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(57) A refrigeration device (10 )includes: a refrigera-
tion circuit (15) in which a compressor (1), a condenser
(2), an expansion valve (3), an evaporator (4), and a flow
rate adjustment valve (22) are disposed in this order, the
refrigeration circuit being configured to circulate a refrig-
erant; a valve control unit (103) that controls the expan-
sion valve and the flow rate adjustment valve; and a
target value changing unit (102) that changes a target
value of an evaporation temperature or an evaporation
pressure in theevaporator. Thevalvecontrol unit controls
a first one of the expansion valve and the flow rate
adjustment valve based on the target value changed
by the target value changing unit, and controls a second
one of the expansion valve and the flow rate adjustment
valve in accordance with a refrigeration request degree
or a temperature of a cooling object.
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Description

Field of the Invention

[0001] The present invention relates to a refrigeration
device, an environment forming device, and a refrigera-
tion method.

Background Art

[0002] Conventionally, as disclosed in JPH2‑97865 A,
a refrigeration device in which a pressure regulating
valve is provided on a downstream side of an evaporator
in a refrigeration circuit is known. Thepressure regulating
valve is a spring-type pressure regulating valve. The
pressure regulating valve can maintain a refrigerant
pressure in the evaporator at a certain value or more.
As a result, it is possible to suppress occurrence of
freezing (frosting) at a fin portion of the evaporator.
[0003] The pressure regulating valve disclosed in JP
H2‑97865 A is of a spring type, and is provided to main-
tain the refrigerant pressure in the evaporator at a certain
value or more. By providing such a spring-type pressure
regulating valve on the downstream side of the evapora-
tor, it is possible to suppress frost formation on the
evaporator. On the other hand, since the refrigerant
pressure in the evaporator is fixed to a certain value or
more by the pressure regulating valve, there is a problem
that the refrigeration device disclosed in JP H2‑97865 A
cannot operate flexibly. For example, when the tempera-
ture of a room air flowing into the evaporator is high, the
problem of frost formation hardly occurs, so that it is not
necessary to maintain the refrigerant pressure in the
evaporator at a certain value or more.

Summary of the Invention

[0004] An object of the present invention is to enable
more flexible operationwhile suppressing frost formation
on the evaporator.
[0005] A refrigeration device according to one aspect
of the present invention includes: a refrigeration circuit in
which a compressor, a condenser, an expansion valve,
an evaporator, and a flow rate adjustment valve are
disposed in this order, the refrigeration circuit being con-
figured to circulate a refrigerant; a valve control unit
configured to control the expansion valve and the flow
rate adjustment valve; and a target value changing unit
for changing a target value of an evaporation tempera-
ture or an evaporation pressure in the evaporator. The
valve control unit is configured to control a first one of the
expansion valve and the flow rate adjustment valve
based on the target value changed by the target value
changing unit, and to control a second one of the expan-
sion valve and the flow rate adjustment valve in accor-
dance with a refrigeration request degree or a tempera-
ture of a cooling object.
[0006] An environment forming device according to

one aspect of the present invention includes: an environ-
ment chamber; and the refrigeration device for cooling an
inside of the environment chamber.
[0007] A refrigeration method according to one aspect
of the present invention is a refrigeration method using a
refrigeration device, the refrigeration device including a
refrigeration circuit in which a compressor, a condenser,
an expansion valve, an evaporator, and a flow rate ad-
justment valvearedisposed in this order, the refrigeration
circuit being configured to circulate a refrigerant, and the
refrigeration method includes: changing a target value of
an evaporation temperature or an evaporation pressure
in the evaporator; controlling a first one of the expansion
valve and the flow rate adjustment valve based on the
changed target value; receiving, by a reception unit of the
refrigeration device, information indicating a refrigeration
request degree or a temperature of a cooling object; and
controlling a second one of the expansion valve and the
flow rate adjustment valve in accordance with the refrig-
eration request degree or the temperature of the cooling
object indicated by the information received by the re-
ception unit.

Brief Description of the Drawings

[0008]

Fig. 1 is a diagram schematically illustrating a con-
figuration of a refrigeration device according to a first
embodiment.
Fig. 2 is a diagramschematically illustrating a control
device including a controller of the refrigeration de-
vice.
Fig. 3 is a diagram for describing a relationship
between an inside temperature and a target value
of an evaporation temperature.
Fig. 4 is a diagram for describing a relationship
betweena refrigeration request degreeandanopen-
ing degree of a flow rate adjustment valve.
Fig. 5 is a diagram for describing a control flow of the
refrigeration device.
Fig. 6 is a diagram schematically illustrating a con-
figuration of a refrigeration device according to a
third embodiment.
Fig. 7 is a diagram schematically illustrating a con-
figuration of a refrigeration device according to a
variation of the third embodiment.
Fig. 8 is a diagram schematically illustrating a con-
figuration of a refrigeration device according to a
variation of the third embodiment.
Fig. 9 is a diagram schematically illustrating a con-
figuration of a refrigeration device according to a fifth
embodiment.
Fig. 10 is a diagram for describing a relationship
between a refrigeration request degree and a target
value of a suction pressure.
Fig. 11 is a diagram schematically illustrating an
environment forming device according to a sixth
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embodiment.
Fig. 12 is a diagram schematically illustrating a con-
figuration of a refrigeration device according to an-
other embodiment.

Description of Embodiments

[0009] Hereinafter, embodiments of the present inven-
tion will be described in detail with reference to the
drawings.

(First Embodiment)

[0010] As illustrated in Fig. 1, a refrigeration device 10
according to a first embodiment includes a refrigeration
circuit 15 in which a refrigerant is sealed. The refrigerant
may be a low boiling point refrigerant such as R‑404A.
Therefore, the evaporation temperature can be lowered
to, for example, about ‑40°C.
[0011] The refrigeration circuit 15 is provided with a
compressor 1, a condenser 2, an expansion valve 3, an
evaporator 4, and a flow rate adjustment valve 22 in this
order. When the compressor 1 operates, the refrigerant
circulates in the refrigeration circuit 15, whereby a vapor
compression type refrigeration cycle is performed. The
refrigeration device 10 may be used for cooling an air
inside a freezer or a refrigerator, or may be used for
generating cooling water by a chiller. Alternatively, the
refrigeration device 10 may be used for an environment
forming device such as an environment testing device for
providing an environment at a predetermined tempera-
ture or humidity. Alternatively, the refrigeration device 10
may be used in an air conditioner that adjusts the envir-
onment of a temperature and humidity in a room of, for
example, a house. In the present embodiment, the re-
frigeration device 10 is used in a refrigerator-freezer.
[0012] Thecompressor1performsacompressionstep
in a refrigeration cycle, and is configured to suction and
compress a refrigerant. The compressor 1 includes a
compressionmechanismof, for example, a reciprocating
type, a scroll type, or a screw type, and is configured to
drive the compression mechanism by a motor at a con-
stant rotation speed. Note that the compressor 1 may be
configured such that a rotation speed of themotor can be
adjusted by an inverter. The compressor 1 may include
one unit compressor, but may alternatively include par-
allelly connected two unit compressors having different
capacities.
[0013] The condenser 2 performs a condensation step
in the refrigeration cycle, and is configured to exchange
heat of a refrigerant discharged from the compressor 1
with a cooling medium such as air, water, or a refrigerant
so as to condense the refrigerant.
[0014] The expansion valve 3 performs an expansion
step in the refrigerationcycle, and is configured toexpand
the liquid refrigerant condensed in the condenser 2. The
expansion valve 3 is constituted by, for example, an
electronic expansion valve. Therefore, by adjusting the

