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(54) AIR-CONDITIONING SYSTEM

(57)  An air-conditioning system is configured to cir-
culate a heat medium through a heat medium circuit to
exchange heat between the heat medium and air in an
air-conditioning target space to condition air in the
air-conditioning target space, and includes: aload device
configured to exchange heat between air in the air-con-
ditioning target space and the heat medium flowing
through the heat medium circuit; a heat source device
configured to exchange heat between refrigerant flowing
through a refrigerant circuit and the heat medium flowing
through the heat medium circuit, and deliver the heat
medium cooled or heated through the heat medium cir-
cuit to the load device; a first pipe that connects the heat
source device and the load device and through which the
heat medium flows from the heat source device to the
load device; a second pipe that connects the load device
and the heat source device and through which the heat
medium flows from the load device to the heat source
device; a bypass pipe connecting the first pipe with the
second pipe; a pressure difference gauge provided at
the bypass pipe and configured to measure a bypass
pressure difference being a pressure difference between
the heat medium flowing through the first pipe and the
heat medium flowing through the second pipe; a bypass
valve provided at the bypass pipe and configured to con-
trol a flow rate of the heat medium flowing through the

bypass pipe; and a controller configured to control oper-
ation of the heat source device and the bypass valve, the
controller being configured to fix the opening degree of
the bypass valve at a full close opening degree and ac-
quire a heat source side flow rate indicating a flow rate
of the heat medium flowing through the heat source de-
vice and the bypass pressure difference being measured
by the pressure difference gauge, the heat source side
flow rate and the bypass pressure difference being meas-
ured when the bypass valveis set at the full close opening
degree, fix the opening degree of the bypass valve at a
full open opening degree, acquire the heat source side
flow rate and the bypass pressure difference, the heat
source side flow rate and the bypass pressure difference
being measured when the opening degree of the bypass
valve is at the full open opening degree, and calculate a
Cv value of the bypass valve when the opening degree
of the bypass valve is at the full open opening degree
based on the bypass pressure difference and the heat
source side flow rate measured when the bypass valve
is set at the full close opening degree and the bypass
pressure difference and the heat source side flow rate
measured when the bypass valve is set at the full open
opening degree.
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Description
Technical Field
[0001] The present disclosure relates to an air-conditioning system having a bypass valve.
Background Art

[0002] A conventional air-conditioning system has been known in which a heat source device and a load device are
connected by an outgoing-side pipe toward the load device and a return-side pipe from the load device. In this air-
conditioning system, a bypass pipe is provided between the outgoing-side pipe and the return-side pipe, and a bypass
valve is attached to the bypass pipe. Patent Literature 1 discloses such an air-conditioning system as described above,
that is configured to control a pump or a bypass valve provided at a bypass pipe such that a pressure difference between
an outgoing pipe and a return pipe falls within a target range.

Citation List

Patent Literature

[0003] Patent Literature 1: International Publication No. WO 2018/225221
Summary of Invention

Technical Problem

[0004] In general, such an air-conditioning system as disclosed in Patent Literature 1 controls the bypass valve based
on specifications of the bypass valve. Accordingly, an air-conditioning system having a bypass valve is required to load
specification values of the bypass valve into a controller configured to control the bypass valve. Therefore, installation
of the air-conditioning system is burdensome. In the current market, although the controller is provided in a heat source
device, specifications of the bypass valve may be selected by an instrumentation provider separate from a manufacturer
of the heat source device. In this case, the specification values of the bypass valve need to be manually loaded into the
controller at the installation site of the air-conditioning system. This particularly makes the installation of the air-condi-
tioning system burdensome.

[0005] The presentdisclosure has been made to solve the above problems, and itis an object of the present disclosure
to provide an air-conditioning system having a bypass valve and making installation of the air-conditioning system efficient.

Solution to Problem

[0006] An air-conditioning system according to an embodiment of the present disclosure is an air-conditioning system
configured to circulate a heat medium through a heat medium circuit to exchange heat between the heat medium and
air in an air-conditioning target space to condition air in the air-conditioning target space, the air-conditioning system
including: a load device configured to exchange heat between air in the air-conditioning target space and the heat
medium flowing through the heat medium circuit; a heat source device configured to exchange heat between refrigerant
flowing through a refrigerant circuit and the heat medium flowing through the heat medium circuit, and deliver the heat
medium cooled or heated through the heat medium circuit to the load device; a first pipe that connects the heat source
device and the load device and through which the heat medium flows from the heat source device to the load device; a
second pipe that connects the load device and the heat source device and through which the heat medium flows from
the load device to the heat source device; a bypass pipe connecting the first pipe with the second pipe; a pressure
difference gauge provided at the bypass pipe and configured to measure a bypass pressure difference being a pressure
difference between the heat medium flowing through the first pipe and the heat medium flowing through the second
pipe; a bypass valve provided at the bypass pipe and configured to control a flow rate of the heat medium flowing through
the bypass pipe; and a controller configured to control operation of the heat source device and the bypass valve, the
controller being configured to fix the opening degree of the bypass valve at a full close opening degree and acquire the
heat source side flow rate and the bypass pressure difference, the heat source side flow rate and the bypass pressure
difference being measured when the bypass valve is set at the full close opening degree, fix the opening degree of the
bypass valve at a full open opening degree, fix the opening degree of the bypass valve at a full close opening degree
and acquire a heat source side flow rate indicating a flow rate of the heat medium flowing through the heat source device
and the bypass pressure difference being measured by the pressure difference gauge, the heat source side flow rate
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and the bypass pressure difference being measured when the bypass valve is set at the full close opening degree, and
calculate a Cv value of the bypass valve when the opening degree of the bypass valve is at the full open opening degree
based on the bypass pressure difference and the heat source side flow rate measured when the bypass valve is set at
the full close opening degree and the bypass pressure difference and the heat source side flow rate measured when
the bypass valve is set at the full open opening degree. Advantageous Effects of Invention

[0007] According to an embodiment of the present disclosure, the integrated controller calculates a Cv value of the
bypass valve when the opening degree of the bypass valve is at the full open opening degree based on the bypass
pressure difference and the heat source side flow rate measured when the bypass valve is set at the full close opening
degree, and the bypass pressure difference and the heat source side flow rate measured when the bypass valve is set
at the full open opening degree. As described above, in the air-conditioning system according to an embodiment of the
present disclosure, specification values of the bypass valve are automatically loaded into the controller. This can make
installation of the air-conditioning system efficient.

Brief Description of Drawings
[0008]

[Fig. 1] Fig. 1 is a schematic configuration diagram illustrating an air-conditioning system according to Embodiment 1.
[Fig. 2] Fig. 2 is a functional block diagram illustrating a heat source side controller according to Embodiment 1.
[Fig. 3] Fig. 3 is a functional block diagram illustrating an integrated controller according to Embodiment 1.

