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(54) HEAT MEDIUM CIRCULATION SYSTEM

(57) Provided is a heat medium cycle system capable
of being continuously operated while a heat medium is
being prevented from freezing in a heat medium heat
exchanger by using a pressure difference of the heat
medium obtained from a measurement value of an inlet
pressure sensor provided at an inlet of the heat medium
heat exchanger and a measurement value of an outlet
pressure sensor provided at an outlet of the heat medium
heat exchanger. The heat medium cycle system includes
a refrigeration cycle circuit, a heat medium cycle circuit,
an inlet temperature sensor, the inlet pressure sensor,
the outlet pressure sensor, an evaporating temperature
sensor, and a controller. Under a first condition where
the heat medium is to freeze in the heat medium heat
exchanger, the controller is configured to obtain a mini-
mum on-state flow rate at which the heat medium is kept
from freezing in the heat medium heat exchanger, on the
basis of a temperature of the heat medium at a heat me-
dium inlet measured by the inlet temperature sensor and
an evaporating temperature of refrigerant detected by
the evaporating temperature sensor, and control a pump
in such a manner that the minimum on-state flow rate is
maintained to make the pressure difference of the heat
medium obtained from a measurement value of the inlet
pressure sensor and a measurement value of the outlet
pressure sensor into a minimum on-state pressure dif-

ference.
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Description

Technical Field

[0001] The present invention relates to a heat medium
cycle system including a refrigeration cycle circuit and a
heat medium cycle circuit.

Background Art

[0002] Examples of known heat medium cycle sys-
tems, such as a water cycle air-conditioning system, in-
clude an air-conditioning system including a chilling unit,
serving as a heat source. Such an air-conditioning sys-
tem is used in, for example, a building or a large com-
mercial facility. The air-conditioning system circulates
water, serving as a heat medium, through a structure in
such a manner that heat from the water is used for cooling
or heating through a fan coil unit or an air handling unit,
serving as a load-side device.
[0003] A plurality of chilling units are typically installed
parallel to each other in a single water cycle circuit. Water
through the water cycle circuit is circulated through the
plurality of chilling units via header pipes.
[0004] In this air-conditioning system, the use of an
inverter-driven compressor and an inverter-driven water
circulating pump is effective in saving power. To control
inverters for the compressor and the water circulating
pump, the temperature of the water is measured and the
optimum control for a load is performed on the basis of
the measured water temperature.
[0005] In the air-conditioning system including the plu-
rality of chilling units, not only the inverters but also the
number of chilling units that are being operated are con-
trolled to achieve power saving.
[0006] An effective manner to save power includes ad-
justing the flow rate of the water through the chilling units
on the basis of a load. For example, reducing the water
flow rate is effective when the load is small, to reduce
water sending power. However, when the water flowing
through the chilling units is cold, a reduction in water flow
rate may cause a water heat exchanger to freeze and
break.
[0007] A known technique for protecting the water heat
exchanger includes measuring the difference in water
pressure between an inlet and an outlet of the water heat
exchanger by using two water pressure sensors each
provided at a corresponding one of the inlet and the outlet
of the water heat exchanger, converting the pressure dif-
ference into a water flow rate, and keeping the compres-
sor from being activated when the water flow rate has
not reached a predetermined value (refer to Patent Lit-
erature 1, for example).

Citation List

Patent Literature

[0008] Patent Literature 1: Japanese Patent No.
5622859

Summary of Invention

Technical Problem

[0009] Patent Literature 1 discloses a heat medium cy-
cle system that uses water pressure sensors only to in-
hibit a compressor from being operated when water in a
water heat exchanger is frozen. Disadvantageously, the
provided water pressure sensors are not effectively used
for other purposes, and no consideration is given to pre-
venting the water from freezing in the water heat ex-
changer. Once the water is frozen in the water heat ex-
changer, the heat medium cycle system inconveniently
cannot be used until the frozen water is eliminated.
[0010] The present invention aims to overcome the
above-described disadvantages and to provide a heat
medium cycle system capable of being continuously op-
erated while a heat medium is being prevented from
freezing in a heat medium heat exchanger by using a
pressure difference of the heat medium obtained from a
measurement value of an inlet pressure sensor provided
at an inlet of the heat medium heat exchanger and a
measurement value of an outlet pressure sensor provid-
ed at an outlet of the heat medium heat exchanger.

