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(57) The chilling unit according to the present invention
supplies heat to a heat load by heating or cooling a
heating medium, which serves as a medium for carrying
heat, and circulating the heating medium through a
heating medium circulation circuit, the chilling unit
comprising: a pump that includes a pump inverter drive
device and that applies pressure to the heating medium;
a heat-source-side device that includes a heating
medium heat exchanger and that heats or cools the
heating medium; and a control device that sets an upper-
limit drive frequency and/or a lower-limit drive frequency
of the pump on the basis of an upper-limit set flow rate
and/or a lower-limit set flow rate of the heating medium
passing through the heating medium heat exchanger.
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FIG. 3
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DESCRIPTION

Title of Invention

CHILLING UNIT AND COLD/HOT WATER SYSTEM
Technical Field

[0001]

The present disclosure relates to a chilling unit and a cold/hot water system,
and in particular, relates to a pump that causes a heat medium, such as water, to
circulate through a heat medium circulation circuit.

Background Art
[0002]

In a building, such as an office building, a target space, for example, a room, is
subjected to air-conditioning, such as heating or cooling. A cold/hot water system
has been developed to cause a load side unit to heat or cool a target space with cold
or hot water that is supplied from a chilling unit including a cooling/heating heat
source unit through a water circulation circuit by driving a pump (refer to Patent
Literature 1, for example). The cooling/heating heat source unit uses a refrigeration
cycle to produce cold water or hot water in a water heat exchanger that exchanges
heat between water and refrigerant.

Citation List
Patent Literature
[0003]

Patent Literature 1: Japanese Unexamined Patent Application Publication No.
2012-112557
Summary of Invention
Technical Problem
[0004]

The above-described Patent Literature 1 discloses a method of adjusting the
driving frequency of a pump to improve coefficient of performance (COP). The pump
is driven based on a temperature depending on a load in a water circulation circuit.

However, the state of water, for example, the flow rate of water flowing through the
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water circulation circuit, is not particularly taken into consideration. Consequently, an
excess or lack of water passing through a water heat exchanger may occur
depending on the state of a pipe in the water circulation circuit on site.

[0005]

The present disclosure has been made to solve the above-described problem
and aims to provide a chilling unit and a cold/hot water system that achieve stable
circulation of water in a water circulation circuit.

Solution to Problem
[0006]

An embodiment of the present disclosure provides a chilling unit that heats or
cools a heat medium, serving as a medium to carry heat, and circulates the heat
medium through a heat medium circulation circuit to supply heat to a heat load, the
chilling unit including: a pump having a pump inverter drive and configured to
pressurize the heat medium; a heat source side unit including a heat medium heat
exchanger and configured to heat or cool the heat medium; and a controller
configured to set, based on at least one of an upper-limit set flow rate and a lower-
limit set flow rate of the heat medium passing through the heat medium heat
exchanger, at least one of an upper driving-frequency limit and a lower driving-
frequency limit of the pump.

[0007]

Another embodiment of the present disclosure provides a cold/hot water
system including: a plurality of the chilling units; a load side unit configured to supply
heat to a heat load through heat exchange with a heat medium; a water supply
header pipe with which the plurality of the chilling units are connected in parallel and
through which streams of the heat medium heated or cooled by and flowing from the
plurality of the chilling units are caused to join and the heat medium is then supplied
to the load side unit; and a water return header pipe with which the plurality of the
chilling units are connected in parallel and through which the heat medium flowing

from the load side unit is distributed to the plurality of the chilling units, the plurality of
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the chilling units, the load side unit, the water supply header pipe, and the water
return header pipe being connected to form a heat medium circulation circuit.
Advantageous Effects of Invention

[0008]

In the chilling unit and the cold/hot water system according to the embodiments
of the present disclosure, the controller sets, based on at least one of the upper-limit
set flow rate and the lower-limit set flow rate of the heat medium passing through the
heat medium heat exchanger, at least one of the upper driving-frequency limit and the
lower driving-frequency limit of the pump. This prevents the chilling unit and the
cold/hot water system from, for example, freezing because of a lack of the heat
medium and enables the chilling unit and the cold/hot water system to stably circulate
the heat medium through the heat medium circulation circuit without any reduction in
efficiency caused by an excess of the heat medium passing through the circuit.

Brief Description of Drawings
[0009]

[Fig. 1] Fig. 1 is a diagram illustrating the configuration of a cold/hot water
system 1000 according to Embodiment 1 of the present disclosure.

[Fig. 2] Fig. 2 is a diagram illustrating the configuration of a chilling unit 100 of
the cold/hot water system 1000 according to Embodiment 1 of the present disclosure.

[Fig. 3] Fig. 3 is a flowchart illustrating a process for determination of a driving
frequency of a pump 70 in commissioning of the cold/hot water system 1000
according to Embodiment 1 of the present disclosure.

