
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
81

6 
52

7
A

1
*EP003816527A1*

(11) EP 3 816 527 A1
(12) EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication: 
05.05.2021 Bulletin 2021/18

(21) Application number: 18924593.9

(22) Date of filing: 26.06.2018

(51) Int Cl.:
F24F 11/48 (2018.01) F24F 11/61 (2018.01)

F24F 11/84 (2018.01) F24F 110/12 (2018.01)

F24F 140/20 (2018.01)

(86) International application number: 
PCT/JP2018/024161

(87) International publication number: 
WO 2020/003373 (02.01.2020 Gazette 2020/01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(71) Applicant: Mitsubishi Electric Corporation
Tokyo 100-8310 (JP)

(72) Inventor: HASHIMOTO, Yosuke
Tokyo 100-8310 (JP)

(74) Representative: Witte, Weller & Partner 
Patentanwälte mbB
Postfach 10 54 62
70047 Stuttgart (DE)

(54) AIR CONDITIONING MANAGEMENT DEVICE AND AIR CONDITIONING SYSTEM

(57) An air-conditioning management apparatus in-
cludes: a storage unit that stores a schedule including a
set time and a set temperature; a communication
processing unit that communicates with the air-condition-
ing apparatus and receives operation status information
including a heat medium temperature that is a tempera-
ture of the heat medium; and a controller that performs
a schedule control to control the air-conditioning appa-
ratus according to the schedule. The schedule control
includes an optimal start-up control to control the air-con-
ditioning apparatus such that an indoor space tempera-
ture that is a temperature of the indoor space reaches
the set temperature at the set time, by starting an oper-
ation of the air-conditioning apparatus before the set
time. The controller performs a preheating control or a
precooling control to control the heat source unit such
that before the optimal start-up control is started, the heat
medium temperature included in the operation status in-
formation obtained from the air-conditioning apparatus
falls within a target range including a previously set target
heat medium temperature.
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Description

Technical Field

[0001] The present disclosure relates to an air-condi-
tioning management apparatus that manages an opera-
tion of an air-conditioning apparatus, and an air-condi-
tioning system.

Background Art

[0002] Recently, concerns have been rising with re-
spect to the effect of refrigerant for use in air-conditioning
apparatuses on the environment and human bodies, and
an air-conditioning apparatus has been proposed that
air-conditions an indoor space by applying a heat medi-
um, such as water, for the indoor space, without directly
applying refrigerant for the indoor space (see, for exam-
ple, Patent Literature 1). In Patent Literature 1, at a re-
frigerant-heat-medium heat exchanger, heat exchange
is performed between refrigerant that flows in a refriger-
ant circuit and a heat medium that flows in a heat medium
circuit, to thereby cool or heat the heat medium until the
temperature of the heat medium reaches a desired tem-
perature, and heat exchange is performed between the
heat medium and air in the indoor space, to thereby cool
or heat the indoor space.
[0003] Furthermore, in an existing air-conditioning sys-
tem, time and a temperature are set in advance, to there-
by perform a schedule control to cause an air-condition-
ing apparatus to be automatically operated. Also, in an
existing technique, in a schedule control, an optimal start-
up control is performed to cause an air-conditioning ap-
paratus to be started before a previously set time, where-
by the temperature of an indoor space reaches a set tem-
perature before the set time.

Citation List

Patent Literature

[0004] Patent Literature 1: International Publication
No. WO 2014/128961

Summary of Invention

Technical Problem

[0005] In the air-conditioning apparatus disclosed in
Patent Literature 1, in the case where the optimal start-
up control is performed, it is important to manage the
temperature of the heat medium that is applied for into
the indoor space. To be more specific, the temperature
of the heat medium greatly changes, for example, at a
sweltering night in summer or because of a sudden tem-
perature drop in winter. Therefore, unless the optimal
start-up control is performed in consideration of the tem-
perature of the heat medium, in some cases, it is not

possible to cause the indoor space temperature to reach
the set temperature before the set time.
[0006] The present disclosure is applied in view of the
above, and relates to an air-conditioning management
apparatus and an air-conditioning system that can pre-
vent the temperature of the heat medium at the start time
of the optimal start-up control from varying from that at
one start-up time of the optimal start-up time to that at
another start-up time of the optimal start-up control.