Solution to Problem

[0011] A heat medium cycle system according to an
embodiment of the present invention includes a refriger-
ation cycle circuit, through which refrigerant is circulated,
including a compressor, a heat-source-side heat ex-
changer, an expansion device, and a heat medium heat
exchanger connected by pipes and a heat medium cycle
circuit, through which a heat medium is circulated, includ-
ing a pump circulating the heat medium, the heat medium
heat exchanger, and a load-side heat exchanger con-
nected by pipes. The heat medium cycle system further
includes an inlet temperature sensor configured to meas-
ure a temperature of the heat medium at a heat medium
inlet of the heat medium heat exchanger, an inlet pres-
sure sensor configured to measure a pressure of the heat
medium at the heat medium inlet of the heat medium
heat exchanger, an outlet pressure sensor configured to
measure a pressure of the heat medium at a heat medium
outlet of the heat medium heat exchanger, an evaporat-
ing temperature sensor configured to detect an evapo-
rating temperature of the refrigerant in the heat medium
heat exchanger, and a controller configured to, under a
first condition where the heat medium is to freeze in the
heat medium heat exchanger, obtain a minimum on-state
flow rate at which the heat medium is kept from freezing
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in the heat medium heat exchanger, on the basis of the
temperature of the heat medium at the heat medium inlet
measured by the inlet temperature sensor and the evap-
orating temperature of the refrigerant detected by the
evaporating temperature sensor, and control the pump
in such a manner that the minimum on-state flow rate is
maintained to make a pressure difference of the heat
medium obtained from a measurement value of the inlet
pressure sensor and a measurement value of the outlet
pressure sensor into a minimum on-state pressure dif-
ference.

Advantageous Effects of Invention

[0012] In the heat medium cycle system according to
an embodiment of the present invention, under the first
condition where the heat medium is to freeze in the heat
medium heat exchanger, the controller obtains the min-
imum on-state flow rate at which the heat medium is kept
from freezing in the heat medium heat exchanger, on the
basis of the temperature of the heat medium at the heat
medium inlet measured by the inlet temperature sensor
and the evaporating temperature of the refrigerant de-
tected by the evaporating temperature sensor. Then, the
controller controls the pump in such a manner that the
minimum on-state flow rate is maintained to make the
pressure difference of the heat medium obtained from
the measurement values of the input pressure sensor
and the outlet pressure sensor into the minimum on-state
pressure difference. Consequently, the pressure differ-
ence of the heat medium obtained from the measurement
values of the inlet pressure sensor placed at the inlet of
the heat medium heat exchanger and the outlet pressure
sensor placed at the outlet of the heat medium heat ex-
changer is used to prevent the heat medium from freezing
in the heat medium heat exchanger, thus preventing the
heat medium cycle system from being stopped.

Brief Description of Drawings

[0013]

Fig. 1 is a schematic diagram illustrating an exem-
plary configuration of a water cycle air-conditioning
system according to Embodiment 1 of the present
invention.
Fig. 2 is a characteristic graph showing the relation-
ship between the evaporating temperature of refrig-
erant, the inlet temperature of water, and the mini-
mum on-state flow rate of the water in Embodiment
1 of the present invention.
Fig. 3 is a flowchart illustrating control for the water
cycle air-conditioning system according to Embodi-
ment 1 of the present invention.
Fig. 4 is a schematic diagram illustrating an exem-
plary configuration of a water cycle air-conditioning
system according to Embodiment 2 of the present
invention.

Description of Embodiments

[0014] Embodiments of the present invention will be
described below with reference to the drawings.
[0015] Note that components designated by the same
reference signs in the figures are the same components
or equivalents. The same reference signs apply to the
entire description herein.
[0016] Furthermore, note that the forms of components
described herein are intended to be illustrative only and
the forms of components are not limited to the descrip-
tions of the forms of components.