[Fig. 4] Fig. 4 is a flowchart illustrating operation of the integrated controller according to Embodiment 1.

[Fig. 5] Fig. 5 is a schematic configuration diagram illustrating an air-conditioning system according to Embodiment 2.
[Fig. 6] Fig. 6 is a functional block diagram illustrating the integrated controller according to Embodiment 2.

[Fig. 7] Fig. 7 is a flowchart illustrating operation of the integrated controller according to Embodiment 2.

Description of Embodiments
Embodiment 1

[0009] Fig. 1is a schematic configuration diagram illustrating an air-conditioning system 100 according to Embodiment
1. As illustrated in Fig. 1, the air-conditioning system 100 has heat source devices 1a, 1b, and 1c, load devices 2a and
2b, an integrated controller 3, and a heat medium pipe 31. The heat source devices 1a, 1b, and 1c cool a heat medium
such as water or brine. The load devices 2a and 2b cool an air-conditioning target space by using the heat medium
cooled by the heat source devices 1a, 1b, and 1c. The load devices 2a and 2b are, for example, a fan coil unit or an air
handling unit (AHU). The heat source devices 1a, 1b, and 1c all have an identical configuration, and thus may be
collectively referred to as "heat source device 1" with the suffixes "a," "b," and "c" omitted from their reference numerals
when the heat source devices 1a, 1b, and 1c are not distinguished from each other. Likewise, the load devices 2a and
2b both have an identical configuration, and thus may be collectively referred to as "load device 2" with the suffixes "a"
and "b" omitted from their reference numerals when the load devices 2a and 2b are not distinguished from each other.
Note that the configurations of the heat source device 1 and the load device 2 will be described later. It suffices that one
or more heat source devices 1 and one or more load devices 2 are provided.

[0010] The integrated controller 3 controls the heat source devices 1 and the load devices 2. The heat medium pipe
31 connects in parallel to the heat source devices 1 and the load devices 2. The heat source devices 1 and the load
devices 2 are connected by the heat medium pipe 31, thereby forming a heat medium circuit 34 through which a heat
medium circulates. Hereinafter, one side of the heat medium circuit 34 near the heat source device 1 may be described
as "heat source side." In addition, the other side of the heat medium circuit 34 near the load device 2 may be described
as "load side."

[0011] The heat medium pipe 31 has a first pipe 32 and a second pipe 33. The first pipe 32 is an outgoing-water
header pipe that connects the heat source devices 1 and the load devices 2, and through which a heat medium flows
from the heat source devices 1 to the load devices 2. The second pipe 33 is a return-water header pipe that connects
the load devices 2 and the heat source devices 1, and through which a heat medium flows from the load devices 2 to
the heat source devices 1.

[0012] The air-conditioning system 100 has a bypass pipe 41, a pressure difference gauge 42, and a bypass valve
43. The bypass pipe 41 is connected to the first pipe 32 and the second pipe 33. The bypass pipe 41 is provided between
the heat source devices 1 and the load devices 2 in parallel to the heat source devices 1 and the load devices 2. A heat
medium having flowed through the heat source side of the first pipe 32 partially flows through the bypass pipe 41. The
heat medium having flowed through the bypass pipe 41 flows out to the heat source side of the second pipe 33. The
pressure difference gauge 42 is provided at the bypass pipe 41. The pressure difference gauge 42 measures a bypass
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pressure difference. The bypass pressure difference refers to a pressure difference between a heat medium flowing
through the first pipe 32 from the heat source side into the load side, and a heat medium flowing out through the second
pipe 33 from the load side to the heat source side. An opening degree of the bypass valve 43 is controlled by the
integrated controller 3, so that the bypass valve 43 controls the flow rate of a heat medium flowing through the bypass
pipe 41.

[0013] The air-conditioning system 100 has a flow meter 51 and a delivery-water temperature sensor 52. The flow
meter 51 is provided at the first pipe 32 upstream of its connection location with the bypass pipe 41, that is, on the heat
source side. The flow meter 51 measures a heat source side flow rate. The heat source side flow rate indicates a total
flow rate of a heat medium flowing through the heat source devices 1. In a case where only a single heat source device
1 is provided, the heat source side flow rate indicates a flow rate of a heat medium flowing through the single heat source
device 1. The delivery-water temperature sensor 52 is provided at the first pipe 32 on the heat source side relative to
its connection location with the bypass pipe 41. The delivery-water temperature sensor 52 measures a temperature of
a heat medium to be delivered from the heat source side to the load side. Hereinafter, the temperature of a heat medium
to be delivered from the heat source side to the load side may be described as "delivery-water temperature."

[0014] The pressure difference gauge 42, the flow meter 51, and the delivery-water temperature sensor 52 are con-
nected to the integrated controller 3 with a wire or wirelessly to communicate with the integrated controller 3. The pressure
difference gauge 42 transmits information indicating a bypass pressure difference to the integrated controller 3. The
flow meter 51 transmits information indicating the heat source side flow rate to the integrated controller 3. The delivery-
water temperature sensor 52 transmits information on a delivery-water temperature to the integrated controller 3.
[0015] Next, the heat source devices 1 are described. The heat source device 1a includes, in a housing illustrated by
the dotted line, a compressor 10a, a heat source side heat exchanger 11a, a heat source side air-sending device 12a,
an expansion valve 13a, a heat medium heat exchanger 14a, a refrigerant pipe 15a, a pump 16a, and a heat source
side controller 17a. The compressor 10a, the heat source side heat exchanger 11a, the expansion valve 13a, and the
heat medium heat exchanger 14a are connected sequentially by the refrigerant pipe 15a, forming a refrigerant circuit
18a through which refrigerant circulates. The heat medium heat exchanger 14a and the pump 16a are connected by
the heat medium pipe 31.

[0016] Similarly tothe above, the heat source device 1bincludes, in ahousingillustrated by the dotted line, acompressor
10b, a heat source side heat exchanger 11b, a heat source side air-sending device 12b, an expansion valve 13b, a heat
medium heat exchanger 14b, a refrigerant pipe 15b, a pump 16b, and a heat source side controller 17b. The compressor
10b, the heat source side heat exchanger 11b, the expansion valve 13b, and the heat medium heat exchanger 14b are
connected sequentially by the refrigerant pipe 15b, forming a refrigerant circuit 18b through which refrigerant circulates.
The heat medium heat exchanger 14b and the pump 16b are connected by the heat medium pipe 31.

