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(54) HEAT PUMP CHILLING SYSTEM AND CONTROL METHOD THEREFOR

(57) A heat pump chilling system includes an inlet
temperature sensor that detects an inlet temperature of
a heat medium flowing into a plurality of heat pump chill-
ing devices, an outlet temperature sensor that detects
an outlet temperature of flow from the plurality of heat
pump chilling devices to a load, and a system control
device that controls operation of the plurality of heat pump
chilling devices based on the inlet temperature and the
outlet temperature. The system control device includes
a storage unit that stores an operating capacity for each
of the plurality of heat pump chilling devices, a request-

ed-capacity calculating unit that calculates a requested
capacity based on the inlet temperature or the outlet tem-
perature and a set target temperature, a number-of-de-
vices calculating unit that calculates the number of de-
vices to be activated among the plurality of heat pump
chilling devices satisfying the requested capacity based
on the operating capacity of each of the plurality of heat
pump chilling devices, and an activation control unit that
activates the plurality of heat pump chilling devices of the
number of devices to be activated calculated in the
number-of-devices calculating unit.
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Description

Technical Field

[0001] The present invention relates to heat pump chill-
ing systems equipped with a plurality of heat pump chill-
ing devices and methods of controlling the heat pump
chilling systems.

Background Art

[0002] In the related art, a heat pump chilling system
equipped with a plurality of heat source devices, such as
a water heater system for supplying, for example, hot
water or cold water, is known. The overall operation of
the plurality of heat source devices is controlled so that
a predetermined requested capacity is obtained from the
plurality of heat source devices (e.g., see Patent Litera-
tures 1 and 2). Patent Literature 1 discloses a connected
water heater system that fills a bathtub with an accurate
amount of hot water by using hot water supplied from a
plurality of heat source devices (water heater devices).
To achieve this configuration, the connected water heater
system first injects hot water by simultaneously activating
the plurality of heat source devices, operates only a single
one of the heat source devices immediately before a tar-
get amount of hot water is reached at an intermediate
stage of hot-water filling control, and stops the operation
of some of the heat source devices. Patent Literature 2
discloses a water heater system that preliminarily stores
the number of devices to be operated depending on the
time required for boiling water and the required amount
of hot water in the form of a data table, and sequentially
activates the heat source devices of the number of de-
vices based on the data table while shifting the activation
time by a predetermined time period.

Citation List

Patent Literature

[0003]

Patent Literature 1: Japanese Patent No. 4257596
(paragraph [0044])
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2012-127633 (para-
graphs [0038] and [0039])

Summary of Invention

Technical Problem

[0004] However, because all of the heat source devic-
es are activated at the time of activation in Patent Liter-
ature 1, the overall operating capacity of the plurality of
heat source devices sometimes becomes excessive. On
the other hand, in the case where the plurality of heat

source devices are successively activated by a prede-
termined time period, as in Patent Literature 2, it takes
too much time for completing the activation in a water
heater system having a large number of heat source de-
vices. Thus, when the power is to be restored from a
power-off state, a significant time period is similarly spent
for recovering to the original heating or cooling capacity.
[0005] The present invention has been made to solve
the problems mentioned above, and an object thereof is
to provide a heat pump chilling system and a method of
controlling the heat pump chilling system in which a plu-
rality of heat pump chilling devices of the number of de-
vices that is neither too large nor too small for the re-
quested capacity can be activated within a short period
of time, regardless of the number of heat pump chilling
devices.

Solution to Problem

[0006] In a heat pump chilling system according to an
embodiment of the present invention, a plurality of heat
pump chilling devices provided with refrigeration cycles
through which refrigerant flows are connected in parallel
with a load and a heat medium that has exchanged heat
with the refrigerant in the plurality of heat pump chilling
devices circulates to the load. The heat pump chilling
system includes an inlet temperature sensor that detects
a temperature of the heat medium flowing into the plu-
rality of heat pump chilling devices from the load as an
inlet temperature, an outlet temperature sensor that de-
tects a temperature of water flowing into the load from
the plurality of heat pump chilling devices as an outlet
temperature, and a system control device that controls
operation of the plurality of heat pump chilling devices
based on the inlet temperature detected in the inlet tem-
perature sensor and the outlet temperature detected in
the outlet temperature sensor. The system control device
includes a storage unit that stores an operating capacity
for each of the plurality of heat pump chilling devices, a
requested-capacity calculating unit that calculates a re-
quested capacity based on the inlet temperature or the
outlet temperature and a set target temperature, a
number-of-devices calculating unit that calculates the
number of devices to be activated among the plurality of
heat pump chilling devices satisfying the requested ca-
pacity calculated by the requested-capacity calculating
unit based on the operating capacity stored in the storage
unit for each of the plurality of heat pump chilling devices,
and an activation control unit that activates the plurality
of heat pump chilling devices of the number of devices
to be activated calculated in the number-of-devices cal-
culating unit.

Advantageous Effects of Invention

[0007] In the heat pump chilling system and the method
of controlling the heat pump chilling system according to
an embodiment of the present invention, the number of
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devices with which the requested capacity is obtained is
calculated based on the operating capacity of each of
the plurality of heat pump chilling devices stored in the
storage unit, and the heat pump chilling devices are si-
multaneously activated, so that the heat pump chilling
devices of the number of devices that is neither too large
nor too small can be activated within a short period of
time.