opening degree of the valve, it is possible to change the
evaporation temperature that is the temperature of the
refrigerant flowing through the evaporator 4 in the refrig-
eration circuit 15, and is possible to change the evapora-
tion pressure that is the pressure of the refrigerant in the
evaporator 4.
[0015] The evaporator 4 performs an evaporation step
in the refrigeration cycle, and is configured to exchange
heat betweenair and the liquid refrigerant decompressed
by the expansion valve 3 and to evaporate the liquid
refrigerant. The evaporator 4 cools the air (a cooling
object) supplied to the inside of the refrigerator-freezer
(the room to be cooled). Note that, in a case where the
refrigeration device 10 is provided in a chiller that gen-
erates cooling water, the evaporator 4 evaporates the
liquid refrigerant so as to cool the cooling water (the
cooling object).
[0016] The flow rate adjustment valve 22 is provided to
adjust the flow rate of the refrigerant flowing through the
evaporator 4. The flow rate adjustment valve 22 is con-
stituted by, for example, an electronic expansion valve.
When the opening degree of the flow rate adjustment
valve 22 is adjusted, a low pressure in the refrigeration
cycleandapressureof the refrigerant flowing through the
evaporator 4 also change.
[0017] The refrigeration circuit 15 is provided with an
evaporation temperature detector 21. The evaporation
temperature detector 21 is a detector for detecting the
temperature of the refrigerant in the evaporator 4, that is,
the evaporation temperature of the refrigerant in the
evaporation step in the refrigeration cycle or a tempera-
ture corresponding to the evaporation temperature.
Therefore, the evaporation temperature detector 21
may be disposed at a position between the expansion
valve 3and theevaporator 4 in the refrigeration circuit 15,
ormay be provided so as to detect the temperature of the
refrigerant in the evaporator 4. Theevaporation tempera-
ture detector 21 outputs a signal indicating the detected
temperature.
[0018] The signal output from the evaporation tem-
perature detector 21 is input to the controller 100. The
controller 100 is configured with amicrocomputer includ-
ing: a central processing unit (CPU) that executes arith-
metic processing; a read onlymemory (ROM) that stores
a processing program, data, and the like; and a random
access memory (RAM) that temporarily stores data, or
may be configured with another device. By executing a
processing program stored in the controller 100, the
controller 100 can be made to function as a reception
unit 101, a target value changing unit 102, and a valve
control unit 103 as illustrated in Fig. 2.
[0019] The reception unit 101 is configured to repeat-
edly receive a refrigeration request degree at predeter-
mined time intervals, and to temporarily store the re-
ceived refrigeration request degree. The refrigeration
request degree is generated by a generation unit 120,
and the refrigeration request degree generated by the
generation unit 120 is input to the reception unit 101. That

5

10

15

20

25

30

35

40

45

50

55



4

5 EP 4 556 818 A1 6

is, the reception unit 101 receives information indicating
the refrigeration request degree. Note that, the illustrated
example shows an example in which the generation unit
120 is configured separately from the controller 100, but
the generation unit 120 to generate the refrigeration
request degree may be one function provided by the
controller 100.
[0020] For example, the generation unit 120 repeat-
edly receives, at predetermined time intervals, signals
from a sensor 121 that detects a temperature of the
cooling object (or an inside temperature of the refrigera-
tor-freezer or the temperature of the room to be cooled),
an input device 122 that inputs a set value of the tem-
perature of the cooling object (or the inside temperature
of the refrigerator-freezer or the temperature of the room
to be cooled), and the like, and the generation unit 120
calculates the refrigeration request degreeevery time the
signals are received. The refrigeration request degree is
a dimensionless numerical value that indicates a refrig-
eration load in the refrigerator-freezer, which is the cool-
ing object, and is calculated using, for example, a differ-
ence value between a detected value (the detected tem-
perature by the sensor 121) of the temperature of the
cooling object and the set value. Therefore, the refrig-
eration request degree is larger as the difference be-
tween the detected value of the temperature of the cool-
ing object and the set value of the temperature of the
cooling object is larger. Since the refrigeration request
degree can change every moment, the generation unit
120 outputs the refrigeration request degree every pre-
determined time. The information output from the sensor
121 indicating the detected temperature is received by
the reception unit 101.
[0021] The target valuechangingunit 102 is configured
to store a target value of the evaporation temperature.
The target value changing unit 102 is configured to
change the stored target value in accordance with the
refrigeration request degree received by the reception
unit 101 and the temperature of the cooling object (or the
inside temperature of the refrigerator-freezer or the tem-
perature of the room to be cooled), which is the detected
temperatureby thesensor121. Inacasewhere the target
value of the evaporation temperature is assumed as a
first valuewhena received refrigeration request degree is
a first refrigeration request degree, the target value chan-
ging unit 102 changes, when a received refrigeration
request degree is a second refrigeration request degree
smaller than the first refrigeration request degree, the
target value of the evaporation temperature to a second
value lower than the first value. Furthermore, in a low
temperature region to be described later, in a casewhere
the target value of the evaporation temperature is as-
sumed as a first value when the temperature of the
cooling object is a first temperature, the target value
changing unit 102 changes, when the temperature of
the cooling object is a second temperature lower than
the first temperature, the target value of the evaporation
temperature to a second value lower than the first value.

Furthermore, in a high temperature region to be de-
scribed later, the target value changing unit 102 sets
the target value of the evaporation temperature to the
same value regardless of the temperature of the cooling
object. The changed target value and the set target value
are stored in the target value changing unit 102.
[0022] As illustrated in Fig. 3, the target value of the
evaporation temperature includes a low temperature
region and a high temperature region, in the low tem-
perature region, the target value of the evaporation tem-
perature changing in accordancewith the temperature of
the cooling object (or the inside temperature of the re-
frigerator-freezer or the temperature of the room to be
cooled), and in the high temperature region, the target
value of the evaporation temperature being constant
regardless of the temperature of the cooling object. A
threshold temperature TS, which is a boundary between
the low temperature region and the high temperature
region, is set to, for example, a temperature equal to or
higher than 0°C and equal to or lower than 60°C, a
temperature equal to or higher than 10°C and equal to
or lower than 50°C, or a temperature equal to or higher
than 20°C and equal to or lower than 40°C. In the low
temperature region, the target value of the evaporation
temperature is set to be lower as the temperature of the
cooling object is lower. On the other hand, in the high
temperature region, the target value of the evaporation
temperature is set to be the same value regardless of the
temperature of the cooling object.
[0023] However, the target value of the evaporation
temperature does not need to be set as described above.
For example, the target value of the evaporation tem-
peraturemaybeset tobehigheras the temperatureof the
cooling object is higher, over the entire possible tempera-
ture range of the temperature of the cooling object.
Specifically, in the low temperature region (the region
where the inside temperature or the temperature of the
roomtobecooled is lower than the threshold temperature
TS), the target value of the evaporation temperaturemay
change, as shown in Fig. 3, linearly in accordance with a
change in the temperature of the cooling object (the
inside temperature or the temperature of the room to
be cooled). However, alternatively, the target value of
the evaporation temperature may change in a curved
manner, ormay change in a steppingmanner (stepwise).
Furthermore, it is not necessary to set such that the target
value of the evaporation temperature changes differently
between the low temperature region and the high tem-
perature region as shown in Fig. 3. For example, the
target value of the evaporation temperature may change
in accordance with a change in the temperature of the
cooling object over the entire region of the temperature of
the cooling object. In this case, the target value of the
evaporation temperature may change linearly, may
change in a curvedmanner, or may change in a stepping
manner (stepwise). At this time, in a case where the
target value of the evaporation temperature is assumed
asa first valuewhen the temperature of the coolingobject
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is a first temperature, the target value changing unit 102
changes, when the temperature of the cooling object is a
second temperature lower than the first temperature, the
target value of the evaporation temperature to a second
value lower than the first value. Note that, when the
refrigeration device 10 is configured as a chiller, the
temperature of the cooling object is the temperature of
cooling water introduced to the evaporator 4.
[0024] The target valueof theevaporation temperature
mayhave a latitudewith respect to the temperature of the
cooling object (or the inside temperature or the tempera-
ture of the room to be cooled). For example, the target
value of the evaporation temperature may be changed
notonly inaccordancewith the temperatureof thecooling
object but also in accordance with the refrigeration re-
quest degree. Specifically, when the temperature of the
cooling object is a certain temperature, the target value of
the evaporation temperature may be further changed in
accordance with the refrigeration request degree. In that
case, thesetting isperformedsuch that the target valueof
the evaporation temperature is higher as the refrigeration
request degree is larger and such that the target value of
the evaporation temperature is lower as the refrigeration
request degree is smaller. The upper limit value and the
lower limit value of the target value of the evaporation
temperature in that case may include a low temperature
region in which the upper limit value and the lower limit
value change in accordance with the temperature of the
cooling object and a region that is a temperature region
higher than the low temperature region and in which the
upper limit value and the lower limit value are constant
regardless of the temperature of the cooling object, but
are not limited thereto. The setting may be performed
such that, over the entire possible temperature range of
the temperature of the cooling object, the upper limit
value and the lower limit value of the target value of
the evaporation temperature are higher as the tempera-
ture of the cooling object is higher.
[0025] The valve control unit 103 is configured to con-
trol the expansion valve 3based on the target value of the
evaporation temperature changed by the target value
changing unit 102, and to control the flow rate adjustment
valve 22 in accordance with the refrigeration request
degree.
[0026] The control of the expansion valve 3 is per-
formed every time the target value of the evaporation
temperature is adjusted. The target value changing unit
102 sets the target value of the evaporation temperature
toavaluecorresponding to the temperatureof thecooling
object (for example, the inside temperature or the tem-
perature of the room to be cooled), which is the detected
temperatureby thesensor121.Thevalvecontrol unit 103
controls the expansion valve 3 such that the detected
temperature by the evaporation temperature detector 21
becomes close to the target value of the evaporation
temperature set by the target value changing unit 102.
The opening degree of the expansion valve 3 becomes
smaller when the target value of the evaporation tem-