[0017] Similarly tothe above, the heat source device 1cincludes, in ahousingillustrated by the dotted line, acompressor
10c, a heat source side heat exchanger 11c, a heat source side air-sending device 12c, an expansion valve 13c, a heat
medium heat exchanger 14c, a refrigerant pipe 15c, a pump 16¢, and a heat source side controller 17c. The compressor
10c, the heat source side heat exchanger 11c, the expansion valve 13c, and the heat medium heat exchanger 14c are
connected sequentially by the refrigerant pipe 15¢, forming a refrigerant circuit 18c through which refrigerant circulates.
The heat medium heat exchanger 14c and the pump 16¢ are connected by the heat medium pipe 31. As described
above, the heat source devices 1 all have an identical configuration, and thus constituent components included in the
heat source devices 1 may also be described with the suffixes "a," "b," and "c" omitted from their reference numerals.
[0018] The compressor 10 suctions refrigerant from the refrigerant pipe 15, compresses the suctioned refrigerant, and
discharges the compressed refrigerant to the refrigerant pipe 15. The compressor 10 is an inverter compressor whose
capacity is controllable by an inverter. Through the heat source side heat exchanger 11, heat is exchanged between
refrigerant and air delivered by the heat source side air-sending device 12. Examples of the heat source side air-sending
device 12 include a propeller fan, a turbo fan, and a sirocco fan. The heat source side air-sending device 12 guides air
in a space, other than an air-conditioning target space where the load device 2 is provided, to the heat source side heat
exchanger 11.

[0019] The expansion valve 13 reduces a pressure of refrigerant flowing from the heat source side heat exchanger
11, and expands the refrigerant. The expansion valve 13 is, forexample, an electric expansion valve capable of controlling
the flow rate of refrigerant. The heat medium heat exchanger 14 is, for example, a plate heat exchanger through which
heat is exchanged between refrigerant flowing through the refrigerant circuit 18 and a heat medium flowing through the
heat medium circuit 34. In the heat medium heat exchanger 14, a heat medium is cooled by exchanging heat with
refrigerant.

[0020] The pump 16 is configured to circulate a heat medium through the heat medium circuit 34. The pump 16 is
configured to adjust the flow rate of a heat medium by varying the operating frequency through the inverter.

[0021] The heat source side controller 17 is made up of dedicated hardware, or a storage device (not illustrated) and
a central processing unit (CPU) configured to execute programs stored in the storage device. The heat source side
controller 17 controls the compressor 10, the heat source side air-sending device 12, the expansion valve 13, and the
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pump 16. The heat source side controller 17 is connected to the compressor 10, the heat source side air-sending device
12, the expansion valve 13, and the pump 16 with a wire or wirelessly. The heat source side controller 17 outputs a
control signal for controlling the compressor 10, the heat source side air-sending device 12, the expansion valve 13,
and the pump 16 to the target devices through wired communication or wireless communication. The heat source side
controller 17 is connected to the integrated controller 3 with a wire or wirelessly and communicates with the integrated
controller 3.

[0022] Fig. 2 is a functional block diagram illustrating the heat source side controller 17 according to Embodiment 1.
As illustrated in Fig. 2, the heat source side controller 17 has a refrigerant circuit control unit 61 and a pump control unit
62. The refrigerant circuit control unit 61 and the pump control unit 62 are implemented by, for example, software,
firmware, or a combination of the software and the firmware. The refrigerant circuit control unit 61 receives, from the
integrated controller 3, an instruction signal including information that indicates an operating frequency of the compressor
10, an operating frequency of the heat source side air-sending device 12, and an opening degree of the expansion valve
13. Based on the instruction signal received from the integrated controller 3, the refrigerant circuit control unit 61 controls
the compressor 10, the heat source side air-sending device 12, and the expansion valve 13. Specifically, when the
instruction signal includes information on an operating frequency of the compressor 10, the refrigerant circuit control
unit 61 transmits a control signal to the compressor 10 such that the compressor 10 operates at the operating frequency.
When the instruction signal includes information on an operating frequency of the heat source side air-sending device
12, the refrigerant circuit control unit 61 transmits a control signal to the heat source side air-sending device 12 such
that the heat source side air-sending device 12 operates at the operating frequency. When the instruction signal includes
information on an opening degree of the expansion valve 13, the refrigerant circuit control unit 61 transmits a control
signal to the expansion valve 13 such that its opening degree is fixed at the indicated opening degree.

[0023] The pump control unit 62 receives an instruction signal indicating an operating frequency of the pump 16 from
the integrated controller 3. The pump control unit 62 controls the pump 16 based on the instruction signal received from
the integrated controller 3. Specifically, when receiving the instruction signal, the pump control unit 62 transmits a control
signal to the pump 16 such that the pump 16 operates at the operating frequency indicated by the instruction signal.
[0024] Next, referring back to Fig. 1, the load devices 2 are described. The load device 2 includes a load side heat
exchanger 21a, a load side air-sending device 22a, a load side controller 23a, and a return-air temperature sensor 24a.
Likewise, the load device 2b includes a load side heat exchanger 21b, a load side air-sending device 22b, a load side
controller 23b, and a return-air temperature sensor 24b. As described above, the load devices 2 both have an identical
configuration, and thus constituent components included in the load devices 2 may also be described with the suffixes
"a" and "b" omitted from their reference numerals.

[0025] Through the load side heat exchanger 21, heat is exchanged between air delivered by the load side air-sending
device 22 and a heat medium flowing through the heat medium circuit 34. Examples of the load side air-sending device
22 include a propeller fan, a turbo fan, and a sirocco fan. The load side air-sending device 22 guides air in an air-
conditioning target space to the load side heat exchanger 21.

[0026] The load side controller 23 is made up of dedicated hardware, or a storage device (not illustrated) and a central
processing unit (CPU) configured to execute programs stored in the storage device. The load side controller 23 controls
the load side air-sending device 22. The load side controller 23 is connected to the load side air-sending device 22 with
a wire or wirelessly, and transmits a control signal for controlling the load side air-sending device 22 to the load side air-
sending device 22. The load side controller 23 is connected to the integrated controller 3 with a wire or wirelessly and
communicates with the integrated controller 3.

[0027] The load side controller 23 receives, from the integrated controller 3, an instruction signal including information
that indicates an operating frequency of the load side air-sending device 22. Based on the received instruction signal,
the load side controller 23 controls the load side air-sending device 22. Specifically, when receiving the instruction signal,
the load side controller 23 transmits a control signal to the load side air-sending device 22 such that the load side air-
sending device 22 operates at the operating frequency indicated by the instruction signal.