Brief Description of Drawings

[0008]

[Fig. 1] Fig. 1 is a schematic diagram illustrating a
heat pump chilling system according to Embodiment
1 of the present invention.
[Fig. 2] Fig. 2 is a block diagram illustrating an ex-
ample of a system control device in the heat pump
chilling system in Fig. 1.
[Fig. 3] Fig. 3 is a flowchart illustrating an operational
example of the heat pump chilling system in Fig. 1.
[Fig. 4] Fig. 4 illustrates an example of an activation
time in the heat pump chilling system in Figs. 1 and 2.
[Fig. 5] Fig. 5 illustrates an example of an activation
time in a heat pump chilling system in the related art.
[Fig. 6] Fig. 6 is a block diagram illustrating an ex-
ample of a system control device in a heat pump
chilling system according to Embodiment 2 of the
present invention.
[Fig. 7] Fig. 7 is a flowchart illustrating an operational
example of the system control device in the heat
pump chilling system in Fig. 6.
[Fig. 8] Fig. 8 is a block diagram illustrating an ex-
ample of a system control device in a heat pump
chilling system according to Embodiment 3 of the
present invention.
[Fig. 9] Fig. 9 is a flowchart illustrating an operational
example of the heat pump chilling system in Fig. 8.
[Fig. 10] Fig. 10 is a block diagram illustrating an
example of a system control device in a heat pump
chilling system according to Embodiment 4 of the
present invention.
[Fig. 11] Fig. 11 is a flowchart illustrating an opera-
tional example of the heat pump chilling system in
Fig. 10.

Description of Embodiments

Embodiment 1

[0009] A heat pump chilling system according to the
present invention will be described below in detail with
reference to the drawings. Fig. 1 is a schematic diagram
illustrating a heat pump chilling system according to Em-
bodiment 1 of the present invention. In a heat pump chill-
ing system 1 in Fig. 1, a plurality of heat pump chilling
devices 2A to 2E are connected in parallel with a load 3
by using an inlet pipe 4 and an outlet pipe 5, and a heat

medium, such as water and an antifreeze solution, serv-
ing as a medium for exchanging heat energy circulates
between the plurality of heat pump chilling devices 2A to
2E and the load 3. The load 3 is constituted of, for exam-
ple, a load-side heat exchanger, and, for example, air-
conditioning or supplying of hot water is performed by
using the load-side heat exchanger. Although the load 3
is described as being constituted of a load-side heat ex-
changer, the load 3 may alternatively be constituted of,
for example, a hot-water tank or a cold-water tank, or
may be constituted of a heat storage tank.
[0010] The inlet pipe 4 starts from the load 3 and
branches off toward the plurality of heat pump chilling
devices 2A to 2E and allows the heat medium to flow
therethrough. Pumps 6A to 6E are each attached to a
corresponding one of sections of the inlet pipe 4 branch-
ing off toward the heat pump chilling devices 2A to 2E.
The outlet pipe 5 causes the heat medium that has ex-
changed heat in the plurality of heat pump chilling devices
2A to 2E to merge and flow toward the load 3. By driving
the pumps 6A to 6E, the heat medium circulates between
the heat pump chilling devices 2A to 2E and the load 3
via the inlet pipe 4 and the outlet pipe 5.
[0011] The plurality of heat pump chilling devices 2A
to 2E are constituted of, for example, heat-pump-type
heat source devices and have, for example, identical con-
figurations and the same operating capacities. The heat
pump chilling devices 2A to 2E are each provided with a
refrigeration cycle including a compressor 11, a heat-
source-side heat exchanger 12, and a refrigerant pipe
13. The compressor 11 compresses refrigerant to a high-
temperature high-pressure state. The heat-source-side
heat exchanger 12 is constituted of, for example, a plate-
type heat exchanger and causes the refrigerant flowing
through the refrigeration cycle and the heat medium flow-
ing in from the inlet pipe 4 to exchange heat with each
other.
[0012] The plurality of heat pump chilling devices 2A
to 2E are individually provided with control devices 14
that control the operation of the heat pump chilling de-
vices 2A to 2E. The control devices 14 are connected to
one another via a communication network 15 to be ca-
pable of transferring, for example, control information to
and from one another. Furthermore, one representative
device (e.g., the heat pump chilling device 2A in Fig. 1)
among the plurality of heat pump chilling devices 2A to
2E is provided with a system control device 20 that con-
trols the entire heat pump chilling system 1. The system
control device 20 controls the operation of the heat pump
chilling devices 2A to 2E via the communication network
15. Although the system control device 20 is described
as being provided in the heat pump chilling device 2A as
an example, the system control device 20 may be in-
stalled as an independent device separate from the heat
pump chilling device 2A.
[0013] Furthermore, the heat pump chilling system 1
includes an inlet temperature sensor 7 that detects the
temperature of water, as an inlet temperature Ti, in the
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inlet pipe 4 immediately before the water is distributed to
the plurality of heat pump chilling devices 2A to 2E, and
also includes an outlet temperature sensor 8 that detects
the temperature of water, as an outlet temperature To,
in the outlet pipe 5 immediately after the water is merged
from the plurality of heat pump chilling devices 2A to 2E.
In other words, the inlet temperature sensor 7 detects
the temperature of the heat medium that is to flow into
the load 3 as the inlet temperature Ti, and the outlet tem-
perature sensor 8 detects the temperature of the heat
medium flowing out from the load 3 as the outlet temper-
ature To.
[0014] The system control device 20 has a function of
controlling the activation of the plurality of heat pump
chilling devices 2A to 2E based on the inlet temperature
Ti and the outlet temperature To. In particular, the system
control device 20 performs control to activate the single
heat pump chilling device 2A among the plurality of heat
pump chilling devices 2A to 2E at the start of operation.
Subsequently, if an operation capacity does not satisfy
the requested capacity, the system control device 20 si-
multaneously activates the heat pump chilling devices
2B to 2E of a predetermined number to compensate for
the deficiency for the requested capacity. Although the
following description relates to a case where the heat
pump chilling device 2A serving as the representative
device is the single device to be activated at the start of
operation, another one of the heat pump chilling devices
2B to 2E may be selected as the single device to be
activated at the start of operation.
[0015] Fig. 2 is a block diagram illustrating an example
of the system control device in the heat pump chilling
system in Fig. 1. The system control device 20 will be
described with reference to Figs. 1 and 2. The system
control device 20 controls the operation of the plurality
of heat pump chilling devices 2A to 2E and particularly
has a function of controlling the activation of the plurality
of heat pump chilling devices 2A to 2E. In detail, the sys-
tem control device 20 has a requested-capacity calculat-
ing unit 21, a target-temperature setting unit 22, an op-
erating-capacity calculating unit 23, a storage unit 24, a
number-of-devices calculating unit 25, and an activation
control unit 26.
[0016] The requested-capacity calculating unit 21 cal-
culates a requested capacity Tdg based on a target tem-
perature Tref and the inlet temperature Ti. In detail, the
requested-capacity calculating unit 21 calculates an ab-
solute value of a difference between the target temper-
ature Tref and the inlet temperature Ti as the requested
capacity Tdg. The target temperature Tref is set in the
target-temperature setting unit 22. For example, the tar-
get-temperature setting unit 22 may acquire the target
temperature Tref from an information input unit, such as
a keyboard and a touchscreen, or may have the target
temperature Tref stored in advance.
[0017] With regard to each of the plurality of heat pump
chilling devices 2A to 2E, the operating-capacity calcu-
lating unit 23 calculates an operating capacity indicating