perature is lower, and becomes larger when the target
value of the evaporation temperature is higher.
[0027] Every time the reception unit 101 receives the
refrigeration request degree, the valve control unit 103
adjusts the opening degree of the flow rate adjustment
valve 22 in accordance with the received refrigeration
request degree. That is, the controller 100 stores infor-
mation indicating a relationship in which the opening
degree of the flow rate adjustment valve 22 is assigned
to the refrigeration request degree, and the valve control
unit 103 controls the flow rate adjustment valve 22 by
using the information.
[0028] Note that the controller 100 may not store the
information indicating the relationship in which the open-
ing degree of the flow rate adjustment valve 22 is as-
signed to the refrigeration request degree, andmay store
the information indicating the relationship in which the
suction pressure is assigned to the refrigeration request
degree. In this case, the valve control unit 103 controls
the flow rate adjustment valve 22 by using this informa-
tion.However, also in this case, it is the same that the flow
rate adjustment valve 22 is controlled based on the
refrigeration request degree. For example, when the
refrigeration request degree is larger, the suction pres-
sure is set to a higher value. In this case, the flow rate
adjustment valve 22 is controlled such that the opening
degree of the flow rate adjustment valve 22 becomes
larger. When the refrigeration request degree is smaller,
the suction pressure is set to a lower value. In this case,
the flow rate adjustment valve 22 is controlled such that
the opening degree of the flow rate adjustment valve 22
becomes smaller.
[0029] As illustrated in Fig. 4, the flow rate adjustment
valve 22 is controlled such that the opening degree
becomes larger when the refrigeration request degree
is larger and such that the opening degree becomes
smaller when the refrigeration request degree is smaller.
Note that the flow rate adjustment valve 22maymaintain
the opening degree constant in one of or both of the
following ranges: a rangewhere the refrigeration request
degree is equal to or greater than a predetermined value;
and a range where the refrigeration request degree is
equal to or less than a predetermined value.
[0030] When the temperature of the cooling object (for
example, the inside temperature or the temperature of
the room to be cooled) is lower than the threshold tem-
perature TS, the target value of the evaporation tempera-
ture is set to a lower value as the temperature of the
cooling object is lower. Therefore, the valve control unit
103 controls the expansion valve 3 such that the opening
degree of expansion valve 3 is smaller as the tempera-
ture of the cooling object is lower. At this time, the valve
control unit 103 performs control such that the flow rate
adjustment valve 22has anopeningdegree basedon the
refrigeration request degree. That is, the flow rate adjust-
ment valve 22 is controlled not based on the evaporation
temperature (the evaporation pressure). Furthermore,
when the temperature of the cooling object is lower than
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the threshold temperature TS, the target value of the
evaporation temperature is set to a higher value as the
temperature of the cooling object is higher (see Fig. 3).
Therefore, the valve control unit 103 controls the expan-
sion valve 3 such that the opening degree of expansion
valve3 is largeras the temperatureof thecoolingobject is
higher. Also in this case, the valve control unit 103 per-
forms control such that the flow rate adjustment valve 22
has an opening degree based on the refrigeration re-
quest degree.
[0031] On the other hand, when the temperature of the
cooling object (for example, the inside temperature or the
temperature of the room to be cooled) is higher than the
threshold temperature TS, the target value of the eva-
poration temperature is set to a constant value regard-
less of the temperature of the cooling object. Therefore,
the valve control unit 103 controls the expansion valve 3
such that the set target value of the evaporation tem-
perature is achieved. Also in this case, the valve control
unit 103 adjusts the opening degree of the flow rate
adjustment valve 22 based on the refrigeration request
degree. That is, the flow rate adjustment valve 22 is
controlled such that the opening degree is smaller as
the refrigeration request degree is smaller and such that
the opening degree is larger as the refrigeration request
degree is larger. Therefore, the refrigeration capacity can
be varied while the evaporation temperature is main-
tained at a high value.
[0032] Here, a description will be given to a refrigera-
tion method using the refrigeration device 10 having the
above configuration.
[0033] When a target temperature of the inside tem-
peratureor the temperatureof the room tobecooled is set
and an operation of the refrigeration device 10 is started,
the controller 100 receives the refrigeration request de-
gree generated by the generation unit 120 and the de-
tected temperatureby the sensor 121 (the temperature of
the cooling object) as illustrated in Fig. 5 (steps ST11 and
ST12).The refrigeration request degreeand thedetected
temperature by the sensor 121 are repeatedly received
by the controller 100 every predetermined time.
[0034] Subsequently, the target value changing unit
102 of the controller 100 changes the target value of
the evaporation temperature in accordance with the re-
frigeration request degree and the detected temperature
by thesensor121 receivedby the receptionunit 101 (step
ST13).
[0035] At this time, in the case where the detected
temperature by the sensor 121 is in the low temperature
region, which is equal to or lower than the preset thresh-
old temperature TS, the target value changing unit 102
sets the target value of the evaporation temperature to a
lower target value as the received detected temperature
is lower, and sets the target value of the evaporation
temperature to a higher target value as the received
detected temperature by the sensor 121 is higher. That
is, in the case of the low temperature region, even when
the refrigeration request degree is the same, the target