Embodiment 1

[0017] Fig. 1 is a schematic diagram illustrating an ex-
emplary configuration of a water cycle air-conditioning
system 100 according to Embodiment 1 of the present
invention. In Embodiment 1, the water cycle air-condi-
tioning system 100 will be described as an example of a
heat medium cycle system according to the present in-
vention.
[0018] The water cycle air-conditioning system 100 in-
cludes a chilling unit 1 and a water circuit 2 including the
chilling unit 1. The water circuit 2 corresponds to a heat
medium cycle circuit in the present invention. Water cir-
culated through the water circuit 2 corresponds to a heat
medium in the present invention.
[0019] The chilling unit 1 includes a refrigeration cycle
circuit 10, a water circulating pump 3, and a controller
20, and constitutes part of the water circuit 2.
[0020] In the chilling unit 1, the refrigeration cycle cir-
cuit 10 includes a compressor 11, a heat-source-side
heat exchanger 12, an expansion device 13, and a water
heat exchanger 14 connected by pipes in such a manner
that refrigerant is circulated through the refrigeration cy-
cle circuit 10.
[0021] The compressor 11 compresses the refrigerant,
serving as heat-source-side refrigerant, such as chlo-
rofluorocarbon. The compressor 11 is inverter-controlled
by the controller 20. The heat-source-side heat exchang-
er 12 exchanges heat between the refrigerant and air,
such as outside air. An air-sending fan 15 sending the
air to the heat-source-side heat exchanger 12 is disposed
next to the heat-source-side heat exchanger 12. The air-
sending fan 15 is inverter-controlled by the controller 20.
The expansion device 13 adjusts the pressure of the re-
frigerant. Opening and closing of the expansion device
13 is controlled by the controller 20. For the expansion
device 13, a valve whose opening degree is adjustable,
for example, a linear expansion valve (LEV), can be used.
Other usable examples of the expansion device 13 in-
clude a capillary tube whose opening degree is fixed.
The water heat exchanger 14 exchanges heat between
the refrigerant and water different from the refrigerant.
The water heat exchanger 14 cools the water circulated
through the water circuit 2 to a target temperature by
using heat from the refrigerant. The water heat exchang-
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er 14 corresponds to a heat medium heat exchanger in
the present invention.
[0022] The water circuit 2 includes the chilling unit 1,
a load-side heat exchanger 4, and a control valve 5 con-
nected by pipes in such a manner that the water is cir-
culated through the water circuit 2.
[0023] The water circulating pump 3 of the chilling unit
1 circulates the water for heat exchange in the water heat
exchanger 14 through the water circuit 2. The water cir-
culating pump 3 is inverter-controlled by the controller 20.
[0024] For the load-side heat exchanger 4, for exam-
ple, a heat exchanger that cools indoor air in a structure
by using the water circulated through the water circuit 2
is used.
[0025] The control valve 5 adjusts the flow rate of the
water flowing through the load-side heat exchanger 4.
The opening degree of the control valve 5 is adjusted
toward an open position or a closed position by the con-
troller 20.
[0026] The controller 20 includes a microcomputer in-
cluding a central processing unit (CPU), a read-only
memory (ROM), a random access memory (RAM), and
an input-output (I/O) port.
[0027] The controller 20 is connected to various sen-
sors by wired or wireless control signal lines 21 in such
a manner that the controller can receive measurement
values from the sensors. The sensors include an inlet
temperature sensor 22, an outlet temperature sensor 23,
an inlet pressure sensor 24, an outlet pressure sensor
25, and a refrigerant temperature sensor 26.
[0028] The controller 20 is connected to the compres-
sor 11, the air-sending fan 15, the expansion device 13,
and the water circulating pump 3 by wired or wireless
control signal lines 21 in such a manner that the controller
can transmit operation instructions to these components.
[0029] The controller 20 stores a table from which a
minimum on-state flow rate is obtained on the basis of
the temperature of the water at a water inlet measured
by the inlet temperature sensor 22 and the evaporating
temperature of the refrigerant detected by the refrigerant
temperature sensor 26.
[0030] The inlet temperature sensor 22 measures the
temperature of the water at the water inlet of the water
heat exchanger 14. The outlet temperature sensor 23
measures the temperature of the water at a water outlet
of the water heat exchanger 14. The inlet pressure sensor
24 measures the pressure of the water at the water inlet
of the water heat exchanger 14. The outlet pressure sen-
sor 25 measures the pressure of the water at the water
outlet of the water heat exchanger 14. The refrigerant
temperature sensor 26 detects the evaporating temper-
ature of the refrigerant in the water heat exchanger 14.
[0031] The refrigerant temperature sensor 26 corre-
sponds to an evaporating temperature sensor in the
present invention. For the evaporating temperature sen-
sor, a refrigerant pressure sensor that measures the
pressure of the refrigerant at a refrigerant outlet of the
water heat exchanger 14 may be used.