the capacity for heating or cooling the heat medium based
on the inlet temperature Ti and the outlet temperature To
and stores the operating capacity into the storage unit
24. As described above, the plurality of heat pump chilling
devices 2A to 2E have the same operating capacities Td,
and the heat pump chilling device 2A activated alone at
the start of operation is activated. The operating-capacity
calculating unit 23 calculates the operating capacity Td
of the heat pump chilling device 2A activated alone at
the start of operation and stores the calculated operating
capacity Td of the heat pump chilling device 2A as the
operating capacity Td of each of the remaining heat pump
chilling devices 2B to 2E into the storage unit 24. In detail,
the operating-capacity calculating unit 23 calculates an
absolute value |Ti - To| of a temperature difference be-
tween the inlet temperature Ti and the outlet temperature
To as the operating capacity Td of the heat pump chilling
device 2A and stores it into the storage unit 24. Moreover,
the operating-capacity calculating unit 23 stores the op-
erating capacity Td of the heat pump chilling device 2A
as the operating capacity of each of the remaining heat
pump chilling devices 2B to 2E into the storage unit 24.
[0018] Based on the operating capacity Td of each of
the plurality of heat pump chilling devices 2A to 2E stored
in the storage unit 24, the number-of-devices calculating
unit 25 calculates the number n of devices to be activated
for obtaining the requested capacity Tdg calculated by
the requested-capacity calculating unit 21. In detail, the
number-of-devices calculating unit 25 calculates the
number n of devices to be activated by using a ceiling
function (Tdg/Td) in which the requested capacity (target
temperature difference) Tdg is divided by the operating
capacity (temperature difference) Td. Thus, in a case
where the operating capacity Td satisfies the requested
capacity Tdg (Tdg ≤ Td), the number n of devices to be
activated, which is an output value of the ceiling function,
is equal to 1. In contrast, in a case where the operating
capacity Td is deficient for the requested capacity Tdg
(Tdg > Td), the number n of devices to be activated, which
is an output value of the ceiling function, is larger than or
equal to 2. If the number n of devices to be activated
exceeds a total number N of installed devices among the
plurality of heat pump chilling devices 2A to 2E, the
number-of-devices calculating unit 25 sets the total
number of devices as the number n of devices to be ac-
tivated.
[0019] As mentioned above, the activation control unit
26 performs control to activate the single heat pump chill-
ing device 2A alone at the start of operation or when the
operation is resumed at the time of a power restoring
process. Furthermore, the activation control unit 26 ac-
tivates the heat pump chilling devices 2B to 2E of the
number n of devices to be activated calculated in the
number-of-devices calculating unit 25. In this case, the
activation control unit 26 simultaneously activates the de-
vices of the number (n - 1), excluding the single already-
activated device, among the heat pump chilling devices
2B to 2E. For example, in a case where the number n of
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devices to be activated calculated in the number-of-de-
vices calculating unit 25 is equal to 1, this implies that
the requested capacity is already satisfied by activating
the single device. In this case, the activation control unit
26 does not activate the remaining heat pump chilling
devices 2B to 2E. On the other hand, if the number n of
devices to be activated calculated in the number-of-de-
vices calculating unit 25 is larger than or equal to 2, the
activation control unit 26 performs control to simultane-
ously activate the devices of the number (n - 1) among
the heat pump chilling devices 2B to 2E. In this case, the
order of priority in which the heat pump chilling devices
2B to 2E are to be activated may be preset in the activa-
tion control unit 26 or may be determined randomly.
[0020] Thus, control can be performed so that the op-
erating capacity Td of the entire system is increased if
the operating capacity Td is deficient for the requested
capacity Tdg and that the operating capacity Td is de-
creased if the operating capacity Td exceeds the request-
ed capacity Tdg. If the operating capacity Td is deficient
for the requested capacity Tdg, the number-of-devices
calculating unit 25 subsequently makes an activation
plan for determining the operating capacity of each of the
plurality of remaining heat pump chilling devices 2B to
2E, and when the plan is set, the activation control unit
26 commands the respective control devices 14 to per-
form activation via the communication network 15.
[0021] Fig. 3 is a flowchart illustrating an operational
example at the time of activation in the heat pump chilling
system 1. The operational example of the heat pump
chilling system 1 will be described with reference to Figs.
1 to 3. First, any one (e.g., the heat pump chilling device
2A) of the heat pump chilling devices 2A to 2E is activated
with the maximum capacity under the control of the ac-
tivation control unit 26 (step ST1). Then, when the acti-
vation of the single heat pump chilling device 2A is com-
pleted, the inlet temperature Ti detected in the inlet tem-
perature sensor 7 and the outlet temperature To detected
in the outlet temperature sensor 8 are acquired and are
stored into the storage unit 24 (step ST2).
[0022] Subsequently, based on the inlet temperature
Ti and the outlet temperature To, the operating-capacity
calculating unit 23 calculates an absolute value of a tem-
perature difference given by the single heat pump chilling
device 2A as the operating capacity Td. Then, this oper-
ating capacity Td is stored as the operating capacity Td
of each of the plurality of heat pump chilling devices 2A
to 2E into the storage unit 24 (step ST3).
[0023] Then, the temperature difference between the
target temperature Tref and the inlet temperature Ti is
calculated as the requested capacity Tdg in the request-
ed-capacity calculating unit 21 and is stored into the stor-
age unit 24 (step ST4). The calculation of the operating
capacity Td (step ST3) and the calculation of the request-
ed capacity Tdg (step ST4) may be performed in no par-
ticular order and may be performed concurrently with
each other. Subsequently, the number-of-devices calcu-
lating unit 25 reads the operating capacity Td and the

