines that the switching condition is satisfied (step
S4: YES), the control device 3 sets the opening degree of
the decompression device 12 to the second opening
degree based on a detected value of the heatingmedium
temperature sensor 4 (step S5).
[0064] FIG. 6 is a chart for explaining the second open-
ing degree.
[0065] In FIG. 6, the vertical axis represents the open-
ingdegreeof thedecompressiondevice12. In thevertical
axis of FIG. 6, a direction indicated by an arrow is the
positivedirection. Inaddition, inFIG.6, thehorizontal axis
represents the heating medium inlet temperature. In the
horizontal axis of FIG. 6, a direction indicated by an arrow
is the positive direction. In FIG. 6, a graphGF2 shows the
relationship between the first opening degree and the
heatingmedium inlet temperature. Inaddition, inFIG. 6, a
graph GF3 shows the relationship between the second
opening degree and the heating medium inlet tempera-
ture.
[0066] The second opening degree is an opening de-
gree that is set after the first opening degree after the
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compressor 10 starts up. As shown in FIG. 6, the second
openingdegree is set smaller as theheatingmedium inlet
temperature increases. In addition, as shown in FIG. 6,
the second opening degree is smaller than the first open-
ing degree.
[0067] In determining the second opening degree, the
control device3maymakeadeterminationbyperforming
a calculation based on a predetermined algorithm or by
referring to a table in which the magnitude of the second
opening degree is determined for each heating medium
inlet temperature.
[0068] Returning to the description of the flowchart
shown in FIG. 4, after the control device 3 sets the open-
ing degree of the decompression device 12 to the second
opening degree, the control device 3 feedback-controls
the opening degree of the decompression device 12 so
that thedischarge temperaturedetectedby thedischarge
temperature sensor 7 becomes a target temperature
(stepS6).Data of the target temperature of the discharge
temperature is stored in the memory 31.

[1‑3. Effects and the like]

[0069] As described above, the heating medium circu-
lation apparatus 100 includes the refrigerant circuit 1
including the compressor 10, the use side heat exchan-
ger 11, the decompression device 12, and the heat
source side heat exchanger 13 that are connected in
order. The heating medium circulation apparatus 100
also includes the heatingmedium circuit 2 through which
the heating medium cooled or heated by the refrigerant
from thecompressor10 in theusesideheatexchanger11
circulates. The heating medium circulation apparatus
100 also includes the heating medium temperature sen-
sor 4 that detects the temperature of the heatingmedium
flowing into the use side heat exchanger 11. The heating
medium circulation apparatus 100 also includes the con-
trol device 3 that controls the decompression device 12.
The control device 3 sets the opening degree of the
decompression device 12 at startup of the compressor
10 to the first opening degree, the first opening degree
being set larger as the temperature of the heating med-
ium detected by the heatingmedium temperature sensor
4 increases.
[0070] According to this, the control is performed so
that the opening degree of the decompression device 12
at startup of the compressor 10 increases as the tem-
perature of the heating medium flowing into the use side
heat exchanger 11 increases. Thus, the refrigerant that
has absorbed heat from the heating medium and vapor-
ized in the use side heat exchanger 11 is not excessively
decompressed by the decompression device 12, and
excessive rise of the discharge temperature of the com-
pressor 10 can be prevented. Thus, the reliability of the
compressor 10 can be improved.
[0071] When the switching condition for switching the
opening degree of the decompression device 12 is sa-
tisfied after the compressor 10 starts up, the control