[0032] The controller 20 calculates optimum operating
conditions on the basis of measurement values of the
inlet temperature sensor 22, the outlet temperature sen-
sor 23, the inlet pressure sensor 24, and the outlet pres-
sure sensor 25, and a detection value of the refrigerant
temperature sensor 26. Furthermore, the controller 20
outputs operation instructions for the calculated optimum
operating conditions to the compressor 11, the air-send-
ing fan 15, the expansion device 13, and the water cir-
culating pump 3, and controls these components.
[0033] The controller 20 is connected in communica-
tion with a remote control 6 by a wireless control signal
line 27. The controller 20 changes condition settings of
the operating conditions in response to a user operation
on the remote control 6, and enables the changed con-
dition settings to be displayed on the remote control 6.
[0034] An operation of the water cycle air-conditioning
system 100 will be described below.
[0035] In the water cycle air-conditioning system 100,
the controller 20 measures temperatures, which vary de-
pending on the amount of heat required for the load-side
heat exchanger 4, of the water circulated through the
water circuit 2 by using the inlet temperature sensor 22
placed at the water inlet of the water heat exchanger 14
and the outlet temperature sensor 23 placed at the water
outlet of the water heat exchanger 14. Then, the controller
20 calculates, on the basis of the measurement values
of the inlet temperature sensor 22 and the outlet temper-
ature sensor 23, the rotation frequency of the compressor
11, the rotation frequency of the air-sending fan 15, the
opening degree of the expansion device 13, and the ro-
tation frequency of the water circulating pump 3 for an
optimum operating efficiency. The controller 20 transmits
operation instructions based on the calculation results to
the compressor 11, the air-sending fan 15, the expansion
device 13, and the water circulating pump 3. The con-
troller 20 controls the compressor 11, the air-sending fan
15, the expansion device 13, and the water circulating
pump 3 so that the measurement value of the outlet tem-
perature sensor 23 reaches a target water temperature.
[0036] A reduction in load during operation of the water
cycle air-conditioning system 100 leads to a reduction in
difference between the temperature of the water at the
water outlet and that at the water inlet of the water heat
exchanger 14. For this reason, the rotation frequency of
the compressor 11, the rotation frequency of the air-send-
ing fan 15, and the rotation frequency of the water circu-
lating pump 3 are reduced.
[0037] In a cooling operation of the water cycle air-
conditioning system 100 illustrated in Fig. 1, a reduction
in rotation frequency of the water circulating pump 3 re-
sults in a reduction in flow rate of the water through the
water heat exchanger 14. At this time, under operating
conditions where the temperature of the refrigerant is be-
low freezing, that is, the water is to freeze in the water
heat exchanger 14 of the water circuit 2, the water freezes
in the water heat exchanger 14, possibly causing the wa-
ter heat exchanger 14 to be broken.
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[0038] However, reducing the rotation frequency of the
water circulating pump 3 to reduce the flow rate of the
water is effective in reducing the water sending power.
This operation is effective in reducing power consump-
tion. Furthermore, output power can be easily increased
again because the water cycle air-conditioning system
100 is not stopped.
[0039] The controller 20 can estimate the flow rate of
the water through the water circuit 2 on the basis of a
water pressure difference obtained from the measure-
ment values of the inlet pressure sensor 24 and the outlet
pressure sensor 25 by using Bernoulli’s theorem. Con-
sequently, under operating conditions where the temper-
ature of the refrigerant is below freezing, that is, the water
is to freeze in the water heat exchanger 14 of the chilling
unit 1 in the water circuit 2, the controller 20 adjusts the
rotation frequency of the water circulating pump 3 to
maintain the minimum on-state flow rate of the water at
which the water is kept from freezing in the water heat
exchanger 14.
[0040] Specifically, under operating conditions where
the water is to freeze in the water heat exchanger 14, the
controller 20 calculates the minimum on-state flow rate
at which the water is kept from freezing in the water heat
exchanger 14. Then, the controller 20 adjusts the rotation
frequency of the water circulating pump 3 to maintain the
minimum on-state flow rate in such a manner that the
water pressure difference obtained from the measure-
ment values of the inlet pressure sensor 24 and the outlet
pressure sensor 25 is at a minimum on-state pressure
difference.
[0041] The minimum on-state flow rate of the water at
which the water is kept from freezing in the water heat
exchanger 14 varies depending on the relationship be-
tween the evaporating temperature of the refrigerant and
the temperature of the water at the water inlet of the water
heat exchanger 14.
[0042] Fig. 2 is a characteristic graph showing the re-
lationship between the refrigerant evaporating tempera-
ture, the inlet water temperature, and the minimum on-
state flow rate of the water in Embodiment 1 of the present
invention. The controller 20 stores the table representing
the relationship in the characteristic graph of Fig. 2.
[0043] The controller 20 receives an inlet water tem-
perature that is a measurement value of the inlet tem-
perature sensor 22 and a refrigerant temperature that is
a measurement value of the refrigerant temperature sen-
sor 26, and applies the temperatures to the table in Fig.
2, thus automatically calculating the minimum on-state
flow rate. At high inlet water temperatures, therefore, the
minimum on-state flow rate can be reduced, thus reduc-
ing the power consumption.
[0044] The minimum on-state flow rate obtained from
the table in Fig. 2 is the flow rate maintained to keep the
water from freezing in the water heat exchanger 14 even
when the rotation frequency of the water circulating pump
3 can be further reduced under conditions where the load
decreases and the opening degree of the control valve