requested capacity Tdg from the storage unit 24 and cal-
culates the number n of heat pump chilling devices 2B
to 2E to be activated (step ST5). The activation control
unit 26 simultaneously activates the heat pump chilling
devices 2B to 2E of the calculated number n of devices
to be activated (step ST6).
[0024] According to Embodiment 1 described above,
since the devices of the calculated number n of heat
pump chilling devices 2B to 2E to be activated necessary
for the requested capacity are simultaneously activated,
activation can be performed within a short period of time
in a fixed period even in a system in which the number
of heat pump chilling devices 2A to 2E is large, and the
devices of the number n among the heat pump chilling
devices 2A to 2E that is neither too large nor too small
for the requested capacity Tdg can be activated.
[0025] In detail, Fig. 4 illustrates an example of an ac-
tivation time in the heat pump chilling system in Figs. 1
and 2. In Fig. 4, for example, if the compressor 11 at the
start of operation or when the power is restored from a
power-off state is in a stopped state, activation of the
heat pump chilling devices 2A to 2E starts after an acti-
vation protection time period tw (e.g., about five minutes),
which is a standby state of the compressor 11, for pro-
tecting the compressor 11. Subsequently, the heat pump
chilling devices 2A to 2E start operating after a time pe-
riod ts (e.g., about three minutes) required for the acti-
vation. Thus, the heat pump chilling devices 2A to 2E
require a time period of (tw + ts) from the start of activation
to the start of operation.
[0026] As mentioned above, in the heat pump chilling
system 1, the single heat pump chilling device 2A is ac-
tivated alone at the start of operation, and then the re-
maining heat pump chilling devices 2B to 2E are simul-
taneously activated. The activation protection time period
tw progresses concurrently with respect to all of the heat
pump chilling devices 2A to 2E. Thus, the time taken until
a plurality of the heat pump chilling devices 2A to 2E,
with which the requested capacity Tdg is obtained, start
operating is a fixed time period (tw + 2ts) obtained by
adding the time period (tw + ts) from the start of activation
to the start of operation of the single heat pump chilling
device 2A to the time period tw taken until the second
device and onward start operating.
[0027] Fig. 5 illustrates an example of an activation
time in a heat pump chilling system in the related art. In
Fig. 5, an activation standby time period td (e.g., about
two to three minutes) in which the heat pump chilling
devices 2B to 2E wait for activation is set. In the related
art, the time taken for activating the first device is also
(ts + tw). However, since the second device and onward
are sequentially activated, a time period of (ts + tw + (n
- 1) x td) is required. Thus, the larger the number of heat
pump chilling devices 2A to 2E, the longer it takes to
activate the system for satisfying the requested capacity.
Thus, in the heat pump chilling system 1, a plurality of
the heat pump chilling devices 2A to 2E for satisfying the
requested capacity Tdg can be activated within a short
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period of time.
[0028] In particular, to calculate the operating capacity
Td of each of the plurality of heat pump chilling devices
2B to 2E from the operating capacity Td of the single heat
pump chilling device 2A activated alone at the start of
operation, since the number n of devices to be activated
can be calculated based on the operating capacity Td in
actual operation, the number n of devices to be activated
satisfying the requested capacity Tdg can be calculated
with high accuracy. Specifically, the locations where the
plurality of heat pump chilling devices 2A to 2E are in-
stalled and the connected load 3 vary. Thus, if the oper-
ating capacity Td of each of the heat pump chilling de-
vices 2A to 2E is stored as a fixed value in the storage
unit 24 at the time of shipment, the actual operating ca-
pacity Td may sometimes deviate from the operating ca-
pacity Td stored in the storage unit 24. In contrast, in the
heat pump chilling system 1, the operating capacity Td
is stored in the storage unit 24 after the installation loca-
tions of the heat pump chilling devices 2A to 2E are set
and the load 3 connected to the heat pump chilling de-
vices 2A to 2E is specified. Consequently, the operating
capacity Td corresponding to the load 3 can be calculated
with high accuracy.