value of the evaporation temperature is set to a lower
value as the detected temperature is lower.
[0036] Furthermore, in the case where the detected
temperature by the sensor 121 is in a high temperature
region, which is higher than the preset threshold tem-
perature TS, the target value changing unit 102 sets the
target value of the evaporation temperature to a constant
value regardless of the detected temperature by the
sensor 121.
[0037] Subsequently, the valve control unit 103 con-
trols the expansion valve 3 based on the target value of
the evaporation temperature changed by the target value
changing unit 102, and controls the flow rate adjustment
valve 22 in accordance with the refrigeration request
degree (step ST14).
[0038] Specifically, the valve control unit 103 sets the
opening degree of the flow rate adjustment valve 22 to a
predetermined opening degree in accordance with the
refrigeration request degree (for example, to amaximum
opening degree when the refrigeration request degree is
100%); and in this state, the valve control unit 103 con-
trols the expansion valve 3 such that the detected tem-
perature by the evaporation temperature detector 21
becomes close to the target value of the evaporation
temperature set by the target value changing unit 102.
At this time, the opening degree of the expansion valve 3
is smaller as the target value of the evaporation tempera-
ture is lower, and the opening degree of the expansion
valve 3 is larger as the target value of the evaporation
temperature is higher.
[0039] Then, when the refrigeration request degree
received by the reception unit 101 changes from the
refrigeration request degree received last time, the valve
control unit 103 adjusts the opening degree of the flow
rate adjustment valve 22 in accordance with the change
amount of the refrigeration request degree. Accordingly,
the evaporation temperature changes; therefore, the
valve control unit 103 further adjusts the opening degree
of the expansion valve 3 such that the evaporation tem-
perature becomes close to the target value.
[0040] For example, when the refrigeration request
degree becomes smaller than the previous value, the
valve control unit 103 make the opening degree of the
flow rate adjustment valve 22 smaller. Accordingly, the
evaporation temperature increases; therefore, the valve
control unit 103 decreases the opening degree of the
expansion valve 3 in accordance with the change in the
evaporation temperature. As a result, the evaporation
temperature becomes close to the target value. At this
time, since the opening degrees of the expansion valve 3
and the flow rate adjustment valve 22 decrease, the flow
rate of evaporator 4 is reduced, and the refrigeration
capacity therefore decreases.
[0041] At this time, in the low temperature region,
which is equal to or lower than the threshold temperature
TS, the target value of the evaporation temperature is
adjusted to a lower value as the detected temperature is
lower. Therefore, evenwhen the temperature of the cool-
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ingobject is lowand the temperatureof theair returning to
the evaporator 4 is low, the refrigerant can be easily
evaporated. Furthermore, since both the expansion
valve 3 and the flow rate adjustment valve 22 are
throttled, the flow rate of the refrigerant flowing through
the evaporator 4 is reduced, thereby contributing to re-
duction in power of the compressor 1.
[0042] On the other hand, when the refrigeration re-
quest degree remains high, the opening degree of the
flow rate adjustment valve 22 is maintained large.
Furthermore, since the target value of the evaporation
temperature is alsomaintained at a high value, the open-
ing degree of the expansion valve 3 is maintained large.
Therefore, the flow rate of the refrigerant flowing through
evaporator 4 is secured in a state where the evaporation
temperature is high, so that a state where a large refrig-
eration capacity is exerted is maintained. As a result, it is
possible to exert a refrigeration capacity corresponding
to a high refrigeration request degree.
[0043] Furthermore, when the refrigeration request
degreebecomes larger than theprevious value, thevalve
control unit 103 further makes the opening degree of the
flow rate adjustment valve 22 larger. Accordingly, the
evaporation temperature decreases; therefore, the valve
control unit 103 increases the opening degree of the
expansion valve 3 in accordance with the change in
theevaporation temperature. Asa result, theevaporation
temperature becomes close to the target value. At this
time, since the opening degrees of the expansion valve 3
and the flow rate adjustment valve 22 increase, the flow
rate of evaporator 4 is increased, and the refrigeration
capacity therefore increases.
[0044] As described above, in the present embodi-
ment, the valve control unit 103 controls the expansion
valve 3 based on the target value of the evaporation
temperature in the evaporator 4. At this time, the eva-
poration temperature (or the evaporation pressure) in the
evaporator 4 tends to become higher as the flow rate
adjustment valve 22 is throttled such that the opening
degree of the flow rate adjustment valve 22 becomes
smaller. Therefore, the evaporation temperature (or the
evaporation pressure) can bemade higher as compared
with a refrigeration circuit in which the flow rate adjust-
ment valve 22 is not provided. As a result, for example,
evenwhen the temperature of the cooling object is lower,
it is possible to bring the evaporator 4 into a state where
frost is not formed or a state where frost is hardly formed.
In other words, the refrigeration device 10 can be con-
trolled such that the temperature of the cooling object
becomes lower. In the refrigeration circuit 15, a pressure
reduction degree corresponding to a differential pressure
between the high pressure and the low pressure of the
refrigeration circuit 15 obtained by the compressor 1 is
obtained by the expansion valve 3 and the flow rate
adjustment valve 22.
[0045] Furthermore, since the target value of the eva-
poration temperature can be changed by the target value
changing unit 102, it is possible to perform more flexible

operation as compared with a case where the target
value of the evaporation temperature is fixed. For exam-
ple,when the target valueof theevaporation temperature
is changed to a higher value, the expansion valve 3 is
controlled such that the opening degree of the expansion
valve 3 becomes larger. At this time, since the flow rate
adjustment valve 22 is controlled in accordance with the
refrigeration request degree, the evaporation tempera-
ture changes in accordance with a change amount of the
opening degree of the flow rate adjustment valve 22.
Therefore, the opening degree of the expansion valve
3 is further adjusted in accordance with the changed
evaporation temperature, so that the evaporation tem-
perature is suppressed from changing. Therefore, the
expansion valve 3 and the flow rate adjustment valve 22
enable a desired refrigeration capacity to be exerted in
accordance with the refrigeration request degree while
adjusting the evaporation temperature to the target va-
lue. As a result, it is possible to increase a variable range
of the refrigeration capacity while suppressing frost for-
mation, and to contribute to continuous operation and
energy saving of the device. Furthermore, the refrigera-
tion device 10 may be configured as an air conditioner
capable of adjusting humidity. In this case, control can be
performedat an evaporation temperature (the refrigerant
temperature in the evaporator 4) suitable for a dew-point
temperature. Therefore, it is possible to perform a tem-
perature and humidity operation covering a wide range.
In addition, since it is possible to change a sensible heat
ratio by the evaporation temperature, a desired dehumi-
difying capacity can be exerted, and it is possible to
contribute also to energy saving.
[0046] The valve control unit 103 is configured to con-
trol the flow rate adjustment valve 22 in accordance with
the refrigeration request degree; however, alternatively,
the valvecontrol unit 103maybeconfigured to control the
flow rate adjustment valve 22 in accordance with the
temperature of the cooling object. For example, when
the temperature of the cooling object (or the inside tem-
perature or the temperature of the room to be cooled) is
lower than a freezing point, the valve control unit 103may
increase the opening degree of the flow rate adjustment
valve 22 so that the evaporation temperature becomes
lower than the freezing point. Furthermore, when the
temperature of the coolingobject is higher thana freezing
point, the valve control unit 103 may control the flow rate
adjustment valve22so that theopeningdegreebecomes
smaller, in order to make the evaporation temperature
higher than the freezing point. In this case, the evapora-
tionpressure in theevaporator 4becomeshigher, and the
evaporation temperature accordingly increases; there-
fore, frost formation can be prevented. Note that, de-
pending on the temperature of the cooling object, the
opening degree of the flow rate adjustment valve 22 can
be performed in a manner exactly opposite to the above
case.
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(Second Embodiment)

[0047] In the first embodiment, the valve control unit
103 controls the expansion valve 3 based on the target
value of the evaporation temperature, and controls the
flow rate adjustment valve 22 in accordance with the
refrigeration request degree. In contrast, in a second
embodiment, the valve control unit 103 is configured to
control the flow rate adjustment valve 22 based on the
target value of the evaporation temperature changed by
the target value changing unit 102, and to control the
expansion valve 3 in accordance with the refrigeration
request degree.
[0048] In step ST14, the valve control unit 103 sets the
opening degree of the expansion valve 3 to a predeter-
mined opening degree in accordance with the refrigera-
tion request degree (for example, to amaximum opening
degree when the refrigeration request degree is 100%).
Furthermore, in that state, the valve control unit 103
controls the flow rate adjustment valve 22 such that
the detected temperature by the evaporation tempera-
ture detector 21 becomes close to the target value of the
evaporation temperatureset by the target valuechanging
unit 102. At this time, when the target value of the eva-
poration temperature is lower than the current evapora-
tion temperature, the opening degree of the flow rate
adjustment valve22becomes larger, andwhen the target
value of the evaporation temperature is higher than the
current evaporation temperature, the opening degree of
the flow rate adjustment valve 22 becomes smaller.
[0049] Then, when the refrigeration request degree
received by the reception unit 101 changes from the
refrigeration request degree received last time, the valve
control unit 103 adjusts the opening degree of the ex-
pansion valve 3 in accordancewith the changeamount of
the refrigeration request degree. Accordingly, the eva-
poration temperature changes; therefore, the valve con-
trol unit 103 further adjusts the openingdegree of the flow
rate adjustment valve 22 such that the evaporation tem-
perature becomes close to the target value.
[0050] For example, when the refrigeration request
degree becomes smaller than the previous value, the
valve control unit 103 further decreases the opening
degree of the expansion valve 3. Accordingly, the eva-
poration temperature decreases. When the target value
of the evaporation temperature does not change, the
valve control unit 103 decreases the opening degree of
the flow rate adjustment valve 22 in accordance with the
change in the evaporation temperature. As a result, the
evaporation temperature becomes close to the target
value. At this time, since the opening degrees of the
expansion valve 3 and the flow rate adjustment valve
22 decrease, the flow rate of the evaporator 4 is reduced,
and the refrigeration capacity therefore decreases.
[0051] On the other hand, when the refrigeration re-
quest degree remains high, the opening degree of the
expansion valve 3 is maintained large. Furthermore,
since the target value of the evaporation temperature