Liquid to Problem

[0007] An air-conditioning management apparatus ac-
cording to an embodiment of the present disclosure con-
trols an air-conditioning apparatus that includes: a heat
source unit; one or more indoor units; and a refrigerant-
heat-medium heat exchanger configured to cause heat
exchange to be performed between refrigerant that flows
in the heat source unit and a heat medium that flows in
the one or more indoor units to heat or cool the heat
medium and heat or cool an indoor space. The air-con-
ditioning management includes: a storage unit that stores
a schedule including a set time and a set temperature; a
communication processing unit that communicates with
the air-conditioning apparatus and receives operation
status information including a heat medium temperature
that is a temperature of the heat medium; and a controller
that performs a schedule control to control the air-condi-
tioning apparatus according to the schedule. The sched-
ule control includes an optimal start-up control to control
the air-conditioning apparatus such that an indoor space
temperature that is a temperature of the indoor space
reaches the set temperature at the set time, by starting
an operation of the air-conditioning apparatus before the
set time. The controller performs a preheating control or
a precooling control to control the heat source unit such
that before the optimal start-up control is started, the heat
medium temperature included in the operation status in-
formation obtained from the air-conditioning apparatus
falls within a target range including a previously set target
heat medium temperature.

Advantageous Effects of Invention

[0008] According to one embodiment of the present
disclosure, before the optimal start-up control is started,
the preheating control or the precooling control to control
the heat source unit is performed such that the heat me-
dium temperature falls within the target range including
the previously set target heat medium temperature. Thus,
it is possible to prevent the temperature of the heat me-
dium at the start time of the optimal start-up control from
varying from that at one start-up time of the optimal start-
up time to that at another start-up time of the optimal
start-up control.
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Brief Description of Drawings

[0009]

[Fig. 1] Fig. 1 is a diagram illustrating an example of
a configuration of an air-conditioning system includ-
ing an air-conditioning management apparatus ac-
cording to Embodiment 1 of the present disclosure.
[Fig. 2] Fig. 2 is a circuit configuration diagram of an
air-conditioning apparatus of the air-conditioning
system according to Embodiment 1 of the present
disclosure.
[Fig. 3] Fig. 3 is a diagram illustrating an internal con-
figuration of the air-conditioning management appa-
ratus according to Embodiment 1 of the present dis-
closure.
[Fig. 4] Fig. 4 is a flowchart of a schedule control in
a heating operation of the air-conditioning manage-
ment apparatus according to Embodiment 1 of the
present disclosure.
[Fig. 5] Fig. 5 is a flowchart of a schedule control in
a cooling operation of the air-conditioning manage-
ment apparatus according to Embodiment 1 of the
present disclosure.
[Fig. 6] Fig. 6 is a diagram indicating a change of a
heat medium temperature.
[Fig. 7] Fig. 7 is a diagram indicating a change of a
heat medium temperature in an air-conditioning
management apparatus according to Embodiment
5 of the present disclosure.

