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Description

[Technical Field]

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

[Background Art]

[0002] There is 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.
[0003] A related technology 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.
[0004] JP 2009-174769 A discloses a refrigerator in
which a liquid solenoid valve is provided in a primary side
of an expansion valve. A primary side of a condenser
and a secondary side of the expansion valve are con-
nected by a bypass passage. An opening-adjustable by-
pass valve is provided in the bypass passage. The water
is circulated between an evaporator and a tank, and cool-
ing of the circulated water is carried out by heat of va-
porization of a refrigerant in the evaporator. At activation
of the refrigerator, if a refrigerant temperature or a refrig-
erant pressure of a primary side of the liquid solenoid
valve is a set value or less, introduction of the water to
the evaporator is stopped or limited, the bypass valve is
opened in a state of closing the liquid solenoid valve, and
the refrigerator is activated. JP 2009-174769 A discloses
a control device comprising a control unit configured to
control an operation of the chilling unit, wherein the con-
trol in which the control unit performs includes:
causing the chilling unit to operate a defrost cycle of the
cooling cycle before operation of the cooling cycle is start-
ed 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.

[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 present inven-
tion, a control device according to claim 1 is provided.
The 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 refrigerant and to send out the com-
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 a reverse 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] The control device includes a first pressure sen-
sor configured to detect a refrigerant pressure in the sec-
ond refrigerant pipe; and a second pressure sensor con-
figured to detect a refrigerant pressure in the first refrig-
erant pipe; wherein the control unit switches from oper-
ation 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 a refrigerant pressure
detected by the first pressure sensor from a refrigerant
pressure detected by the second pressure sensor is a
predetermined range of differential pressure at which the
refrigerant with the same circulation flow rate as a circu-
lation flow rate of the refrigerant when the chilling unit
reaches an equilibrium state can flow.
[0010] In the control device, when the chilling unit in-
cludes a plurality of sets of air heat exchanger, water
heat exchanger, and compressor, the control unit switch-
es from the operation of the reverse cycle of the cooling
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cycle to the operation of the cooling cycle at different
timings for each of the plurality of sets.
[0011] According to a second aspect of the present
invention, a control method according to claim 2 is pro-
vided. The control method is a control method of a control
device for a chilling unit which includes an air heat ex-
changer configured to send out a refrigerant heat-ex-
changed 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 re-
frigerant and to send out the compressed refrigerant, and
a first refrigerant pipe configured to send out the refrig-
erant sent out from the compressor to the air heat ex-
changer. The control method of a control device includes
controlling that a differential pressure obtained by sub-
tracting a refrigerant pressure in a refrigerant pipe pro-
vided between the compressor and the water heat ex-
changer from a refrigerant pressure in a refrigerant pipe
provided between the compressor and the air heat ex-
changer is equal to or greater than a predetermined dif-
ferential pressure at which 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 outside air temperature that makes the
temperature of the water equal to or lower than the freez-
ing point of the water.
[0012] According to a third aspect of the present inven-
tion, a program according to claim 3 is provided. The
program causes a computer for a chilling unit including
an air heat exchanger configured to send out a refrigerant
heat-exchanged with the outside air, a water heat ex-
changer configured to cool water by exchanging heat be-
tween 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: controlling that
a differential pressure obtained by subtracting a refriger-
ant pressure in a refrigerant pipe provided between the
compressor and the water heat exchanger from a refrig-
erant pressure in a refrigerant pipe provided between the
compressor and the air heat exchanger is equal to or
greater than a predetermined differential pressure at
which 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 chill-
ing 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, it is 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 unit in 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
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,
a four-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-
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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. Still another 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
turning it into a gas refrigerant with a higher temperature
and a higher pressure than at a time of input.
[0025] The compressor motor 210 is 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. For example, 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-
erant to the air heat exchanger 101 via the four-way valve
207 by the control of the control unit 217. The air heat
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 a temperature lower than at a time of input 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
heat exchanger 201. The water heat exchanger 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
a condenser exchanges heat between the refrigerant and
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
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temperature 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 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 heat exchanger
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
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 refrigerant input
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] Figure 2 is a diagram 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] A pressure P1 is a refrigerant pressure detected
by the first pressure sensor 202. In addition, a pressure
P2 is a refrigerant pressure detected by the second pres-
sure sensor 203.
[0035] A time 0 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 t1a is a time at which
the compressor 209 starts to operate. A time t2a is a time
at which the pressure P1 is minimized. A time t3a is a
time at which the pressure P1 returns to 0.7 MPa which
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
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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-
frigerant increase and the water is 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
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] When the water heat exchanger 201 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
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-
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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 3 is a diagram 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] In Fig. 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 a refrigerant pressure detected by the second pressure
sensor 203.
[0051] A time 0 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
a case 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 a time
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 t1b, the com-
pressor 209 does not operate. Between the time 0 and
the time t1b, 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-
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, an increase 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-
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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-
sor 203 increases. After the differential pressure between
the pressure P2 and the pressure P1 is maximized, the
control unit 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
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
of the water and the outside air in the water heat exchang-
er 201. For this reason, 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
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