is also maintained at a high value, the opening degree of
the flow rate adjustment valve 22 is maintained large.
Therefore, the flow rate of the refrigerant flowing through
evaporator 4 is secured in a state where the evaporation
temperature is high, so that a state where a large refrig-
eration capacity is exerted is maintained. As a result, it is
possible to exert a refrigeration capacity corresponding
to a high refrigeration request degree.
[0052] Furthermore, when the refrigeration request
degreebecomes larger than theprevious value, thevalve
control unit 103 further increases the opening degree of
the expansion valve 3. Accordingly, the evaporation
temperature increases; therefore, the valve control unit
103 increases the opening degree of the flow rate adjust-
ment valve 22 in accordance with the change in the
evaporation temperature. As a result, the evaporation
temperature becomes close to the target value. There-
fore, the flow rate of the refrigerant flowing through the
evaporator 4 increases, so that a higher refrigeration
capacity can be exerted.
[0053] In the present embodiment, for example, when
the target value of the evaporation temperature is chan-
ged to a higher value, the flow rate adjustment valve 22 is
controlled such that the opening degree of the flow rate
adjustment valve 22 becomes smaller. At this time, since
theexpansion valve3 is controlled in accordancewith the
refrigeration request degree, the evaporation tempera-
ture changes in accordance with a change amount of the
opening degree of the expansion valve 3. Therefore, the
opening degree of the flow rate adjustment valve 22 is
further adjusted in accordance with the changed eva-
poration temperature, so that the change in the evapora-
tion temperature is suppressed. Therefore, the expan-
sion valve 3 and the flow rate adjustment valve 22 enable
a desired refrigeration capacity to be exerted in accor-
dance with the refrigeration request degree while adjust-
ing the evaporation temperature to the target value. As a
result, it is possible to increase a variable range of the
refrigeration capacity while suppressing frost formation,
and to contribute to continuous operation and energy
saving of the device. Furthermore, the refrigeration de-
vice 10 may be configured as an air conditioner capable
of adjusting humidity. In this case, control can be per-
formed at an evaporation temperature (the refrigerant
temperature in the evaporator 4) suitable for a dew-point
temperature, so that it is possible to perform a tempera-
ture and humidity operation covering a wide range. In
addition, since it is possible to change a sensible heat
ratio by the evaporation temperature, a desired dehumi-
difying capacity can be exerted, and it is possible to
contribute also to energy saving.
[0054] The valve control unit 103may be configured to
control the expansion valve 3 in accordance with the
temperature of the cooling object, instead of controlling
the expansion valve 3 in accordance with the refrigera-
tion request degree. When the valve control unit 103
controls the expansion valve 3 in accordance with the
temperature of the cooling object, the expansion valve 3
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is controlled such that the opening degree of the expan-
sion valve 3 becomes larger when the temperature of the
cooling object is high, and the opening degree becomes
smaller when the temperature of the cooling object is low.
That is, the expansion valve 3 is controlled such that the
opening degree of the expansion valve 3 becomes larger
when the temperatureof the cooling object is high, so that
the evaporation temperature in the evaporator 4 in-
creases. On the other hand, the expansion valve 3 is
controlled such that the opening degree of the expansion
valve 3 becomes smaller when the temperature of the
cooling object is low, so that the evaporation temperature
in the evaporator 4 becomes lower. Therefore, the cool-
ing object can be efficiently cooled.
[0055] Although descriptions of the other configura-
tions, operations, and effects are omitted, the description
of the first embodiment can be applied to the second
embodiment.

(Third Embodiment)

[0056] In the first embodiment and the secondembodi-
ment, the target value changing unit 102 is configured to
change the target value of the evaporation temperature.
In contrast, in the third embodiment, the target value
changing unit 102 is configured to change the target
value of the evaporation pressure.
[0057] In the third embodiment, as illustrated in Fig. 6,
an evaporation pressure detector 33 is provided instead
of the evaporation temperature detector 21. The eva-
poration pressure detector 33 is disposed at a position
between the expansion valve 3 and the evaporator 4 in
the refrigeration circuit 15, and detects an evaporation
pressure of the refrigerant in the evaporator 4.
[0058] As illustrated in Fig. 7, instead of the evapora-
tion pressure detector 33, an evaporation pressure de-
tector 32 may be provided to be disposed at a position
between the evaporator 4 and the flow rate adjustment
valve 22 in the refrigeration circuit 15. Furthermore, both
the evaporation pressure detector 33 (see Fig. 6) and the
evaporationpressuredetector 32maybeprovided, or the
evaporation temperature detector 21 (see Fig. 1) and the
evaporationpressuredetector 32maybeprovided. In the
refrigeration circuit 15, at a position between the expan-
sion valve 3 and the flow rate adjustment valve 22, there
is a pressure difference corresponding to a pressure loss
in the evaporator 4; however, by taking such a pressure
difference into consideration, it is possible to detect the
refrigerant pressure (the evaporation pressure) in the
evaporator 4 by using the evaporation pressure detector
32.
[0059] In the case where the evaporation pressure
detector 33 or the evaporation pressure detector 32 is
provided, the target valueof the evaporation temperature
shown in Fig. 3 can be alternatively read as the target
value of the evaporation pressure. The target value of the
evaporation pressure is assumed as a first value when
the temperature of the cooling object (or the inside tem-

perature of the refrigerator-freezer or the temperature of
the room to be cooled) is a first temperature, and, on the
other hand, the target value changing unit 102 changes,
when the temperature of the cooling object (or the inside
temperature of the refrigerator-freezer or the tempera-
ture of the room to be cooled) is a second temperature
lower than the first temperature, the target value of the
evaporation pressure to a second value lower than the
first value. Furthermore, the target value of the evapora-
tion pressure may have a latitude, and the target value
changingunit 102maybeconfigured to change the target
value of the evaporation pressure in accordance with the
received refrigeration request degree.
[0060] In this case, the valve control unit 103 is con-
figured to control the expansion valve 3 based on the
target value of the evaporation pressure changed by the
target valuechangingunit 102, and tocontrol theflowrate
adjustment valve 22 in accordance with the refrigeration
request degree. Alternatively, the valve control unit 103
may be configured to control the flow rate adjustment
valve 22 based on the target value of the evaporation
pressure changed by the target value changing unit 102,
and, to control the expansion valve 3 in accordance with
the refrigeration request degree. Note that the controller
100 may calculate a temperature corresponding to the
pressure detected by the evaporation pressure detector
32, and may use the calculated temperature as the
evaporation temperature.
[0061] Furthermore, as illustrated in Fig. 8, a tempera-
ture detector 34 may be used instead of the evaporation
pressure detector 32. The temperature detector 34 is
disposed in a bypass flow path 16 connected to the
refrigeration circuit 15. In this case, oneendof thebypass
flow path 16 is connected to the refrigeration circuit 15
between the condenser 2 and the expansion valve 3, and
the other end is connected to the refrigeration circuit 15
between the evaporator 4 and the flow rate adjustment
valve 22. The bypass flow path 16 is provided with an
electronic expansion valve 11, and the temperature de-
tector 34 is disposed on the downstream side of the
electronic expansion valve 11 and at a position where
the temperature in theevaporationstep isdetected. In the
bypass flow path 16, since the temperature on the down-
stream side of the electronic expansion valve 11 is an
evaporation temperature corresponding to an outlet
pressure of the evaporator 4, it is possible to measure
the evaporation temperature in consideration of the pres-
sure loss of the evaporator 4.
[0062] Although descriptions of the other configura-
tions, operations, and effects are omitted, the descrip-
tions of the first and second embodiments can be applied
to the third embodiment.