[Fig. 4] Fig. 4 is a flowchart illustrating a process for adjustment of a driving
frequency of a pump 70 in a normal operation of a cold/hot water system 1000
according to Embodiment 2 of the present disclosure.

[Fig. 5] Fig. 5 is a flowchart illustrating a process for determination of a driving
frequency of a pump 70 in commissioning of a cold/hot water system 1000 according
to Embodiment 3 of the present disclosure.

[Fig. 6] Fig. 6 is a diagram illustrating the configuration of a cold/hot water

system 1000 according to Embodiment 4 of the present disclosure.
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[Fig. 7] Fig. 7 is a diagram illustrating the configuration of a chilling unit 100 of a
cold/hot water system 1000 according to Embodiment 5 of the present disclosure.
Description of Embodiments
[0010]

Hereinbelow, for example, cold/hot water systems according to embodiments of
the present disclosure will be described with reference to the drawings. Note that
components designated by the same reference signs in the following drawings are
the same components or equivalents. This note applies to the entire description of
the embodiments described below. Furthermore, note that the forms of components
described herein are intended to be illustrative only and the forms of the components
are not intended to be limited to those described herein. In particular, combinations
of the components are not intended to be limited only to those in the embodiments.

A component in one embodiment can be used in another embodiment. For a
plurality of devices of the same type, for example, distinguished from one another
using letters, if the devices do not have to be distinguished from one another or
specified, the letters may be omitted. Additionally, note that the relationship between
the sizes of the components in the drawings may differ from that between the actual
sizes of the components. High and low values of, for example, temperature and
pressure, are not determined in relation to particular absolute values, but are
relatively determined based on, for example, a state or an operation of, for example,
the system or each device.

[0011]

Embodiment 1.

Fig. 1 is a diagram illustrating the configuration of a cold/hot water system 1000
according to Embodiment 1 of the present disclosure. For example, the
configuration of the cold/hot water system 1000 will be described with reference to
Fig. 1. The cold/hot water system 1000 is a system that supplies heat to a target
heat load with a heat medium cooled or heated in chilling units 100, each serving as a
heat source side unit. Examples of the heat medium, serving as a medium to carry

heat, include brine (antifreeze), water, a liquid mixture of brine and water, and a liquid
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mixture of water and a highly anticorrosive additive. It is assumed herein that water
is used as a heat medium. The cold/hot water system 1000 includes the chilling
units 100, a water supply header pipe 200, a water return header pipe 300, a bypass
pipe 400, a bypass valve 410, load side units 500, two-way valves 600, and a tank
700, which form a water circulation circuit 900, serving as a heat medium circulation
circuit.

[0012]

Each chilling unit 100 heats or cools the water circulating through the water
circulation circuit 900. The cold/hot water system 1000 according to Embodiment 1
includes the chilling units 100. The cold/hot water system 1000 of Fig. 1 includes
three chilling units 100A to 100C. For example, the configuration of each chilling unit
100 will be described later. The water supply header pipe 200 causes streams of
water flowing from the chilling units 100 to join and distributes the water to the load
side units 500. The water return header pipe 300 causes streams of water flowing
from the load side units 500 to join and distributes the water to the chilling units 100.
[0013]

The bypass pipe 400 is a pipe that connects the water supply header pipe 200
and the water return header pipe 300. The bypass pipe 400 causes water that is not
sent to the load side units 500 to bypass the load side units 500, or flow from the
water supply header pipe 200 to the water return header pipe 300. The bypass
valve 410 regulates the flow rate of the water passing through the bypass pipe 400.
[0014]

Each load side unit 500, which includes a load side heat exchanger 510, is a
device that heats or cools a target load. Examples of the load side unit 500 include
a fan coil unit and an air handling unit.  Fig. 1 illustrates three load side units 500A to
500C. The load side heat exchanger 510 of each load side unit 500 exchanges heat
between water passing therethrough and the target load. Each two-way valve 600 is
a valve that permits or inhibits passage of water to the load side heat exchanger 510
of the load side unit 500.

[0015]



10

15

20

25

30

The tank 700 holds water and supplies the water to the water circulation circuit
900 when there is not enough water in the water circulation circuit 900. Examples of
the tank 700 include an open tank, a cushion tank, and a closed tank.