13 14 



EP 3 249 321 B1

9

5

10

15

20

25

30

35

40

45

50

55

present invention, the control unit 217 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
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 I 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
an increase in the 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 control unit 217 also performs a defrosting
control when the differential pressure obtained by sub-
tracting the refrigerant pressure detected by the first pres-
sure sensor 202 from the refrigerant pressure detected
by the second pressure sensor 203 is lower than a pre-
determined 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
of the processing described above is stored in a 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).

[Industrial Applicability]

[0077] 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]

[0078]

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 (216) for a chilling unit (1) including
an air heat exchanger (101) configured to send out
refrigerant heat-exchanged with the outside air, a
water heat exchanger (201) configured to cool water
by exchanging heat between the refrigerant sent out
from the air heat exchanger (101) and the water, a
compressor (209) configured to compress the refrig-
erant and to send out the compressed refrigerant, a
first refrigerant pipe configured to send out the re-
frigerant sent out from the compressor (209) to the
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air heat exchanger (101), and a second refrigerant
pipe provided between the compressor (209) and
the water heat exchanger (201), the control device
(216) comprising:

a first pressure sensor (202) configured to detect
a refrigerant pressure in the second refrigerant
pipe;
a second pressure sensor (203) configured to
detect a refrigerant pressure in the first refriger-
ant pipe; and
a control unit (217) configured to control an op-
eration of the chilling unit (1),
wherein the control in which the control unit
(217) is configured to perform includes:

controlling a differential pressure obtained
by subtracting a refrigerant pressure detect-
ed by the first pressure sensor (202) from a
refrigerant pressure detected by the second
pressure sensor (203) to be equal to or
greater than a predetermined differential
pressure at which the refrigerant circulates
and the water does not freeze when a cool-
ing cycle to cool the water using the water
heat exchanger (201) is operated;
causing the chilling unit (1) to operate a re-
verse cycle of the cooling cycle before op-
eration of the cooling cycle is started in the
chilling unit (1) when the outside air temper-
ature is an outside air temperature that
makes the temperature of the water equal
to or lower than the freezing point of the wa-
ter; and
causing the operation of the reverse cycle
to be switched to operation of the cooling
cycle at a timing at which a differential pres-
sure of the refrigerant obtained by subtract-
ing a pressure detected by the first pressure
sensor (202) from a pressure detected by
the second pressure sensor (203) becomes
within a predetermined range at which the
refrigerant is capable of being flown with the
same circulation flow rate of the refrigerant
when the chilling unit (1) reaches an equi-
librium state;

wherein the control unit (217) is configured to
switch from the operation of the reverse cycle
of the cooling cycle to the operation of the cool-
ing cycle at different timings for each of the plu-
rality of sets, when the chilling unit (1) includes
a plurality of sets that each include an air heat
exchanger (101), a water heat exchanger (201),
and a compressor (209).

