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(67)  Acontrol device (216) is provided with a control
unit (217). When operating a cooling cycle for cooling
water using a water heat exchanger (201), the control
unit controls the differential pressure determined by sub-
tracting the pressure of the refrigerant in a refrigerant
pipe between a compressor (209) and the water heat
exchanger from the pressure of a refrigerant in a refrig-
erant pipe between the compressor and an air heat ex-
changer (101), so that the differential pressure is equal
to or higher than a predetermined differential pressure
at which the refrigerant circulates and at which the water
does not freeze. When the cooling cycle operation is per-
formed, if the outside air temperature would lower the
temperature of the water to the freezing point or below,
the control unit causes a chilling unit (1) to operate a
reverse cycle of the cooling cycle before causing the chill-
ing unit to start the operation of the cooling cycle.
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Description
[Technical Field]

[0001] The present invention relates to a control de-
vice, a control method, and a program.

[0002] This application claims priority based on Japa-
nese Patent Application No. 2015-018384 filed in Japan
on February 2, 2015, the entire content of which is incor-
porated herein by reference.

[Background Art]

[0003] Thereis a chilling unit which performs operation
of a cooling cycle to cool water with a water heat ex-
changer. The chilling unit cools the water using a refrig-
erant.

[0004] Arelatedtechnology is disclosed in Patent Doc-
ument 1. A device disclosed in Patent Document 1 per-
forms a reverse cycle operation so that a compressor
does not absorb the refrigerant which has fallen into the
lower temperature side of indoor and outdoor units, and
prevents liquid compression or oil foaming from occurring
when the compressor takes in the liquid refrigerant.

[Citation List]
[Patent Document]

[0005] [Patent Document 1] Japanese Unexamined
Patent Application, First Publication No. S63-129258

[Summary of Invention]
[Technical Problem]

[0006] A chilling unit starts operation of a cooling cycle
to cool water using a water heat exchanger in a period
with a low outside air temperature such as winter. In this
case, there is a likelihood that the temperature of a re-
frigerant may decrease and water to be cooled may
freeze in a water heat exchanger which becomes a low-
pressure side of a compressor during the operation of a
cooling cycle.

[0007] An object of the present invention is to provide
a control device, a control method, and a program which
can solve the above problems.

[Solution to Problem]

[0008] According to a first aspect of the presentinven-
tion, a control device is a control device for a chilling unit
which includes an air heat exchanger configured to send
out a refrigerant heat-exchanged with the outside air, a
water heat exchanger configured to cool water by ex-
changing heat between the refrigerant sent out from the
air heat exchanger and the water, a compressor config-
ured to compress the refrigerantand to send out the com-
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pressed refrigerant, and a first refrigerant pipe configured
to send out the refrigerant sent out from the compressor
to the air heat exchanger. the control device includes a
control unit configured to control an operation of the chill-
ing unit, wherein the control in which the control unit per-
forms includes: controlling a differential pressure ob-
tained by subtracting a refrigerant pressure in a second
refrigerant pipe provided between the compressor and
the water heat exchanger from a refrigerant pressure in
the first refrigerant pipe to be equal to or greater than a
predetermined differential pressure at which the refrig-
erant circulates and the water does not freeze when a
cooling cycle to cool the water using the water heat ex-
changer is operated; and causing the chilling unit to op-
erate areverse cycle of the cooling cycle before operation
of the cooling cycle is started in the chilling unit when the
outside air temperature is an outside air temperature that
makes the temperature of the water equal to or lower
than the freezing point of the water.

[0009] According to a second aspect of the present
invention, the control device of the first aspect may in-
clude a first pressure sensor configured to detect a re-
frigerant pressure in the second refrigerant pipe; and a
second pressure sensor configured to detect arefrigerant
pressure in the first refrigerant pipe; wherein the control
unit switches from operation of a reverse cycle of the
cooling cycle to operation of the cooling cycle at a timing
at which a differential pressure obtained by subtracting
arefrigerant pressure detected by the first pressure sen-
sor from a refrigerant pressure detected by the second
pressure sensor is a predetermined range of differential
pressure at which the refrigerant with the same circula-
tion flow rate as a circulation flow rate of the refrigerant
when the chilling unit reaches an equilibrium state can
flow.

[0010] According to athird aspect of the presentinven-
tion, in the control device of the second embodiment,
when the chilling unit includes a plurality of sets of air
heat exchanger, water heat exchanger, and compressor,
the control unit switches from the operation of the reverse
cycle of the cooling cycle to the operation of the cooling
cycle at different timings for each of the plurality of sets.
[0011] According to a fourth aspect of the present in-
vention, a control method of a control device for a chilling
unit which includes an air heat exchanger configured to
send out a refrigerant heat-exchanged with the outside
air, a water heat exchanger configured to cool water by
exchanging heat between the refrigerant sent out from
the air heat exchanger and the water, a compressor con-
figured to compress the refrigerant and to send out the
compressed refrigerant, and a first refrigerant pipe con-
figured to send out the refrigerant sent out from the com-
pressor to the air heat exchanger. The control method of
a control device includes controlling that a differential
pressure obtained by subtracting a refrigerant pressure
in a refrigerant pipe provided between the compressor
and the water heat exchanger from a refrigerant pressure
in a refrigerant pipe provided between the compressor
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and the air heat exchanger is equal to or greater than a
predetermined differential pressure at which the refrig-
erant circulates and the water does not freeze when a
cooling cycle to cool the water using the water heat ex-
changer is operated, and causing the chilling unit to op-
erate a reverse cycle of the cooling cycle before causing
the chilling unit to start operation of the cooling cycle
when the outside air temperature is an outside air tem-
perature that makes the temperature of the water equal
to or lower than the freezing point of the water.

