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(57) A control device includes a compressor control unit that
operates both of a first compressor and a second
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DESCRIPTION

Title of Invention

REFRIGERATION SYSTEM AND CONTROLLER
Technical Field

[0001]

The present invention relates to a refrigeration system including a first
refrigerant circuit, a second refrigerant circuit, and a heat-medium circuit connected to
the first refrigerant circuit and the second refrigerant circuit, and to a controller that
controls the refrigeration system.

Background Art
[0002]

An existing refrigeration system has a plurality of refrigerant circuits and
improves the coefficient of performance (COP) by determining the number of
operating compressors (also referred to as "the number of operating units"
hereinafter) among compressors in the plurality of refrigerant circuits on the basis of a
frequency ratio (e.g., see Patent Literature 1). The frequency ratio can be acquired
by dividing a total value of operating frequencies of the plurality of compressors by a
rated frequency. When maximum operating frequencies of the compressors are
defined as maximum frequencies, the rated frequency can be acquired by adding
together the maximum frequencies of the plurality of compressors.

Citation List
Patent Literature
[0003]

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

In the existing refrigeration system, the predetermined frequency ratio is set as

a threshold value used when the number of operating units is to be changed. Inthe
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existing refrigeration system, this threshold value is a fixed value. The suitable
number of operating units for improving the COP varies on the basis of not only the
frequency ratio but also a factor such as the outside-air temperature. Consequently,
when the threshold value used when the number of operating units is to be changed
is a fixed value, there may be a case where the COP cannot be improved.
[0005]

The present invention has been made to solve the aforementioned problem,
and an object of the present invention is to provide a refrigeration system and a
controller that can improve the COP more reliably.
Solution to Problem
[0006]

Arefrigeration system of an embodiment of the present invention includes a
first refrigerant circuit including a first compressor and a first heat exchanger; a
second refrigerant circuit including a second compressor and a second heat
exchanger; a heat-medium circuit having a pump, a first heat-medium flow path
connected to the first heat exchanger, and a second heat-medium flow path
connected to the second heat exchanger; and a controller configured to control the
first compressor, the second compressor, and the pump. The controller includes a
compressor control unit configured to cause both of the first compressor and the
second compressor to operate when a first frequency ratio is larger than or equal to a
predetermined threshold value, and to cause one of the first compressor and the
second compressor to operate when the first frequency ratio is smaller than the
threshold value. The first frequency ratio is a value obtained by dividing a total
frequency of an operating frequency of the first compressor and an operating
frequency of the second compressor by a predetermined first rated frequency. The
threshold value is set on the basis of an outside-air temperature, a temperature of a
heat medium flowing through the heat-medium circuit, or an output of the pump.
Advantageous Effects of Invention

[0007]
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The refrigeration system according to an embodiment of the present invention
includes the above-described components, so that the COP can be improved more
reliably.

Brief Description of Drawings
[0008]

[Fig. 1A] Fig. 1A is an overall view of a refrigeration system according to
Embodiment 1 of the present invention.

[Fig. 1B] Fig. 1B schematically illustrates a chiller unit group of the refrigeration
system according to Embodiment 1 of the present invention.

[Fig. 1C] Fig. 1C illustrates an example of a refrigerant circuit of the
refrigeration system according to Embodiment 1 of the present invention.

[Fig. 1D] Fig. 1D illustrates a controller of the refrigeration system according to
Embodiment 1 of the present invention.

[Fig. 2] Fig. 2 is a control flowchart of the refrigeration system according to
Embodiment 1 of the present invention.

[Fig. 3] Fig. 3 illustrates threshold values set on the basis of an outside-air
temperature and a frequency ratio, according to Embodiment 1 of the present
invention.

[Fig. 4] Fig. 4 illustrates threshold values set on the basis of an outlet
temperature and a frequency ratio, according to Embodiment 1 of the present
invention.

[Fig. 5] Fig. 5 illustrates threshold values set on the basis of a pump output and
a frequency ratio, according to Embodiment 1 of the present invention.

[Fig. 6A] Fig. 6A schematically illustrates a chiller unit group of a refrigeration
system according to Embodiment 2 of the present invention.

[Fig. 6B] Fig. 6B illustrates a controller of the refrigeration system according to
Embodiment 2 of the present invention.

[Fig. 7] Fig. 7 is a control flowchart of the refrigeration system according to

Embodiment 2 of the present invention.



10

15

20

25

30

[Fig. 8] Fig. 8 is a control flowchart of each pump in the refrigeration system
according to Embodiment 2 of the present invention.

[Fig. 9] Fig. 9 illustrates threshold values set on the basis of an outside-air
temperature and a frequency ratio, according to Embodiment 2 of the present
invention.