Embodiment 2

[0029] Fig. 6 is a block diagram illustrating a system
control device in a heat pump chilling system according
to Embodiment 2 of the present invention. A system con-
trol device 120 in the heat pump chilling system will be
described with reference to Fig. 6. In the system control
device 120 according to Embodiment 2, sections having
configurations identical to those in the system control de-
vice 20 according to Embodiment 1 are given the same
reference signs, and descriptions thereof will be omitted.
The system control device 120 according to Embodiment
2 differs from the system control device 20 according to
Embodiment 1 in that the plurality of heat pump chilling
devices 2A to 2E are simultaneously activated from the
start of operation.
[0030] In the system control device 120 in Fig. 6, the
storage unit 24 stores the operating capacity Td for each
of the plurality of heat pump chilling devices 2A to 2E.
Similar to Embodiment 1, the operating capacities Td
stored in the storage unit 24 are stored when, for exam-
ple, the heat pump chilling device 2A is activated alone.
Alternatively, the operating capacities Td may be stored
in the storage unit 24 at the time of shipment.
[0031] Based on the operating capacities stored in the
storage unit 24 for the respective heat pump chilling de-
vices 2A to 2E, a number-of-devices calculating unit 125
calculates the number n of devices to be simultaneously
activated for obtaining the requested capacity Tdg cal-
culated by the requested-capacity calculating unit 21 by
using a ceiling function (Tdg/Td). In this case, the calcu-
lated number n of devices to be activated is directly used
as the number of devices to be simultaneously activated

since not a single one of the plurality of heat pump chilling
devices 2A to 2E is activated. Then, an activation control
unit 126 performs control to simultaneously activate the
heat pump chilling devices 2A to 2E of the number n of
devices to be activated calculated in the number-of-de-
vices calculating unit 125.
[0032] Fig. 7 is a flowchart illustrating an operational
example of the system control device in the heat pump
chilling system in Fig. 6. The operational example of the
system control device 120 will be described with refer-
ence to Figs. 6 and 7. First, the number-of-devices cal-
culating unit 25 reads the operating capacities (temper-
ature differences) Td of the plurality of heat pump chilling
devices 2A to 2E stored in the storage unit 24 (step ST11).
At the same time, the inlet temperature Ti is acquired
from the inlet temperature sensor 7 and is stored into the
storage unit 24 (step ST12).
[0033] Subsequently, the requested capacity Tdg is
calculated from the target temperature Tref set in the
target-temperature setting unit 22 and the acquired inlet
temperature Ti and is stored into the storage unit 24 (step
ST13). Then, the number-of-devices calculating unit 125
calculates the number n of devices to be simultaneously
activated based on the operating capacities Td of the
plurality of heat pump chilling devices 2A to 2E and the
requested capacity Tdg (step ST14). Subsequently, the
devices of the number n among the heat pump chilling
devices 2A to 2E are simultaneously activated by the
activation control unit 126 (step ST15).
[0034] According to Embodiment 2 described above,
the number n of devices to be activated among the heat
pump chilling devices 2A to 2E required for the requested
capacity Tdg is calculated based on the operating capac-
ities Td stored in the storage unit 24 for the respective
heat pump chilling devices 2A to 2E, so that the devices
of the number n to be activated can be simultaneously
activated. Thus, activation can be performed within a
shorter period of time even in a heat pump chilling system
in which the number of heat pump chilling devices 2A to
2E is large, and the devices of the number among the
heat pump chilling devices 2A to 2E that is neither too
large nor too small for the requested capacity Tdg can
be activated, as in Embodiment 1.

Embodiment 3

[0035] Fig. 8 is a block diagram illustrating a system
control device in a heat pump chilling system according
to Embodiment 3 of the present invention. A system con-
trol device 220 in the heat pump chilling system will be
described with reference to Fig. 8. In the system control
device 220 according to Embodiment 3, sections having
configurations identical to those in the system control de-
vice 20 according to Embodiment 1 are given the same
reference signs, and descriptions thereof will be omitted.
The system control device 220 according to Embodiment
3 differs from the system control device 20 according to
Embodiment 1 in that an operating-capacity calculating
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unit 223 learns the operating capacities of the heat pump
chilling devices 2A to 2E and stores the operating capac-
ities into a storage unit 224.
[0036] The operating-capacity calculating unit 223 in
Fig. 8 calculates the operating capacity Td of the heat
pump chilling device 2A activated alone at the start of
operation and stores a value obtained by optimizing cal-
culated results corresponding to the number of learning
times as an optimized operating capacity Tds into the
storage unit 224. In detail, a value that specifies the
number of learning times is preset in the operating-ca-
pacity calculating unit 223. On the other hand, the number
of learning times already experienced for each of the heat
pump chilling devices 2A to 2E is stored in the storage
unit 24. For example, if the operating-capacity calculating
unit 223 determines that the number of learning times of
the heat pump chilling device 2A activated at the start of
operation has reached the specified value, the number-
of-devices calculating unit 25 calculates the number n of
devices to be activated based on the optimized operating
capacity Tds stored in the storage unit 224.
[0037] If the number of learning times has not reached
the specified value, the operating-capacity calculating
unit 223 optimizes the operating capacity Tds stored in
the storage unit 224. The operating-capacity calculating
unit 223 calculates the operating capacity Td of the heat
pump chilling device 2A activated alone at the start of
operation and stores the operating capacity Td into the
storage unit 24. An average value of operating capacities
Td corresponding to the number of learning times is
stored in the storage unit 224. Optimization is performed
by calculating an average value in which a newly calcu-
lated operating capacity Td is incorporated, and the op-
timized operating capacity Tds stored in the storage unit
224 is updated.
[0038] Furthermore, if the number of learning times has
reached the specified value, an activation control unit
226 performs control to simultaneously activate the de-
vices of the number n that satisfy the requested capacity
Tdg at the start of operation, as in Embodiment 2. If the
number of learning times is smaller than or equal to the
specified value, the activation control unit 226 activates
the single heat pump chilling device 2A alone at the start
of operation so that the operating capacity Td is learned.
Subsequently, the activation control unit 226 performs
control to simultaneously activate the devices of the
number (n - 1) among the heat pump chilling devices 2B
to 2E that satisfy the requested capacity Tdg.
[0039] Fig. 9 is a flowchart illustrating an operational
example of the system control device in the heat pump
chilling system in Fig. 8. The operational example of the
system control device 220 will be described with refer-
ence to Figs. 8 and 9. First, the operating-capacity cal-
culating unit 223 reads the number of learning times from
the storage unit 224 (step ST21), and it is determined
whether or not the read number of learning times satisfies
the specified value (step ST22). If the number of learning
times is larger than or equal to the specified value, it is