[0028] The return-air temperature sensor 24 measures a temperature of air to be guided from an air-conditioning target
space to the load device 2. Hereinafter, the temperature of air to be guided from the air-conditioning target space to the
load device 2 may be described as "return-air temperature." The return-air temperature sensor 24 is connected to the
integrated controller 3 with a wire or wirelessly to communicate with the integrated controller 3. The return-air temperature
sensor 24 transmits information indicating a return-air temperature to the integrated controller 3. Note that the return-
air temperature sensor 24 may communicate with the integrated controller 3 through the load side controller 23.
[0029] Next, the integrated controller 3 is described. Fig. 3 is a functional block diagram illustrating the integrated
controller 3 according to Embodiment 1. As illustrated in Fig. 3, the integrated controller 3 has a calculation unit 71, a
pressure difference regulation unit 72, a refrigerant circuit instruction unit 73, a load side instruction unit 74, and a storage
unit 75.

[0030] The calculation unit 71 creates a Cv value table in which each opening degree of the bypass valve 43 is
associated with a Cv value of the bypass valve 43 fixed at each opening degree when the air-conditioning system 100
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performs trial operation. Note that the Cv value indicates how easily fluid flows through a valve. A larger Cv value indicates
a smaller pressure loss and indicates that fluid flows through the valve more easily.

[0031] The calculation unit 71 creates the Cv value table in the following manner. First, the calculation unit 71 calculates
a heat source side flow rate Q(0) [m3/h] from a measurement result of the flow meter 51 when the opening degree of
the bypass valve 43 is 0%, that is, set at a full close opening degree with each pump 16 operating at a fixed frequency.
Similarly to the above, the calculation unit 71 calculates a bypass pressure difference AP(0) [kPa] from a measurement
result of the pressure difference gauge 42. Further, zero is stored in a Cv value Cv(0). Note that a figure in parentheses
indicates an opening degree of the bypass valve 43. That is, when the opening degree is i%, the heat source side flow
rate is represented as Q(i), the bypass pressure difference is represented as AP(i), and the Cv value is represented as
Cv(i).

[0032] Next, the calculation unit 71 calculates a total pressure loss in the bypass pipe 41 and the load devices 2a and
2b as a pressure loss coefficient R(0) based on the heat source side flow rate Q(0) and the bypass pressure difference
AP(0). Specifically, the pressure loss coefficient R(i) is expressed as Expression (1). The calculation unit 71 substitutes
the heat source side flow rate Q(0) and the bypass pressure difference AP(0) in Expression (1) to calculate the pressure
loss coefficient R(0).

R()=AP(i)/(Q(i)"2) -+ (1)

[0033] Subsequently, the calculation unit 71 obtains the heat source side flow rate Q(1) and the bypass pressure
difference AP(1) respectively from the flow meter 51 and the pressure difference gauge 42 when the opening degree of
the bypass valve 43 is fixed at 1%. The calculation unit 71 substitutes the heat source side flow rate Q(1) and the bypass
pressure difference AP(1) in the above Expression (1) to calculate a pressure loss coefficient R(1).

[0034] The calculation unit 71 calculates a Cv value Cv(1) when the valve opening degree is 1%. When the valve
opening degree is i%, the bypass flow rate Q1(i) at which fluid flows through the bypass pipe 41 is expressed as the
following Expression (2). When the valve opening degree is i%, a load side flow rate Q2(i) that indicates a total flow rate
of a heat medium flowing through the load side is expressed as Expression (3).

Q1(i)=Cv(i)/0.7x(AP(i)*0.5)x60/1000 ---(2)

Q2(i)=(AP(i)/R(0))*0.5 ---(3)

[0035] Since the heat source side flow rate Q(i) is equal to the sum of Q1(i) and QZ2(i), the following Expression (4)
can be derived from Expressions (1) to (3).

Cv(i)={(1/R(i))"0.5-(1/R(0))*0.5}x0.7/60x1000 ---(4)

[0036] The calculation unit 71 substitutes the pressure loss coefficient R(0) obtained when the valve opening degree
is a full close opening degree, and the pressure loss coefficient R(1) obtained when the valve opening degree is 1% in
Expression (4) to calculate a Cv value Cv(1). The calculation unit 71 calculates a Cv value each time the valve opening
degree varies in increments of 1% from 1% to 100%. The calculation unit 71 stores a Cv value table in the storage unit
75. In the Cv value table, Cv(0) with the value "zero" stored therein and calculated Cv(i) are associated with respective
valve opening degrees "i." Note that the pressure loss coefficient R(i) is a value derived from measurement values
measured by the flow meter 51 and the pressure difference gauge 42 as expressed by Expression (1). Accordingly, in
Expression (4), Cv(i) may be calculated by using the heat source side flow rate Q(0) and the bypass pressure difference
AP(0) instead of the pressure loss coefficient R(0), and using the heat source side flow rate Q(i) and the bypass pressure
difference AP(i) instead of the pressure loss coefficient R(i).

[0037] The pressure difference regulation unit 72 controls the bypass valve 43 and the pump 16 when the air-condi-
tioning system 100 performs trial operation, and also when the air-conditioning system 100 performs actual operation.
First, operation of the pressure difference regulation unit 72 when the air-conditioning system 100 performs trial operation
is described. When the Cv value table is created during trial operation, the pressure difference regulation unit 72 transmits
an instruction signal to the pump control unit 62 in each heat source side controller 17 such that each pump 16 operate
at a fixed frequency. The fixed frequency is, for example, a rated frequency that satisfies a rated flow rate of the load
device 2 requested by an administrator or other user of the air-conditioning system 100. When receiving the instruction
signal, the pump control unit 62 in each heat source side controller 17 transmits a control signal to each pump 16 such



10

15

20

25

30

35

40

45

50

55

EP 4 431 826 A1

that the pump 16 operates at an operating frequency indicated by the instruction signal. When the Cv value table is
created during trial operation, the pressure difference regulation unit 72 transmits a control signal to the bypass valve
43 to increase the valve opening degree in increments of 1%.

[0038] Next, operation of the pressure difference regulation unit 72 when the air-conditioning system 100 performs
actual operation is described. The pressure difference regulation unit 72 controls the pump 16 and the bypass valve 43
in conjunction with each other such that the bypass pressure difference becomes a target value. For example, when the
bypass pressure difference is below the target value at the control time point, the pressure difference regulation unit 72
gives higher priority to controlling the bypass valve 43 to be throttled than controlling the pump 16 to increase its speed.
Foranother example, when the bypass pressure difference exceeds the target value at the control time point, the pressure
difference regulation unit 72 gives higher priority to controlling the pump 16 to decrease its speed than controlling the
bypass valve 43 to be opened. In this manner, based on a comparison result between the value of bypass pressure
difference at the control time point and a target value, the pressure difference regulation unit 72 transmits an instruction
signal to the pump control unit 62 in each heat source side controller 17 or transmits a control signal to the bypass valve
43. The pump 16 and the bypass valve 43 are exclusively controlled in the manner as described above, so that the air-
conditioning system 100 improves its energy efficiency.