5 adjusting the flow rate of the water flowing through the
load-side heat exchanger 4 is adjusted toward the closed
position.
[0045] As described above, the inlet temperature sen-
sor 22 and the inlet pressure sensor 24 are arranged in
the pipe adjacent to the water inlet of the water heat ex-
changer 14. The outlet temperature sensor 23 and the
outlet pressure sensor 25 are arranged in the pipe adja-
cent to the water outlet of the water heat exchanger 14.
The refrigerant temperature sensor 26 is disposed adja-
cent to a refrigerant passage in the water heat exchanger
14. The controller 20 calculates optimum operating con-
ditions from the measurement values of the inlet temper-
ature sensor 22, the outlet temperature sensor 23, the
inlet pressure sensor 24, and the outlet pressure sensor
25, and the detection value of the refrigerant temperature
sensor 26 connected by the control signal lines 21. The
controller 20 transmits operation instructions based on
the calculated optimum operating conditions to the com-
pressor 11, the air-sending fan 15, the expansion device
13, and the water circulating pump 3. Then, the controller
20 controls the compressor 11, the air-sending fan 15,
the expansion device 13, and the water circulating pump
3 so that the measurement value of the outlet tempera-
ture sensor 23 reaches the target water temperature.
[0046] Under conditions where the water is to freeze
in the water heat exchanger 14, the controller 20 calcu-
lates the minimum on-state flow rate at which the water
is kept from freezing in the water heat exchanger 14.
Then, the controller 20 adjusts the rotation frequency of
the water circulating pump 3 to maintain the minimum
on-state flow rate in such a manner that the water pres-
sure difference obtained from the measurement values
of the inlet pressure sensor 24 and the outlet pressure
sensor 25 is at the minimum on-state pressure difference.
Consequently, the minimum on-state flow rate at which
the water is kept from freezing in the water heat exchang-
er 14 can be maintained, thus achieving high efficiency
of the water cycle air-conditioning system 100. Further-
more, the water is prevented from freezing in the water
heat exchanger 14. This operation enables the water cy-
cle air-conditioning system 100 to be continuously oper-
ated, thus enhancing convenience.
[0047] Control for maintaining the minimum on-state
flow rate by using the water circulating pump 3 will be
described below.
[0048] Fig. 3 is a flowchart illustrating control for the
water cycle air-conditioning system 100 according to Em-
bodiment 1 of the present invention.
[0049] At the beginning of the process, in step S1, the
controller 20 measures an outlet water temperature of
the water heat exchanger 14 by using the outlet temper-
ature sensor 23.
[0050] In step S2, the controller 20 determines whether
the measured outlet water temperature of the water heat
exchanger 14 has reached a target water temperature.
When the outlet water temperature has reached the tar-
get water temperature, the process proceeds to step S3.
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When the outlet water temperature has not reached the
target water temperature, the process proceeds to step
S4.
[0051] In step S4, the controller 20 increases the rota-
tion frequency of the compressor 11 and the rotation fre-
quency of the air-sending fan 15. After step S4, the proc-
ess returns to step S1.
[0052] In step S3, the controller 20 determines whether
the rotation frequency of the water circulating pump 3
can be reduced. Whether the rotation frequency of the
water circulating pump 3 can be reduced is determined
on the basis of, for example, determination on whether
the difference between the outlet water temperature and
an inlet water temperature of the water heat exchanger
14 is less than a set value. When the rotation frequency
of the water circulating pump 3 can be reduced, the proc-
ess proceeds to step S5. When the rotation frequency of
the water circulating pump 3 cannot be reduced, the proc-
ess returns to step S1.
[0053] In step S5, the controller 20 reduces the rotation
frequency of the water circulating pump 3. At this time,
step 5 may be taken under operating conditions where
the temperature of the refrigerant is below freezing, that
is, the water is to freeze in the water heat exchanger 14
of the water circuit 2. Furthermore, the rotation frequency
of the compressor 11 and that of the air-sending fan 15
can be reduced in addition to the rotation frequency of
the water circulating pump 3. The rotation frequency of
the water circulating pump 3 is adjusted to maintain the
minimum on-state flow rate. The minimum on-state flow
rate is automatically calculated by applying the inlet water
temperature that is the measurement value of the inlet
temperature sensor 22 and the refrigerant temperature
that is the measurement value of the refrigerant temper-
ature sensor 26 to the table in Fig. 2. For example, when
the process proceeds to step S5 after step S9, the rota-
tion frequency of the water circulating pump 3 is adjusted
to maintain a flow rate slightly greater than the minimum
on-state flow rate. After step S5, the process proceeds
step S6.
[0054] In step S6, the controller 20 determines a water
pressure difference between the pressure of the water
inlet and that of the water outlet of the water heat ex-
changer 14. This step, in which the water pressure dif-
ference is obtained from the measurement values of the
inlet pressure sensor 24 and the outlet pressure sensor
25, is taken to estimate the actual flow rate of the water
through the water circuit 2 on the basis of the obtained
water pressure difference by using Bernoulli’s theorem.
The water pressure difference obtained in this step is the
minimum on-state pressure difference at which the flow
rate of the water through the water circulating pump 3 is
at the minimum on-state flow rate. After step S6, the proc-
ess proceeds to step S7.
[0055] In step S7, the controller 20 determines whether
the water flow rate estimated in step S6 meets the min-
imum on-state flow rate. The minimum on-state flow rate
is automatically calculated by applying the inlet water