[0012] According to a fifth aspect of the presentinven-
tion, a

program which causes a computer for a chilling unit in-
cluding an air heat exchanger configured to send out a
refrigerant heat-exchanged with the outside air, a water
heat exchanger configured to cool water by exchanging
heat between the refrigerant sent out from the air heat
exchanger and the water, a compressor configured to
compress the refrigerant and to send out the compressed
refrigerant, and a first refrigerant pipe configured to send
out the refrigerant sent out from the compressor to the
air heat exchanger to execute following steps of: control-
ling that a differential pressure obtained by subtracting a
refrigerant pressure in a refrigerant pipe provided be-
tween the compressor and the water heat exchanger
from a refrigerant pressure in a refrigerant pipe provided
between the compressor and the air heat exchanger is
equal to or greater than a predetermined differential pres-
sure atwhich the refrigerant circulates and the water does
not freeze when a cooling cycle to cool the water using
the water heat exchanger is operated, and causing the
chilling unit to operate a reverse cycle of the cooling cycle
before causing the chilling unit to start operation of the
cooling cycle when the outside air temperature is an out-
side air temperature that makes the temperature of the
water equal to or lower than the freezing point of the
water.

[Advantageous Effects of Invention]

[0013] According to the control device, the control
method, and the program described above, itis possible
to prevent water to be cooled from freezing when a chill-
ing unit starts operation of a cooling cycle.

[Brief Description of Drawings]
[0014]

Fig. 1 is a diagram which shows a configuration of a
chilling unit according to an embodiment of the
present invention.

Fig. 2 is a diagram which describes operation of a
cooling cycle performed by the chilling unitin an em-
bodiment of the present invention.

Fig. 3 is a diagram which describes operation of a
heating cycle performed before the chilling unit ac-
cording to an embodiment of the present invention
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starts the operation of the cooling cycle.
[Description of Embodiments]
(Embodiment)

[0015] Hereinafter, an embodiment will be described
in detail with reference to drawings.

[0016] A configuration of a chilling unit including a con-
trol device according to an embodiment of the present
invention will be described.

[0017] As shown in Fig. 1, a chilling unit 1 according
to an embodiment of the present invention includes an
air heat exchanger 101, a water heat exchanger 201, a
first pressure sensor 202, a second pressure sensor 203,
afour-way valve 207, an accumulator 208, a compressor
209, a compressor motor 210, an expansion valve 215,
and a control device 216.

[0018] The air heat exchanger 101 functions as a con-
denser when the water heat exchanger 201 performs op-
eration of a cooling cycle to cool water. The air heat ex-
changer 101 functions as an evaporator when operation
of a heating cycle which is a reverse cycle of the cooling
cycle is performed.

[0019] The water heat exchanger 201 functions as an
evaporator when performing the operation of the cooling
cycle. The water heat exchanger 201 functions as a con-
denser when the operation of the heat cycle is performed.
[0020] The first pressure sensor 202 detects a pres-
sure of a refrigerant in the water heat exchanger 201
connected to the four-way valve 207. The first pressure
sensor 202 detects a pressure of the refrigerant in the
water heat exchanger 201 connected to the four-way
valve 207 before the operation of the cooling cycle is
started.

[0021] The second pressure sensor 203 detects a
pressure of a refrigerant in the air heat exchanger 101
connected to the four-way valve 207. The second pres-
sure sensor 203 detects a pressure of the refrigerant in
the air heat exchanger 101 connected to the four-way
valve 207 before the operation of the cooling cycle is
started.

[0022] The four-way valve 207 has four valves. One of
the four valves is connected to the water heat exchanger
201. Another one of the four valves is connected to the
accumulator 208. Stillanother one valve of the four valves
is connected to the air heat exchanger 101. The remain-
ing one of the four valves is connected to the compressor
209.

[0023] The accumulator 208 is provided between the
four-way valve 207 and the compressor motor 210. The
accumulator 208 prevents refrigerant which is not gasi-
fied by an evaporator from being absorbed into the com-
pressor 209 in a liquid form.

[0024] The compressor 209 is provided between the
compressor motor 210 and the accumulator 208. The
compressor 209 has the compressor motor 210 as a pow-
er source, and sends out an input gas refrigerant after
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turning it into a gas refrigerant with a higher temperature
and a higher pressure than at a time of input.

[0025] Thecompressor motor210is provided between
the accumulator 208 and the compressor 209. The com-
pressor motor 210 operates the compressor 209.
[0026] The expansion valve 215 is provided between
the air heat exchanger 101 and the water heat exchanger
201. The expansion valve 215 turns an input liquid-form
refrigerant with a temperature T and a pressure P into a
refrigerant with a temperature lower than the temperature
T and a pressure lower than the pressure P.

[0027] The control device 216 includes a control unit
217.
[0028] The control unit 217 controls each functional