determined that the learning is already completed, and
the optimized operating capacity Tds stored in the stor-
age unit 224 is used as the operating capacity Td of each
of the heat pump chilling devices 2A to 2E (step ST23).
Subsequently, the inlet temperature sensor 7 detects the
inlet temperature Ti (step ST24).
[0040] If the number of learning times is smaller than
the specified value, a new number of learning times ob-
tained by adding 1 to the number of learning times is
stored into the storage unit 24 (step ST25). Then, the
activation control unit 226 activates the single heat pump
chilling device 2A with the maximum operating capacity
(step ST26). When the activation of the single heat pump
chilling device 2A is completed, the inlet temperature
sensor 7 detects the inlet temperature Ti (step ST27).
Subsequently, the absolute value of the temperature dif-
ference between the inlet temperature Ti and the outlet
temperature To is calculated as an operating capacity
Td, and an average value of operating capacities Td cor-
responding to the number of learning times is stored as
the optimized operating capacity Tds into the storage unit
224 (step ST28).
[0041] Then, the requested capacity Tdg is calculated
in the requested-capacity calculating unit 21 (step ST29),
and the number n of devices to be activated using the
optimized operating capacity Tds is calculated in a
number-of-devices calculating unit 225 (step ST30).
Then, the activation control unit 226 determines whether
or not the single heat pump chilling device 2A is already
activated alone (step ST31). In other words, it is deter-
mined whether or not the operating capacity Tds has
been learned.
[0042] If the single heat pump chilling device 2A is al-
ready activated alone (if the operating capacity Tds has
been learned), the devices of the number (n - 1) among
the heat pump chilling devices 2B to 2E are activated
(step ST32). If the single heat pump chilling device 2A is
not activated alone (if the number of learning times is
larger than or equal to the specified value), the devices
of the number n among the heat pump chilling devices
2A to 2E are simultaneously activated (step ST33).
[0043] According to Embodiment 3, the operating ca-
pacity (temperature difference) Td of the single heat
pump chilling device 2A operating with the maximum ca-
pacity is learned and is stored into the storage unit 24 so
that the activation can be performed within the shortest
activation time after the learning. Furthermore, since the
optimized operating capacity Tds is stored in the storage
unit 24, a difference from the actual operating capacity
Td is small, whereby the number n of devices to be ac-
tivated can be calculated with high accuracy. Moreover,
the devices of the number n among the heat pump chilling
devices 2A to 2E that is neither too large nor too small
for the requested capacity Tdg can be activated, as in
Embodiment 1.
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Embodiment 4

[0044] Fig. 10 is a block diagram illustrating a system
control device in a heat pump chilling system according
to Embodiment 4 of the present invention. A system con-
trol device 320 in the heat pump chilling system will be
described with reference to Fig. 10. In the system control
device 320 according to Embodiment 4, sections having
configurations identical to those in the system control de-
vice 20 according to Embodiment 1 are given the same
reference signs, and descriptions thereof will be omitted.
The system control device 320 according to Embodiment
4 differs from the system control device 20 according to
Embodiment 1 in that the number ns of devices to be
activated and the number nf of devices to be activated
are calculated in consideration of the energy efficiency
of each of the heat pump chilling devices 2A to 2E.
[0045] The storage unit 24 in Fig. 10 preliminarily
stores a capacity ratio A corresponding to the maximum
energy efficiency, and a number-of-devices calculating
unit 325 calculates the number ns of devices to be acti-
vated in consideration of the capacity ratio A. In detail,
the number-of-devices calculating unit 325 calculates the
number ns of devices to be activated in a case where all
of the heat pump chilling devices 2A to 2E are activated
at the capacity ratio A by using a ceiling function (Tdg/(Td
x A)). Normally, the capacity ratio A corresponding to the
maximum energy efficiency of the heat pump chilling de-
vices 2A to 2E often ranges between 60% and 90%.
[0046] Because the heat pump chilling devices 2B to
2E operate with restricted capacities, the number ns of
devices to be activated to be calculated tends to be large.
If the calculated number ns of devices to be activated is
larger than the total number N of installed devices, the
number-of-devices calculating unit 325 calculates a com-
bination of the number nf of devices to be activated
among the heat pump chilling devices 2A to 2E operating
with the maximum operating capacity (i.e., a capacity ra-
tio of 100%) and the number ns of devices to be activated
among the heat pump chilling devices 2A to 2E operating
at the preset capacity ratio A, so that the requested ca-
pacity Tdg is satisfied.
[0047] In detail, the number-of-devices calculating unit
325 calculates a ceiling function ((Tdg - (N x Td x A))/((1
- A) x Td)) as the number nf of devices to be activated at
a capacity ratio of 100%. Subsequently, the number-of-
devices calculating unit 325 calculates the number (ns =
N - nf) of devices to be activated at the capacity ratio A.
Then, the activation control unit 26 controls the plurality
of heat pump chilling devices 2A to 2E to activate the
devices of the number of ns at the capacity ratio of 100%
and to activate the devices of the number nf at the ca-
pacity ratio A among the total number N of installed de-
vices.
[0048] Fig. 11 is a flowchart illustrating an operational
example of the heat pump chilling system in Fig. 10. First,
for example, the single heat pump chilling device 2A
among the heat pump chilling devices 2A to 2E is acti-