Description of Embodiments
[0009]
Embodiment 1

Fig. 1Ais an overall view of a refrigeration system 100 according to
Embodiment 1. Fig. 1B schematically illustrates a chiller unit group 101 of the
refrigeration system 100 according to Embodiment 1. Fig. 1C illustrates an example
of a refrigerant circuit C1 of the refrigeration system 100 according to Embodiment 1.
Fig. 1D illustrates a controller Cnt of the refrigeration system 100 according to
Embodiment 1. In Figs. 1A to 1C, the direction of flow of a heat medium or the
direction of flow of refrigerant is represented by an arrow.

[0010]
[Refrigeration System 100]

As shown in Fig. 1A, the refrigeration system 100 according to Embodiment 1
includes the chiller unit group 101 serving as a heat-source-side device and a device
102 serving as a load-side device. As an alternative to the example in Fig. 1Ain
which the chiller unit group 101 and the device 102 are directly connected to each
other, the chiller unit group 101 and the device 102 may be connected to each other
with a relay unit (not shown), including a heat exchanger, interposed between the
chiller unit group 101 and the device 102. In other words, the refrigeration system
100 according to Embodiment 1 is only required to include the chiller unit group 101
and a device that utilizes heating energy or cooling energy generated in the chiller
unit group 101. The device 102 is supplied with, for example, water cooled as a
result of operation of the chiller unit group 101. The chiller unit group 101 includes a
chiller unit 110, a chiller unit 120, and a chiller unit 130. The device 102 includes, for

example, a fan coil unit included in an indoor unit of an air-conditioning apparatus and
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a tank for retaining water of a water heater. In Embodiment 1, the device 102 is
described as being a fan coil unit of an air-conditioning apparatus as an example.
The device 102 includes a heat exchanger 102A and a fan 102B that supplies air to
the heat exchanger 102A. The refrigeration system 100 includes a first header Hd1
and a second header Hd2. The first header Hd1 is connected to the heat exchanger
102A of the device 102 by a heat-medium pipe WP40. The second header Hd2 is
connected to the heat exchanger 102A of the device 102 by a heat-medium pipe
WP50. The refrigeration system 100 includes a heat-medium circuit WC. The
heat-medium circuit WC includes the heat-medium pipe WP40, the heat-medium pipe
WP50, the first header Hd1, and the second header Hd2.

[0011]

[Chiller Unit 110]

As shown in Fig. 1B, the chiller unit 110 includes the refrigerant circuit C1, a
pump 14, a controller 15, an inverter 16, an outside-air temperature sensor 18, and a
heat-medium temperature sensor 19. As shown in Fig. 1C, the refrigerant circuit C1
includes a compressor 12, a heat exchanger 13A, an expansion device V1, a heat
exchanger 13B, and a refrigerant pipe Rp. The operating frequency of the
compressor 12 is controllable. The compressor 12 operates on the basis of a signal
output from the inverter 16. The heat exchanger 13A serves as a condenser or an
evaporator. The expansion device V1 reduces the pressure of the refrigerant. The
heat exchanger 13B serves as a condenser or an evaporator. In Fig. 1C, a circuit in
which the refrigerant cools the heat medium is shown as an example. The
refrigerant circuit C1 may include a flow switching valve (not shown) to switch
between a mode in which the refrigerant cools the heat medium and a mode in which
the refrigerant heats the heat medium.

[0012]

The refrigerant circuit C1 is connected to a heat-medium pipe WP2 and a heat-
medium pipe WP3. The heat medium flowing through the heat-medium pipe WP2 is
heated or cooled by the refrigerant flowing through the refrigerant circuit C1, and

flows into the heat-medium pipe WP3. The pump 14 has a heat-medium inlet that is
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connected to a heat-medium pipe WP1 and a heat-medium outlet that is connected to
the heat-medium pipe WP2. The heat-medium pipe WP3 is connected to the first
header Hd1, and the heat-medium pipe WP1 is connected to the second header Hd2.
[0013]

The controller 15 controls the inverter 16 and the pump 14. Furthermore, the
controller 15 controls the inverter 16 to change the frequency of the compressor 12.
The controller 15 communicates with a remote controller RC. The remote controller
RC is set in, for example, a manager's office. The controller 15 receives an
operation command from the remote controller RC. The controller 15 communicates
with a controller 25 and a controller 35 and operates in cooperation with the controller
25 and the controller 35. A temperature measured by the outside-air temperature
sensor 18 is output to the controller 15.  Moreover, a temperature measured by the
heat-medium temperature sensor 19 is output to the controller 15. Furthermore, the
controller 15 acquires an output of the pump 14. The refrigeration system 100 is not
provided with an inverter for driving the pump 14. In other words, the pump 14
operates at a fixed frequency. With regard to the output of the pump 14, a set value
for the operating frequency of the pump 14, transmitted from the controller 15 to the
pump 14, may be used. The pump 14 may be provided with a wattmeter (not
shown), and the power consumed by the pump 14 and acquired from the wattmeter
may be used as the output of the pump 14.