2. A control method of a control device (216) for a chill-
ing unit (1) which includes an air heat exchanger

(101) configured to send out refrigerant heat-ex-
changed with the outside air, a water heat exchanger
(201) configured to cool water by exchanging heat
between the refrigerant sent out from the air heat
exchanger (101) and the water, a compressor (209)
configured to compress the refrigerant and to send
out the compressed refrigerant, a first refrigerant
pipe configured to send out the refrigerant sent out
from the compressor (209) to the air heat exchanger
(101), and a second refrigerant pipe provided be-
tween the compressor (209) and the water heat ex-
changer (201), the control method comprising the
steps of:

detecting a refrigerant pressure in the second
refrigerant pipe;
detecting a refrigerant pressure in the first re-
frigerant pipe;
controlling a differential pressure obtained by
subtracting a refrigerant pressure detected from
a refrigerant pressure detected to be equal to or
greater than a predetermined differential pres-
sure at which the refrigerant circulates and the
water does not freeze when a cooling cycle to
cool the water using the water heat exchanger
(201) is operated;
causing the chilling unit (1) to operate a reverse
cycle of the cooling cycle before operation of the
cooling cycle is started in the chilling unit (1)
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; and
causing the operation of the reverse cycle to be
switched to operation of the cooling cycle at a
timing at which a differential pressure of the re-
frigerant obtained by subtracting a pressure de-
tected from a pressure detected becomes within
a predetermined range at which the refrigerant
is capable of being flown with the same circula-
tion flow rate of the refrigerant when the chilling
unit (1) reaches an equilibrium state;
wherein by switching from the operation of the
reverse cycle of the cooling cycle to the opera-
tion of the cooling cycle at different timings for
each of the plurality of sets, when the chilling
unit (1) includes a plurality of sets that each in-
clude an air heat exchanger (101), a water heat
exchanger (201), and a compressor (209).

3. A program which causes a computer for a chilling
unit (1) including an air heat exchanger (101) con-
figured to send out refrigerant heat-exchanged with
the outside air, a water heat exchanger (201) con-
figured to cool water by exchanging heat between
the refrigerant sent out from the air heat exchanger
(101) and the water, a compressor (209) configured
to compress the refrigerant and to send out the com-
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pressed refrigerant, a first refrigerant pipe configured
to send out the refrigerant sent out from the com-
pressor (209) to the air heat exchanger (101), a sec-
ond refrigerant pipe provided between the compres-
sor (209) and the water heat exchanger (201) to ex-
ecute functions, the functions comprising:

detecting a refrigerant pressure in the second
refrigerant pipe;
detecting a refrigerant pressure in the first re-
frigerant pipe;
controlling a differential pressure obtained by
subtracting a refrigerant pressure detected from
a refrigerant pressure detected to be equal to or
greater than a predetermined differential pres-
sure at which the refrigerant circulates and the
water does not freeze when a cooling cycle to
cool the water using the water heat exchanger
(201) is operated;
causing the chilling unit (1) to operate a reverse
cycle of the cooling cycle before operation of the
cooling cycle is started in the chilling unit (1)
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; and
causing the operation of the reverse cycle to be
switched to operation of the cooling cycle at a
timing at which a differential pressure of the re-
frigerant obtained by subtracting a pressure de-
tected from a pressure detected becomes within
a predetermined range at which the refrigerant
is capable of being flown with the same circula-
tion flow rate of the refrigerant when the chilling
unit (1) reaches an equilibrium state;
wherein by switching from the operation of the
reverse cycle of the cooling cycle to the opera-
tion of the cooling cycle at different timings for
each of the plurality of sets, when the chilling
unit (1) includes a plurality of sets that each in-
clude an air heat exchanger (101), a water heat
exchanger (201), and a compressor (209).