[0039] Control of the bypass valve 43 is described below in detail. The pressure difference regulation unit 72 executes,
for example, a commonly-called I-control, Pl-control, or PID control to control the bypass valve 43 such that the bypass
pressure difference AP becomes a target value. In these controls, the pressure difference regulation unit 72 determines
an amount of change [%] in the opening degree of the bypass valve 43 according to a deviation AAP of the bypass
pressure difference AP from a control target value (=current value of the bypass pressure difference AP - target value
of the bypass pressure difference AP). The amount of change in the opening degree of the bypass valve 43 is determined
using a control coefficient that is inversely proportional to a process gain. The process gain is a value obtained by dividing
a controlled amount by a manipulated amount when the opening degree of the bypass valve 43 is varied in steps. The
controlled amount is equivalent to an amount of change in the bypass pressure difference AP, while the manipulated
amount is equivalent to the amount of change in the opening degree of the bypass valve 43.

[0040] In a case where a predetermined number of heat source devices 1 are used, it is possible to determine the
amount of change in the bypass pressure difference AP associated with a Cv value gradient during the design phase
based on the characteristics of the pump 16 determined by the flow rate per pump 16 and the bypass pressure difference
AP. The Cv value gradient indicates a degree of variation in the Cv value when the opening degree of the bypass valve
43 is varied. The amount of change in the bypass pressure difference AP is varied according to the value of the Cv value
gradient. Accordingly, the amount of change in the bypass pressure difference AP associated with the Cv value gradient,
and stored in the storage unit 75 as a design value, is multiplied by the value of Cv value gradient, thereby to acquire
the amount of change in the bypass pressure difference AP corresponding to the amount of change in the opening
degree of the bypass valve 43. As described above, the amount of change in the bypass pressure difference AP corre-
sponding to the amount of change in the opening degree of the bypass valve 43 is equivalent to the process gain. Based
on the calculated process gain, a control coefficient that determines an amount of change in the opening degree of the
bypass valve 43, and the amount of change in the opening degree of the bypass valve 43 are acquired.

[0041] In Embodiment 1, the Cv value gradient is calculated based on the Cv value table calculated during ftrial
operation. Specifically, the pressure difference regulation unit 72 acquires the process gain by using a maximum value
of Cv value gradient among the Cv value gradients calculated for respective opening degrees in the Cv value table, that
is, Cv(i) - Cv(i-1) (i: 0 to 100).

[0042] The refrigerant circuit instruction unit 73 operates in the following manner when the air-conditioning system
100 performs actual operation. That is, the refrigerant circuit instruction unit 73 obtains a delivery-water temperature
from the delivery-water temperature sensor 52. The refrigerant circuit instruction unit 73 determines an operating fre-
quency of the compressor 10 such that the delivery-water temperature becomes a target temperature. The refrigerant
circuit instruction unit 73 transmits an instruction signal indicating the operating frequency of the compressor 10 to the
refrigerant circuit control unit 61 in the heat source side controller 17 of the heat source device 1 to be controlled. The
heat source side controller 17 in the heat source device 1, having received the instruction signal, transmits a control
signal to the compressor 10 such that the compressor 10 operates at the operating frequency indicated by the instruction
signal. The compressor 10 having received the control signal operates at the frequency indicated by the control signal.
[0043] Theload side instruction unit 74 operates in the following manner when the air-conditioning system 100 performs
actual operation. That s, the load side instruction unit 74 obtains a return-air temperature from the return-air temperature
sensor 24. The load side instruction unit 74 determines an operating frequency of the load side air-sending device 22
based on a difference between the obtained return-air temperature and a set temperature. The load side instruction unit
74 transmits an instruction signal indicating the determined operating frequency of the load side air-sending device 22
to the load side controller 23. The load side controller 23 in the load device 2, having received the instruction signal,
transmits a control signal to the load side air-sending device 22 such that the load side air-sending device 22 operates
at the operating frequency indicated by the instruction signal. The load side air-sending device 22 having received the
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control signal operates at the operating frequency indicated by the control signal.

[0044] The storage unit75has various types of design values stored therein to be used for controlling the air-conditioning
system 100, such as the amount of change in the bypass pressure difference AP associated with the Cv value gradient.
During trial operation of the air-conditioning system 100, the storage unit 75 stores therein the Cv value table created
by the calculation unit 71.

[0045] The integrated controller 3 is made up of dedicated hardware, or the storage unit 75 and a central processing
unit (CPU) configured to execute programs stored in the storage unit 75. When the integrated controller 3 is dedicated
hardware, the integrated controller 3 is equivalent to, for example, a single circuit, a combined circuit, an application
specific integrated circuit (ASIC), a field-programmable gate array (FPGA), or a combination thereof. The functional
units of the integrated controller 3 may be individually implemented by separate units of hardware, or the functional units
of the integrated controller 3 may be implemented together by a single unit of hardware.

[0046] When the integrated controller 3 is a CPU, the functional units to be executed by the integrated controller 3 are
implemented by software, firmware, or a combination of the software and the firmware. The software and the firmware
are described as programs and stored in the storage unit 75. The CPU reads and executes the programs stored in the
storage unit 75, and thereby implements the functional units of the integrated controller 3. For example, the storage unit
75 is a nonvolatile or volatile semiconductor memory such as a RAM, a ROM, a flash memory, an EPROM, or an
EEPROM. Note that the functions of the integrated controller 3 may be partially implemented by dedicated hardware,
while being partially implemented by software or firmware.

[0047] Fig.4is aflowchartillustrating operation of the integrated controller 3 according to Embodiment 1. With reference
to Fig. 4, the procedure for creating the Cv value table during trial operation is described below. First, the pressure
difference regulation unit 72 fixes the opening degree of the bypass valve 43 at a full close opening degree (step S1).
The pressure difference regulation unit 72 fixes the frequency of each pump 16 (step S2). With the frequency of each
pump 16 fixed at a predetermined frequency, and the opening degree of the bypass valve 43 fixed at a full close opening
degree, the calculation unit 71 obtains the heat source side flow rate Q(0) from the flow meter 51 (step S3). The calculation
unit 71 obtains the bypass pressure difference AP(0) from the pressure difference gauge 42 (step S4). The calculation
unit 71 calculates the pressure loss coefficient R(0) (step S5), and stores zero in the Cv value Cv(0) (step S6).