[0014]
[Chiller Unit 120]

The chiller unit 120 includes a refrigerant circuit C2, a pump 24, the controller
25, and an inverter 26. The pump 24 has a configuration similar to that of the pump
14. The pump 24 has a heat-medium inlet that is connected to a heat-medium pipe
WP21 and a heat-medium outlet that is connected to a heat-medium pipe WP22.

The refrigerant circuit C2 is connected to the heat-medium pipe WP22 and a heat-
medium pipe WP23. The heat medium flowing through the heat-medium pipe WP22
is heated or cooled by the refrigerant flowing through the refrigerant circuit C2, and

flows into the heat-medium pipe WP23. The controller 25 controls the inverter 26
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and the pump 24. Furthermore, the controller 25 controls the inverter 26 to change
the frequency of a compressor 22. The heat-medium pipe WP23 is connected to the
first header Hd1, and the heat-medium pipe WP21 is connected to the second header
Had2.

[0015]

[Chiller Unit 130]

The chiller unit 130 includes a refrigerant circuit C3, a pump 34, the controller
35, and an inverter 36. The pump 34 has a configuration similar to that of the pump
14. The pump 34 has a heat-medium inlet that is connected to a heat-medium pipe
WP31 and a heat-medium outlet that is connected to a heat-medium pipe WP32.

The refrigerant circuit C3 is connected to the heat-medium pipe WP32 and a heat-
medium pipe WP33. The heat medium flowing through the heat-medium pipe WP32
is heated or cooled by the refrigerant flowing through the refrigerant circuit C3, and
flows into the heat-medium pipe WP33. The controller 35 controls the inverter 36
and the pump 34. Furthermore, the controller 35 controls the inverter 36 to change
the frequency of a compressor 32. The heat-medium pipe WP33 is connected to the
first header Hd1, and the heat-medium pipe WP31 is connected to the second header
Hd2.

[0016]

In the following description, the controller 15, the controller 25, and the
controller 35 are collectively referred to as a controller Cnt. The controller Cnt is
constituted of, for example, dedicated hardware or a central processing unit (also
called a CPU, a central processing device, a processing device, an arithmetic device,
a microprocessor, a microcomputer, or a processor) that executes a program stored
ina memory. When the controller Cnt is dedicated hardware, the controller Cnt
corresponds to, for example, a single circuit, a composite circuit, an application
specific integrated circuit (ASIC), a field-programmable gate array (FPGA), or a
combination of these arrangements. The function units included in the controller Cnt
may each be included in the corresponding one of hardware units, or the function

units may be included in a single hardware unit.
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When the controller Cnt is a CPU, the functions performed by the controller Cnt
are performed by software, firmware, or a combination of software and firmware.
Software and firmware are described as programs and are stored in the memory.
The CPU reads and executes the programs stored in the memory to perform the
functions of the controller Cnt. The memory used may be, for example, a nonvolatile
or volatile semiconductor memory, such as a RAM, a ROM, a flash memory, an
EPROM, and an EEPROM. One of more functions of the controller Cnt may be
performed by dedicated hardware, and the remaining one of more functions may be
performed by software or firmware.

[0017]

As shown in Fig. 1D, the controller Cnt includes a first frequency acquiring unit
50A, a number-of-operating-units determining unit 50B, a compressor control unit
50C, and a memory 50G.

[0018]

The first frequency acquiring unit 50A acquires a first frequency ratio. A first
frequency ratio can be acquired by dividing a total frequency of the operating
frequency of the compressor 12, the operating frequency of the compressor 22, and
the operating frequency of the compressor 32 by a predetermined first rated
frequency. Afirst rated frequency can be acquired by adding together a maximum
value of the operating frequency of the compressor 12, a maximum value of the
operating frequency of the compressor 22, and a maximum value of the operating
frequency of the compressor 32.

[0019]

The number-of-operating-units determining unit 50B determines the number of
operating units on the basis of the first frequency ratio. The number-of-operating-
units determining unit 50B determines the number of operating units on the basis of
whether or not the first frequency ratio is larger than or equal to a threshold value to
be described in, for example, Fig. 2. The threshold value used by the number-of-
operating-units determining unit 50B is a value based on the outside-air temperature

measured by the outside-air temperature sensor 18. Moreover, the threshold value
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used by the number-of-operating-units determining unit 50B is a value based on the
heat-medium temperature measured by the heat-medium temperature sensor 19.
Furthermore, the threshold value used by the number-of-operating-units determining
unit 50B is a value based on the output of the pump 14.