device 3 sets the opening degree of the decompression
device 12 to the second opening degree, the second
opening degree being set smaller as the temperature
of the heating medium detected by the heating medium
temperature sensor 4 increases.
[0072] After the compressor 10 starts up, the tempera-
ture of the shell of the compressor 10 gradually rises.
Thus, the temperature of the refrigerant flowing into the
use side heat exchanger 11 gradually rises, and the
temperature difference between the heating medium
and the refrigerant decreases in the use side heat ex-
changer 11. Thus, the refrigerant is less likely to vaporize
in the use side heat exchanger 11, and the possibility of
excessive rise of the discharge temperature of the com-
pressor 10 is reduced. Therefore, the control device 3
increases the degree of decompression of the decom-
pression device 12 by setting the opening degree of the
decompression device 12 to the second opening degree
when the switching condition is satisfied after the com-
pressor 10 starts up. Accordingly, the temperature of the
refrigerant passing through the use side heat exchanger
11 can be made higher than the temperature of the
heating medium after the timing when the possibility of
excessive rise of the discharge temperature is reduced,
and efficient heat exchange can be performed in the use
sideheatexchanger11.Thus, it is possible to improve the
reliability of the compressor 10 and improve the energy
saving performance in the heating medium circulation
apparatus 100.
[0073] The heating medium circulation apparatus 100
includes the discharge temperature sensor 7 that detects
the discharge temperature of the compressor 10. The
control device 3 sets the opening degree of the decom-
pression device 12 at the first opening degree until the
switching condition is satisfied. After setting the opening
degree of the decompression device 12 to the second
opening degree, the control device 3 controls the decom-
pression device 12 so that the discharge temperature of
the compressor 10 becomes the target temperature
based on the detected value of the discharge tempera-
ture sensor 7.
[0074] Immediately after the compressor 10 starts up,
it takes time for the discharge temperature of the com-
pressor 10 to rise due to factors such as the heat capacity
of the compressor 10 and other constituent components.
Thus, when the opening degree of the decompression
device 12 is controlled so that the discharge temperature
of the compressor 10 becomes the target temperature,
the decompression device 12 may be excessively
closed, and thedischarge temperatureof thecompressor
10 may excessively rise. Thus, the control device 3
maintains the opening degree of the decompression
device 12 at the first opening degree until the switching
condition is satisfied, thereby making it possible to effec-
tively preventing excessive rise of the discharge tem-
perature of the compressor 10 until the switching condi-
tion is satisfied. In addition, since the opening degree of
the decompression device 12 is controlled so that the
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discharge temperature becomes the target temperature
after the second opening degree is set, control on the
decompression device 12 can be performed with high
system efficiency for the heating medium circulation
apparatus 100. As described above, it is possible to
further improve the reliability of the compressor 10 and
further improve the energy saving performance in the
heating medium circulation apparatus 100.
[0075] The heating medium circulation apparatus 100
includes the condensation temperature sensor 5 that
detects the condensation temperature of the refrigerant
passing through the use side heat exchanger 11. The
switching condition is that the temperature detected by
the condensation temperature sensor 5 exceeds the
temperature detected by the heating medium tempera-
ture sensor 4.
[0076] When the temperature of the refrigerant flowing
into the use side heat exchanger 11 is higher than the
heating medium inlet temperature, the refrigerant heats
the heating medium in the use side heat exchanger 11.
Thus, in this case, since the refrigerant does not absorb
heat and vaporize in the use side heat exchanger 11, the
possibility of excessive rise of the discharge temperature
of the compressor 10 is reduced. Therefore, in this case,
the control device 3 sets the opening degree of the
decompression device 12 to the second opening degree.
Accordingly, since the openingdegree of the decompres-
sion device 12 is set to the second opening degree at an
appropriate timing when the possibility of excessive rise
of the discharge temperature of the compressor 10 is
reduced, the system efficiency of the heating medium
circulation apparatus 100 is further improved. Thus, the
energy saving performance in the heating medium cir-
culation apparatus 100 can be further improved.
[0077] The heating medium circulation apparatus 100
includes the first superheat degree detection sensor 8
that detects the superheat degree of the refrigerant suc-
tioned by the compressor 10. The switching condition is
that the superheat degree detected by the first superheat
degree detection sensor 8 falls below the predetermined
threshold.
[0078] When the superheat degree of the refrigerant
suctioned by the compressor 10 decreases, the possibi-
lity of excessive rise of the discharge temperature of the
compressor10 is reduced.Thus, thecontrol device3sets
the opening degree of the decompression device 12 to
the second opening degree when the superheat degree
of the refrigerant suctioned by the compressor 10 falls
below the predetermined threshold. Accordingly, since
theopeningdegreeof thedecompressiondevice12 isset
to the second opening degree at an appropriate timing
when the possibility of excessive rise of the discharge
temperature of the compressor 10 is reduced, the system
efficiency of the heating medium circulation apparatus
100 is further improved. Thus, the energy saving perfor-
mance in the heating medium circulation apparatus 100
can be further improved.
[0079] The heating medium circulation apparatus 100