Description of Embodiments

Embodiment 1

[0010] Fig. 1 is a diagram illustrating an example of the
configuration of an air-conditioning system including an
air-conditioning management apparatus according to
Embodiment 1 of the present disclosure. In figures from
Fig. 1 onward, components that are the same as or equiv-
alent to those in a previous figure are denoted by the
same reference signs. The same is true of the entire text
of the specification. Furthermore, the configurations of
the components as described in the entire text of the
specification are merely examples, that is, the configu-
rations of the components are not limited to those as
descried in the entire text of the specification.
[0011] The air-conditioning system includes an air-
conditioning apparatus 1 that air-conditions an indoor
space 8 by performing a cooling operation or a heating
operation, and an air-conditioning management appara-
tus 50 that manages air-conditioning of the air-condition-
ing apparatus 1. The air-conditioning apparatus 1 in-
cludes a heat source unit 2, an indoor unit 3A, an indoor
unit 3B, an indoor unit 3C, and a refrigerant-heat-medium
heat exchanger 4. The indoor unit 3A, the indoor unit 3B,
and the indoor unit 3C operate as load-side units (may
be hereinafter referred to as indoor units 3). The indoor

units 3 are installed in the same indoor space 8. The air-
conditioning management apparatus 50 is connected to
the heat source unit 2 by a communication line 5A. The
heat source unit 2 is connected to each of the indoor units
3 by a communication line 5B.
[0012] The heat source unit 2 is connected to the re-
frigerant-heat-medium heat exchanger 4 by a refrigerant
pipe 6. In addition, each of the indoor units 3 is connected
to the refrigerant-heat-medium heat exchanger 4 by a
heat medium pipe 7. It will be described with reference
to Fig. 2 how the heat source unit 2, each of the indoor
units 3, and the refrigerant-heat-medium heat exchanger
4 are connected by the refrigerant pipe 6 and the heat
medium pipe 7. It should be noted that although in the
example illustrated in Fig. 1, the number of the indoor
units 3 connected in the above manner is three, the
number of the connected indoor units 3 is arbitrarily de-
termined.
[0013] Fig. 2 is a circuit configuration diagram of the
air-conditioning apparatus of the air-conditioning system
according to Embodiment 1 of the present disclosure.
[0014] The heat source unit 2 includes a compressor
21, a four-way valve 22, a heat-source-side heat ex-
changer 23, and an expansion valve 24. Each of the in-
door unit 3 is a fan coil unit (FCU). The indoor unit 3A,
the indoor unit 3B, and the indoor unit 3C have the same
configuration. Therefore, the configuration of each of the
indoor units 3 will be described by referring to the con-
figuration of one of the indoor units 3. In the following,
the configuration of the indoor unit 3A is descried. The
indoor unit 3A includes an indoor heat exchanger 31a, a
flow control valve 32a that adjusts the flow rate of the
heat medium that flows into the indoor unit 3A itself, and
a fan 33a. The indoor unit 3B and the indoor unit 3C
include the same components as the indoor unit 3A,
which will be denoted by reference signs including the
suffixes "b" and "c". That is, the components of the indoor
unit 3B are denoted by reference signs including the suffix
"b", and the components of the indoor unit 3B are denoted
by reference signs including the suffix "c". It should be
noted that in the following description, in the case where
the indoor heat exchanger, the flow control valve, and
the fan of each of the indoor units 3 does not need to be
distinguished from those of the other indoor units 3, they
are referred to as indoor heat exchanger 31, flow control
valve 31 and fan 33 without the suffixes.
[0015] Then, the air-conditioning system includes a re-
frigerant circuit 20 and a heat medium circuit 30. The
refrigerant circuit 20 is a circuit in which the refrigerant
circulates in the compressor 21, the four-way valve 22,
the heat-source-side heat exchanger 23, the expansion
valve 24, and the refrigerant-heat-medium heat exchang-
er 4. The heat medium circuit 30 is a circuit in which the
heat medium circulates in the refrigerant-heat-medium
heat exchanger 4, the flow control valve 32, the indoor
heat exchanger 31, and a pump 10. The flow rate of the
heat medium that circulates in the entire the heat medium
circuit 30 is controlled by the pump 10. As the heat me-
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dium, for example, water, an antifreeze liquid, or a mixed
liquid of water and an antifreeze liquid is used.
[0016] The compressor 21 sucks refrigerant, and com-
press the refrigerant into a high temperature, high pres-
sure refrigerant. The compressor 21 is a positive dis-
placement compressor that can be changed in operating
frequency.
[0017] The four-way valve 22 switches a circulation di-
rection of the refrigerant discharged from the compressor
21 between the circulation direction of the refrigerant in
the cooling operation and that in the heating operation.
In response to this switching of the four-way valve 22,
during the cooling operation, the heat-source-side heat
exchanger 23 operates as a condenser, and the indoor
heat exchanger 31 operates as an evaporator, and during
the heating operation, an outdoor heat exchanger 14 op-
erates as an evaporator, and the indoor heat exchanger
31 operates as a condenser. It should be noted that that
although it is described above that the operation to be
performed is switched to either the cooling operation or
the heating operation by the switching of the four-way
valve 22, it suffices that the air-conditioning system ac-
cording to the embodiment of the present disclosure can
perform at least one of the above operations. Therefore,
the four-way valve 22 is not indispensable, and can be
omitted.
[0018] The refrigerant-heat-medium heat exchanger 4
causes heat exchange to be performed between the re-
frigerant that circulates in the refrigerant circuit 20 and
the heat medium that circulates in the heat medium circuit
30.
[0019] The expansion valve 24 reduces the pressure
of the refrigerant to expand the refrigerant. The expan-
sion valve 24 adjusts the flow rate of the refrigerant that
flows in the refrigerant circuit 20.
[0020] The indoor heat exchanger 31 causes heat ex-
change to be performed between the heat medium that
circulates in the heat medium circuit 30 and indoor air,
to thereby heat or cool the indoor space.
[0021] The flow control valve 32 is adjusted in opening
degree to adjust the flow rate of the heat medium that
flows into the indoor heat exchanger 31, thereby adjust-
ing the temperature in the indoor unit 3.
[0022] The fan 33 is a fan that sends air, and can adjust
the flow rate of air to be sent.
[0023] Next, sensors provided in the air-conditioning
system will be described.
[0024] The air-conditioning system includes an outside
air temperature sensor 25 that measures the temperature
of outside air, and a heat medium temperature sensor
40 that measures a heat medium temperature in the heat
medium circuit, which is the temperature of the heat me-
dium. Furthermore, the indoor unit 3A, the indoor unit 3B,
and the indoor unit 3C include a suction temperature sen-
sor 34a, a suction temperature sensor 34b, and a suction
temperature sensor 34c, respectively (hereinafter each
referred to as a suction temperature sensor 34 when they
do not need to be distinguished from each other), each