The compressor control unit 50C causes at least one of the compressor 12, the
compressor 22, and the compressor 32 to operate on the basis of whether or not the
first frequency ratio is larger than or equal to a predetermined threshold value. The
compressor control unit 50C controls the inverter 16, the inverter 26, and the inverter
36 to change the operating frequencies of the compressor 12, the compressor 22,
and the compressor 32.

[0020]

The memory 50G has various types of data, such as threshold values, stored in

the memory 50G.
[0021]
[Description of Control Flow]

Fig. 2 is a control flowchart of the refrigeration system 100 according to
Embodiment 1.

The controller Cnt calculates a first frequency ratio (step S1). The controller
Cnt acquires a threshold value on the basis of a measured outside-air temperature, a
measured heat-medium temperature, and an output of the pump 14 (step S2). The
controller Cnt compares the first frequency ratio and the acquired threshold value to
determine the number of operating units (step S3). The controller Cnt transmits an
operation signal or a stop signal to the inverter corresponding to each compressor
(step S4).

[0022]

In addition to the number of operating units determined in step S3, it may be
determined which of the compressors is caused to operate. For example, when the
number of operating units is two, the compressor 12 and the compressor 22 may be
caused to operate, and the compressor 32 may be stopped (first pattern).

Alternatively, the compressor 12 and the compressor 32 may be caused to operate,
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and the compressor 22 may be stopped (second pattern). As another alternative,
the compressor 32 and the compressor 22 may be caused to operate, and the
compressor 12 may be stopped (third pattern). The controller Cnt may select any
one of the first to third patterns on the basis of, for example, the operating time of
each compressor.

[0023]

Fig. 3 illustrates threshold values set on the basis of the outside-air
temperature and the frequency ratio.

A curve A1 represents a COP rate when the measured outside-air temperature
is 25 degrees C and the number of operating compressors is one. A curve A2
represents a COP rate when the measured outside-air temperature is 25 degrees C
and the number of operating compressors is two. A curve A3 represents a COP rate
when the measured outside-air temperature is 25 degrees C and the number of
operating compressors is three. A curve A4 represents a COP rate when the
measured outside-air temperature is 25 degrees C and the number of operating
compressors is four.

As shown in the curves A1 to A4, it is clear that the first frequency ratio that can
improve the COP increases with increasing number of operating units.

[0024]

A curve B1 represents a COP rate when the measured outside-air temperature
is 35 degrees C and the number of operating compressors is one. A curve B2
represents a COP rate when the measured outside-air temperature is 35 degrees C
and the number of operating compressors is two. A curve B3 represents a COP rate
when the measured outside-air temperature is 35 degrees C and the number of
operating compressors is three. A curve B4 represents a COP rate when the
measured outside-air temperature is 35 degrees C and the number of operating
compressors is four.

The curves B1 to B4 show tendencies similar to those of the curves A1 to A4.

In other words, it is clear that the first frequency ratio that can improve the COP

10
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increases with increasing number of operating units. However, the curves B1 to B4
are entirely located below the curves A1 to A4.
[0025]

Aline L1 corresponds to a threshold value that separates a case where the
number of operating units is set to one and a case where the number of operating
units is set to two. Aline L2 corresponds to a threshold value that separates a case
where the number of operating units is set to two and a case where the number of
operating units is set to three. A line L3 corresponds to a threshold value that
separates a case where the number of operating units is set to three and a case
where the number of operating units is setto four. The lines L1, L2, and L3 are
inclined. In other words, Fig. 3 shows that the threshold values for determining the
number of operating units change on the basis of the measured outside-air
temperature. The inclination of each of the lines L1, L2, and L3 represents that the
threshold value increases with increasing outside-air temperature.

[0026]

The lines L1, L2, and L3 are linear expressions. Furthermore, in a case where
the accuracy of the suitable number of operating units is to be improved, the lines L1,
L2, and L3 may be quadratic or cubic expressions in view of, for example, the
memory of the controller Cnt. The refrigeration system 100 employs the mode
shown in Fig. 3 so that the COP increases by, for example, about 10%, as compared
with an existing refrigeration system.

[0027]

Fig. 4 illustrates threshold values set on the basis of the outlet temperature and
the frequency ratio.