includes the second superheat degree detection sensor
9 that detects the superheat degree of the refrigerant
discharged by the compressor 10. The switching condi-
tion is that the superheat degree detected by the second
superheat degree detection sensor 9 exceeds the pre-
determined threshold.
[0080] Generally, when the superheat degree of the
discharge temperature of the compressor 10 is small, the
solubility of the refrigerant in lubricating oil of the com-
pressor 10 is large. When the solubility in the lubricating
oil is large, the refrigerant inside the refrigerant circuit
tends to be insufficient and the superheat degree of the
refrigerant suctioned by the compressor 10 increases,
therebymaking it easier for the discharge temperature of
the compressor 10 to excessively rise. Thus, by setting
the opening degree of the decompression device 12 to
the second opening degree at the timing when the solu-
bility in the lubricating oil is small, the control device 3 can
perform switching to the second opening degree at an
appropriate timing when the discharge temperature of
the compressor 10 is less likely to excessively rise. Thus,
the reliability of the compressor 10 can be further im-
proved.
[0081] The switching condition is that the predeter-
mined time elapses after startup of the compressor 10.
The predetermined time increases as the temperature of
the heating medium flowing into the use side heat ex-
changer 11 increases.
[0082] According to this, the time forwhich the opening
degree of the decompression device 12 is set at the first
opening degree is increased as the heatingmedium inlet
temperature increases. Thus, the refrigerant can be de-
compressed with the amount of decompression reduced
until the superheat degree of the refrigerant that has
passed through theuse sideheat exchanger 11becomes
small, and excessive rise of the discharge temperature of
the compressor 10 can be more prevented. Thus, the
reliability of the compressor 10 can be further improved.
[0083] The switching condition is that the predeter-
mined time elapses after startup of the compressor 10.
The predetermined time increases as the outside air
temperature decreases.
[0084] The temperature of the shell of the compressor
10 decreases as the outside air temperature decreases,
and the time from when the compressor 10 starts up to
when the temperature of the refrigerant flowing through
the use side heat exchanger 11 becomes higher than the
temperature of the heating medium increases. Thus, the
control device 3 increases the time for which the opening
degree of the decompression device 12 is set at the first
opening degree as the outside air temperature de-
creases. Accordingly, the refrigerant can be decom-
pressedwith the amount of decompression reduced until
the superheat degree of the refrigerant that has passed
through the use side heat exchanger 11 becomes small,
and excessive rise of the discharge temperature of the
compressor 10 can be more prevented. Thus, the relia-
bility of the compressor 10 can be further improved.

5

10

15

20

25

30

35

40

45

50

55



9

15 EP 4 521 038 A1 16

(Other Embodiments)

[0085] As above, the first embodiment has been de-
scribed as an example of the technique disclosed in the
present application. However, the technique in the pre-
sent disclosure is not limited thereto and also applicable
to embodiments with changes, replacements, additions,
omissions, and the like. In addition, the constituent ele-
ments described above in the first embodiment can be
combined to constitute a new embodiment. Thus, here-
inbelow, other embodiments will be described as exam-
ples.
[0086] In the above embodiment, the heating medium
inlet temperature has been described as an example of
the parameter for determining the first opening degree
and the secondopening degree. In another embodiment,
in addition to the heating medium inlet temperature, the
outside air temperature may be included as the para-
meter for determining the first opening degree and the
second opening degree. That is, in the other embodi-
ment, the control device 3 sets the first opening degree
larger as the outside air temperature detected by the
outside air temperature sensor 6 decreases and sets
the second opening degree smaller as the outside air
temperature detected by the outside air temperature
sensor 6 decreases.
[0087] That is, when the first opening degree that is set
when the heating medium inlet temperature is α°C is A%
in the first embodiment, in the other embodiment, the first
opening degree that is set when the heatingmedium inlet
temperature is α°C is set to an opening degree larger
than A% as the outside air temperature decreases, and
the first opening degree that is set when the heating
medium inlet temperature is α°C is set to an opening
degree smaller than A% as the outside air temperature
increases. For example, when the heating medium inlet
temperature is 20°C, in the first embodiment, the first
opening degree is set to 70%, following the graph GF1 in
FIG. 5. In the other embodiment, when the heating med-
ium inlet temperature is 20°C, the first opening is set to an
opening degree larger than 70% as the outside air tem-
perature decreases. In addition, for example, when the
heating medium inlet temperature is 70°C, in the first
embodiment, the first opening degree is set to 85%,
following the graph GF1 in FIG. 5. In the other embodi-
ment, when the heating medium inlet temperature is
70°C, the first openingdegree is set to anopeningdegree
smaller than 85% as the outside air temperature in-
creases (e.g., when the outside air temperature is
‑20°C, the first opening degree is set to 85%, and when
the outside air temperature is +20°C, the first opening is
set to 70%).
[0088] In addition, when the second opening degree
that is setwhen theheatingmedium inlet temperature isβ
°C is B% in the first embodiment, in the other embodi-
ment, the second opening degree that is set when the
heating medium inlet temperature is β°C is set to an
opening degree smaller than B% as the outside air tem-