vated with the maximum capacity of 100% (step ST41).
Then, the inlet temperature Ti and the outlet temperature
To immediately upon completion of the activation of the
single heat pump chilling device 2A are detected and
stored into the storage unit 24 (step ST42). Subsequent-
ly, the operating capacity Td of the single heat pump chill-
ing device 2A based on the inlet temperature Ti and the
outlet temperature To is stored into the storage unit 24,
and the operating capacities of the remaining heat pump
chilling devices 2B to 2E are similarly stored as the op-
erating capacities Td into the storage unit 24 (step ST43).
[0049] Then, the requested capacity (target tempera-
ture difference) Tdg is calculated by the requested-ca-
pacity calculating unit 21 based on the target temperature
Tref set in the target-temperature setting unit 22 and the
inlet temperature Ti and is stored into the storage unit 24
(step ST44). The number-of-devices calculating unit 325
calculates the number ns of devices to be activated in a
case where all of the heat pump chilling devices 2A to
2E are activated at the capacity ratio A so that the re-
quired capacity is obtained (step ST45). Then, the
number-of-devices calculating unit 325 determines
whether or not the number n of devices to be activated
at the calculated capacity ratio A is larger than the total
number N of installed devices (step ST46).
[0050] If the number ns of devices to be activated is
smaller than or equal to the total number N of installed
devices, the devices of the number (n - 1) among the
heat pump chilling devices 2B to 2E, excluding the al-
ready-activated single device, are activated at the capac-
ity ratio A (step ST47). On the other hand, if the number
ns of devices to be activated at the capacity ratio A ex-
ceeds the total number N of installed devices (ns > N),
the number nf of devices that have to be activated with
the maximum capacity is calculated to compensate for
the shortage amount even when all of the installed de-
vices of the total number N are activated at the capacity
ratio A (step ST48), and the number ns of devices to be
activated at the capacity ratio A is recalculated (step
ST49). Subsequently, under the control of the activation
control unit 26, the devices of the number (nf - 1), exclud-
ing the already-activated single device, among the heat
pump chilling devices 2B to 2E are activated with the
maximum capacity, and the devices of the number of ns
among the heat pump chilling devices 2B to 2E are ac-
tivated at the capacity ratio A (step ST49).
[0051] According to Embodiment 4 described above,
activation of the plurality of heat pump chilling devices
2A to 2E is controlled in consideration of the energy ef-
ficiency, so that the overall heat pump chilling system
can be activated in an operational state with good energy
efficiency. Furthermore, the devices of the number n
among the heat pump chilling devices 2A to 2E that is
neither too large nor too small for the requested capacity
Tdg can be activated within a short period of time, as in
Embodiment 1.
[0052] Although Fig. 11 corresponds to a case where
the single heat pump chilling device 2A is activated alone
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at the start of operation, the number n of devices to be
activated may be calculated in consideration of the afore-
mentioned capacity ratio A even when the heat pump
chilling devices 2A to 2E are to be simultaneously acti-
vated for the requested capacity Tdg, as in Embodiment
2. Furthermore, the requested capacity stored in the stor-
age unit 24 may be optimized, as in Embodiment 3.
[0053] Embodiments of the present invention are not
limited to Embodiments described above. For example,
although, in the foregoing description, the requested-ca-
pacity calculating unit 21 calculates an absolute value of
a difference between the target temperature Tref and the
inlet temperature Ti as the requested capacity Tdg, the
requested-capacity calculating unit 21 may calculate an
absolute value |Tref - To| of a difference between the
target temperature Tref and the outlet temperature To as
the requested capacity Tdg. In this case, if the single heat
pump chilling device 2A is activated alone at the start of
operation, the requested capacity Tdg being a positive
value implies shortage, whereas a negative value implies
that the requested capacity Tdg is satisfied. Thus, the
number-of-devices calculating unit 25 is only required to
calculate the number of devices that satisfy the shortage
amount of the requested capacity Tdg. If a single device
among the heat pump chilling devices 2A to 2E is not
activated at the start of operation, operation similar to
that in Embodiment 2 described above is performed since
the inlet temperature Ti and the outlet temperature To
are the same value.
[0054] Furthermore, although the same operating ca-
pacities Td are stored in the storage unit 24 correspond-
ing to the plurality of heat pump chilling devices 2A to 2E
in Figs. 6 and 7, the devices may have different operating
capacities Td. In this case, the number-of-devices calcu-
lating unit 25 may determine the number n of devices to
be activated so that a combination of the heat pump chill-
ing devices 2A to 2E satisfying the requested capacity is
achieved.
[0055] Furthermore, although Embodiment 3 de-
scribes, as an example, a case where the activation con-
trol unit 26 activates the heat pump chilling device 2A
and the operation capacity Td of the heat pump chilling
device 2A is learned, the activation control unit 26 may
randomly set a heat pump chilling device to be activated
alone at the start of operation from among the plurality
of heat pump chilling devices 2A to 2E. Moreover, each
of the heat pump chilling devices 2A to 2E may be acti-
vated alone, and the operating capacity Td thereof may
be calculated and stored into the storage unit 24.

Reference Signs List

[0056] 1 heat pump chilling system 2A to 2E heat pump
chilling device 3 load 4 inlet pipe 5 outlet pipe 6A to 6E
pump 7 inlet temperature sensor 8 outlet temperature
sensor 11 compressor 12 heat-source-side heat ex-
changer 13 refrigerant pipe 14 control device 15 commu-
nication network 20, 120, 220, 320 system control device

21 requested-capacity calculating unit 22 target-temper-
ature setting unit 23, 223 operating-capacity calculating
unit 24, 224 storage unit 25, 125, 225, 325 number-of-
devices calculating unit 26, 126, 226 activation control
unit A capacity ratio n, nf, ns number of devices to be
activated N total number of installed devices Td operating
capacity Tdg requested capacity Tds optimized operat-
ing capacity Ti inlet temperature To outlet temperature
Tref target temperature