(Fourth Embodiment)

[0063] In the first embodiment, the valve control unit
103 constantly controls the flow rate adjustment valve 22
in accordance with the refrigeration request degree. In
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contrast, in a fourth embodiment, the valve control unit
103 hasa first controlmode inwhich the valve control unit
103 controls the flow rate adjustment valve 22 in accor-
dancewith the refrigeration request degree anda second
controlmode inwhich thevalvecontrol unit 103maintains
the flow rate adjustment valve 22 to be fully opened. The
first control mode is performed when the temperature of
the cooling object (or the inside temperature or the tem-
perature of the room to be cooled) is equal to or higher
thanapredetermined temperature, and is switched to the
second control mode when the temperature of the cool-
ing object falls below the predetermined temperature.
That is, in the second control mode, since the flow rate
adjustment valve 22 is maintained fully opened, the
evaporation temperature becomes lower as compared
with the first control mode. Therefore, the second control
mode is performed when the temperature of the cooling
object is made to be a low temperature, for example,
equal to or lower than a freezing point, or is performed
when the refrigeration capacity is desired to be in-
creased. On the other hand, similarly to the first embodi-
ment, the first control mode is performed when suppres-
sing frost formation. The predetermined temperature for
switching between the first control mode and the second
control mode is set to a value lower than 10°C, for ex-
ample, 0°C or 5°C. However, the second control mode
may be performed not only when the temperature of the
cooling object is lower than the predetermined tempera-
ture, but also when the temperature of the cooling object
is equal to or higher than the predetermined temperature
and frost formationhardly occurs on theevaporator 4. For
example, the second controlmode is performed in a case
where it is desired to rapidly change the temperature of
the cooling object from a high temperature to a low
temperature, or in a case where, in a temperature and
humidity operation, it is desired to exert a dehumidifying
capacity so as to lower the humidity.
[0064] In the first controlmode, the control described in
step ST14 of the first embodiment is performed. On the
other hand, in the second control mode, the flow rate
adjustment valve 22 is maintained fully opened. There-
fore, in the second control mode, the control of the flow
rate adjustment valve 22 based on the refrigeration re-
quest degree is not performed. However, in the second
control mode, the expansion valve 3 is controlled such
that the detected temperature by the evaporation tem-
perature detector 21becomesequal to the target value of
the evaporation temperature.
[0065] In the first control mode, the expansion valve 3
may be controlled similarly to the second embodiment,
instead of controlling the flow rate adjustment valve 22
(step ST14). Alternatively, similarly to the third embodi-
ment, the target value changing unit 102 may be config-
ured to change the target value of the evaporation pres-
sure, and the valve control unit 103may be configured to
control the expansion valve 3 or the flow rate adjustment
valve 22 based on the target value of the evaporation
pressure changed by the target value changing unit 102,

and to control the flow rate adjustment valve 22 or the
expansion valve 3 in accordance with the refrigeration
request degree. In this case, it is also possible to use the
evaporation pressure detector 33 illustrated in Fig. 6, the
evaporation pressure detector 32 illustrated in Fig. 7, or
the temperature detector 34 illustrated in Fig. 8.
[0066] Although descriptions of the other configura-
tions, operations, and effects are omitted, the descrip-
tions of the first to third embodiments can be applied to
the fourth embodiment.

(Fifth Embodiment)

[0067] In the first embodiment, the opening degree of
the flow rate adjustment valve 22 is assigned to the
refrigeration request degree; however, in the fifth embo-
diment, the target value of the suction pressure is as-
signed to the refrigeration request degree, and the flow
rate adjustment valve 22 is controlled such that the suc-
tion pressure becomes equal to the target value. Here,
the same components as those in the first to fourth
embodimentsaredenotedby the same referencenumer-
als, and detailed descriptions thereof will be omitted.
[0068] As illustrated in Fig. 9, in the fifth embodiment, a
pressure detector 31 for detecting the suction pressure of
the compressor 1 is provided.
[0069] As illustrated in Fig. 10, in the valve control unit
103, there is used information indicating a relationship in
which the target value of the suction pressure is assigned
to the refrigeration request degree. That is, the target
value of the suction pressure is higher as the refrigeration
request degree is higher, and the target value of the
suction pressure is lower as the refrigeration request
degree is lower. A maximum value and a minimum value
of the target value of the suction pressure are set based
on the specification of the compressor 1.
[0070] That is, the opening degree of the expansion
valve 3 is smaller as the target value of the evaporation
temperature is lower. When the refrigeration request
degree is lower, the opening degree of the flow rate
adjustment valve 22 is smaller. Therefore, the suction
pressure of the compressor 1 becomes lower. However,
the target value of the suction pressure assigned to the
lowest value of the refrigeration request degree, in other
words, theminimumvalue of the target value is set based
on a specification of the compressor 1. Therefore, even
when the refrigeration request degree is the lowest, the
compressor 1 can be stably operated.
[0071] The valve control unit 103 controls the flow rate
adjustment valve 22 such that the detected pressure by
the pressure detector 31 becomes equal to the target
value of the suction pressure set in accordance with the
refrigeration request degree. That is, also in the present
embodiment, the valve control unit 103 controls the flow
rate adjustment valve 22 in accordance with the refrig-
eration request degree.
[0072] Therefore, according to the present embodi-
ment, the expansion valve 3 is controlled such that the
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evaporation temperature in the evaporator 4 becomes
equal to the target value, and, on the other hand, the flow
rate adjustment valve 22 is controlled such that the
detection value by the pressure detector 31 becomes
equal to the target suction pressure value set in accor-
dance with the refrigeration request degree. Therefore,
not only the evaporation temperature is adjusted to the
target value, but also the suction pressure is adjusted to
the target value. Therefore, when the evaporation tem-
perature is adjusted to the target value, it is possible to
prevent the suction pressure fromexcessively increasing
or decreasing. Accordingly, this contributes to stable
operation of the compressor 1.
[0073] However, in the present embodiment, the flow
rate adjustment valve 22may be controlled such that the
evaporation temperature in the evaporator 4 becomes
equal to the target value, and, on the other hand, the
expansion valve 3may be controlled such that the detec-
tion value by the pressure detector 31 becomes equal to
the target suction pressure value set in accordance with
the refrigeration request degree. Although descriptions
of the other configurations, operations, and effects are
omitted, the descriptions of the first to fourth embodi-
ments can be applied to the fifth embodiment.