temperature that is the measurement value of the inlet
temperature sensor 22 and the refrigerant temperature
that is the measurement value of the refrigerant temper-
ature sensor 26 to the table in Fig. 2. The controller 20
determines whether the water flow rate estimated in step
S6 is greater than or equal to the calculated minimum
on-state flow rate. When the water flow rate meets the
minimum on-state flow rate, the process proceeds to step
S8. When the water flow rate does not meet the minimum
on-state flow rate, the process proceeds to step S9.
[0056] In step S9, the controller 20 increases the rota-
tion frequency of the water circulating pump 3, thus al-
lowing the water flow rate to meet the minimum on-state
flow rate. After step S9, the process returns to step S3.
[0057] In step S8, the controller 20 maintains a state
in which the water flow rate estimated in step S6 meets
the minimum on-state flow rate. Consequently, even un-
der conditions where the rotation frequency of the water
circulating pump 3 is reduced and the water is to freeze
in the water heat exchanger 14, the controller 20 adjusts
the rotation frequency of the water circulating pump 3 to
maintain the minimum on-state flow rate in such a manner
that the water pressure difference is at the minimum on-
state pressure difference. After step S8, the process ter-
minates.
[0058] Advantages offered by the water cycle air-con-
ditioning system 100 according to Embodiment 1 will be
described below.
[0059] The water cycle air-conditioning system 100 ac-
cording to Embodiment 1 includes the refrigeration cycle
circuit 10, through which the refrigerant is circulated, in-
cluding the compressor 11, the heat-source-side heat
exchanger 12, the expansion device 13, and the water
heat exchanger 14 connected by the pipes. The water
cycle air-conditioning system 100 includes the water cir-
cuit 2, through which the water is circulated, including
the water circulating pump 3 circulating the water, the
water heat exchanger 14, and the load-side heat ex-
changer 4 connected by the pipes. The water cycle air-
conditioning system 100 includes the inlet temperature
sensor 22 measuring the temperature of the water at the
water inlet of the water heat exchanger 14. The water
cycle air-conditioning system 100 includes the inlet pres-
sure sensor 24 measuring the pressure of the water at
the water inlet of the water heat exchanger 14. The water
cycle air-conditioning system 100 includes the outlet
pressure sensor 25 measuring the pressure of the water
at the water outlet of the water heat exchanger 14. The
water cycle air-conditioning system 100 includes the re-
frigerant temperature sensor 26 detecting the evaporat-
ing temperature of the refrigerant in the water heat ex-
changer 14. The water cycle air-conditioning system 100
includes the controller 20, which obtains the minimum
on-state flow rate at which the water is kept from freezing
in the water heat exchanger 14, on the basis of the water
temperature at the water inlet measured by the inlet tem-
perature sensor 22 and the refrigerant evaporating tem-
perature detected by the refrigerant temperature sensor
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26 under conditions where the water is to freeze in the
water heat exchanger 14. The controller 20 controls the
water circulating pump 3 in such a manner that the min-
imum on-state flow rate is maintained to make the water
pressure difference obtained from the measurement val-
ues of the inlet pressure sensor 24 and the outlet pres-
sure sensor 25 into the minimum on-state pressure dif-
ference.
[0060] The above-described configuration prevents
the water from freezing in the water heat exchanger 14
by using the water pressure difference obtained from the
measurement values of the inlet pressure sensor 24
placed at the water inlet of the water heat exchanger 14
and the outlet pressure sensor 25 placed at the water
outlet of the water heat exchanger 14, thus preventing
the water cycle air-conditioning system 100 from being
stopped. Furthermore, the water heat exchanger 14 can
be prevented from being broken by freezing of the water
in the water heat exchanger 14.
[0061] Under operating conditions where the water is
to freeze in the water heat exchanger 14, the controller
20 controls the water circulating pump 3 in such a manner
that the minimum on-state flow rate is maintained. Con-
sequently, an excess of power for driving the water cir-
culating pump 3 can be reduced, thus reducing the power
consumption. This operation achieves high efficiency of
the water cycle air-conditioning system 100.
[0062] In Embodiment 1, in the case where the load
decreases and the opening degree of the control valve
5 adjusting the flow rate of the water flowing through the
load-side heat exchanger 4 is adjusted toward the closed
position, the controller 20 controls the water circulating
pump 3 in such a manner that the minimum on-state flow
rate is maintained.
[0063] Such a configuration keeps the water from
freezing in the water heat exchanger 14. An excess of
power for driving the water circulating pump 3 can be
reduced, thus reducing the power consumption. This op-
eration achieves high efficiency of the water cycle air-
conditioning system 100.
[0064] In Embodiment 1, the controller 20 has the table
from which the minimum on-state flow rate is obtained
on the basis of the water temperature at the water inlet
measured by the inlet temperature sensor 22 and the
refrigerant evaporating temperature detected by the re-
frigerant temperature sensor 26. The controller 20 ob-
tains the minimum on-state flow rate by using the table.
[0065] Such a configuration enables the controller 20
to automatically obtain the minimum on-state flow rate
from the table in Fig. 2 on the basis of the inlet water
temperature at the water inlet measured by the inlet tem-
perature sensor 22 and the refrigerant evaporating tem-
perature detected by the refrigerant temperature sensor
26, thus achieving high efficiency of the water cycle air-
conditioning system 100.