[0016]

Fig. 2 is a diagram illustrating the configuration of each chilling unit 100 in the
cold/hot water system 1000 according to Embodiment 1 of the present disclosure.
For example, the configuration and operation of the chilling unit 100 will now be
described with reference to Fig. 2. The chilling unit 100 in Embodiment 1 includes a
refrigeration cycle apparatus 60 having a refrigerant circuit through which refrigerant
is circulated, and performs an operation of cooling or heating water, serving as a heat
medium to carry heat, using a refrigeration cycle. It is assumed herein that the
cold/hot water system 1000 according to Embodiment 1 conditions air in a target
space with heat carried by the water. In the following description, therefore, a
heating operation of the chilling unit 100 is referred to as a heating operation and a
cooling operation thereof is referred to as a cooling operation. The cooling operation
is an operation that meets at least one of a condition where a discharge side of a
compressor 10 and an air heat exchanger 30 are connected by a four-way valve 20
and a condition where the temperature of water passing through a water heat
exchanger 50, which exchanges heat between the refrigerant and the water, falls.
The heating operation is an operation that meets at least one of a condition where the
discharge side of the compressor 10 and the water heat exchanger 50 are connected
by the four-way valve 20 and a condition where the temperature of the water passing
through the water heat exchanger 50 rises.

[0017]

As illustrated in Fig. 2, the chilling unit 100 in Embodiment 1 includes the
refrigeration cycle apparatus 60. The refrigeration cycle apparatus 60 includes the
compressor 10, the four-way valve 20, the air heat exchanger 30, an expansion valve
40, and the water heat exchanger 50, which are connected by pipes to form the
refrigerant circuit.  Additionally, the chilling unit 100 includes a pump 70 disposed

adjacent to the water circulation circuit 900. The chilling unit 100 further includes a
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controller 110, which controls, for example, the components, a memory device 120,
and an input device 130.
[0018]

The compressor 10 sucks, compresses, and discharges the refrigerant. The
compressor 10 has a compressor inverter drive 11.  In this case, the compressor
inverter drive 11 can change a driving frequency of the compressor 10 to any value in
response to an instruction from the controller 110 to change a capacity of the
compressor 10 that is the amount of refrigerant sent per unit time. The four-way
valve 20, serving as a flow switching device, switches between flow directions of the
refrigerant in response to an instruction from the controller 110 depending on an
operation to be performed. For example, in the cooling operation, the four-way valve
20 causes the refrigerant to flow such that high temperature, high pressure refrigerant
discharged from the compressor 10 flows into the air heat exchanger 30. In the
heating operation, the four-way valve 20 causes the refrigerant to flow such that the
high temperature, high pressure refrigerant discharged from the compressor 10 flows
into the water heat exchanger 50.

[0019]

The air heat exchanger 30 incudes a plurality of heat transfer tubes and
exchanges heat between the refrigerant passing through the heat transfer tubes and
air (e.g., outdoor air). In the heating operation, the air heat exchanger 30 functions
as an evaporator and exchanges heat between the air and low pressure refrigerant
flowing from the expansion valve 40 to evaporate and gasify the refrigerant. In the
cooling operation, the air heat exchanger 30 functions as a condenser and exchanges
heat between the air and low pressure refrigerant flowing from the compressor 10 to
condense and liquify the refrigerant. A fan 31 sends air to the air heat exchanger 30
to promote heat exchange between the refrigerant and the air.

[0020]

The water heat exchanger 50, serving as a heat medium heat exchanger,

exchanges heat between the refrigerant and the water, serving as a heat medium.

For example, in the heating operation, the water heat exchanger 50 functions as a
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condenser and exchanges heat between the water and the refrigerant flowing from
the compressor 10 such that the refrigerant is condensed into liquid or two-phase
gas-liquid refrigerant, thus heating the water. In the cooling operation, the water
heat exchanger 50 functions as an evaporator and exchanges heat between the
water and the refrigerant flowing from the expansion valve 40 such that the refrigerant
is evaporated and gasified, thus cooling the water. The expansion valve 40, serving
as an expansion device, changes its opening degree to adjust, for example, a
pressure of the refrigerant in the water heat exchanger 50. The expansion valve 40
may be a temperature-sensitive expansion valve whose opening degree is changed
based on the temperature of refrigerant. In Embodiment 1, the expansion valve 40
is an electronic expansion valve that changes its opening degree in response to an
instruction from the controller 110.

[0021]

The pump 70 sucks, pressurizes, and discharges the water in the water
circulation circuit 900 such that the water is circulated through the circuit. A pump
inverter drive 71 can change a driving frequency to any value in response to an
instruction from the controller 110 to change the capacity of the pump 70.

[0022]

The chilling unit 100 in Embodiment 1 includes an inlet water temperature
sensor 150 and an outlet water temperature sensor 160, which serve as a heat
medium temperature sensor to detect a temperature of the water entering and leaving
the water heat exchanger 50. The chilling unit 100 further includes an inlet water
pressure sensor 170 and an outlet water pressure sensor 180, which serve as a heat
medium pressure sensor to detect a pressure of the water entering and leaving the
water heat exchanger 50.