perature decreases, and the second opening degree that
is set when the heating medium inlet temperature is β°C
is set to an opening degree larger than B%as the outside
air temperature increases.
[0089] As described above, in the other embodiment
described above, the control device 3 sets the first open-
ing degree larger as the outside air temperature detected
by the outside air temperature sensor 6 decreases and
sets thesecondopeningdegreesmaller as theoutsideair
temperature detected by the outside air temperature
sensor 6 decreases.
[0090] As the outside air temperature decreases, the
temperature of the shell of the compressor 10decreases,
and the temperature of the refrigerant flowing into theuse
side heat exchanger 11 further drops. That is, as the
outside air temperature decreases, the temperature dif-
ference between the refrigerant and the heating medium
in the use side heat exchanger 11 increases, and the
superheat degree of the refrigerant flowing out of the use
side heat exchanger 11 increases, thereby further in-
creasing the possibility of excessive rise of the discharge
temperature of the compressor 10. Thus, in the other
embodiment, since the first opening degree is set larger
as the outside air temperature decreases, excessive
decompression in the decompression device 12 can
be prevented in accordancewith the outside air tempera-
ture. Thus, it is possible to prevent excessive rise of the
discharge temperature of the compressor 10 without
depending on the outside air temperature and further
improve the reliability of the compressor 10.
[0091] In addition, since the refrigerant is more largely
decompressed by the decompression device 12 as the
outside air temperature decreases after the second
opening degree is set, the pressure of the refrigerant
suctioned by the compressor 10 decreases, and the
temperature of the refrigerant passing through the heat
source side heat exchanger 13 becomes lower than the
temperature of a heat source, which enables the refrig-
erant to efficiently absorb heat from the heat source.
[0092] In the above first embodiment, the first to fifth
switching conditions have been described as examples
of the switching condition for switching to the second
opening degree. In another embodiment, the switching
condition for switching to the second opening degree
may be any one or more of the first to fifth switching
conditions. That is, in the other embodiment, the switch-
ing condition for switching to the second opening degree
maybesomeof thefirst to thefifth switchingconditions. In
this case, the heating medium circulation apparatus 100
only needs to be equipped with a sensor necessary for
determination on whether the switching condition is sa-
tisfied, and does not need to be equipped with all of the
heatingmedium temperature sensor 4, the condensation
temperature sensor 5, theoutsideair temperature sensor
6, thedischarge temperaturesensor7, thefirst superheat
degree detection sensor 8, and the second superheat
degree detection sensor 9.
[0093] In the above first embodiment, the first super-
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heat degreedetection sensor 8hasbeendescribedasan
example of the first superheat degree detection unit, and
the second superheat degree detection sensor 9 has
been described as an example of the second superheat
degree detection unit. In another embodiment, the pro-
cessor 30 may function as the first superheat degree
detection unit and the second superheat degree detec-
tion unit. In this case, the heating medium circulation
apparatus 100 is equipped with a sensor that detects
the suction temperature of the compressor 10 and a
sensor that detects the pressure of the refrigerant suc-
tionedby the compressor 10 insteadof the first superheat
degree detection sensor 8 and is equipped with a sensor
that detects the pressure of the refrigerant discharged by
the compressor 10 instead of the second superheat
degree detection sensor 9. The processor 30 in this case
detects each superheat degree based on a detected
value of the discharge temperature sensor 7 and de-
tected values of the sensors included instead of the first
superheat degree detection sensor 8 and the second
superheat degree detection sensor 9.
[0094] The processor 30may be composed of a single
processor ormultiple processors. Theseprocessorsmay
be hardware programmed to implement the correspond-
ing functional part. That is, these processors may be
composed of, for example, an application specific inte-
grated circuit (ASIC) or a field programmable gate array
(FPGA).
[0095] The configuration of the control device 3 shown
in FIG. 2 is an example, and the specific implementation
mode is not limited to any particularmode. That is, it is not
necessary to implement hardware corresponding toeach
part on an individual basis, and a single processor may
executeaprogramto implement the functionofeachpart.
In addition, some of the functions implemented by soft-
ware in the above-mentioned embodiments may be im-
plemented by hardware, or some of the functions imple-
mented by hardware may be implemented by software.
[0096] The step units of the operation shown in FIG. 4
are divided in accordance with the main processing de-
tails to facilitate understanding of the operation, and the
operation is not limited by the way of dividing the proces-
sing units or names thereof. Division to more step units
may be performed in accordance with the processing
details. In addition, division may be performed in such a
manner that one step unit includes more processes. In
addition, the order of the steps may be interchanged as
appropriate to the extent that it does not interfere with the
gist of the present disclosure.
[0097] Since the embodiments described above are
intended to exemplify the technique in the present dis-
closure, various changes, replacements, additions,
omissions, and the like can be made within the scope
of the claims or a scope equivalent thereto.