A curve C1 represents a COP rate when the measured heat-medium
temperature is 15 degrees C and the number of operating compressors is one. A
curve C2 represents a COP rate when the measured heat-medium temperature is 15
degrees C and the number of operating compressors is two. A curve C3 represents
a COP rate when the measured heat-medium temperature is 15 degrees C and the

number of operating compressors is three. A curve D4 represents a COP rate when
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the measured heat-medium temperature is 15 degrees C and the number of
operating compressors is four.

As shown in the curves C1 to C4, it is clear that the first frequency ratio that
can improve the COP increases with increasing number of operating units.

[0028]

A curve D1 represents a COP rate when the measured heat-medium
temperature is 7 degrees C and the number of operating compressors is one. A
curve D2 represents a COP rate when the measured heat-medium temperature is 7
degrees C and the number of operating compressors is two. A curve D3 represents
a COP rate when the measured heat-medium temperature is 7 degrees C and the
number of operating compressors is three. A curve D4 represents a COP rate when
the measured heat-medium temperature is 7 degrees C and the number of operating
compressors is four.

The curves D1 to D4 show tendencies similar to those of the curves C1 to C4.
In other words, it is clear that the first frequency ratio that can improve the COP
increases with increasing number of operating units. However, the curves D1 to D4
are entirely located below the curves C1 to C4.

[0029]

Aline L11 corresponds to a threshold value that separates a case where the
number of operating units is set to one and a case where the number of operating
units is set to two. Aline L12 corresponds to a threshold value that separates a case
where the number of operating units is set to two and a case where the number of
operating units is set to three. A line L13 corresponds to a threshold value that
separates a case where the number of operating units is set to three and a case
where the number of operating units is set to four. The lines L11, L12, and L13 are
inclined. In other words, Fig. 4 shows that the threshold values for determining the
number of operating units change on the basis of the measured outside-air
temperature. The inclination of each of the lines L11, L12, and L13 represents that
the threshold value increases with increasing heat-medium temperature.

[0030]
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The lines L11, L12, and L13 are linear expressions. Furthermore, in a case
where the accuracy of the suitable number of operating units is to be improved, the
lines L11, L12, and L13 may be quadratic or cubic expressions in view of, for
example, the memory of the controller Cnt. The refrigeration system 100 employs
the mode shown in Fig. 4 so that the COP increases by, for example, about 5%, as
compared with an existing refrigeration system.

[0031]

Fig. 5 illustrates threshold values set on the basis of the outside and the
frequency ratio.

A curve E1 represents a COP rate when the pump output is 3.7 kW and the
number of operating compressors is one. A curve E2 represents a COP rate when
the pump output is 3.7 kW and the number of operating compressors is two. A curve
E3 represents a COP rate when the pump output is 3.7 kW and the number of
operating compressors is three. A curve E4 represents a COP rate when the pump
output is 3.7 kW and the number of operating compressors is four.

As shown in the curves E1 to E4, it is clear that the first frequency ratio that can
improve the COP increases with increasing number of operating units.

[0032]

A curve F1 represents a COP rate when the pump output is 7.5 kW and the
number of operating compressors is one. A curve F2 represents a COP rate when
the pump output is 7.5 kW and the number of operating compressors is two. A curve
F3 represents a COP rate when the pump output is 7.5 kW and the number of
operating compressors is three. A curve F4 represents a COP rate when the pump
output is 7.5 kW and the number of operating compressors is four.

The curves F1 to F4 show tendencies similar to those of the curves E1 to E4.

In other words, it is clear that the first frequency ratio that can improve the COP
increases with increasing number of operating units. However, the curves F1 to F4
are entirely located below the curves E1 to E4.

[0033]
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Aline L21 corresponds to a threshold value that separates a case where the
number of operating units is set to one and a case where the number of operating
units is set to two. Aline L22 corresponds to a threshold value that separates a case
where the number of operating units is set to two and a case where the number of
operating units is set to three. A line L23 corresponds to a threshold value that
separates a case where the number of operating units is set to three and a case
where the number of operating units is set to four. The lines L21, L22, and L23 are
inclined. In other words, Fig. 5 shows that the threshold values for determining the
number of operating units change on the basis of the pump output. The inclination
of each of the lines L21, L22, and L23 represents that the threshold value increases
with increasing pump output.

[0034]

The lines L21, L22, and L23 are linear expressions. Furthermore, in a case
where the accuracy of the suitable number of operating units is to be improved, the
lines L21, L22, and L23 may be quadratic or cubic expressions in view of, for
example, the memory of the controller Cnt. The refrigeration system 100 employs
the mode shown in Fig. 5 so that the COP increases by, for example, about 10%, as
compared with an existing refrigeration system.