[0023]

The controller 110 controls the chilling unit 100. The controller 110 in
Embodiment 1 at least includes an operation control device 111 and a pump flow rate
determination device 112. The operation control device 111 controls the operation of

the entire chilling unit 100. The pump flow rate determination device 112 in
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Embodiment 1 performs a process of determining an upper driving-frequency limit
and a lower driving-frequency limit of the pump 70, particularly in commissioning
including an operation with switching between the cooling operation and the heating
operation. The memory device 120 stores a variety of data necessary for processes
of the controller 110 temporarily or for a long time. In addition, the memory device
120 also stores data obtained through a process performed by the controller 110
temporarily or for a long time. The input device 130 sends a signal associated with
an instruction from an operator to the controller 110.
[0024]

In the controller 110 in Embodiment 1, for example, the operation control device
111 and the pump flow rate determination device 112 can be implemented by different
hardware components, for example. These devices can also be implemented by an
arithmetic control processing unit, such as a computer including a central processing
unit (CPU), such that processes of the devices are programmed and implemented by,
for example, software or firmware. The arithmetic control unit runs the programs to
execute the processes based on the programs, thus implementing the processes of
the above-described devices. These programs may be stored as data in, for
example, the memory device 120. The memory device 120 includes a volatile
memory (not illustrated), such as a random access memory (RAM) in which data can
be temporarily stored, a hard disk, and a non-volatile auxiliary memory (not
illustrated), such as a flash memory in which data can be stored for a long time.
[0025]

For the cold/hot water system 1000 according to Embodiment 1, the controller
110 of the chilling unit 100 performs automatic commissioning of the cold/hot water
system 1000 installed on site. In the commissioning, the controller 110 determines
and sets, based on set upper and lower flow-rate limits of the water passing through
the water heat exchanger 50, driving frequencies of the pump 70 corresponding to the
upper and lower flow-rate limits of the water. In a normal operation, the pump 70 is
driven within a set range of driving frequencies to ensure stable passage of the water

through the water heat exchanger 50.
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[0026]

Fig. 3 is a flowchart illustrating a process for determination of a driving
frequency of the pump 70 in the commissioning of the cold/hot water system 1000
according to Embodiment 1 of the present disclosure. The controller 110 in each
chilling unit 100 sets upper and lower driving-frequency limits of the pump 70 included
in the chilling unit. The process performed by the controller 110 in the
commissioning of the cold/hot water system 1000 installed on site will now be
described with reference to Fig. 3.

[0027]

An operator sets and inputs, by using the input device 130, an upper limit and a
lower limit of a flow rate of water that passes through the water heat exchanger 50
while the pump 70 is driven. The controller 110 sets data representing an upper-limit
set flow rate and a lower-limit set flow rate on the basis of signals from the input
device 130 (step S1). In this case, the upper-limit set flow rate and the lower-limit
set flow rate are the upper and lower limits of the flow rate of the water passing
through the water heat exchanger 50, particularly in each chilling unit 100.

[0028]

Furthermore, the controller 110 determines whether an automatic
commissioning mode is set (step S2). In response to determining that the automatic
commissioning mode is not set, the controller 110 determines that a manual
commissioning mode is set and then performs commissioning based on an operator
instruction (step S4).

[0029]

In response to determining that the automatic commissioning mode is set, the
controller 110 drives the pump 70 to start circulation of the water in the water
circulation circuit 900 (step S3). The controller 110 operates the pump inverter drive
71 to increase a driving frequency of the pump 70 by a predetermined set amount
and then calculates the difference between a detection value of the inlet water
pressure sensor 170 and that of the outlet water pressure sensor 180 to calculate a

flow rate of the water (step S5). The controller 110 determines whether the

10
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calculated water flow rate is greater than or equal to the upper-limit set flow rate (step
S6). In response to determining that the calculated water flow rate is not greater
than or equal to the upper-limit set flow rate, the controller 110 returns to step S5,
where the controller 110 operates the pump inverter drive 71 to increase the driving
frequency of the pump 70 and drives the pump 70 until the controller determines that
the calculated water flow rate is greater than or equal to the upper-limit set flow rate.
In response to determining in step S6 that the calculated water flow rate is greater
than or equal to the upper-limit set flow rate, the controller 110 determines, as an
upper driving-frequency limit, a driving frequency of the pump 70 obtained at the
determination in step S6 and stores data representing the upper driving-frequency
limit in the memory device 120 (step S7).