(Supplement)

[0098] The above description of the embodiments dis-

closes the following techniques.
[0099] (Technique 1) A heating medium circulation
apparatus including: a refrigerant circuit including a com-
pressor, a use side heat exchanger, a decompression
device, and a heat source side heat exchanger con-
nected in order; a heating medium circuit through which
a heating medium cooled or heated by a refrigerant from
the compressor in the use side heat exchanger circu-
lates; a heatingmedium temperature sensor that detects
a temperature of the heatingmedium flowing into the use
side heat exchanger; and a control device that controls
the decompression device, in which the control device
sets an opening degree of the decompression device at
startup of the compressor to a first opening degree, the
first opening degree being set larger as the temperature
of the heating medium detected by the heating medium
temperature sensor increases.
[0100] According to this, the control is performed so
that the opening degree of the decompression device at
startup of the compressor increases as the temperature
of the heating medium flowing into the use side heat
exchanger increases. Thus, the refrigerant that has ab-
sorbed heat from the heating medium and vaporized in
the use side heat exchanger is not excessively decom-
pressed by the decompression device, and excessive
rise of the discharge temperature of the compressor can
be prevented. Thus, the reliability of the compressor can
be improved.
[0101] (Technique 2) The heating medium circulation
apparatus according to technique 1, in which the control
device sets the opening degree of the decompression
device to a second opening degree when a switching
condition for switching the opening degree of the decom-
pression device is satisfied after the compressor starts
up, the second opening degree being set smaller as the
temperature of the heating medium detected by the
heating medium temperature sensor increases.
[0102] According to this, the degree of decompression
of the decompression device can be increased at the
timing when the temperature difference between the
heating medium and the refrigerant becomes small in
the use side heat exchanger and the possibility of ex-
cessive rise of the discharge temperature of the com-
pressor is reduced. Accordingly, the temperature of the
refrigerant passing through the use side heat exchanger
can be made higher than the temperature of the heating
mediumafter the timingwhen the possibility of excessive
rise of the discharge temperature of the compressor is
reduced, and efficient heat exchange can be performed
in the use side heat exchanger. Thus, it is possible to
improve the reliability of the compressor and improve the
energy saving performance in the heating medium cir-
culation apparatus.
[0103] (Technique 3) The heating medium circulation
apparatus according to technique 2, further including a
discharge temperature sensor that detects a discharge
temperature of the compressor, in which the control
device sets the opening degree of the decompression
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device at the first opening degree until the switching
condition is satisfied, and controls the decompression
device so that the discharge temperature of the com-
pressor becomes a target temperature based on a de-
tected value of the discharge temperature sensor after
setting the opening degree of the decompression device
to the second opening degree.
[0104] According to this, it is possible to effectively
preventing excessive rise of the discharge temperature
of the compressor until the switching condition is satisfied
bymaintaining the opening degree of the decompression
device at the first opening degree until the switching
condition is satisfied. In addition, since the opening de-
greeof thedecompressiondevice is controlled so that the
discharge temperature becomes the target temperature
after the second opening degree is set, control on the
decompression device can be performed with high sys-
tem efficiency for the heating medium circulation appa-
ratus. Thus, it is possible to further improve the reliability
of the compressor and further improve the energy saving
performance in the heating medium circulation appara-
tus.
[0105] (Technique 4) The heating medium circulation
apparatus according to technique 2or 3, further including
an outside air temperature sensor that detects an outside
air temperature, in which the control device sets the first
opening degree larger as the outside air temperature
detected by the outside air temperature sensor de-
creases and sets the second opening degree smaller
as the outside air temperature detected by the outside air
temperature sensor decreases.
[0106] According to this, since the first opening degree
is set larger as the outside air temperature decreases,
excessive decompression in the decompression device
can be prevented in accordance with the outside air
temperature. Thus, it is possible to prevent excessive
rise of the discharge temperature of the compressor
without depending on the outside air temperature and
further improve the reliability of the compressor. In addi-
tion, since the refrigerant is more largely decompressed
by the decompression device as the outside air tempera-
ture decreases after the second opening degree is set,
the pressure of the refrigerant suctioned by the compres-
sor decreases, and the temperature of the refrigerant
passing through the heat source side heat exchanger
becomes lower than the temperature of a heat source,
which enables the refrigerant to efficiently absorb heat
from the heat source.
[0107] (Technique 5) The heating medium circulation
apparatus according to any one of techniques 2 to 4,
further including a condensation temperature sensor that
detects a condensation temperature of the refrigerant
passing through the use side heat exchanger, in which
the switching condition is that the temperature detected
by the condensation temperature sensor exceeds the
temperature detected by the heating medium tempera-
ture sensor.
[0108] According to this, since the opening degree of