unit of the chilling unit 1 to set a temperature of water
cooled by the water heat exchanger 201 to a desired
temperature. For example, the control unit 217 may con-
trol valve position of the expansion valve 215 to perform
decompression adjustment and flow adjustment. In ad-
dition, the control unit 217 controls a differential pressure
between the pressure of the refrigerant in the water heat
exchanger 201 connected to the four-way valve 207 and
the pressure of the refrigerant in the air heat exchanger
101 connected to the four-way valve 207 such that it is
equal to or greater than a predetermined differential pres-
sure before the chilling unit 1 starts the operation of the
cooling cycle. Specifically, the control unit 217 causes
the chilling unit 1 to operate the heating cycle when a
differential pressure obtained by subtracting the pressure
of the refrigerant detected by the first pressure sensor
202 from the pressure of the refrigerant detected by the
second pressure sensor 203 is lower than a predeter-
mined differential pressure. In addition, the control unit
217 causes the chilling unit 1 to operate the cooling cycle
after the differential pressure obtained by subtracting the
pressure of the refrigerant detected by the first pressure
sensor 202 from the pressure of the refrigerant detected
by the second pressure sensor 203 becomes equal to or
greater than a predetermined differential pressure in
which the refrigerant circulates and water does not
freeze. Forexample, the control unit 217 performs control
to switch from the operation of the reverse cycle of the
cooling cycle to the operation of the cooling cycle in the
chilling unit 1 at a timing at which the differential pressure
obtained by subtracting the refrigerant pressure detected
by the first pressure sensor 202 from the refrigerant pres-
sure detected by the second pressure sensor 203 be-
comes within a predetermined range of differential pres-
sure in which the refrigerant with the same circulation
flow rate as a circulation flow rate of the refrigerant when
the chilling unit 1 reaches an equilibrium state can flow.
[0029] In the chilling unit 1, when the control unit 217
performs control to operate the cooling cycle, the com-
pressor 209 turns the input gas refrigerant into a gas
refrigerant with a higher temperature and a higher pres-
sure than at a time of input and sends out the gas refrig-
erantto the air heat exchanger 101 via the four-way valve
207 by the control of the control unit 217. The air heat
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exchanger 101 functioning as a condenser exchanges
heat between the refrigerant and the outside air. At this
time, the temperature of the refrigerant is higher than the
outside air temperature. For this reason, the air heat ex-
changer 101 turns the input refrigerant into a refrigerant
with atemperature lower than atatime ofinput and sends
out the refrigerant to the expansion valve 215. The ex-
pansion valve 215 turns the input refrigerant into a refrig-
erant with a lower temperature and a lower pressure by
performing decompression adjustment and flow adjust-
ment thereon, and sends out the refrigerant to the water
heatexchanger 201. The water heatexchanger 201 func-
tioning as an evaporator exchanges heat between the
refrigerant received from the expansion valve 215 and
water and outside air. At this time, the temperature of the
refrigerant is lower than the temperature of the water and
the outside air. For this reason, the water heat exchanger
201 cools the water and increases the temperature and
pressure of the refrigerant. The water heat exchanger
201 sends out the refrigerant to the accumulator 208 via
the four-way valve 207. The accumulator 208 prevents
refrigerant which is not gasified by the evaporator from
being absorbed into the compressor 209 in the liquid
state. As a result, the accumulator 208 sends out only
gas refrigerant to the compressor 209 via the compressor
motor 210.

[0030] In the chilling unit 1, when the control unit 217
performs control to operate the heating cycle, the com-
pressor 209 turns the input gas refrigerant into a gas
refrigerant with a higher temperature and a higher pres-
sure than at a time of input and sends out the gas refrig-
erant to the water heat exchanger 201 via the four-way
valve 207. The water heat exchanger 201 functioning as
acondenser exchanges heat between the refrigerantand
water and outside air. At this time, the temperature of the
refrigerant is higher than the temperature of the water
and the outside. For this reason, the water heat exchang-
er 201 turns the input refrigerant into a refrigerant with a
temperature lower than at a time of input and sends out
the refrigerantto the expansion valve 215. The expansion
valve 215 turns the input refrigerant into a refrigerant with
a lower pressure at a lower temperature by performing
decompression adjustment and flow adjustment thereon
and sends out the refrigerant to the air heat exchanger
101. The air heat exchanger 101 functioning as an evap-
orator exchanges heat between the refrigerant input from
the expansion valve 215 and the outside air. At this time,
the temperature of the refrigerant is lower than the tem-
perature of the outside. Therefore, the air heatexchanger
101 increases the temperature and the pressure of the
refrigerant. The air heat exchanger 101 sends out the
refrigerant to the accumulator 208 via the four-way valve
207. The accumulator 208 prevents refrigerant which is
not gasified by an evaporator from being absorbed into
the compressor 209 in the liquid state. Accordingly, the
accumulator 208 sends out only gas refrigerant to the
compressor 209 via the compressor motor 210.

[0031] A case in which the control unit 217 performs
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control to immediately operate the cooling cycle without
the operation of the heating cycle before the operation
of the cooling cycle is started in the chilling unit 1 in a
period with a low outside air temperature such as winter
will be described.

[0032] In the chilling unit 1, when the control unit 217
performs control to operate the cooling cycle, the com-
pressor 209 turns the input gas refrigerant into a refrig-
erant with a higher temperature and a higher pressure
than at a time of input and sends out the refrigerant to
the air heat exchanger 101 via the four-way valve 207
as described above. The air heat exchanger 101 func-
tioning as a condenser exchanges heat between the re-
frigerant and the outside air. At this time, the temperature
of the refrigerant is higher than the temperature of the
outside air. For this reason, the air heat exchanger 101
turns the input refrigerant into a refrigerant with a tem-
perature lower than at a time of input, and sends out the
refrigerant to the expansion valve 215. The expansion
valve 215 turns the input refrigerant into a refrigerant with
a low pressure at a low temperature by performing de-
compression adjustment and flow adjustment thereon
and sends out the refrigerant to the water heat exchanger
201. The water heat exchanger 201 functioning as an
evaporator exchanges heat between the refrigerantinput
from the expansion valve 215 and water and outside air.
At this time, the temperature of the refrigerant is lower
than the temperature of the water and the outside air.
For this reason, the water heat exchanger 201 cools the
water and increases the temperature and the pressure
of the refrigerant. The water heat exchanger 201 sends
out the refrigerant to the accumulator 208 via the four-
way valve 207. The accumulator 208 prevents refrigerant
which is not gasified by an evaporator from being ab-
sorbed into the compressor 209 in the liquid state. Ac-
cordingly, the accumulator 208 sends out only gas refrig-
erant to the compressor 209 via the compressor motor
210. As a result, refrigerant flows in the chilling unit 1 in
a direction of solid line arrows shown in Fig. 1.