Patentansprüche

1. Steuerungsvorrichtung (216) für eine Kühleinheit (1)
einschließlich eines Luftwärmetauschers (101), der
konfiguriert ist, um mit der Außenluft wärmeausge-
tauschtes Kältemittel auszusenden, eines Wasser-
wärmetauschers (201), der konfiguriert ist, um Was-
ser zu kühlen, indem zwischen dem von dem Luft-
wärmetauscher (101) ausgesendeten Kältemittel
und dem Wasser Wärme ausgetauscht wird, eines
Kompressors (209), der konfiguriert ist, um das Käl-
temittel zu komprimieren, und um das komprimierte
Kältemittel auszusenden, eines ersten Kältemittel-
rohrs, das konfiguriert ist, um das von dem Kompres-

sor (209) ausgesendete Kältemittel an den Luftwär-
metauscher (101) auszusenden, und eines zweiten
Kältemittelrohrs, das zwischen dem Kompressor
(209) und dem Wasserwärmetauscher (201) vorge-
sehen ist, wobei die Steuerungsvorrichtung (216)
aufweist:

einen ersten Drucksensor (202), der konfiguriert
ist, um einen Kältemitteldruck in dem zweiten
Kältemittelrohr zu erfassen;
einen zweiten Drucksensor (203), der konfigu-
riert ist, um einen Kältemitteldruck in dem ersten
Kältemittelrohr zu erfassen; und
eine Steuerungseinheit (217), die konfiguriert
ist, um einen Betrieb der Kühleinheit (1) zu steu-
ern,
wobei die Steuerung, bei welcher die Steue-
rungseinheit (217) zu einer Durchführung kon-
figuriert ist, umfasst:

Steuern eines Differenzialdrucks, der durch
Subtrahieren eines durch den ersten Druck-
sensor (202) erfassten Kältemitteldrucks
von einem durch den zweiten Drucksensor
(203) erfassten Kältemitteldruck erhalten
ist, um gleich oder größer als ein vorbe-
stimmter Differenzialdruck zu sein, bei wel-
chem das Kältemittel zirkuliert und das
Wasser nicht gefriert, wenn ein Kühlzyklus
zum Kühlen des Wassers unter Verwen-
dung des Wasserwärmetauschers (201)
betrieben wird;
Bewirken, dass die Kühleinheit (1) einen
Umkehrzyklus des Kühlzyklus betreibt, be-
vor ein Betrieb des Kühlzyklus in der Küh-
leinheit (1) gestartet ist, wenn die Außen-
lufttemperatur eine Außenlufttemperatur
ist, bei welcher die Temperatur des Was-
sers gleich oder kleiner als der Gefrierpunkt
des Wassers wird; und
Bewirken, dass der Betrieb des Umkehrzy-
klus zu einem Betrieb des Kühlzyklus, zu
einem Zeitpunkt umgeschaltet wird, bei wel-
chem ein Differenzialdruck des durch Sub-
trahieren eines durch den ersten Drucksen-
sor (202) erfassten Drucks von einem durch
den zweiten Drucksensor (203) erfassten
Druck erhaltenen Kältemittels innerhalb ei-
nes vorbestimmten Bereichs liegt, in wel-
chem das Kältemittel mit derselben Zirku-
lationsflussrate des Kältemittels fließen
kann, wenn die Kühleinheit (1) einen
Gleichgewichtszustand erreicht;

wobei die Steuerungseinheit (217) konfiguriert
ist, um von dem Betrieb des Umkehrzyklus des
Kühlzyklus zu dem Betrieb des Kühlzyklus zu
unterschiedlichen Zeitpunkten für jeden der
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Vielzahl von Sätzen umzuschalten, wenn die
Kühleinheit (1) eine Vielzahl von Sätzen um-
fasst, die jeweils einen Luftwärmetauscher
(101), einen Wasserwärmetauscher (201) und
einen Kompressor (209) umfassen.