[0035]

The controller Cnt has data corresponding to the lines L1, L2, L3, L11, L12,
L13, L21, L22, and L23 stored in the controller Cnt. The controller Cnt acquires
information about the measured outside-air temperature, the measured heat-medium
temperature, and the pump output, and determines the number of operating units.
[0036]

[Advantage of Embodiment 1]

In the refrigeration system 100, a threshold value for determining the number of
operating units is set on the basis of at least one of the outside-air temperature, the
temperature of the heat medium flowing through the heat-medium circuit, and the
pump output. Consequently, the COP can be increased more reliably.

[0037]
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Embodiment 2

Fig. 6A schematically illustrates a chiller unit group 201 of a refrigeration
system according to Embodiment 2.  Fig. 6B illustrates a controller Cnt of the
refrigeration system according to Embodiment 2. In Embodiment 2, sections
different from those in Embodiment 1 will mainly be described, the same sections will
be given the same reference signs, and descriptions of the sections will be omitted.
[0038]

In Embodiment 1, a case is described where the flow rate of the heat medium
is fixed. In other words, in Embodiment 1, the operating frequency of each pump is
fixed. In Embodiment 2, inverters (an inverter 17, an inverter 27, and an inverter 37)
for controlling the pumps are provided. A chiller unit 211 is provided with the inverter
17, a chiller unit 221 is provided with the inverter 27, and a chiller unit 231 is provided
with the inverter 37. The controller Cnt controls the inverter 17, the inverter 27, and
the inverter 37 to change the operating frequencies of the pump 14, the pump 24, and
the pump 34. For the operating frequency of each of the pump 14, the pump 24, and
the pump 34, a minimum frequency is predetermined. In other words, the minimum
frequencies are stored in the controller Cnt.  The refrigeration system according to
Embodiment 2 can reduce the power consumption of each pump by lowering the
operating frequency of the pump depending on the circumstances. For example, in
a case where the heat medium heated by the device 102 is to be conveyed, when a
load generated in the device 102 (i.e., a requested amount of heat in the device 102)
decreases, the controller Cnt controls the inverters to lower the operating frequencies
of the pumps. Consequently, the refrigeration system according to Embodiment 2
can improve the COP.

[0039]

As shown in Fig. 6B, a second frequency-ratio acquiring unit 50D acquires a
second frequency ratio. A second frequency ratio can be acquired by dividing a total
frequency of the operating frequency of the pump 14, the operating frequency of the
pump 24, and the operating frequency of the pump 34 by a predetermined second

rated frequency. A second rated frequency can be acquired by adding together a
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maximum value of the operating frequency of the pump 14, a maximum value of the
operating frequency of the pump 24, and a maximum value of the operating
frequency of the pump 34.

[0040]

An operating-frequency determining unit 50E determines the operating
frequency of each operating pump on the basis of the first frequency ratio and the
second frequency ratio. For example, when the compressor 12 and the compressor
22 are operating, the operating-frequency determining unit 50E determines the
operating frequencies of the pump 14 and the pump 24 on the basis of the first
frequency ratio and the second frequency ratio. The operating-frequency
determining unit 50E determines the operating frequency of each operating pump in
such a manner that the second frequency ratio approximates the first frequency ratio.

A pump control unit 50F controls the inverter 17, the inverter 27, and the
inverter 37. Consequently, the operating frequencies of the pump 14, the pump 24,
and the pump 34 change.

[0041]

Fig. 7 is a control flowchart of the refrigeration system according to
Embodiment 2.

As step S20, step S21, step S24, step S25, and step S26 in Fig. 7 are similar
to step SO, step S1, and step S3 to step S5 in Fig. 2, descriptions of the steps will be
omitted.

[0042]

The controller Cnt determines whether the operating frequency of each pump is
to be fixed or whether variable flow control (inverter control) for variably controlling the
operating frequency of each pump is to be performed (step S22). The controller Cnt
acquires a threshold value without setting a flag for executing the variable flow control
(step S23-1). Alternatively, the controller Cnt sets the flag for executing the variable
flow control and acquires the threshold value (step S23-2). After the process shown
in the flowchart ends, the pump corresponding to the chiller unit in which the

compressor is caused to operate executes the variable flow control.
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[0043]

Fig. 8 is a control flowchart of each pump in the refrigeration system according
to Embodiment 2.

The controller Cnt calculates a first frequency ratio (step S31). The controller
Cnt acquires a second frequency ratio. The controller Cnt determines the operating
frequency of each pump so that the second frequency ratio approximates the first
frequency ratio acquired in the process shown in Fig. 7 (step S32). It is determined
whether or not the determined operating frequency of each pump is lower than or
equal to a predetermined minimum frequency (step S33). When the determined
operating frequency is higher than the minimum frequency, the operating frequency
determined in step S32 is set as a command frequency of each pump (step S34-2).
When the determined operating frequency is lower than or equal to the minimum
frequency, the minimum frequency is set as the command frequency of each pump
(step S34-2). The controller Cnt transmits an operation signal or a stop signal to the
inverter corresponding to each pump (step S35).