[0048] Subsequently, the pressure difference regulation unit 72 determines whether the valve opening degree "i" of
the bypass valve 43 exceeds 100 (step S7). Note that zero is stored as an initial value of the valve opening degree "i."
When the valve opening degree "i" of the bypass valve 43 is equal to or smaller than 100 (step S7: NO), the pressure
difference regulation unit 72 adds 1 to the valve opening degree "i," that is, increases the opening degree of the bypass
valve 43 by 1% (step S8). With the valve opening degree increased by 1% and fixed, the calculation unit 71 obtains the
heat source side flow rate Q(i) from the flow meter 51 (step S9). The calculation unit 71 obtains the bypass pressure
difference AP(i) from the pressure difference gauge 42 (step S10). The calculation unit 71 calculates the pressure loss
coefficient R(i) (step S11).

[0049] The calculation unit 71 calculates the Cv value Cv(i), using the pressure loss coefficient R(0) and the pressure
loss coefficient R(i) (step S12). The integrated controller 3 repeats the processes in steps S8 to S12 until the valve
opening degree "i" exceeds 100 (step S7: YES). With this processing, the integrated controller 3 completes the calculation
of an opening degree of the bypass valve 43 and the Cv value of the bypass valve 43 fixed at each opening degree,
where the opening degree of the bypass valve 43 is 1% to 100%.

[0050] In the manner as described above, the integrated controller 3 creates the Cv value table by storing the value
"zero" corresponding to the Cv value Cv(0) and having been stored in step S6, as well as an opening degree and each
Cv value of the bypass valve 43 fixed at each opening degree in association with each valve opening degree "i." Note
that in the above procedure for creating the Cv value table, the order of the steps may be changed appropriately to the
extent not affecting the calculated Cv values.

[0051] According to Embodiment 1, the integrated controller 3 calculates a Cv value of the bypass valve 43 when the
opening degree of the bypass valve 43 is at the full open opening degree based on the bypass pressure difference and
the heat source side flow rate measured when the bypass valve 43 is set at the full close opening degree, and the bypass
pressure difference and the heat source side flow rate measured when the bypass valve 43 is set at the full open opening
degree. As described above, in the air-conditioning system 100 in Embodiment 1, specification values of the bypass
valve 43 are automatically loaded into the integrated controller 3. This can make installation of the air-conditioning system
100 efficient.

[0052] In Embodiment 1, the integrated controller 3 creates the Cv value table. As described above, in the air-condi-
tioning system 100 in Embodiment 1, detailed specification values of the bypass valve 43 are automatically loaded into
the integrated controller 3. This makes installation of the air-conditioning system 100 even more efficient. In addition, it
is possible to determine the control coefficient of the bypass valve 43 based on the characteristics of variations in the
Cv value relative to variations in the opening degree of the bypass valve 43, so that the air-conditioning system 100 can
improve its stability during actual operation. Note that examples of the characteristics described herein include linear
characteristics, quick open characteristics, and equal percentage characteristics. The linear characteristics show that
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the Cv value varies linearly relative to variations in the opening degree of the bypass valve 43. The quick open charac-
teristics show that the Cv value varies significantly when the opening degree of the bypass valve 43 varies within arange
of low opening degree. The equal percentage characteristics show that the Cv value varies significantly when the opening
degree of the bypass valve 43 varies within a range of high opening degree.

[0053] In Embodiment 1, during actual operation, the process gain is acquired by using the maximum value of Cv
value gradientamong the Cv value gradients calculated for respective opening degrees inthe Cv value table. As described
above, the amount of change in the opening degree of the bypass valve 43 is determined using a coefficient that is
inversely proportional to the process gain. The process gain is acquired by using the maximum value of Cv value gradient,
and accordingly the amount of change in the opening degree is reduced. Consequently, even when the variations in the
Cv value relative to the variations in the opening degree of the bypass valve 43 exhibit quick open characteristics or
equal percentage characteristics, rather than linear characteristics, the opening degree of the bypass valve 43 can still
be controlled in a stable manner.

(Modification 1 of Embodiment 1)

[0054] In Modification 1 of Embodiment 1, during actual operation, the process gain is acquired by using a value of
Cv value gradient corresponding to an opening degree of the bypass valve 43 at the control time point among the values
of Cv value gradient calculated for respective opening degrees in the Cv value table, that is, Cv(i) - Cv(i-1) (i: 0 to 100).
For example, where an opening degree of the bypass valve 43 at the control time point is represented as j%, the Cv
value gradient corresponding to the opening degree of the bypass valve 43 at the control time point is given as a Cv
value gradient within a range of predetermined plus or minus k% of the median j%, that is, Cv(j+k) - Cv(j-k).

[0055] Also in Modification 1 of Embodiment 1, specification values of the bypass valve 43 are automatically loaded
into the integrated controller 3. This can make installation of the air-conditioning system 100 efficient. It is also possible
to control the bypass valve 43 with an optimal control coefficient according to the valve opening degree at the control
time point. This helps the bypass pressure difference AP to follow the target value at the earliest possible time, while
ensuring the stability of the air-conditioning system 100.

(Modification 2 of Embodiment 1)

[0056] In Modification 2 of Embodiment 1, only a Cv(100) is calculated during trial operation, instead of creating the
Cv value table. During actual operation, based on the assumed type of characteristics of variations in the Cv value
relative to variations in the opening degree of the bypass valve 43, the Cv value gradient is calculated to acquire the
process gain. Specifically, when variations in the Cv value relative to variations in the opening degree of the bypass
valve 43 are assumed to exhibit, for example, linear characteristics, the Cv value gradient is equivalent to Cv(100)/100.
[0057] Also in Modification 2 of Embodiment 1, specification values of the bypass valve 43 are automatically loaded
into the integrated controller 3. This can make installation of the air-conditioning system 100 efficient. Only Cv(100) is
calculated, so that the time required for trial operation can be reduced, compared to the case when the Cv value table
is created. Itis also possible for the storage unit 75 to omit a storage area for storing the Cv value table. Itis also allowable
to control the bypass valve 43 in the manner as described above using the Cv value table created during trial operation.

Embodiment 2

[0058] Fig.5isaschematic configurationdiagramillustratingan air-conditioning system 100A according to Embodiment
2. As illustrated in Fig. 5, Embodiment 2 is different from Embodiment 1 in that the load device 2 has a supply-air
temperature sensor 25 and a flow control valve 26. In Embodiment 2, the same components as those in Embodiment
1 are denoted by the same reference signs, and therefore descriptions thereof are omitted. The different points from
Embodiment 1 are mainly described below.