2. Steuerungsverfahren einer Steuerungsvorrichtung
(216) für eine Kühleinheit (1), welche einen Luftwär-
metauscher (101), der konfiguriert ist, um mit der
Außenluft wärmeausgetauschtes Kältemittel auszu-
senden, einen Wasserwärmetauscher (201), der
konfiguriert ist, um Wasser zu kühlen, indem Wärme
zwischen dem von dem Luftwärmetauscher (101)
ausgesendeten Kältemittel und dem Wasser ausge-
tauscht wird, einen Kompressor (209), der konfigu-
riert ist, um das Kältemittel zu komprimieren, und um
das komprimierte Kältemittel auszusenden, ein ers-
tes Kältemittelrohr, das konfiguriert ist, um das von
dem Kompressor (209) ausgesendete Kältemittel an
den Luftwärmetauscher (101) auszusenden, und ein
zweites Kältemittelrohr umfasst, das zwischen dem
Kompressor (209) und dem Wasserwärmetauscher
(201) vorgesehen ist, wobei das Steuerungsverfah-
ren die folgenden Schritte aufweist:

Erfassen eines Kältemitteldrucks in dem zwei-
ten Kältemittelrohr;
Erfassen eines Kältemitteldrucks in dem ersten
Kältemittelrohr;
Steuern eines Differenzialdrucks, der durch
Subtrahieren eines erfassten Kältemitteldrucks
von einem erfassten Kältemitteldruck erhalten
ist, um gleich oder größer als ein vorbestimmter
Differenzialdruck zu sein, bei welchem das Käl-
temittel zirkuliert und das Wasser nicht gefriert,
wenn ein Kühlzyklus zum Kühlen des Wassers
unter Verwendung des Wasserwärmetauschers
(201) betrieben wird;
Bewirken, dass die Kühleinheit (1) einen Um-
kehrzyklus des Kühlzyklus betreibt, bevor ein
Betrieb des Kühlzyklus in der Kühleinheit (1) ge-
startet wird, wenn die Außenlufttemperatur eine
Außenlufttemperatur ist, die bewirkt, dass die
Temperatur des Wassers gleich oder kleiner als
der Gefrierpunkt des Wassers ist; und
Bewirken, dass der Betrieb des Umkehrzyklus
zu einem Betrieb des Kühlzyklus zu einem Zeit-
punkt umgeschaltet wird, bei welchem ein Dif-
ferenzialdruck des Kältemittels, der durch Sub-
trahieren eines erfassten Drucks von einem er-
fassten Druck erhalten ist, innerhalb eines vor-
bestimmten Bereichs liegt, in welchem das Käl-
temittel mit derselben Zirkulationsflussrate des
Kältemittels fließen kann, wenn die Kühleinheit
(1) einen Gleichgewichtszustand erreicht;
wobei von dem Betrieb des Umkehrzyklus des
Kühlzyklus zu dem Betrieb des Kühlzyklus zu
unterschiedlichen Zeitpunkten für jeden der

Vielzahl von Sätzen umgeschaltet wird, wenn
die Kühleinheit (1) eine Vielzahl von Sätzen um-
fasst, die jeweils einen Luftwärmetauscher
(101), einen Wasserwärmetauscher (201) und
einen Kompressor (209) umfassen.

3. Programm, welches bewirkt, dass ein Computer für
eine Kühleinheit (1) einschließlich eines Luftwärme-
tauschers (101), der konfiguriert ist, um mit der Au-
ßenluft wärmeausgetauschtes Kältemittel auszu-
senden, eines Wasserwärmetauschers (201), der
konfiguriert ist, um Wasser zu kühlen, indem zwi-
schen dem von dem Luftwärmetauscher (101) aus-
gesendeten Kältemittel und dem Wasser Wärme
ausgetauscht wird, eines Kompressors (209), der
konfiguriert ist, um das Kältemittel zu komprimieren,
und um das komprimierte Kältemittel auszusenden,
eines ersten Kältemittelrohrs, das konfiguriert ist, um
das von dem Kompressor (209) ausgesendete Käl-
temittel an den Luftwärmetauscher (101) auszusen-
den, eines zweiten Kältemittelrohrs, das zwischen
dem Kompressor (209) und dem Wasserwärmetau-
scher (201) vorgesehen ist, Funktionen ausführt,
wobei die Funktionen aufweisen:

Erfassen eines Kältemitteldrucks in dem zwei-
ten Kältemittelrohr;
Erfassen eines Kältemitteldrucks in dem ersten
Kältemittelrohr;
Steuern eines Differenzialdrucks, der durch
Subtrahieren eines erfassten Kältemitteldrucks
von einem erfassten Kältemitteldruck erhalten
ist, um gleich oder größer als ein vorbestimmter
Differenzialdruck zu sein, bei welchem das Käl-
temittel zirkuliert und das Wasser nicht gefriert,
wenn ein Kühlzyklus zum Kühlen des Wassers
unter Verwendung des Wasserwärmetauschers
(201) betrieben wird;
Bewirken, dass die Kühleinheit (1) einen Um-
kehrzyklus des Kühlzyklus betreibt, bevor ein
Betrieb des Kühlzyklus in der Kühleinheit (1) ge-
startet wird, wenn die Außenlufttemperatur eine
Außenlufttemperatur ist, die bewirkt, dass die
Temperatur des Wassers gleich oder kleiner als
der Gefrierpunkt des Wassers ist; und
Bewirken, dass der Betrieb des Umkehrzyklus
zu einem Betrieb des Kühlzyklus zu einem Zeit-
punkt umgeschaltet wird, bei welchem ein Dif-
ferenzialdruck des Kältemittels, der durch Sub-
trahieren eines erfassten Drucks von einem er-
fassten Druck erhalten ist, innerhalb eines vor-
bestimmten Bereichs liegt, in welchem das Käl-
temittel mit derselben Zirkulationsflussrate des
Kältemittels fließen kann, wenn die Kühleinheit
(1) einen Gleichgewichtszustand erreicht;
wobei von dem Betrieb des Umkehrzyklus des
Kühlzyklus zu dem Betrieb des Kühlzyklus zu
unterschiedlichen Zeitpunkten für jeden der
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Vielzahl von Sätzen umgeschaltet wird, wenn
die Kühleinheit (1) eine Vielzahl von Sätzen um-
fasst, die jeweils einen Luftwärmetauscher
(101), einen Wasserwärmetauscher (201) und
einen Kompressor (209) umfassen.

Revendications

1. Dispositif de commande (216) pour une unité de ré-
frigération (1) comprenant un échangeur thermique
d’air (101) configuré pour envoyer un fluide frigori-
gène soumis à un échange thermique avec l’air ex-
térieur, un échangeur thermique d’eau (201) confi-
guré pour refroidir de l’eau en échangeant de la cha-
leur entre le fluide frigorigène envoyé depuis l’échan-
geur thermique d’air (101) et l’eau, un compresseur
(209) configuré pour comprimer le fluide frigorigène
et pour envoyer le fluide frigorigène comprimé, un
premier tuyau de fluide frigorigène configuré pour
envoyer le fluide frigorigène envoyé depuis le com-
presseur (209) jusqu’à l’échangeur thermique d’air
(101), et un second tuyau de fluide frigorigène prévu
entre le compresseur (209) et l’échangeur thermique
d’eau (201), le dispositif de commande (216)
comprenant :

un premier capteur de pression (202) configuré
pour détecter une pression de fluide frigorigène
dans le second tuyau de fluide frigorigène ;
un second capteur de pression (203) configuré
pour détecter une pression de fluide frigorigène
dans le premier tuyau de fluide frigorigène ; et
une unité de commande (217) configurée pour
commander un fonctionnement de l’unité de ré-
frigération (1),
dans lequel la commande que l’unité de com-
mande (217) est configurée pour effectuer
comprend :