[0030]

Then, the controller 110 operates the pump inverter drive 71 to reduce the
driving frequency of the pump 70 by a predetermined set amount and then calculates
the difference between a detection value of the inlet water pressure sensor 170 and
that of the outlet water pressure sensor 180 to calculate a water flow rate (step S8).
Then, the controller 110 determines whether the calculated water flow rate is less
than or equal to the lower-limit set flow rate (step S9). In response to determining
that the calculated water flow rate is not less than or equal to the lower-limit set flow
rate, the controller 110 returns to step S8, where the controller 110 operates the pump
inverter drive 71 to reduce the driving frequency of the pump 70 and drives the pump
70 until the controller determines that the calculated water flow rate is less than or
equal to the lower-limit set flow rate. In response to determining in step S9 that the
calculated water flow rate is less than or equal to the lower-limit set flow rate, the
controller 110 determines, as a lower driving-frequency limit, a driving frequency of
the pump 70 obtained at the determination in step S9 and stores data representing
the lower driving-frequency limit in the memory device 120 (step S10). Then, the
controller 110 terminates an operation in the automatic commissioning mode (step
S11).

[0031]

11
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As described above, in the commissioning of the cold/hot water system 1000
according to Embodiment 1, the controller 110 controls driving of the pump 70 and
determines the upper driving-frequency limit and the lower driving-frequency limit of
the pump 70 corresponding to the upper-limit set flow rate and the lower-limit set flow
rate. Determining the upper driving-frequency limit of the pump 70 keeps the water
from passing through the water heat exchanger 50 at a flow rate greater than or equal
to the upper-limit set flow rate, thus reducing or eliminating an excessive inflow of
water. This can reduce or eliminate unnecessary driving of the pump 70. This
enables efficient operation of the cold/hot water system 1000. The controller 110
may determine at least one of the upper driving-frequency limit and the lower driving-
frequency limit of the pump 70 on the basis of at least one of the upper-limit set flow
rate and the lower-limit set flow rate.

[0032]

Furthermore, determining the lower driving-frequency limit of the pump 70
allows the water to flow through the water heat exchanger 50 at a flow rate greater
than or equal to the lower-limit set flow rate, reducing or eliminating a lack of flow
through the water heat exchanger 50. Thus, the pump 70 can be driven with less
energy. In addition, setting the driving frequency of the pump 70 to be greater than
or equal to the lower driving-frequency limit prevents the water heat exchanger 50
from partly freezing due to a reduction in water flow rate resulting from a transient
change, thus preventing breakage of the water heat exchanger 50.

[0033]

Furthermore, for the cold/hot water system 1000 according to Embodiment 1,
the controller 110 of the chilling unit 100 performs the automatic commissioning of the
cold/hot water system 1000 installed on site. This can reduce operator workload
including setting, mistakes due to human error, and construction costs.

[0034]
Embodiment 2.
The process, which is performed by the controller 110 in commissioning, of

determining the upper driving-frequency limit and the lower driving-frequency limit of

12
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the pump 70 has been described in Embodiment 1.  For example, continuous
operation of the chilling unit 100 causes, for example, the devices and the pipes in the
water circulation circuit 900 to undergo erosion, corrosion, and contamination by
impurities, for example. The contamination of the pipes increases resistance to flow of
water in the water circulation circuit 900, so that the relationship between the

driving frequency of the pump 70 and the flow rate of the water in the water circulation
circuit 900 may differ from that obtained in commissioning. For example, if the water
flow rate is low in relation to the driving frequency of the pump 70, the water may
freeze in the water heat exchanger 50.

[0035]

Fig. 4 is a flowchart illustrating a process for adjustment of a driving frequency
of a pump 70 in a normal operation of a cold/hot water system 1000 according to
Embodiment 2 of the present disclosure. A process, which is performed by a
controller 110, for automatic adjustment of a driving frequency of the pump 70 will
now be described with reference to Fig. 4. The controller 110 determines whether an
automatic adjustment mode is set (step S21). In response to determining that the
automatic adjustment mode is not set, the controller 110 enters a manual mode in
which an upper driving-frequency limit and a lower driving-frequency limit are
adjusted based on operator instructions (step S22).

[0036]

In response to determining that the automatic adjustment mode is set, the
controller 110 calculates the difference between a detection value of an inlet water
pressure sensor 170 and that of an outlet water pressure sensor 180 to calculate a
water flow rate (step S23). The controller 110 determines whether the calculated
water flow rate is greater than or equal to an upper-limit set flow rate (step S24). In
response to determining that the calculated water flow rate is greater than or equal to
the upper-limit set flow rate, the controller 110 controls a pump inverter drive 71 to
reduce a driving frequency of the pump 70 by a predetermined set amount and drives
the pump (step S25). Then, the controller 110 resets the upper driving-frequency

limit of the pump 70 at which the flow rate does not exceed the upper-limit set flow
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rate and stores data representing the upper driving-frequency limit in the memory
device 120 (step S26).
[0037]