the decompression device can be set to the second
opening degree at an appropriate timing when the pos-
sibility of excessive rise of the discharge temperature of
the compressor is reduced, the system efficiency of the
heating medium circulation apparatus is further im-
proved. Thus, the energy saving performance in the
heating medium circulation apparatus can be further
improved.
[0109] (Technique 6) The heating medium circulation
apparatus according to any one of techniques 2 to 5,
further including a first superheat degree detection unit
that detects a superheat degree of the refrigerant suc-
tioned by the compressor, in which the switching condi-
tion is that the superheat degree detected by the first
superheat degree detection unit falls below a predeter-
mined threshold.
[0110] According to this, since the opening degree of
the decompression device can be set to the second
opening degree at an appropriate timing when the pos-
sibility of excessive rise of the discharge temperature of
the compressor is reduced, the system efficiency of the
heating medium circulation apparatus is further im-
proved. Thus, the energy saving performance in the
heating medium circulation apparatus can be further
improved.
[0111] (Technique 7) The heating medium circulation
apparatus according to any one of techniques 2 to 6,
further including a second superheat degree detection
unit that detects a superheat degree of the refrigerant
discharged by the compressor, in which the switching
condition is that the superheat degree detected by the
second superheat degree detection unit exceeds a pre-
determined threshold.
[0112] According to this, switching to the second open-
ing degree can be performed at the timing when the
solubility of the refrigerant in the lubricating oil is small
and the discharge temperature of the compressor is less
likely to excessively rise. Thus, the reliability of the com-
pressor can be further improved.
[0113] (Technique 8) The heating medium circulation
apparatus according to any one of techniques 2 to 7, in
which the switching condition is that a predetermined
time elapses after startup of the compressor, and the
predetermined time increases as the temperature of the
heatingmedium flowing into the use side heat exchanger
increases.
[0114] According to this, the time for which the opening
degree of the decompression device is set at the first
opening degree can be increased as the temperature of
the heating medium flowing into the use side heat ex-
changer increases. Thus, the refrigerant can be decom-
pressedwith the amount of decompression reduced until
the superheat degree of the refrigerant that has passed
through theusesideheat exchanger becomessmall, and
excessive rise of the discharge temperature of the com-
pressor canbemoreprevented.Thus, the reliability of the
compressor can be further improved.
[0115] (Technique 9) The heating medium circulation
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apparatus according to any one of techniques 2 to 8, in
which the switching condition is that a predetermined
time elapses after startup of the compressor, and the
predetermined time increasesas theoutsideair tempera-
ture decreases.
[0116] According to this, the time for which the opening
degree of the decompression device is set at the first
opening degree is increased as the outside air tempera-
ture decreases. Accordingly, the refrigerant can be de-
compressed with the amount of decompression reduced
until the superheat degree of the refrigerant that has
passed through the use side heat exchanger becomes
small, and excessive rise of the discharge temperature of
the compressor can be more prevented. Thus, the relia-
bility of the compressor can be further improved.