[0033] Figure2isadiagram which shows the operation
of the cooling cycle performed by the chilling unit 1 shows
a relationship between a time when refrigerant is flowing
in the chilling unit 1 in the direction of the solid line arrows
shown in Fig. 1 and a pressure of the refrigerant. In Fig.
2,the horizontal axis represents time and the vertical axis
represents the pressure of a refrigerant.

[0034] ApressureP1isarefrigerantpressure detected
by the first pressure sensor 202. In addition, a pressure
P2 is arefrigerant pressure detected by the second pres-
sure sensor 203.

[0035] A time O is a reference time. At the time 0, the
compressor 209 does not operate. At the time 0, refrig-
erant in the chilling unit 1 is in an equilibrium state. In a
case of Fig. 2, each of the pressure P1 and the pressure
P2 at the time 0 is 0.7 MPa. A time t1 ais a time at which
the compressor 209 starts to operate. A time t2ais atime
at which the pressure P1 is minimized. A time t3a is a
time at which the pressure P1 returns to 0.7 MPa which
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is the pressure at the time 0. A time t4a is a time at which
the refrigerant in the chilling unit 1 is in an equilibrium
state when the compressor 209 operates. In the follow-
ing, an operation of the chilling unit 1 at each time will be
described.

[0036] Between the time 0 and the time t1a, the com-
pressor 209 does not operate. Between the time 0 and
the time t1a, the refrigerant in the chilling unit 1 is in an
equilibrium state. If the compressor 209 starts to operate
at the time t1a, the compressor 209 receives the refrig-
erant. The compressor 209 turns the refrigerant into a
refrigerant with a higher temperature and a higher pres-
sure than the refrigerant at a time of input, and sends out
the refrigerant to the air heat exchanger 101 via the four-
way valve 207. At this time, the refrigerant passes
through the second pressure sensor 203 provided in a
refrigerant pipe between the four-way valve 207 and the
air heat exchanger 101. For this reason, the pressure P2
of the refrigerant detected by the second pressure sensor
203 gradually increases from the time t1a.

[0037] The air heat exchanger 101 functioning as a
condenser receives the refrigerant which has passed
through the second pressure sensor 203. The air heat
exchanger 101 exchanges heat between the input refrig-
erant and outside air and turns the refrigerant into a re-
frigerant with a temperature lower than at a time of input.
The air heat exchanger 101 sends out the refrigerant to
the expansion valve 215.

[0038] The expansion valve 215 turns the input refrig-
erant into a refrigerant with a lower temperature and a
lower pressure by performing decompression adjust-
ment and flow adjustment thereon, and sends out the
refrigerant to the water heat exchanger 201. The tem-
perature of the refrigerant at this time is lower than the
temperature of the water and the outside air in the water
heat exchanger 201.

[0039] The water heat exchanger 201 functioning as
an evaporator receives refrigerant from the expansion
valve 215. The air heat exchanger 101 exchanges heat
between the input refrigerant and water and outside air.
The temperature of the refrigerant input by the water heat
exchanger 201 is lower than the temperature of the water
and the outside air in the water heat exchanger 201. For
this reason, the temperature and the pressure of the re-
frigerantincrease and the wateris cooled. The water heat
exchanger 201 sends out the refrigerant to the accumu-
lator 208 via the four-way valve 207. At this time, the
refrigerant passes through the first pressure sensor 202
provided in the refrigerant pipe between the water heat
exchanger 201 and the four-way valve 207. Immediately
after the compressor 209 starts to operate at the time
t1a, a differential pressure obtained by subtracting the
pressure of the refrigerant detected by the first pressure
sensor 202 from the pressure of the refrigerant detected
by the second pressure sensor 203 in the chilling unit 1
is small. For this reason, the flow of refrigerant circulating
in the chilling unit 1 per unit time is small amount. When
the flow of refrigerant circulating per unit time is small
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amount, an amount of refrigerant compressed by the
compressor 209 is also small, and a compression rate
at which the compressor 209 compresses refrigerant is
low. Therefore, the temperature at which the compressor
209 heats the refrigerant is made to be lower than the
temperature at which the air heat exchanger 101 and the
expansion valve 215 cool the refrigerant by performing
decompression adjustment and flow adjustment. The re-
frigerant pressure P1 detected by the first pressure sen-
sor 202 gradually decreases from the time t1a.

[0040] The accumulator 208 prevents refrigerant
which is not gasified by an evaporator from being ab-
sorbed into the compressor 209 in the liquid state. Ac-
cordingly, the accumulator 208 sends out only gas refrig-
erant to the compressor 209 via the compressor motor
210.

[0041] If the operation of the cooling cycle continues,
the flow of the refrigerant circulating in the chilling unit 1
per unit time increases and the temperature at which the
compressor 209 compresses and heats the refrigerant
increases. Therefore, the temperature of the refrigerant
sent out to the air heat exchanger 101 via the four-way
valve 207 by the compressor 209 increases. At a time
t2a, the temperature at which the compressor 209 heats
the refrigerant is higher than the temperature at which
the air heat exchanger 101 and the expansion valve 215
cool the refrigerant. For this reason, the temperature of
the refrigerant in the refrigerant pipe between the water
heat exchanger 201 and the four-way valve 207 increas-
es and the refrigerant pressure P1 detected by the first
pressure sensor 202 increases.