Claims

1. A heat pump chilling system in which a plurality of
heat pump chilling devices provided with refrigera-
tion cycles through which refrigerant flows are con-
nected in parallel with a load and in which a heat
medium having exchanged heat with the refrigerant
in the plurality of heat pump chilling devices circu-
lates to the load, the heat pump chilling system com-
prising:

an inlet temperature sensor detecting a temper-
ature of the heat medium flowing into the plural-
ity of heat pump chilling devices from the load
as an inlet temperature;
an outlet temperature sensor detecting a tem-
perature of water flowing into the load from the
plurality of heat pump chilling devices as an out-
let temperature; and
a system control device configured to control op-
eration of the plurality of heat pump chilling de-
vices based on the inlet temperature detected
in the inlet temperature sensor and the outlet
temperature detected in the outlet temperature
sensor,
the system control device including
a storage unit configured to store an operating
capacity for each of the plurality of heat pump
chilling devices,
a requested-capacity calculating unit configured
to calculate a requested capacity based on the
inlet temperature or the outlet temperature and
a set target temperature,
a number-of-devices calculating unit configured
to calculate the number of devices to be activat-
ed among the plurality of heat pump chilling de-
vices satisfying the requested capacity calculat-
ed by the requested-capacity calculating unit
based on the operating capacity stored in the
storage unit for each of the plurality of heat pump
chilling devices, and
an activation control unit configured to activate
the plurality of heat pump chilling devices of the
number of devices to be activated calculated in
the number-of-devices calculating unit.

2.  The heat pump chilling system of claim 1, wherein
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the activation control unit is configured to simultane-
ously activate the plurality of heat pump chilling de-
vices of the number of devices calculated in the
number-of-devices calculating unit at a start of op-
eration.

3. The heat pump chilling system of claim 1,
wherein the plurality of heat pump chilling devices
are configured to have the same operating capaci-
ties,
wherein the activation control unit is configured to
activate a single one of the plurality of heat pump
chilling devices alone at a start of operation, and
wherein the heat pump chilling system further com-
prises an operating-capacity calculating unit config-
ured to calculate the operating capacity of the single
activated heat pump chilling device based on the in-
let temperature and the outlet temperature after the
single heat pump chilling device is activated, and
store the calculated operating capacity into the stor-
age unit as the operating capacity of each of the plu-
rality of heat pump chilling devices.

4. The heat pump chilling system of claim 3, wherein,
after the single heat pump chilling device is activated,
the activation control unit is configured to simultane-
ously activate the plurality of heat pump chilling de-
vices of the remaining number of the number of de-
vices to be activated corresponding to the requested
capacity calculated by the requested-capacity cal-
culating unit.

5. The heat pump chilling system of claim 3 or 4, where-
in the activation control unit is configured to activate
the single heat pump chilling device with a maximum
operating capacity.

6. The heat pump chilling system of any one of claims
3 to 5, wherein the operating-capacity calculating
unit is configured to calculate a difference between
the inlet temperature and the outlet temperature as
the operating capacity of the single heat pump chill-
ing device.

7. The heat pump chilling system of any one of claims
3 to 6, wherein, based on a plurality of the operating
capacities, the operating-capacity calculating unit is
configured to optimize the operating capacity stored
in the storage unit, each of the plurality of the oper-
ating capacities being calculated every time the sin-
gle heat pump chilling device is activated.

8. The heat pump chilling system of claim 7,
wherein the storage unit is configured to store the
number of times the operating capacity stored in the
storage unit is optimized as the number of learning
times, and
wherein when the number of learning times is smaller

than or equal to a preset specified number, the op-
erating-capacity calculating unit is configured to op-
timize the operating capacity.

9. The heat pump chilling system of claim 8,
wherein when the number of learning times is smaller
than or equal to the preset specified number, the
activation control unit is configured to activate the
single heat pump chilling device alone at the start of
operation and then activate zero or more of the plu-
rality of heat pump chilling devices of the remaining
number of the number of devices to be activated cal-
culated in the number-of-devices calculating unit
based on the optimized operating capacity, and
wherein when the number of learning times is larger
than the preset specified number, the activation con-
trol unit is configured to activate the plurality of heat
pump chilling devices of the number of devices to be
activated calculated in the number-of-devices calcu-
lating unit at the start of operation based on the op-
timized operating capacity.

10.  The heat pump chilling system of any one of claims
1 to 9, wherein the number-of-devices calculating
unit is configured to calculate the number of devices
to be activated in a case where the plurality of heat
pump chilling devices operate at a preset capacity
ratio being lower than a maximum operating capac-
ity.

11. The heat pump chilling system of claim 10, wherein
when the calculated number of devices to be acti-
vated when the operation is performed at the capac-
ity ratio is larger than the total number of installed
devices among the plurality of heat pump chilling de-
vices, the number-of-devices calculating unit is con-
figured to calculate a combination of the number of
devices among the plurality of heat pump chilling de-
vices to be operated with the maximum operating
capacity and the number of devices to be activated
among the plurality of heat pump chilling devices to
be operated at the preset capacity ratio so that the
requested capacity is satisfied.

12. A method of controlling a heat pump chilling system
in which a plurality of heat pump chilling devices pro-
vided with refrigeration cycles through which refrig-
erant flows are connected in parallel with a load so
that a heat medium circulates to the load and in which
the plurality of heat pump chilling devices cause the
refrigerant and the heat medium to exchange heat
with each other, the method comprising:

calculating a requested capacity based on an
inlet temperature of flow from the load to the
plurality of heat pump chilling devices, an outlet
temperature of flow from the plurality of heat
pump chilling devices to the load, and a set tar-
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get temperature;
calculating the number of devices to be activated
among the plurality of heat pump chilling devices
with which the calculated requested capacity is
obtained based on an operating capacity stored
in a storage unit for each of the plurality of heat
pump chilling devices; and
activating the plurality of heat pump chilling de-
vices of the calculated number of devices to be
activated.
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