[0044]

Fig. 9 illustrates threshold values set on the basis of the outside-air
temperature and the frequency ratio, according to Embodiment 2. Fig. 9is a
diagram when the pump output is 50%. When the pump output is 100%, the pump
is operating with the maximum operating frequency. A curve G1 represents a COP
rate when the measured outside-air temperature is 25 degrees C and the number of
operating compressors is one. A curve G2 represents a COP rate when the
measured outside-air temperature is 25 degrees C and the number of operating
compressors is two. A curve G3 represents a COP rate when the measured outside-
air temperature is 25 degrees C and the number of operating compressors is three.
A curve G4 represents a COP rate when the measured outside-air temperature is 25
degrees C and the number of operating compressors is four.

As shown in the curves G1 to G4, it is clear that the first frequency ratio that
can improve the COP increases with increasing number of operating units. The

curves G1 to G4 have been moved to positions higher than the curves A1 to A4
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shown in Fig. 3. This is because the COP of the refrigeration system is improved,
owing to the pump output being lowered to 50%.
[0045]

A curve H1 represents a COP rate when the measured outside-air temperature
is 35 degrees C and the number of operating compressors is one. A curve H2
represents a COP rate when the measured outside-air temperature is 35 degrees C
and the number of operating compressors is two. A curve H3 represents a COP rate
when the measured outside-air temperature is 35 degrees C and the number of
operating compressors is three. A curve H4 represents a COP rate when the
measured outside-air temperature is 35 degrees C and the number of operating
compressors is four.

As shown in the curves H1 to H4, it is clear that the first frequency ratio that
can improve the COP increases with increasing number of operating units. The
curves H1 to H4 are located below the curves G1 to G4. On the other hand, the
curves H1 to H4 are located at positions of the curves B1 to B4 shown in Fig. 3.

This is because the COP of the refrigeration system is improved, owing to the pump
output being lowered to 50%.
[0046]

Aline L31 corresponds to a threshold value that separates a case where the
number of operating units is set to one and a case where the number of operating
units is set to two. A line L32 corresponds to a threshold value that separates a case
where the number of operating units is set to two and a case where the number of
operating units is set to three. A line L33 corresponds to a threshold value that
separates a case where the number of operating units is set to three and a case
where the number of operating units is set to four. The lines L31, L32, and L33 are
inclined. In other words, similar to Fig. 3, Fig. 9 shows that the threshold values for
determining the number of operating units change on the basis of the measured
outside-air temperature. The inclination of each of the lines L31, L32, and L33
represents that the threshold value increases with increasing outside-air temperature.

[0047]
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The lines L31, L32, and L33 are linear expressions. Furthermore, in a case
where the accuracy of the suitable number of operating units is to be improved, the
L31, L32, and L33 may be quadratic or cubic expressions in view of, for example, the
memory of the controller Cnt. The refrigeration system according to Embodiment 2
improves the COP by, for example, about 10%, as compared with an existing
refrigeration system.

[0048]
[Advantage of Embodiment 2]

In the refrigeration system according to Embodiment 2, not only the operation
of the compressors is improved, but also the operation of the pumps is improved, so
that the COP can be further improved.

[0049]

Any one of the refrigerant circuit C1, the refrigerant circuit C2, and the
refrigerant circuit C3 according to each of Embodiment 1 and Embodiment 2
corresponds to a first refrigerant circuit, and a remaining one of the refrigerant circuits
corresponds to a second refrigerant circuit. A pump in the refrigerant circuit (i.e., any
one of the refrigerant circuit C1, the refrigerant circuit C2, and the refrigerant circuit
C3) corresponding to the first refrigerant circuit corresponds to a first pump, and a
pump in the refrigerant circuit (i.e., the remaining one of the refrigerant circuit C1, the
refrigerant circuit C2, and the refrigerant circuit C3) corresponding to the second
refrigerant circuit corresponds to a second pump. The same applies to a first
compressor and a second compressor, as well as a first heat exchanger and a
second heat exchanger. Any one of the heat-medium pipe WP2, the heat-medium
pipe WP22, and the heat-medium pipe WP32 according to each of Embodiment 1
and Embodiment 2 corresponds to a first heat-medium flow path, and a remaining
one of the heat-medium pipes corresponds to a second heat-medium flow path.
[0050]