Embodiment 2

[0066] Fig. 4 is a schematic diagram illustrating an ex-
emplary configuration of a water cycle air-conditioning
system 200 according to Embodiment 2 of the present
invention. In Embodiment 2, a description of the same
components as those in Embodiment 1 is omitted. The
following description will focus on differences between
Embodiment 1 and Embodiment 2.
[0067] As illustrated in Fig. 4, the water circuit 2 of the
water cycle air-conditioning system 200 includes a plu-
rality of chilling units 1, each including the refrigeration
cycle circuit 10 and the water circulating pump 3, ar-
ranged in parallel to the load-side heat exchanger 4. The
plurality of chilling units 1 each have the configuration
described in Embodiment 1. Specifically, each chilling
unit 1 includes the refrigeration cycle circuit 10 and the
water circulating pump 3 and constitutes part of the water
circuit 2. In the water circuit 2, a water outlet pipe extend-
ing from the chilling unit 1 has no check valve.
[0068] An operation of the water cycle air-conditioning
system 200 will be described below.
[0069] In the water cycle air-conditioning system 200
including the plurality of chilling units 1 arranged parallel
to each other, the number of chilling units 1 is controlled
on the basis of the amount of heat required for the load-
side heat exchanger 4 in such a manner that one or more
chilling units 1 can be stopped.
[0070] At this time, power generated by the water cir-
culating pump 3 in the chilling unit 1 that is being operated
causes the water through the water circuit 2 to flow toward
the chilling unit 1 in which the water circulating pump 3
is stopped in a direction opposite to a water sending di-
rection in which the water circulating pump 3 sends the
water. In a traditional configuration, a check valve is dis-
posed in the water outlet pipe extending from the chilling
unit 1 to prevent a short cycle phenomenon caused by
the water flowing in the opposite direction.
[0071] In contrast, according to Embodiment 2, in a
case where the compressor 11 is stopped in a corre-
sponding one or more chilling units 1 of the plurality of
chilling units 1, under conditions where the water is to
flow in the direction opposite to the water sending direc-
tion, that is, the measurement value of the outlet pressure
sensor 25 is greater than the measurement value of the
inlet pressure sensor 24, the controller 20 of each of the
corresponding one or more chilling units 1 calculates a
minimum off-state flow rate at which the water is kept
from flowing in the opposite direction, on the basis of a
water pressure difference obtained from measurement
values of the inlet pressure sensor 24 and the outlet pres-
sure sensor 25. Then, the controller 20 of each of the
corresponding one or more chilling units 1, in each of
which the compressor 11 is stopped, adjusts the rotation
frequency of the water circulating pump 3 to maintain the
minimum off-state flow rate in such a manner that the
water pressure difference obtained from the measure-
ment values of the inlet pressure sensor 24 and the outlet
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pressure sensor 25 is at a minimum off-state pressure
difference.
[0072] Specifically, each chilling unit 1 in which the
compressor 11 is stopped would also be stopped in a
traditional configuration. However, in such a chilling unit
1 in which the compressor 11 is stopped, the water cir-
culating pump 3 is slightly operated to maintain the min-
imum off-state flow rate at which the water is kept from
flowing in the opposite direction. This configuration ena-
bles omission of a check valve that prevents the water
from flowing in the opposite direction. Furthermore, as
the water circulating pump 3 is slightly operated, the min-
imum off-state flow rate ensures that the water is kept
from freezing in the water heat exchanger 14, similar to
the minimum on-state flow rate in Embodiment 1.
[0073] At this time, the minimum off-state flow rate is
a flow rate of greater than 0 at which only heat generated
by operating the water circulating pump 3 is rejected.
[0074] Advantages offered by the water cycle air-con-
ditioning system 200 according to Embodiment 2 will be
described below.
[0075] According to Embodiment 2, the water circuit 2
includes the plurality of chilling units 1, each including
the refrigeration cycle circuit 10 and the water circulating
pump 3, arranged in parallel to the load-side heat ex-
changer 4. In the case where the compressor 11 is
stopped in a corresponding one or more chilling units 1
of the plurality of chilling units 1, under conditions where
the water is to flow in the direction opposite to the water
sending direction in which the water circulating pump 3
sends the water, the controller 20 of each of the corre-
sponding one or more chilling units 1 obtains the mini-
mum off-state flow rate at which the water is kept from
flowing in the opposite direction, on the basis of the water
pressure difference obtained from the measurement val-
ues of the inlet pressure sensor 24 and the outlet pres-
sure sensor 25. Then, the controller 20 of each of the
corresponding one or more chilling units 1, in each of
which the compressor 11 is stopped, controls the water
circulating pump 3 in such a manner that the minimum
off-state flow rate is maintained.
[0076] Such a configuration prevents the water
through the water circuit 2 from flowing in the opposite
direction and thus enables omission of check valves. As
the water circulating pump 3 is slightly operated, the min-
imum off-state flow rate ensures that the water is kept
from freezing in the water heat exchanger 14, similar to
the minimum on-state flow rate. This operation prevents
the water from freezing in the water heat exchanger 14,
thus preventing the water cycle air-conditioning system
200 from being stopped. Furthermore, the water heat ex-
changer 14 can be prevented from being broken by freez-
ing of the water in the water heat exchanger 14.
[0077] In Embodiment 2, the minimum off-state flow
rate is a flow rate of greater than 0 at which only heat
generated by operating the water circulating pump 3 is
rejected.
[0078] With this definition, the minimum off-state flow