[0042] Thereafter, each of the refrigerant pressure P1
detected by the first pressure sensor 202 and the refrig-
erant pressure P2 detected by the second pressure sen-
sor 203 increases in a transitional manner. The refriger-
ant pressure P1 detected by the first pressure sensor
202 becomes 0.7 MPa which is the same as the pressure
at the time 0 at a time t3a, and continues to increase.
[0043] Each of the refrigerant pressure P1 detected by
the first pressure sensor 202 and the refrigerant pressure
P2 detected by the second pressure sensor 203 is in a
steady state designed for the operation of the cooling
cycle at a time t4a.

[0044] Whenthe water heatexchanger201 functioning
as an evaporator receives the refrigerant from the ex-
pansion valve 215 and cools water by exchanging heat
between the refrigerant and the water and outside air, if
the outside air temperature is low enough but slightly
exceeds the freezing point of water, the water may freeze
due to the heat exchange of the water heat exchanger
201. In other words, in the chilling unit 1, when the control
unit 217 immediately performs control to cause the water
heat exchanger 201 to operate the cooling cycle to cool
water without performing control to operate the heating
cycle in advance, there is a likelihood that the water to
be cooled may freeze.

[0045] A case in which the control unit 217 causes the
heating cycle to be operated before the operation of the
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cooling cycle is started, and controls a differential pres-
sure obtained by subtracting the refrigerant pressure
(P2>P1) detected by the first pressure sensor 202 from
the refrigerant pressure detected by the second pressure
sensor 203 such that it is equal to or greater than a pre-
determined differential pressure in the chilling unit 1 in a
period with a low outside air temperature such as winter
will be described.

[0046] In the chilling unit 1, when the control unit 217
performs control to operate the heating cycle, as de-
scribed above, the compressor 209 turns an input gas
refrigerant into a gas refrigerant with a higher tempera-
ture and a higher pressure than at a time of input and
sends out the refrigerant to the water heat exchanger201
via the four-way valve 207. The water heat exchanger
201 functioning as a condenser exchanges heat between
the refrigerant and water. At this time, the temperature
of the refrigerant is higher than the water temperature.
For this reason, the water heat exchanger 201 turns the
input refrigerant into a refrigerant with a lower tempera-
ture than at a time of input and sends out the refrigerant
to the expansion valve 215. The expansion valve 215
turns the input refrigerant into a refrigerant with a lower
temperature and a lower pressure by performing decom-
pression adjustment and flow adjustment thereon and
sends out the refrigerant to the air heat exchanger 101.
The air heat exchanger 101 functioning as an evaporator
exchanges heat between the refrigerant input from the
expansion valve 215 and the outside air. At this time, the
temperature of the refrigerant is lower than the temper-
ature of the outside air. For this reason, the air heat ex-
changer 101 increases the temperature of the refrigerant.
Then, the air heat exchanger 101 sends out the refriger-
ant to the accumulator 208 via the four-way valve 207.
The accumulator 208 prevents refrigerant which is not
gasified by an evaporator from being absorbed into the
compressor 209 in the liquid state. Accordingly, the ac-
cumulator 208 sends out only gas refrigerant to the com-
pressor 209 via the compressor motor 210. As a result,
the refrigerant flows in the chilling unit 1 in the direction
of the dotted arrows shown in Fig. 1.

[0047] Then, the control unit 217 switches from control
to operate the heating cycle to control to operate the cool-
ing cycle. As a result, the refrigerant flows in the chilling
unit 1 in the direction of the solid line arrows shown in
Fig. 1.

[0048] Figure 3isadiagram which shows the operation
of the heating cycle performed before the chilling unit 1
starts the operation of the cooling cycle shows a relation-
ship between a time at which refrigerant is flowing in the
chilling unit 1 in the direction of the solid line arrows shown
in Fig. 1 and a pressure of the refrigerant.

[0049] InFig. 3, the horizontal axis represents time and
the vertical axis represents the pressure of refrigerant.
[0050] The pressure P1 is a refrigerant pressure de-
tected by the first pressure sensor 202. The pressure P2
is arefrigerant pressure detected by the second pressure
sensor 203.
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[0051] A time O is a reference time. At the time 0, the
compressor 209 does not operate. At the time 0, the re-
frigerant in the chilling unit 1 is in an equilibrium state. In
acase of Fig. 3, each of the pressure P1 and the pressure
P2 at the time 0 is 0.7 MPa. A time t1b is a time at which
the compressor 209 starts to operate. A time t2b is atime
at which a differential pressure obtained by subtracting
the refrigerant pressure P1 detected by the first pressure
sensor 202 from the refrigerant pressure P2 detected by
the second pressure sensor 203 is maximized. A differ-
ential pressure obtained by subtracting the refrigerant
pressure P1 detected by the first pressure sensor 202
from the refrigerant pressure P2 detected by the second
pressure sensor 203 at a time t3b is an example of dif-
ferential pressure which shows that the differential pres-
sure between the pressure P2 and the pressure P1 is
maximized at the time t2b and then becomes a prede-
termined range of differential pressure (for example, 0.3
to 0.6 MPa) in which refrigerant circulates in the chilling
unit 1 and water to be cooled does not freeze. In one
embodiment of the present invention, the time t3b is a
time at which the control unit 217 switches from control
to operate the heating cycle to control to operate the cool-
ing cycle. A time t4b is a time at which the pressure P1
matches the pressure P2. A time t5b is a time at which
the refrigerant in the chilling unit 1 reaches an equilibrium
state when the compressor 209 operates. In the follow-
ing, the operation of the chilling unit 1 at each time will
be described.