la commande d’une pression différentielle
obtenue en soustrayant une pression de
fluide frigorigène détectée par le premier
capteur de pression (202) d’une pression
de fluide frigorigène détectée par le second
capteur de pression (203) pour être supé-
rieure ou égale à une pression différentielle
prédéterminée à laquelle le fluide frigorigè-
ne circule et l’eau ne gèle pas lorsqu’un cy-
cle de refroidissement pour refroidir l’eau
en utilisant l’échangeur thermique d’eau
(201) fonctionne ;
le fait de faire en sorte que l’unité de réfri-
gération (1) exécute un cycle inversé du cy-
cle de refroidissement avant que le fonc-
tionnement du cycle de refroidissement soit
commencé dans l’unité de réfrigération (1)
lorsque la température de l’air extérieur est

une température de l’air extérieur qui rend
la température de l’eau inférieure ou égale
au point de congélation de l’eau ; et
le fait de faire en sorte que le fonctionne-
ment du cycle inversé soit commuté en
fonctionnement du cycle de refroidissement
à un instant où une pression différentielle
du fluide frigorigène obtenue en sous-
trayant une pression détectée par le pre-
mier capteur de pression (202) d’une pres-
sion détectée par le second capteur de
pression (203) entre dans une plage prédé-
terminée où le fluide frigorigène est capable
d’être acheminé avec le même débit de cir-
culation du fluide frigorigène lorsque l’unité
de réfrigération (1) atteint un état
d’équilibre ;

dans lequel l’unité de commande (217) est con-
figurée pour commuter du fonctionnement du
cycle inversé du cycle de refroidissement au
fonctionnement du cycle de refroidissement à
différents instants pour chacun de la pluralité
d’ensembles, lorsque l’unité de réfrigération (1)
comprend une pluralité d’ensembles qui com-
prennent chacun un échangeur thermique d’air
(101), un échangeur thermique d’eau (201), et
un compresseur (209).

2. Procédé de commande d’un dispositif de commande
(216) pour une unité de réfrigération (1) qui com-
prend un échangeur thermique d’air (101) configuré
pour envoyer un fluide frigorigène soumis à un
échange thermique avec l’air extérieur, un échan-
geur thermique d’eau (201) configuré pour refroidir
de l’eau en échangeant de la chaleur entre le fluide
frigorigène envoyé depuis l’échangeur thermique
d’air (101) et l’eau, un compresseur (209) configuré
pour comprimer le fluide frigorigène et envoyer le
fluide frigorigène comprimé, un premier tuyau de flui-
de frigorigène configuré pour envoyer le fluide frigo-
rigène envoyé depuis le compresseur (209) jusqu’à
l’échangeur thermique d’air (101), et un second
tuyau de fluide frigorigène prévu entre le compres-
seur (209) et l’échangeur thermique d’eau (201), le
procédé de commande comprenant les étapes con-
sistant à :