rate at which the water is kept from flowing in the opposite
direction can be calculated, and the water circulating
pump 3 can be slightly operated in such a manner that
the water does not flow in the direction opposite to the
water sending direction in which the water circulating
pump 3 sends the water, thus reducing the power con-
sumption. In addition, heat generated by the water circu-
lating pump 3 that is being operated can be cooled.
[0079] In Embodiments 1 and 2 described above, the
water cycle air-conditioning systems 100 and 200 have
been described as examples. The water cycle air-condi-
tioning systems 100 and 200 include one or more chilling
units 1 of an air heat source type that includes the water
heat exchanger 14 for cooling the water to a target tem-
perature by using heat from the heat-source-side refrig-
erant, such as chlorofluorocarbon. Other applications in-
clude a water cycle air-conditioning system including, as
a heat source, a chilling unit of a water heat source type
in which a heat-source-side heat exchanger exchanges
heat between water and heat-source-side refrigerant.
The water cycle air-conditioning system may include a
four-way valve provided in the refrigeration cycle circuit
so that heat from the heat-source-side refrigerant, such
as chlorofluorocarbon, can be used not only to cool the
water to a target temperature but also to heat the water
to a target temperature. For the heat medium, brine may
be used instead of the water circulated through the water
circuit. Applications of the heat medium cycle system ac-
cording to the present invention include systems through
which the heat medium is circulated, including water cy-
cle air-conditioning systems.

Reference Signs List

[0080] 1 chilling unit 2 water circuit 3 water circulating
pump 4 load-side heat exchanger 5 control valve 6 re-
mote control 10 refrigeration cycle circuit 11 compressor
12 heat-source-side heat exchanger 13 expansion de-
vice 14 water heat exchanger 15 air-sending fan 20 con-
troller 21 control signal line 22 inlet temperature sensor
23 outlet temperature sensor 24 inlet pressure sensor 25
outlet pressure sensor 26 refrigerant temperature sensor
27 control signal line 100 water cycle air-conditioning sys-
tem 200 water cycle air-conditioning system

Claims

1. A heat medium cycle system, comprising:

a refrigeration cycle circuit through which refrig-
erant is circulated, the refrigeration cycle circuit
including a compressor, a heat-source-side heat
exchanger, an expansion device, and a heat me-
dium heat exchanger connected by pipes;
a heat medium cycle circuit through which a heat
medium is circulated, the heat medium cycle cir-
cuit including a pump circulating the heat medi-
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um, the heat medium heat exchanger, and a
load-side heat exchanger connected by pipes;
an inlet temperature sensor configured to meas-
ure a temperature of the heat medium at a heat
medium inlet of the heat medium heat exchang-
er;
an inlet pressure sensor configured to measure
a pressure of the heat medium at the heat me-
dium inlet of the heat medium heat exchanger;
an outlet pressure sensor configured to meas-
ure a pressure of the heat medium at a heat
medium outlet of the heat medium heat ex-
changer;
an evaporating temperature sensor configured
to detect an evaporating temperature of the re-
frigerant in the heat medium heat exchanger;
and
a controller configured to, under a first condition
where the heat medium is to freeze in the heat
medium heat exchanger, obtain a minimum on-
state flow rate at which the heat medium is kept
from freezing in the heat medium heat exchang-
er, on a basis of the temperature of the heat
medium at the heat medium inlet measured by
the inlet temperature sensor and the evaporat-
ing temperature of the refrigerant detected by
the evaporating temperature sensor, and control
the pump in such a manner that the minimum
on-state flow rate is maintained to make a pres-
sure difference of the heat medium obtained
from a measurement value of the inlet pressure
sensor and a measurement value of the outlet
pressure sensor into a minimum on-state pres-
sure difference.

2. The heat medium cycle system of claim 1, wherein
the controller is configured to control the pump in
such a manner that the minimum on-state flow rate
is maintained in a case where a load decreases and
an opening degree of a control valve configured to
adjust a flow rate of the heat medium flowing through
the load-side heat exchanger is adjusted toward a
closed position.

3. The heat medium cycle system of claim 1 or 2,
wherein the controller has a table from which the
minimum on-state flow rate is obtained on a basis of
the temperature of the heat medium at the heat me-
dium inlet measured by the inlet temperature sensor
and the evaporating temperature of the refrigerant
detected by the evaporating temperature sensor,
and is configured to obtain the minimum on-state
flow rate by using the table.

4. The heat medium cycle system of any one of claims
1 to 3,
wherein the heat medium cycle circuit includes a plu-
rality of chilling units each including the refrigeration

cycle circuit and the pump, and the plurality of chilling
units are arranged in parallel to the load-side heat
exchanger, and
wherein, in a case where the compressor is stopped
in a corresponding one or more chilling units of the
plurality of chilling units, under a second condition
where the heat medium is to flow in a direction op-
posite to a heat medium sending direction in which
the pump sends the heat medium, the controller of
each of the corresponding one or more chilling units
is configured to obtain a minimum off-state flow rate
at which the heat medium is kept from flowing in the
direction opposite to the heat medium sending direc-
tion, on a basis of the pressure difference of the heat
medium obtained from the measurement value of
the inlet pressure sensor and the measurement val-
ue of the outlet pressure sensor, and control the
pump in such a manner that the minimum off-state
flow rate is maintained.

5. The heat medium cycle system of claim 4, wherein
the minimum off-state flow rate is a flow rate of great-
er than 0 at which only heat generated by operating
the pump is rejected.
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