[0052] Between the time 0 and the time tlb, the com-
pressor 209 does not operate. Between the time 0 and
the time tlb, the refrigerant in the chilling unit 1 is in an
equilibrium state. If the compressor 209 starts to operate
at the time t1b, the compressor 209 receives refrigerant.
The compressor 209 turns the input refrigerant into a
refrigerant with a higher temperature and a higher pres-
sure than the refrigerant at a time of input, and sends out
the refrigerant to the water heat exchanger 201 via the
four-way valve 207. At this time, the refrigerant passes
through the first pressure sensor 202 provided in the re-
frigerant pipe between the four-way valve 207 and the
water heat exchanger 201. For this reason, the refriger-
ant pressure P1 detected by the first pressure sensor
202 gradually increases from the time t1b.

[0053] The water heat exchanger 201 functioning as a
condenser receives the refrigerant which has passed
through the first pressure sensor 202. The water heat
exchanger 201 exchanges heat between the input refrig-
erant and water and outside air to turn the input refriger-
ant into a refrigerant with a lower temperature than at a
time of input. At this time, the temperature of the water
increases. The water heat exchanger 201 sends out the
refrigerant to the expansion valve 215.

[0054] The expansion valve 215 turns the input refrig-
erant into a refrigerant with a lower temperature and a
lower pressure by performing decompression adjust-
ment and flow adjustment thereon, and sends out the
refrigerant to the air heat exchanger 101. The tempera-

10

15

20

25

30

35

40

45

50

55

ture of the refrigerant at this time is lower than the tem-
perature of the outside air in the air heat exchanger 101.
[0055] The air heat exchanger 101 functioning as an
evaporator receives the refrigerant from the expansion
valve 215. The air heat exchanger 101 exchanges heat
between the input refrigerant and outside air. The tem-
perature of the refrigerant input by the air heat exchanger
101 is lower than the temperature of the outside air in
the air heat exchanger 101. For this reason, the temper-
ature and the pressure of the refrigerant increase. The
air heat exchanger 101 sends out the refrigerant to the
accumulator 208 via the four-way valve 207. At this time,
the refrigerant passes through the second pressure sen-
sor 203 provided in the refrigerant pipe between the air
heat exchanger 101 and the four-way valve 207. There-
fore, the pressure P2 of the refrigerant detected by the
second pressure sensor 203 gradually decreases from
the time t1b.

[0056] The accumulator 208 prevents refrigerant
which is not gasified by an evaporator from being ab-
sorbed into the compressor 209 in the liquid state. Ac-
cordingly, the accumulator 208 sends out only gas refrig-
erant to the compressor 209 via the compressor motor
210.

[0057] If the operation of the cooling cycle continues,
the temperature of the refrigerant sent out to the water
heat exchanger 201 via the four-way valve 207 by the
compressor 209 increases. The refrigerant pressure P1
detected by the first pressure sensor 202 increases, and
the refrigerant pressure P2 detected by the second pres-
sure sensor 203 decreases until the time t2b. A differen-
tial pressure obtained by subtracting the refrigerant pres-
sure P1 detected by the first pressure sensor 202 from
the refrigerant pressure P2 detected by the second pres-
sure sensor 203 is maximized at the time t2b. At the time
t2b, anincrease in the temperature of the refrigerant sent
out to the water heat exchanger 201 via the four-way
valve 207 by the compressor 209 is larger than a de-
crease in the temperature of the refrigerant cooled by the
water heat exchanger 201 and the expansion valve 215.
The temperature of the refrigerant in the refrigerant pipe
between the air heat exchanger 101 and the four-way
valve 207 increases and the pressure P2 of the refriger-
ant detected by the second pressure sensor 203 increas-
es.

[0058] Thereafter, each of the refrigerant pressure P1
detected by the first pressure sensor 202 and the refrig-
erant pressure P2 detected by the second pressure sen-
sor203increases. After the differential pressure between
the pressure P2 and the pressure P1 is maximized, the
controlunit 217 switches from control to operate the heat-
ing cycle to control to operate the cooling cycle at the
time t3b at which the differential pressure becomes a
predetermined range of differential pressure in which the
refrigerant circulates in the chilling unit 1 and water to be
cooled does not freeze. If the differential pressure ob-
tained by subtracting the refrigerant pressure P1 detect-
ed by the first pressure sensor 202 from the refrigerant
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pressure P2 detected by the second pressure sensor 203
is within or greater than the predetermined range of dif-
ferential pressure in which the refrigerant circulates in
the chilling unit 1 and water to be cooled does not freeze,
the control unit 217 may switch from the control to operate
the heating cycle to the control to operate the cooling
cycle.

[0059] If the control unit 217 switches from the control
to operate the heating cycle to the control to operate the
cooling cycle, the refrigerant pipe between the air heat
exchanger 101 and the four-way valve 207 is connected
to an output of the compressor 209 and the refrigerant
pipe between the water heat exchanger 201 and the four-
way valve 207 is connected to an input of the compressor
209 via the accumulator 208 and the compressor motor
210.

[0060] The compressor 209 receives refrigerant from
the refrigerant pipe between the water heat exchanger
201 and the four-way valve 207 via the accumulator 208
and the compressor motor 210. The compressor 209
turns the input refrigerant into a refrigerant with a higher
temperature and a higher pressure than the refrigerant
at a time of input, and sends out the refrigerant to the air
heat exchanger 101 via the four-way valve 207. At this
time, the refrigerant passes through the second pressure
sensor 203 provided in the refrigerant pipe between the
four-way valve 207 and the air heat exchanger 101.
Therefore, the refrigerant pressure P2 detected by the
second pressure sensor 203 increases.

[0061] The air heat exchanger 101 functioning as a
condenser receives the refrigerant which has passed
through the second pressure sensor 203. The air heat
exchanger 101 exchanges heat between the input refrig-
erant and outside air, and turns the refrigerant into a re-
frigerant with a lower temperature than at a time of input.
The air heat exchanger 101 sends out the refrigerant to
the expansion valve 215.