détecter une pression de fluide frigorigène dans
le second tuyau de fluide frigorigène ;
détecter une pression de fluide frigorigène dans
le premier tuyau de fluide frigorigène ;
commander une pression différentielle obtenue
en soustrayant une pression de fluide frigorigè-
ne détectée d’une pression de fluide frigorigène
détectée pour être supérieure ou égale à une
pression différentielle prédéterminée à laquelle
le fluide frigorigène circule et l’eau ne gèle pas
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lorsqu’un cycle de refroidissement pour refroidir
l’eau en utilisant l’échangeur thermique d’eau
(201) fonctionne ;
faire en sorte que l’unité de réfrigération (1) exé-
cute un cycle inversé du cycle de refroidisse-
ment avant que le fonctionnement du cycle de
refroidissement soit commencé dans l’unité de
réfrigération (1) lorsque la température de l’air
extérieur est une température de l’air extérieur
qui rend la température de l’eau inférieure ou
égale au point de congélation de l’eau ; et
faire en sorte que le fonctionnement du cycle
inversé soit commuté en fonctionnement du cy-
cle de refroidissement à un instant où une pres-
sion différentielle du fluide frigorigène obtenue
en soustrayant une pression détectée d’une
pression détectée entre dans une plage prédé-
terminée où le fluide frigorigène est capable
d’être acheminé avec le même débit de circula-
tion du fluide frigorigène lorsque l’unité de réfri-
gération (1) atteint un état d’équilibre ;
dans lequel en commutant du fonctionnement
du cycle inversé du cycle de refroidissement au
fonctionnement du cycle de refroidissement à
différents instants pour chacun de la pluralité
d’ensembles, lorsque l’unité de réfrigération (1)
comprend une pluralité d’ensembles qui com-
prennent chacun un échangeur thermique d’air
(101), un échangeur thermique d’eau (201), et
un compresseur (209).

3. Programme qui fait en sorte qu’un ordinateur pour
une unité de réfrigération (1) comprenant un échan-
geur thermique d’air (101) configuré pour envoyer
un fluide frigorigène soumis à un échange thermique
avec l’air extérieur, un échangeur thermique d’eau
(201) configuré pour refroidir de l’eau en échangeant
de la chaleur entre le fluide frigorigène envoyé de-
puis l’échangeur thermique d’air (101) et l’eau, un
compresseur (209) configuré pour comprimer le flui-
de frigorigène et envoyer le fluide frigorigène com-
primé, un premier tuyau de fluide frigorigène confi-
guré pour envoyer le fluide frigorigène envoyé de-
puis le compresseur (209) jusqu’à l’échangeur ther-
mique d’air (101), un second tuyau de fluide frigori-
gène prévu entre le compresseur (209) et l’échan-
geur thermique d’eau (201), exécute des fonctions,
les fonctions comprenant :

la détection d’une pression de fluide frigorigène
dans le second tuyau de fluide frigorigène ;
la détection d’une pression de fluide frigorigène
dans le premier tuyau de fluide frigorigène ;
la commande d’une pression différentielle obte-
nue en soustrayant une pression de fluide frigo-
rigène détectée d’une pression de fluide frigori-
gène détectée pour être supérieure ou égale à
une pression différentielle prédéterminée à la-

quelle le fluide frigorigène circule et l’eau ne gèle
pas lorsqu’un cycle de refroidissement pour re-
froidir l’eau en utilisant l’échangeur thermique
d’eau (201) fonctionne ;
le fait de faire en sorte que l’unité de réfrigération
(1) exécute un cycle inversé du cycle de refroi-
dissement avant que le fonctionnement du cycle
de refroidissement soit commencé dans l’unité
de réfrigération (1) lorsque la température de
l’air extérieur est une température de l’air exté-
rieur qui rend la température de l’eau inférieure
ou égale au point de congélation de l’eau ; et
le fait de faire en sorte que le fonctionnement
du cycle inversé soit commuté en fonctionne-
ment du cycle de refroidissement à un instant
où une pression différentielle du fluide frigorigè-
ne obtenue en soustrayant une pression détec-
tée d’une pression détectée entre dans une pla-
ge prédéterminée où le fluide frigorigène est ca-
pable d’être acheminé avec le même débit de
circulation du fluide frigorigène lorsque l’unité
de réfrigération (1) atteint un état d’équilibre ;
dans lequel en commutant du fonctionnement
du cycle inversé du cycle de refroidissement au
fonctionnement du cycle de refroidissement à
différents instants pour chacun de la pluralité
d’ensembles, lorsque l’unité de réfrigération (1)
comprend une pluralité d’ensembles qui com-
prennent chacun un échangeur thermique d’air
(101), un échangeur thermique d’eau (201), et
un compresseur (209) .
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