In response to determining that the calculated water flow rate is not greater
than or equal to the upper-limit set flow rate, the controller 110 determines whether
the calculated water flow rate is less than or equal to a lower-limit set flow rate (step
S27). Inresponse to determining that the calculated water flow rate is less than or
equal to the lower-limit set flow rate, the controller 110 controls the pump inverter
drive 71 to increase the driving frequency of the pump 70 by a predetermined set
amount and drives the pump (step S28). Then, the controller 110 resets the lower
driving-frequency limit of the pump 70 at which the flow rate does not fall below the
lower-limit set flow rate and stores data representing the lower driving-frequency limit
in the memory device 120 (step S29). The controller 110 periodically repeats the
above-described process at regular time intervals (step S30). Examples of the
predetermined time interval include, but are not limited to, one week and one month.
[0038]

As described above, for the cold/hot water system 1000 according to
Embodiment 2, the controller 110 performs the automatic adjustment process of
adjusting the upper driving-frequency limit and the lower driving-frequency limit of the
pump 70 in the automatic adjustment mode. This can adjust a difference in the
relationship between the driving frequency of the pump 70 and the water flow rate in a
water circulation circuit 900 resulting from, for example, erosion, corrosion, and
contamination by impurities that, for example, the devices and the pipes in the water
circulation circuit 900 undergo. Therefore, the pump 70 can be controlled such that
the water flows through a water heat exchanger 50 at a flow rate ranging from the
lower-limit set flow rate to the upper-limit set flow rate, allowing the water to pass
through the water heat exchanger 50 without an excess or lack of water. This can
prevent the water in the water heat exchanger 50 from freezing because of an
insufficient flow rate and prevent breakage of the water heat exchanger.

Furthermore, this can avoid excessive supply of the water to the water heat

14



10

15

20

25

30

exchanger 50 and reduce power supplied to the pump 70 accordingly, thus saving
energy. This leads to improved overall efficiency of the cold/hot water system 1000.
[0039]

Embodiment 3.

In the foregoing Embodiment 1, the controller 110 in each chilling unit 100 sets
the data representing the upper-limit set flow rate and the lower-limit set flow rate in
the water circulation circuit 900 on the basis of the signals from the input device 130
in commissioning as described above. In Embodiment 3, the upper-limit set flow
rate and the lower-limit set flow rate can be set based on a use for the cold/hot water
system 1000. This case will be described below.

[0040]

For the cold/hot water system 1000, operation details, such as a necessary
amount of heat, are often determined depending on a use associated with installation
of the system. In a chilling unit 100 in Embodiment 3, a memory device 120 stores
data sets related to settings of, for example, a refrigeration cycle apparatus 60 and a
pump 70, for predetermined uses. An optimum site-specific system mode in which a
process is performed with the data can be selected. When an operation in the
optimum site-specific system mode is selected in commissioning, a controller 110
performs a process for the pump 70 on the basis of data, stored in the memory device
120, representing an upper-limit set flow rate and a lower-limit set flow rate
associated with a further selected one of the uses.

[0041]

Fig. 5 is a flowchart illustrating a process for determination of a driving
frequency of the pump 70 in commissioning of a cold/hot water system 1000
according to Embodiment 3 of the present disclosure. For steps in Fig. 5 designated
by the same reference numbers as those in Fig. 1, the controller 110 performs the
same steps as those described in Embodiment 1.

[0042]
An operator determines whether to select the optimum site-specific system

mode for setting, and inputs a determination result by using an input device 130 (step
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S0). When the controller 110 determines that the optimum site-specific system
mode is selected, the controller 110 sets data representing an upper-limit set flow rate
and a lower-limit set flow rate in a water circulation circuit 900 on the basis of a use
selected from, for example, a menu listing uses (step SOA). In response to
determining that the optimum site-specific system mode is not selected, the controller
110 sets data representing an upper-limit set flow rate and a lower-limit set flow rate
in the water circulation circuit 900 on the basis of signals from the input device 130
(step S1).

[0043]

As described above, in the cold/hot water system 1000 according to
Embodiment 3, data sets each representing the upper-limit set flow rate and the
lower-limit set flow rate are previously set for the uses. Thus, proper flow rates can
be readily set regardless of the skill of the operator, for example.

[0044]
Embodiment 4.

Fig. 6 is a diagram illustrating the configuration of a cold/hot water system 1000
according to Embodiment 4 of the present disclosure. In the foregoing Embodiment
1, the cold/hot water system 1000, which is a single-pump system, has been
described as an example. The present disclosure is not limited to this example and
can also be applied to the cold/hot water system 1000 as a dual-pump system
illustrated in Fig. 6. In Fig. 6, for example, devices designated by the same
reference signs as those in, for example, Fig. 1, are the same as those in the cold/hot
water system 1000 described in Embodiment 1. In Embodiment 4, a water supply
header pipe 200A, a water supply header pipe 200B, and a water supply header pipe
200C are separately arranged as a plurality of water supply header pipes 200 .
Furthermore, a water return header pipe 300A and a water return header pipe 300B
are separately arranged as a plurality of water return header pipes 300.