[0059] The load device 2a has a supply-air temperature sensor 25a and a flow control valve 26a. The load device 2b
has a supply-air temperature sensor 25b and a flow control valve 26b. The supply-air temperature sensor 25 measures
a temperature of air to be sent from the load device 2 to an air-conditioning target space. Hereinafter, the temperature
of air to be sent from the load device 2 to the air-conditioning target space may be described as "supply-air temperature".
[0060] The flow control valve 26 is, for example, a two-way valve. An opening degree of the flow control valve 26 is
controlled by the load side controller 23, so that the flow control valve 26 controls the flow rate of a heat medium flowing
through the load device 2. In a case where the flow control valves 26 are provided, the bypass pipe 41 has a function
of avoiding the heat medium circuit 34 from being closed when both the flow control valves 26 are set at a full close
opening degree.

[0061] The load side controller 23 controls the flow control valve 26 in addition to the load side air-sending device 22.
The load side controller 23 is connected to the flow control valve 26 with a wire or wirelessly. The load side controller
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23 outputs a control signal for controlling the flow control valve 26 to the flow control valve 26.

[0062] Fig. 6 is a functional block diagram illustrating the integrated controller 3 according to Embodiment 2. As
illustrated in Fig. 6, the load side instruction unit 74 in the integrated controller 3 indirectly controls the flow control valve
26 when an air-conditioning system 100A performs trial operation, and also when the air-conditioning system 100A
performs actual operation. First, operation of the load side instruction unit 74 when the air-conditioning system 100A
performs trial operation is described. When the Cv value table is created during trial operation, the load side instruction
unit 74 transmits an instruction signal to the load side controller 23 such that the opening degree of the flow control valve
26 is fixed. The opening degree is fixed at, for example, a full open opening degree. The load side controller 23 in the
load device 2, having received the instruction signal, transmits a control signal to the flow control valve 26 such that the
flow control valve 26 is fixed at the opening degree indicated by the instruction signal. The flow control valve 26 having
received the control signal is fixed at the opening degree indicated by the control signal.

[0063] Next, operation of the load side instruction unit 74 when the air-conditioning system 100A performs actual
operation is described. The load side instruction unit 74 in the integrated controller 3 obtains a supply-air temperature
from the supply-air temperature sensor 25. The load side instruction unit 74 determines an opening degree of the flow
control valve 26 based on the obtained supply-air temperature. The flow control valve 26 is set at such an opening
degree that the supply-air temperature becomes close to the set temperature. The load side instruction unit 74 transmits
an instruction signal indicating the determined opening degree of the flow control valve 26 to the load side controller 23.
The load side controller 23 in the load device 2, having received the instruction signal, transmits a control signal to the
flow control valve 26 such that the flow control valve 26 operates at the opening degree indicated by the instruction
signal. The flow control valve 26 having received the control signal is fixed at the opening degree indicated by the control
signal.

[0064] Fig. 7 is aflowchartillustrating operation of the integrated controller 3 according to Embodiment 2. As illustrated
in Fig. 7, the procedure for creating the Cv value table during trial operation in Embodiment 2 is different from the
procedure for creating the Cv value table during trial operation in Embodiment 1 only in that the opening degree of the
flow control valve 26 is fixed (step S21) prior to fixing the opening degree of the bypass valve 43 at a full close opening
degree (step S1). The processes in steps S1 to S12 in Embodiment 2 are the same as those in Embodiment 1, and
therefore descriptions thereof are omitted.

[0065] While the embodiments and the modifications have been described above, it is possible to appropriately make
achange to the air-conditioning systems 100 and 100A of the present disclosure within the scope of the present disclosure.
For example, the heat source side flow rate may be measured by a device configured to measure a pressure difference
between the pressures upstream and downstream of the heat medium heat exchanger 14 in each heat source device
1, instead of the flow meter 51. For example, assuming that a flow rate of the heat source devices 1 is proportional to
the one-half power of the pressure difference between the upstream and downstream pressures, the heat source side
flow rate that is a total flow rate of the heat source devices 1 is acquired. A proportionality coefficient is determined by
tests or the like during the design phase.

[0066] Itis also allowable that the second pipe 33 is provided with the flow meter 51 configured to measure a flow rate
of a heat medium flowing out from the load side to the heat source side.

[0067] For example, when the bypass pressure difference exceeds a predetermined value that is set larger than the
target value, the pressure difference regulation unit 72 may control the opening degree of the bypass valve 43, giving
priority to the control stability as an emergency measure, such that the bypass valve 43 is opened at a highest possible
speed.

[0068] The functions of the integrated controller 3, the heat source side controller 17, and the load side controller 23
are not limited to those described in Embodiments 1 and 2. For example, some of the functions of the integrated controller
3, some the functions of the heat source side controllers 17, and some of the functions of the load side controllers 23
may be implemented by other devices. Two or more of the integrated controller 3, the heat source side controllers 17,
and the load side controllers 23 may be integrated into a single device. Further, the integrated controller 3, each of the
heat source side controllers 17, or each of the load side controllers 23 may be made up of two or more devices. In any
of the cases, one or more devices configured to directly or indirectly control the heat source device 1 and the bypass
valve 43 are equivalent to "controller" of the present disclosure. Note that during trial operation, the load side controller
23 in each load device 2 may operate each device to be controlled by the load side controller 23 by being directly
manipulated by an installation worker, instead of operating each device to be controlled by the load side controller 23
based on an instruction signal from the integrated controller 3. For example, the flow control valves 26 in Embodiment
2 are fixed at a full open opening degree by an installation worker manipulating the load side controllers 23 during trial
operation.

[0069] InEmbodiments 1and 2, anexamplein whichthe heatsource device 1 cools a heat medium has been described.
However, the refrigerant circuit 18 may be provided with a flow switching valve or other device to cause refrigerant to
flow through the refrigerant circuit 18 in the reverse direction, thereby to heat the heat medium.

[0070] In Embodiments 1 and 2, an example in which the operating frequency of each pump 16 is fixed at the time of
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creating the Cv value table has been described. However, the operating frequency of each pump 16 may be varied to
the extent not affecting the heat source side flow rate or the bypass pressure difference. For example, provided that
there are no variations in the heat source side flow rate and the bypass pressure difference, the operating frequency of
the pump 16a may be increased, while the operating frequency of the pump 16b may be decreased.