[0062] The expansion valve 215 turns the input refrig-
erant into a refrigerant with a lower temperature and a
lower pressure by performing decompression adjust-
ment and flow adjustment thereon, and sends out the
refrigerant to the water heat exchanger 201. The tem-
perature of the refrigerant at this time is lower than the
temperature of the water and the outside air in the water
heat exchanger 201.

[0063] The water heat exchanger 201 functioning as
an evaporator receives the refrigerant from the expan-
sion valve 215. The water heat exchanger 201 exchang-
es heat between the input refrigerant and water and out-
side air. The temperature of the refrigerant input by the
water heat exchanger 201 is lower than the temperature
ofthe water and the outside airin the water heatexchang-
er201. For thisreason, the temperature and the pressure
of the refrigerant increase and the water is cooled. The
water heat exchanger 201 sends out the refrigerant to
the accumulator 208 via the four-way valve 207. At this
time, the refrigerant passes through the first pressure
sensor 202 provided in the refrigerant pipe between the
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water heat exchanger 201 and the four-way valve 207.
Therefore, the refrigerant pressure P1 detected by the
first pressure sensor 202 decreases from the time t3b.
[0064] The accumulator 208 prevents refrigerant
which is not gasified by an evaporator from being ab-
sorbed into the compressor 209 in the liquid state. Ac-
cordingly, the accumulator 208 sends out only gas refrig-
erant to the compressor 209 via the compressor motor
210.

[0065] If the operation of the cooling cycle continues,
the temperature of the refrigerant sent out to the air heat
exchanger 101 via the four-way valve 207 by the com-
pressor 209 increases. The refrigerant pressure P1 de-
tected by the first pressure sensor 202 matches the re-
frigerant pressure P2 detected by the second pressure
sensor 203 at the time t4b.

[0066] Thereafter, each of the refrigerant pressure P1
detected by the first pressure sensor 202 and the refrig-
erant pressure P2 detected by the second pressure sen-
sor 203 increases.

[0067] Each of the refrigerant pressure P1 detected by
the first pressure sensor 202 and the refrigerant pressure
P2 detected by the second pressure sensor 203 is sub-
stantially in an equilibrium state at the time t5b.

[0068] Therefore, in the chilling unit 1 in a period with
a low outside air temperature such as winter, when the
control unit 217 causes the heating cycle to be operated
before the operation of the cooling cycle is started, and
a differential pressure obtained by subtracting the refrig-
erant pressure detected by the first pressure sensor 202
from the refrigerant pressure detected by the second
pressure sensor 203 is controlled to be equal to or greater
than a predetermined differential pressure, it is possible
to prevent water to be cooled from freezing.

[0069] As described above, processing of the control
device 216 according to one embodiment of the present
invention has been described. According to the process-
ing of the control device 216 of one embodiment of the
presentinvention, the control unit217 causes the heating
cycle which is the reverse cycle of the cooling cycle to
be operated before the operation of the cooling cycle to
cool water using the water heat exchanger 201 is started
when the operation of the cooling cycle starts to cool
water, and the water temperature is an outside air tem-
perature which is a temperature of a freezing point or
below. The control unit 217, when the cooling cycle is
operated, controls a differential pressure obtained by
subtracting the refrigerant pressure P1 in the refrigerant
pipe between the compressor 209 and the water heat
exchanger 201 which is lower than the refrigerant pres-
sure P2 from the refrigerant pressure P2 in the refrigerant
pipe between the compressor 209 and the air heat ex-
changer 101 such that it is equal to or greater than a
predetermined differential pressure at which refrigerant
circulates and the water does not freeze. Specifically, the
control unit 217 switches from the operation of the re-
verse cycle of the cooling cycle to the operation of the
cooling cycle at a timing at which the differential pressure
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obtained by subtracting the refrigerant pressure detected
by the first pressure sensor 202 from the refrigerant pres-
sure detected by the second pressure sensor 203 be-
comes a predetermined range of differential pressure at
which refrigerant with the same circulation flow rate as
the circulation flow rate of the refrigerant when the chilling
unit 1 reaches the equilibrium state can flow.

[0070] In this manner, the control device 216 can pre-
vent water to be cooled from freezing when the operation
of the cooling cycle is started without adding a special
function to the chilling unit 1.

[0071] When the chilling unit 1 includes a plurality of
sets of the air heat exchanger 101, the water heat ex-
changer 201, and the compressors 209, the control unit
217 performs control to switch from the operation of the
heating cycle to the operation of the cooling cycle at dif-
ferent timings for each of the plurality of sets.

[0072] In this manner, the control device 216 can relax
anincrease inthe temperature of water to be cooled when
the operation of the heating cycle is performed on second
set and after of the air heat exchanger 101, the water
heat exchanger 201, and the compressor 209 in the chill-
ing unit 1, and thus can suppress a final increase in the
temperature of water better than in a case in which the
operation of the heating cycle is simultaneously per-
formed on a plurality of sets of the air heat exchanger
101, the water heat exchanger 201, and the compressor
209.

[0073] The controlunit217 may also perform a defrost-
ing control when the differential pressure obtained by
subtracting the refrigerant pressure detected by the first
pressure sensor 202 from the refrigerant pressure de-
tected by the second pressure sensor 203 is lower than
a predetermined differential pressure.

[0074] In this manner, the control device 216 can pre-
vent water to be cooled from freezing when the chilling
unit 1 starts the operation of the cooling cycle without
adding a special function.