[0045]
In Fig. 6, a secondary pump 800A and a secondary pump 800B each

pressurize water flowing from chilling units 100 and send the water to load side units
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500. It is assumed herein that the secondary pumps 800A and 800B are, but not
particularly limited to, fixed-capacity pumps. A differential pressure regulating valve
810 is a valve that regulates a flow rate of water to be sent to the load side units 500.
[0046]

As described above, each controller 110 in the cold/hot water system 1000,
which is configured as a dual-pump system, according to Embodiment 4 can perform
the process of determining an upper driving-frequency limit and a lower driving-
frequency limit of a pump 70 in commissioning and then perform the automatic
adjustment process.

[0047]
Embodiment 5.

Fig. 7 is a diagram illustrating the configuration of a chilling unit 100 in a
cold/hot water system 1000 according to Embodiment 5 of the present disclosure. In
the foregoing Embodiment 1, each chilling unit 100 has a single refrigerant circuit. In
Embodiment 5, the chilling unit 100 includes a plurality of refrigeration cycle
apparatuses 60 and has a configuration in which refrigerant circuits are connected in
parallel with a water circulation circuit 900. Referring to Fig. 6, two refrigeration
cycle apparatuses 60A and 60B are connected in parallel with the water circulation
circuit 900.

[0048]

As illustrated in Fig. 7, the chilling unit 100 in Embodiment 4 includes the
refrigeration cycle apparatus 60A and the refrigeration cycle apparatus 60B. The
refrigeration cycle apparatus 60A includes a compressor 10A, a compressor inverter
drive 11A, a four-way valve 20A, an air heat exchanger 30A, an expansion valve 40A,
and a water heat exchanger 50A, which form a refrigerant circuit. The refrigeration
cycle apparatus 60A further includes afan 31A. The refrigeration cycle apparatus
60B includes a compressor 10B, the compressor inverter drive 11A, a four-way valve
20B, an air heat exchanger 30B, an expansion valve 40B, and a water heat
exchanger 50B, which form a refrigerant circuit. The refrigeration cycle apparatus

60B further includes afan 31B. For operations of these devices, for example, the
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operations are the same as those performed by the devices designated by the same
reference signs with no letters described in Embodiment 1.
[0049]

The chilling unit 100 in Embodiment 5 includes an inlet water temperature
sensor 150 and an inlet water pressure sensor 170 arranged at positions where the
temperature and pressure of water entering the water heat exchanger 50A are
detected and further includes an outlet water temperature sensor 160 and an outlet
water pressure sensor 180 arranged at positions where the temperature and pressure
of water leaving the water heat exchanger 50B are detected. Therefore, an upper
driving-frequency limit and a lower driving-frequency limit of a pump 70 can be set to
cause the water to pass through both the water heat exchanger 50A and the water
heat exchanger 50B at a flow rate ranging from a lower-limit set flow rate to an upper-
limit set flow rate.

[0050]

As described above, for the cold/hot water system 1000 according to
Embodiment 5, the upper driving-frequency limit and the lower driving-frequency limit
of the pump 70 can be set in the chilling unit 100 including the multiple refrigeration
cycle apparatuses 60 connected in parallel.

[0051]
Embodiment 6.

Although each chilling unit 100 includes the pump 70 in the foregoing
Embodiments 1 to 5 as described above, any other configuration may be used. The
pump 70 may be a device separate from the chilling unit 100 in the cold/hot water
system 1000.

[0052]

Furthermore, although each of the refrigeration cycle apparatuses 60 included
in the chilling units 100 in the foregoing Embodiments 1 to 5 heats or cools the water
in the water circulation circuit 900 as described above, any other configuration may
be used. Another heating or cooling device may be used as a heat source side unit.

[0053]
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In addition, although each of the refrigeration cycle apparatuses 60 in the
chilling units 100 in the foregoing Embodiments 1 to 5 includes the four-way valve 20
to switch between heating and cooling of the water in the water heat exchanger 50,
any other configuration may be used. The chilling unit 100 may be dedicated for
heating or cooling.

[0054]

Furthermore, the process, which is performed by the controller 110, for
automatic adjustment of the driving frequencies of the pump 70 described in
Embodiment 2 can be performed in the configuration of each of the chilling units 100
in the foregoing Embodiments 4 and 5.