Industrial Applicability

[0117] As described above, the heating medium circu-
lation apparatus according to the present invention can
be used in an apparatus inwhich a heatingmediumand a
refrigerant exchange heat, such as a hot water supply
heater.

Reference Signs List

[0118]

1 refrigerant circuit
2 heating medium circuit
3 control device
4 heating medium temperature sensor
5 condensation temperature sensor
6 outside air temperature sensor
7 discharge temperature sensor
8 first superheat degree detection sensor (first
superheat degree detection unit)
9 second superheat degree detection sensor (sec-
ond superheat degree detection unit)
10 compressor
11 use side heat exchanger
12 decompression device
13 heat source side heat exchanger
14 refrigerant pipe
15 four-way valve
20 indoor side heat exchanger
21 pump
22 heating medium pipe
30 processor
31 memory
100 heating medium circulation apparatus
200 outdoor unit
300 indoor unit
311 control program
GF1 to GF3 graph
P1 to P6 point

Claims

1. A heating medium circulation apparatus character-
ized by comprising:

a refrigerant circuit including a compressor (10),
a use side heat exchanger (11), a decompres-
sion device (12), and a heat source side heat
exchanger (13) connected in order;
a heating medium circuit (2) through which a
heating medium cooled or heated by a refriger-
ant from the compressor in the use side heat
exchanger circulates;
a heating medium temperature sensor (4) that
detects a temperature of the heating medium
flowing into the use side heat exchanger; and
a control device (3) that controls the decompres-
sion device, wherein
the control device sets an opening degree of the
decompression device at startup of the com-
pressor to a first opening degree, the first open-
ingdegreebeingset larger as the temperatureof
the heating medium detected by the heating
medium temperature sensor increases.

2. The heating medium circulation apparatus accord-
ing to claim 1, wherein

the control device
sets the opening degree of the decompression
device at the first opening degree during a per-
iod fromwhen the compressor starts up to when
a switching condition for switching the opening
degreeof the decompression device is satisfied,
and
sets the opening degree of the decompression
device to a second opening degree when the
switching condition is satisfied, the second
opening degree being set smaller as the tem-
perature of the heating medium detected by the
heating medium temperature sensor increases.

3. The heating medium circulation apparatus accord-
ing to claim 2, further comprising a discharge tem-
perature sensor (7) that detects a discharge tem-
perature of the compressor, wherein
the control device controls the decompression de-
vice so that the discharge temperature of the com-
pressor becomes a target temperature based on a
detected value of the discharge temperature sensor
after setting the opening degree of the decompres-
sion device to the second opening degree.

4. The heating medium circulation apparatus accord-
ing to claim 2 or 3, further comprising an outside air
temperature sensor (6) that detects an outside air
temperature, wherein
thecontrol devicesets thefirst openingdegree larger
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as the outside air temperature detected by the out-
side air temperature sensor decreases and sets the
second opening degree smaller as the outside air
temperature detected by the outside air temperature
sensor decreases.

5. The heating medium circulation apparatus accord-
ing to claim2or 3, further comprising a condensation
temperature sensor (5) that detects a condensation
temperature of the refrigerant passing through the
use side heat exchanger, wherein
the switching condition is that the temperature de-
tected by the condensation temperature sensor ex-
ceeds the temperature detected by the heatingmed-
ium temperature sensor.

6. The heating medium circulation apparatus accord-
ing to claim 2 or 3, further comprising a first super-
heat degree detection unit that detects a superheat
degree of the refrigerant suctioned by the compres-
sor, wherein
the switching condition is that the superheat degree
detected by the first superheat degree detection unit
falls below a predetermined threshold.

7. The heating medium circulation apparatus accord-
ing to claim 2 or 3, further comprising a second
superheat degreedetectionunit thatdetectsasuper-
heat degree of the refrigerant discharged by the
compressor, wherein
the switching condition is that the superheat degree
detected by the second superheat degree detection
unit exceeds a predetermined threshold.

8. The heating medium circulation apparatus accord-
ing to claim 2 or 3, wherein

the switching condition is that a predetermined
time elapses after startup of the compressor,
and
the predetermined time increases as the tem-
perature of the heating medium flowing into the
use side heat exchanger increases.

9. The heating medium circulation apparatus accord-
ing to claim 2 or 3, wherein

the switching condition is that a predetermined
time elapses after startup of the compressor,
and
thepredetermined time increasesas theoutside
air temperature decreases.
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