[0075] The embodiment of the present invention has
been described, but the control device 216 described
above has a computer system therein. Further, a process
ofthe processing described above is stored ina computer
readable recording medium in a form of program, and a
computer reads and executes this program, and thereby
the processing described above is performed. Here, the
computer readable recording medium refers to a mag-
netic disk, a magneto-optical disk, a CD-ROM, a DVD-
ROM, a semiconductor memory, or the like. In addition,
the computer program may be delivered to a computer
through a communication line and the computer which
has received a delivery of the computer program may
execute the program.

[0076] Moreover, the program described above may
realize a portion of the functions described above. Fur-
thermore, the program described above may be a file
which realizes the functions described above by a com-
bination with a program already recorded in the computer
system, a so-called difference file (difference program).
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[0077] Some embodiments of the present invention
have been described, but these embodiments are exam-
ples and do not limit the scope of the invention. Various
omissions, substitutions, and changes may be made in
these embodiments within a range not departing from
the gist of the invention.

[Industrial Applicability]

[0078] According to the control device of the embodi-
ment of the present invention, it is possible to prevent
water to be cooled from freezing when the chilling unit
starts operation of a cooling cycle.

[Reference Signs List]
[0079]

1 Chilling unit

101 Air heat exchanger
201 Water heat exchanger
202 First pressure sensor
203 Second pressure sensor
207 Four-way valve

208 Accumulator

209 Compressor

210 Compressor motor
215 Expansion valve

216 Control device

217 Control unit

Claims

1. A control device for a chilling unit which includes an
air heat exchanger configured to send out a refrig-
erant heat-exchanged with the outside air, a water
heat exchanger configured to cool water by exchang-
ing heat between the refrigerant sent out from the
airheatexchanger and the water, a compressor con-
figured to compress the refrigerant and to send out
the compressed refrigerant, and a first refrigerant
pipe configured to send out the refrigerant sent out
from the compressor to the air heat exchanger, the
control device comprising:

a control unit configured to control an operation
of the chilling unit,

wherein the control in which the control unit per-
forms includes:

controlling a differential pressure obtained by
subtracting a refrigerant pressure in a second
refrigerant pipe provided between the compres-
sor and the water heat exchanger from a refrig-
erant pressure in the first refrigerant pipe to be
equal to or greater than a predetermined differ-
ential pressure at which the refrigerant circu-
lates and the water does not freeze when a cool-
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ing cycle to cool the water using the water heat
exchanger is operated; and

causing the chilling unit to operate a reverse cy-
cle of the cooling cycle before operation of the
cooling cycle is started in the chilling unit when
the outside airtemperature is an outside air tem-
perature that makes the temperature of the wa-
ter equal to or lower than the freezing point of
the water.

2. The control device according to claim 1, the control

device comprising:

a first pressure sensor configured to detect a
refrigerant pressure in the second refrigerant
pipe; and

a second pressure sensor configured to detect
arefrigerant pressure in the first refrigerant pipe;
wherein the control unit switches from operation
of a reverse cycle of the cooling cycle to opera-
tion of the cooling cycle at a timing at which a
differential pressure obtained by subtracting a
refrigerant pressure detected by the first pres-
sure sensor from a refrigerant pressure detected
by the second pressure sensor is a predeter-
mined range of differential pressure at which the
refrigerant with the same circulation flow rate as
a circulation flow rate of the refrigerant when the
chilling unit reaches an equilibrium state can
flow.

The control device according to claim 2,

wherein, when the chilling unit includes a plurality of
sets of air heat exchanger, water heat exchanger,
and compressor, the control unit switches from the
operation of the reverse cycle of the cooling cycle to
the operation of the cooling cycle at different timings
for each of the plurality of sets.

A control method of a control device for a chilling unit
which includes an air heat exchanger configured to
send out a refrigerant heat-exchanged with the out-
side air, a water heat exchanger configured to cool
water by exchanging heat between the refrigerant
sent out from the air heat exchanger and the water,
acompressor configured to compress the refrigerant
and to send out the compressed refrigerant, and a
first refrigerant pipe configured to send out the re-
frigerant sent out from the compressor to the air heat
exchanger, the control method comprising the steps
of:

controlling a differential pressure obtained by
subtracting a refrigerant pressure in a second
refrigerant pipe provided between the compres-
sor and the water heat exchanger from a refrig-
erant pressure in the first refrigerant pipe to be
equal to or greater than a predetermined differ-
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ential pressure at which the refrigerant circu-
lates and the water does not freeze when a cool-
ing cycle to cool the water using the water heat
exchanger is operated; and

causing the chilling unit to operate a reverse cy-
cle of the cooling cycle before operation of the
cooling cycle is started in the chilling unit when
the outside air temperature is an outside air tem-
perature that makes the temperature of the wa-
ter equal to or lower than the freezing point of
the water.

5. A program which causes a computer for a chilling

unit including an air heat exchanger configured to
send out a refrigerant heat-exchanged with the out-
side air, a water heat exchanger configured to cool
water by exchanging heat between the refrigerant
sent out from the air heat exchanger and the water,
acompressor configured to compress the refrigerant
and to send out the compressed refrigerant, and a
first refrigerant pipe configured to send out the re-
frigerant sent out from the compressor to the air heat
exchanger to execute following steps of:

controlling that a differential pressure obtained
by subtracting a refrigerant pressure in a refrig-
erant pipe provided between the compressor
and the water heat exchanger from a refrigerant
pressure in a refrigerant pipe provided between
the compressor and the air heat exchanger is
equal to or greater than a predetermined differ-
ential pressure at which the refrigerant circu-
lates and the water does not freeze when a cool-
ing cycle to cool the water using the water heat
exchanger is operated, and causing the chilling
unit to operate a reverse cycle of the cooling
cycle before causing the chilling unit to start op-
eration of the cooling cycle when the outside air
temperature is an outside air temperature that
makes the temperature of the water equal to or
lower than the freezing point of the water.
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