Reference Signs List
[0055]

10, 10A, 10B compressor 11, 11A, 11B compressor inverter drive 20,
20A, 20B four-way valve 30, 30A, 30B air heat exchanger 31, 31A, 31B fan
40, 40A, 40B expansion valve 50, 50A, 50B water heat exchanger 60, 60A,
60B refrigeration cycle apparatus 70 pump 71 pump inverter drive 100,
100A, 100B, 100C chillingunit 110 controller 111 operation control device
112  pump flow rate determination device 120 memory device 130 input
device 150 inlet water temperature sensor 160 outlet water temperature sensor
170 inlet water pressure sensor 180 outlet water pressure sensor 200, 200A,
200B, 200C water supply header pipe 300, 300A, 300B water return header pipe
400 bypass pipe 410 bypassvalve 500, 500A, 500B, 500C load side unit
510, 510A, 510B, 510C load side heat exchanger 600, 600A, 600B, 600C two-
way valve 700 tank B800A, 800B secondary pump 810 differential pressure

regulating valve 900 water circulation circuit 1000 cold/hot water system
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CLAIMS
[Claim 1]

A chilling unit that heats or cools a heat medium, serving as a medium to carry
heat, and circulates the heat medium through a heat medium circulation circuit to
supply heat to a heat load, the chilling unit comprising:

a pump having a pump inverter drive and configured to pressurize the heat
medium;

a heat source side unit including a heat medium heat exchanger and
configured to heat or cool the heat medium; and

a controller configured to set, based on at least one of an upper-limit set flow
rate and a lower-limit set flow rate of the heat medium passing through the heat
medium heat exchanger, at least one of an upper driving-frequency limit and a lower
driving-frequency limit of the pump.

[Claim 2]

The chilling unit of claim 1, wherein the heat source side unit is a refrigeration
cycle apparatus having a refrigerant circuit, through which refrigerant circulates,
including a compressor, an air heat exchanger, an expansion valve, and the heat
medium heat exchanger connected by pipes.

[Claim 3]

The chilling unit of claim 1 or 2, further comprising:

a heat medium pressure sensor configured to detect a pressure of the heat
medium entering and leaving the heat medium heat exchanger,

wherein the controller sets, based on a flow rate of the heat medium flowing
through the heat medium heat exchanger calculated from the pressure detected by
the heat medium pressure sensor, the upper driving-frequency limit and the lower
driving-frequency limit.

[Claim 4]

The chilling unit of any one of claims 1 to 3, wherein the controller automatically

performs, in commissioning of the heat medium circulation circuit, a process

comprising: increasing a driving frequency of the pump to circulate the heat medium
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through the heat medium circulation circuit; setting, to the upper driving-frequency
limit, the driving frequency of the pump at which the heat medium flows at a flow rate
greater than or equal to the upper-limit set flow rate; reducing the driving frequency of
the pump to circulate the heat medium through the heat medium circulation circuit;
and setting, to the lower driving-frequency limit, the driving frequency of the pump at
which the heat medium flows at a flow rate less than or equal to the lower-limit set
flow rate.

[Claim 5]

The chilling unit of any one of claims 1 to 4, wherein, during operation of the
heat medium circulation circuit, the controller periodically performs, at regular time
intervals, a process comprising: in response to determining that a flow rate of the heat
medium passing through the heat medium heat exchanger is greater than the upper-
limit set flow rate, reducing a driving frequency of the pump to reset, to the upper
driving-frequency limit, the driving frequency of the pump obtained when determining
that the flow rate is less than or equal to the upper-limit set flow rate; and, in response
to determining that the flow rate of the heat medium passing through the heat medium
heat exchanger is less than the lower-limit set flow rate, increasing the driving
frequency of the pump to reset, to the lower driving-frequency limit, the driving
frequency of the pump obtained when determining that the flow rate is less than or
equal to the lower-limit set flow rate.

[Claim 6]

The chilling unit of any one of claims 1 to 5, further comprising:

a memory device configured to store data sets, each representing the upper-
limit set flow rate and the lower-limit set flow rate, for uses of the chilling unit,

wherein the controller sets, based on the upper-limit set flow rate and the
lower-limit set flow rate for a selected one of the uses, the upper driving-frequency
limit and the lower driving-frequency limit of the pump.

[Claim 7]
A cold/hot water system comprising:

a plurality of the chilling units of any one of claims 1 to 6;
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a load side unit configured to supply heat to a heat load through heat exchange
with a heat medium;

a water supply header pipe with which the plurality of the chilling units are
connected in parallel and through which streams of the heat medium heated or
cooled by and flowing from the plurality of the chilling units are caused to join and the
heat medium is then supplied to the load side unit; and

a water return header pipe with which the plurality of the chilling units are
connected in parallel and through which the heat medium flowing from the load side
unit is distributed to the plurality of the chilling units,

the plurality of the chilling units, the load side unit, the water supply header
pipe, and the water return header pipe being connected to form a heat medium

circulation circuit.
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