(Sixth Embodiment)

[0074] Fig. 11 illustrates a sixth embodiment. Here, the
same components as those in the first to fifth embodi-
ments are denoted by the same reference numerals, and
detailed descriptions thereof will be omitted.
[0075] The sixth embodiment is an example in which
the refrigeration device 10 is applied to an environment
formingdevice50suchasanenvironment testingdevice.
As illustrated in Fig. 11, the environment forming device
50 includes an environment chamber 51, and is config-
ured to adjust the inside of the environment chamber 51
to a predetermined temperature environment. The en-
vironment forming device 50 further includes an air con-
ditioning chamber 52 for generating air whose tempera-
ture is adjusted, and the evaporator 4 of the refrigeration
device 10 is disposed in the air conditioning chamber 52.
[0076] In the air conditioning chamber 52, there are
disposed, on the downstream side of the evaporator 4: a
heater 54 for heating air; and a blower 55 for blowing out
air whose temperature is adjusted, to the environment
chamber 51. In the environment chamber 51, there is
disposed a sensor 121 for detecting a temperature of a
cooling object (a chamber air temperature of the envir-
onment chamber 51). The input device 122 is used to
input a set temperature of the temperature in the envir-
onment chamber 51. The environment forming device 50
can set a wide range of temperatures such as a minus
temperature region, a normal temperature region, or a
high temperature region, and may have a program op-
eration function that changes a plurality of temperatures
stepwise or continuously.
[0077] Note that the environment forming device 50

may be configured to obtain not only a predetermined
temperature environment but also a predetermined hu-
midity environment. In this case, a humidifier (not illu-
strated) is provided. In this case, the evaporator 4 can
also function as a dehumidifier.
[0078] The generation unit 120 calculates the refrig-
eration request degree by using the detected tempera-
ture by the sensor 121 and the set temperature indicated
by the signal output from the input device 122.
[0079] The heater 54 is output-controlled based on the
detected temperature by the sensor 121 and the set
temperature indicated by the signal output from the input
device 122. That is, the predetermined refrigeration ca-
pacity is exerted by the control of the expansion valve 3
and the flow rate adjustment valve 22 of the refrigeration
device 10, but the detected temperature by the sensor
121 becomes lower than the set temperature in some
cases; therefore, a chamber air temperature of the en-
vironment chamber 51 is finely adjusted by the heater 54.
Therefore, when it is possible to suppress the refrigera-
tion device 10 from excessively cooling, it is possible not
only to suppress electric power consumed by the refrig-
eration device 10 but also suppress electric power con-
sumed by the heater 54. In this respect, by adjusting the
target valueof theevaporation temperature toa lowvalue
when the refrigeration request degree is small, it is pos-
sible to reduce an amount of the circulating refrigerant by
using the expansion valve 3 and the flow rate adjustment
valve 22, so that the refrigeration capacity can be re-
duced. Therefore, the electric power of the heater 54 can
also be suppressed, so that further energy saving can be
achieved. Furthermore, since the target value of the
evaporation temperature is changed by the target value
changing unit 102, the evaporation temperature can be
set higher than a freezing point. In addition, since the flow
rate of the refrigerant flowing through the evaporator 4
can be adjusted by using the flow rate adjustment valve
22, energy saving can be achieved while suppressing
frost formation. In particular, in the case of continuous
operation in which the humidity is adjusted, it is possible
to greatly contribute to the effect. As described above,
since the target value changing unit 102 controls the flow
rate adjustment valve 22 while changing the target value
of the evaporation temperature, it is possible to achieve
both followability to the set temperature and energy
saving after the temperature reaches the set tempera-
ture, and the present embodiment is particularly prefer-
able when a program operation is performed.
[0080] Although descriptions of the other configura-
tions, operations, and effects are omitted, the descrip-
tions of the first to fifth embodiments can be applied to the
sixth embodiment.

(Other Embodiments)

[0081] It should be understood that the embodiments
disclosed this time are illustrative in all respects and are
not restrictive. The present invention is not limited to the
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above embodiments, and various modifications, im-
provements, and the like can be made without departing
from the gist of the present invention. For example, as
illustrated in Fig. 12, a bypass flow path 18 bypassing the
flow rate adjustment valve 22 may be provided in the
refrigeration circuit 15, and an electromagnetic valve 36
may be provided in the bypass flow path 18.
[0082] In the above embodiment, one expansion valve
3 and one flow rate adjustment valve 22 are provided, but
aplurality of expansionvalves3andaplurality of flow rate
adjustment valves 22 may be provided.
[0083] Here, the embodiments will be outlined.

(1) A refrigeration device according to the embodi-
ment includes: a refrigeration circuit in which a com-
pressor, a condenser, an expansion valve, an eva-
porator, and a flow rate adjustment valve are dis-
posed in this order, the refrigeration circuit being
configured to circulate a refrigerant; a valve control
unit configured to control the expansion valve and
the flow rate adjustment valve; and a target value
changing unit for changing a target value of an
evaporation temperatureor anevaporationpressure
in theevaporator. The valve control unit is configured
to control a first one of the expansion valve and the
flow rate adjustment valve based on the target value
changed by the target value changing unit, and to
control a second one of the expansion valve and the
flow rate adjustment valve in accordance with a
refrigeration request degree or a temperature of a
cooling object.

[0084] In the refrigeration device, the valve control unit
controls one of the expansion valve and the flow rate
adjustment valve based on the target value of the eva-
poration temperature or the evaporation pressure in the
evaporator. At this time, the evaporation temperature or
the evaporation pressure in the evaporator tends to
become higher as the flow rate adjustment valve is
throttled so as to decrease the opening degree of the
flow rate adjustment valve. Therefore, the evaporation
temperature (or the evaporation pressure) can be made
higher as compared with a refrigeration circuit in which
the flow rate adjustment valve is not provided. As a result,
for example, even when control is performed such that
the temperature of the cooling object becomes lower, it is
possible to bring the evaporator into a state where frost is
not formedora statewhere frost is hardly formed. Inother
words, it is possible to control the refrigeration device
such that the temperature of the cooling object becomes
lower in a state where frost is hardly formed. In the
refrigeration circuit, a pressure reduction degree corre-
sponding to a differential pressure between the high
pressure and the low pressure of the refrigeration circuit
obtained by the compressor is obtained by the expansion
valve and the flow rate adjustment valve.
[0085] Furthermore, since the target value of the eva-
poration temperature or the evaporation pressure can be