[0071] In Modification 2 of Embodiment 1, the case has been described in which the opening degree of the bypass
valve 43 is controlled during actual operation, assuming that variations in the Cv value relative to variations in the opening
degree of the bypass valve 43 exhibit linear characteristics. However, variations in the Cv value relative to variations in
the opening degree of the bypass valve 43 may be assumed to exhibit characteristics other than the linear characteristics.
Even when variations in the Cv value relative to variations in the opening degree of the bypass valve 43 exhibit, for
example, quick open characteristics or equal percentage characteristics, computation expressions stored in advance in
the storage unit 75 may be referenced to complement the Cv value table based on a measured Cv value Cv(100). In
this case, based on the complemented Cv value table, the maximum value of Cv value gradient may be referenced to
control the opening degree of the bypass valve 43, or the Cv value gradient corresponding to an opening degree of the
bypass valve 43 at the control time point may be referenced to control the opening degree of the bypass valve 43. In
any of the cases, the time required for trial operation can be reduced, compared to the case when the Cv value table is
created based on actual measurement results of the heat source side flow rate and the bypass pressure difference.

Reference Signs List

[0072] 1, 1a, 1b, 1c: heat source device, 2, 2a, 2b: load device, 3: integrated controller, 10, 10a, 10b, 10c: compressor,
11, 11a, 11b, 11 c: heat source side heat exchanger, 12, 12a, 12b, 12c: heat source side air-sending device, 13, 13a,
13b, 13c: expansion valve, 14, 14a, 14b, 14c: heat medium heat exchanger, 15, 15a, 15b, 15c: refrigerant pipe, 16, 16a,
16b, 16¢: pump, 17, 17a, 17b, 17c: heat source side controller, 18, 18a, 18b, 18c: refrigerant circuit, 21, 21a, 21b: load
side heat exchanger, 22, 22a, 22b: load side air-sending device, 23, 23a, 23b: load side controller, 24, 24a, 24b: return-
air temperature sensor, 25, 25a, 25b: supply-air temperature sensor, 26, 26a, 26b: flow control valve, 31: heat medium
pipe, 32: first pipe, 33: second pipe, 34: heat medium circuit, 41: bypass pipe, 42: pressure difference gauge, 43: bypass
valve, 51: flow meter, 52: delivery-water temperature sensor, 61: refrigerant circuit control unit, 62: pump control unit,
71: calculation unit, 72: pressure difference regulation unit, 73: refrigerant circuit instruction unit, 74: load side instruction
unit, 75: storage unit, 100, 100A: air-conditioning system

Claims

1. An air-conditioning system configured to circulate a heat medium through a heat medium circuit to exchange heat
between the heat medium and air in an air-conditioning target space to condition air in the air-conditioning target
space, the air-conditioning system comprising:

aload device configured to exchange heat between air in the air-conditioning target space and the heat medium
flowing through the heat medium circuit;

a heat source device configured to exchange heat between refrigerant flowing through a refrigerant circuit and
the heat medium flowing through the heat medium circuit, and deliver the heat medium cooled or heated through
the heat medium circuit to the load device;

a first pipe that connects the heat source device and the load device and through which the heat medium flows
from the heat source device to the load device;

a second pipe that connects the load device and the heat source device and through which the heat medium
flows from the load device to the heat source device;

a bypass pipe connecting the first pipe with the second pipe;

apressure difference gauge provided at the bypass pipe and configured to measure a bypass pressure difference
being a pressure difference between the heat medium flowing through the first pipe and the heat medium flowing
through the second pipe;

a bypass valve provided at the bypass pipe and configured to control a flow rate of the heat medium flowing
through the bypass pipe; and

a controller configured to control operation of the heat source device and the bypass valve,

the controller being configured to

fix the opening degree of the bypass valve at a full close opening degree and acquire a heat source side flow
rate indicating a flow rate of the heat medium flowing through the heat source device and the bypass pressure
difference being measured by the pressure difference gauge, the heat source side flow rate and the bypass
pressure difference being measured when the bypass valve is set at the full close opening degree,
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fix the opening degree of the bypass valve at a full open opening degree, acquire the heat source side flow rate
and the bypass pressure difference, the heat source side flow rate and the bypass pressure difference being
measured when the opening degree of the bypass valve is at the full open opening degree, and

calculate a Cv value of the bypass valve when the opening degree of the bypass valve is at the full open opening
degree based on the bypass pressure difference and the heat source side flow rate measured when the bypass
valve is set at the full close opening degree and the bypass pressure difference and the heat source side flow
rate measured when the bypass valve is set at the full open opening degree.

The air-conditioning system of claim 1, wherein

the load device has

a flow control valve configured to control a flow rate of the heat medium flowing through the heat medium circuit,
and

while the controller calculates a Cv value of the bypass valve, an opening degree of the flow control valve is fixed.

The air-conditioning system of claim 1 or 2, wherein

the heat source device has

the refrigerant circuit formed by connecting a compressor, a heat source side heat exchanger, an expansion
valve, and a heat medium heat exchanger by a refrigerant pipe, and

a pump configured to circulate the heat medium through the heat medium circuit, the heat medium exchanging
heat with the refrigerant in the heat medium heat exchanger, and

the controller is configured to

fix an operating frequency of the pump, while calculating a Cv value of the bypass valve.

The air-conditioning system of any one of claims 1 to 3, further comprising a flow meter provided at the first pipe
near the heat source device relative to a connection location with the bypass pipe, the flow meter being configured
to measure the heat source side flow rate.

The air-conditioning system of any one of claims 1 to 4, wherein the controller is configured to

vary an opening degree at which the bypass valve is fixed in increments of 1% from the full close opening
degree, acquire the heat source side flow rate and the bypass pressure difference measured when the bypass
valve is fixed at each opening degree, and

create a Cv value table in which each opening degree is associated with a Cv value of the bypass valve fixed
at each opening degree based on the bypass pressure difference and the heat source side flow rate measured
when the bypass valve is set at the full close opening degree and the bypass pressure difference and the heat
source side flow rate measured when the bypass valve is fixed at each opening degree.

The air-conditioning system of any one of claims 1 to 5, wherein the controller is configured to

calculate a Cv value gradient indicating a degree of variations in the Cv value when the opening degree of the
bypass valve is varied, and control the bypass valve based on the Cv value gradient, such that the bypass pressure
difference becomes a predetermined target value.

The air-conditioning system of claim 6 as dependent on claim 5, wherein the controller is configured to
calculate the Cv value gradient based on the Cv value table.

The air-conditioning system of claim 6 or 7, wherein the controller is configured to
control the bypass valve based on the Cv value gradient when the opening degree of the bypass valve is at the full
open opening degree.

The air-conditioning system of claim 6 or 7, wherein the controller is configured to

control the bypass valve based on a maximum of the Cv value gradient among the Cv value gradients, each of
which is calculated from when the opening degree of the bypass valve is at the full close opening degree to when
the opening degree of the bypass valve is at the full open opening degree.

The air-conditioning system of claim 6 or 7, wherein the controller is configured to
control the bypass valve based on the Cv value gradient corresponding to the opening degree of the bypass valve
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