In each of Embodiment 1 and Embodiment 2, the number of refrigerant circuits
is three as an example. Alternatively, the number of refrigerant circuits may be two,

or may be four or more.
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Reference Signs List
[0051]

12 compressor 13A heat exchanger 13B heat exchanger 14 pump
15 controller 16 inverter 17 inverter 18 outside-air temperature sensor 19
heat-medium temperature sensor 22 compressor 24 pump 25 controller
26 inverter 27 inverter 32 compressor 34 pump 35 controller 36
inverter 37 inverter 50A first frequency acquiring unit 50B number-of-
operating-units determining unit  50C compressor control unit 50D second
frequency-ratio acquiring unit 50E operating-frequency determining unit  50F
pump control unit 50G memory 100 refrigeration system 101 chiller unit
group 102 device 102A heatexchanger 102B fan 110 chiller unit 120
chillerunit 130 chillerunit 201 chiller unit group 211 chillerunit 221
chillerunit 231 chiller unit C1 refrigerant circuit C2 refrigerant circuit C3
refrigerant circuit Cnt controller Hd1 first header Hd2 second header Rp
refrigerant pipe V1 expansion device WC heat-medium circuit WP1 heat-
medium pipe WP2 heat-medium pipe WP21 heat-medium pipe WP22 heat-
medium pipe WP23 heat-medium pipe WP3 heat-medium pipe WP31 heat-
medium pipe WP32 heat-medium pipe WP33 heat-medium pipe WP40
heat-medium pipe WP50 heat-medium pipe
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CLAIMS
[Claim 1]

A refrigeration system, comprising:

a first refrigerant circuit including a first compressor and a first heat exchanger;

a second refrigerant circuit including a second compressor and a second heat
exchanger;

a heat-medium circuit having a pump, a first heat-medium flow path connected
to the first heat exchanger, and a second heat-medium flow path connected to the
second heat exchanger; and

a controller configured to control the first compressor, the second compressor,
and the pump,

the controller including a compressor control unit configured to cause both of
the first compressor and the second compressor to operate when a first frequency
ratio is larger than or equal to a predetermined threshold value, and to cause one of
the first compressor and the second compressor to operate when the first frequency
ratio is smaller than the threshold value,

the first frequency ratio being a value obtained by dividing a total frequency of
an operating frequency of the first compressor and an operating frequency of the
second compressor by a predetermined first rated frequency,

the threshold value being set on a basis of at least one of an outside-air
temperature, a temperature of a heat medium flowing through the heat-medium
circuit, and an output of the pump.

[Claim 2]

The refrigeration system of claim 1, wherein the threshold value is increased as
the outside-air temperature increases.
[Claim 3]

The refrigeration system of claim 1 or 2, wherein the threshold value is
increased as a temperature of the heat medium flowing through an outlet of the first

heat exchanger in the first heat-medium flow path or a temperature of the heat
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medium flowing through an outlet of the second heat exchanger in the second heat-
medium flow path decreases.
[Claim 4]

The refrigeration system of any one of claims 1 to 3, wherein the threshold
value is increased as the output of the pump increases.
[Claim 5]

The refrigeration system of any one of claims 1 to 4, further comprising

an inverter configured to control the pump,

wherein the controller further includes a pump control unit configured to control
the inverter.
[Claim 6]

The refrigeration system of claim 5,

wherein the pump includes a first pump provided in the first heat-medium flow
path and a second pump provided in the second heat-medium flow path, and

wherein the pump control unit is configured to set an operating frequency of the
first pump and an operating frequency of the second pump in such a manner that a
second frequency ratio approximates the first frequency ratio, the second frequency
ratio being a value obtained by dividing a total frequency of the operating frequency of
the first pump and the operating frequency of the second pump by a predetermined
second rated frequency.
[Claim 7]

A controller configured to control a refrigeration system,

the refrigeration system including

a first refrigerant circuit including a first compressor and a first heat exchanger,

a second refrigerant circuit including a second compressor and a second heat
exchanger, and

a heat-medium circuit having a pump, a first heat-medium flow path connected
to the first heat exchanger, and a second heat-medium flow path connected to the
second heat exchanger,

the controller comprising
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a compressor control unit configured to cause both of the first compressor and
the second compressor to operate when a first frequency ratio is larger than or equal
to a predetermined threshold value, and to cause one of the first compressor and the
second compressor to operate when the first frequency ratio is smaller than the
threshold value,

the first frequency ratio being a value obtained by dividing a total frequency of
an operating frequency of the first compressor and an operating frequency of the
second compressor by a predetermined first rated frequency,

the threshold value being set on a basis of at least one of an outside-air
temperature, a temperature of a heat medium flowing through the heat-medium

circuit, and an output of the pump.
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