changedby the target valuechangingunit, it is possible to
performmore flexible operation as comparedwith a case
where the target value of the evaporation pressure or the
evaporation temperature is fixed. For example, in the
case of a configuration in which the expansion valve is
controlled based on the evaporation temperature or the
evaporationpressure, for example,when the target value
of the evaporation temperature or the evaporation pres-
sure is changed to a higher value, the opening degree of
the expansion valve is controlled to become larger. On
the other hand, since the flow rate adjustment valve is
controlled in accordance with the refrigeration request
degree or the temperature of the cooling object, the
evaporation temperature or the evaporation pressure
changes in accordance with a change amount of the
opening degree of the flow rate adjustment valve. There-
fore, the opening degree of the expansion valve is further
adjusted in accordance with the changed evaporation
temperature or evaporation pressure, so that the change
in the evaporation temperature or the evaporation pres-
sure is suppressed. Therefore, the expansion valve and
the flow rate adjustment valve enable a desired refrig-
eration capacity to be exerted in accordance with the
refrigeration request degree or the temperature of the
cooling object while adjusting the evaporation tempera-
ture or the evaporation pressure to the target value.
[0086] On the other hand, for example, in the case of a
configuration in which the flow rate adjustment valve is
controlled based on the evaporation temperature or the
evaporationpressure, for example,when the target value
of the evaporation temperature or the evaporation pres-
sure is changed to a higher value, the opening degree of
the flow rate adjustment valve is controlled to become
smaller. At this time, since the expansion valve is con-
trolled in accordance with the refrigeration request de-
gree or the temperature of the cooling object, the eva-
poration temperature or the evaporation pressure
changes in accordance with a change amount of the
opening degree of the expansion valve. Therefore, the
opening degree of the flow rate adjustment valve is
further adjusted in accordance with the changed eva-
poration temperatureorevaporationpressure, so that the
change in the evaporation temperature or the evapora-
tion pressure is suppressed. Therefore, the expansion
valve and the flow rate adjustment valve enable a desired
refrigeration capacity to be exerted in accordance with
the refrigeration request degree or the temperature of the
cooling object while adjusting the evaporation tempera-
ture or the evaporation pressure to the target value. In
addition, the sensible heat ratio can be changed by the
evaporation temperature (the temperature of the eva-
porator); therefore, for example, when the humidity of the
cooling object air is adjusted, a desired dehumidifying
capacity can be exerted.
[0087] (2) The target value changing unit may be con-
figured to set the target value to a first target value when
the temperature of the cooling object is a first tempera-
ture, and to set the target value to a second target value
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lower than the first target value when the temperature of
the cooling object is a second temperature lower than the
first temperature.
[0088] In this aspect, when the temperature of the
cooling object is the second temperature lower than
the first temperature, the target value of the evaporation
temperature or the evaporation pressure is set to the
second target value lower than the first target value. As a
result, when the temperature of the cooling object is the
second temperature (the lower temperature), one of the
expansion valve and the flow rate adjustment valve is
controlled such that the opening degree becomes smal-
ler when the expansion valve is controlled and the open-
ingdegreebecomes largerwhen theflow rateadjustment
valve is controlled. In addition, the other of the expansion
valve and the flow rate adjustment valve is controlled in
accordance with the refrigeration request degree or the
temperature of the cooling object. Therefore, the eva-
poration temperature or the evaporation pressure in the
evaporator is adjusted in accordance with the tempera-
ture of the cooling object, and the refrigeration capacity is
exerted in accordance with the refrigeration request de-
gree or the temperature of the cooling object. For exam-
ple, when the temperature of the cooling object is higher,
the target value of the evaporation temperature or the
evaporation pressure is set to a higher value, so that it is
possible to perform the operation in which the refrigera-
tion capacity is lowered as compared with the control in
which the target value of the evaporation temperature or
the evaporation pressure is constant. On the other hand,
when the temperature of the cooling object is lower, the
target value of the evaporation temperature or the eva-
poration pressure is set to a lower value, so that the
refrigeration capacity can be appropriately exerted.
[0089] (3) The valve control unit may have a control
mode for controlling, in a state where the flow rate ad-
justment valve is fully opened, the expansion valve such
that the evaporation temperature or the evaporation
pressure becomes equal to the target value changed
by the target value changing unit.
[0090] In this aspect, the valve control unit has the
control mode for controlling the expansion valve in the
statewhere theflowrateadjustment valve is fully opened;
therefore, it is possible to perform control other than the
control in which the flow rate adjustment valve is con-
trolled in accordance with the refrigeration request de-
greeor the temperatureof thecoolingobject. Therefore, it
is possible to perform a more flexible operation as a
refrigeration device.
[0091] (4) The refrigeration devicemay include a pres-
sure detector configured to detect a suction pressure of
thecompressor. In this case, thevalvecontrol unitmaybe
configured to control the second one of the expansion
valve and the flow rate adjustment valve such that a
detection value detected by the pressure detector is
equal to a target suction pressure value that is set in
according with the refrigeration request degree.
[0092] In this aspect, the first one of the expansion

valve and the flow rate adjustment valve is controlled
such that the evaporation temperature or the evaporation
pressure in the evaporator is equal to the target value,
and, on the other hand, the second one of the expansion
valve and the flow rate adjustment valve is controlled
such that the detection value by the pressure detector is
equal to the target suction pressure value set in accor-
dance with the refrigeration request degree. Therefore,
not only the evaporation temperature is adjusted to the
target value, but also the suction pressure is adjusted to
the target value. That is, the refrigeration capacity is
adjusted by adjusting the suction pressure; therefore,
the refrigeration capacity can be made variable with
respect to the adjusted evaporation temperature. In ad-
dition, when the evaporation temperature is adjusted to
the target value, it is possible to prevent the suction
pressure from excessively decreasing. Accordingly, this
contributes to stable operation of the compressor.
[0093] (5) The refrigeration device may include a re-
ception unit configured to receive information indicating
the refrigeration request degree or the temperature of the
cooling object.
[0094] (6) The environment forming device according
to the embodiment includes: an environment chamber;
and the refrigeration device for cooling an inside of the
environment chamber.
[0095] (7) A refrigeration method according to the em-
bodiment is a refrigeration method using a refrigeration
device, the refrigeration device including: a refrigeration
circuit inwhich a compressor, a condenser, an expansion
valve,anevaporator, andaflowrateadjustment valveare
disposed in this order, the refrigeration circuit being con-
figured to circulate a refrigerant, and the refrigeration
method includes: changing a target value of an evapora-
tion temperature or an evaporation pressure in the eva-
porator; controlling a first one of the expansion valve and
the flow rate adjustment valve based on the changed
target value; receiving, by a reception unit of the refrig-
eration device, information indicating a refrigeration re-
quest degree or a temperature of a cooling object; and
controlling a second one of the expansion valve and the
flow rate adjustment valve in accordance with the refrig-
eration request degree or the temperature of the cooling
object indicated by the information received by the re-
ception unit.
[0096] As described above, according to the above
embodiments, it is possible to perform more flexible
operation while suppressing frost formation on the eva-
porator.
[0097] This application is based on Japanese Patent
Application No. 2023‑196739 filed with the Japan Patent
Office on November 20, 2023, the contents of which are
incorporated herein by reference.

Claims

1. A refrigeration device (10) comprising:
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a refrigeration circuit (15) in which a compressor
(1), a condenser (2), an expansion valve (3), an
evaporator (4), and a flow rate adjustment valve
(22) are disposed in this order, the refrigeration
circuit being configured to circulate a refrigerant;
a valve control unit (103) configured to control
the expansion valve (3) and the flow rate adjust-
ment valve (22); and
a target value changing unit (102) for changing a
target value of anevaporation temperature or an
evaporation pressure in the evaporator (4),
wherein the valve control unit (103) is configured
to control a first one of the expansion valve (3)
and the flow rateadjustment valve (22) basedon
the target value changed by the target value
changing unit (102), and to control a second
one of the expansion valve (3) and the flow rate
adjustment valve (22) in accordance with a re-
frigeration request degree or a temperature of a
cooling object.

2. The refrigeration device (10) according to claim 1,
wherein the target value changing unit (102) is con-
figured to set the target value to a first target value
when the temperature of the cooling object is a first
temperature, and to set the target value to a second
target value lower than the first target valuewhen the
temperature of the cooling object is a second tem-
perature lower than the first temperature.

3. The refrigeration device (10) according to claim 1 or
2, wherein the valve control unit (103) has a control
mode for controlling, in a state where the flow rate
adjustment valve (22) is fully opened, the expansion
valve (3) such that the evaporation temperature or
the evaporation pressure becomes equal to the tar-
get value changed by the target value changing unit
(102).

4. The refrigeration device (10) according to any one of
claims 1 to 3, further comprising a pressure detector
(31) configured to detect a suction pressure of the
compressor (1),
wherein the valve control unit (103) is configured to
control the second one of the expansion valve (3)
and the flow rate adjustment valve (22) such that a
detection value detected by the pressure detector
(31) is equal to a target suction pressure value that is
set in according with the refrigeration request de-
gree.

5. The refrigeration device (10) according to any one of
claims 1 to 4, further comprising a reception unit
(101) configured to receive information indicating
the refrigeration request degree or the temperature
of the cooling object.

6. An environment forming device (50) comprising:

an environment chamber (51); and
the refrigeration device (10) according to any
one of claims 1 to 5 for cooling an inside of the
environment chamber (51).

7. A refrigeration method using a refrigeration device
(10), the refrigeration device (10) including a refrig-
eration circuit (15) in which a compressor (1), a
condenser (2), an expansion valve (3), an evapora-
tor (4), and a flow rate adjustment valve (22) are
disposed in this order, the refrigeration circuit being
configured to circulate a refrigerant, the refrigeration
method comprising:

changing a target value of an evaporation tem-
perature or an evaporation pressure in the eva-
porator (4);
controlling a first one of the expansion valve (3)
and the flow rate adjustment valve (22), based
on the changed target value;
receiving, by a reception unit (101) of the refrig-
eration device (10), information indicating a re-
frigeration request degree or a temperature of a
cooling object; and
controlling a second one of the expansion valve
(3) and the flow rate adjustment valve (22) in
accordance with the refrigeration request de-
gree or the temperature of the cooling object
indicated by the information received by the
reception unit (101).
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