of which measures a suction temperature corresponding
to an indoor space temperature that is the temperature
of the indoor space.
[0025] The temperature measured by each of the sen-
sors is periodically transmitted from the heat source unit
2 to the air-conditioning management apparatus 50 as
operation status information. It should be noted that the
indoor unit 3 periodically transmits the suction tempera-
ture measured by the suction temperature sensor 34 to
the heat source unit 2 via the communication line 5B.
The heat source unit 2 transmits all the suction temper-
ature that is transmitted from the indoor unit 3, the heat
medium temperature measured by the heat medium tem-
perature sensor 40, and the outside air temperature
measured by the outside air temperature sensor 25, as
the operation state information, to the air-conditioning
management apparatus 50 via the communication line
5A.
[0026] Next, the air-conditioning management appa-
ratus 50 will be described.
[0027] Fig. 3 is a diagram illustrating an internal con-
figuration of the air-conditioning management apparatus
according to Embodiment 1 of the present disclosure.
[0028] The air-conditioning management apparatus
50 includes a setting input unit 101, a storage unit 102,
a communication processing unit 103, a controller 104,
and a display unit 105. The setting input unit 101 is, for
example, a touch panel. Using the setting input unit 101,
a schedule that is used in a schedule control, which will
be described below, or other information, is input. The
storage unit 102 is, for example, a nonvolatile memory
or other memories, and stores the schedule set using the
setting input unit 101. In addition, the storage unit 102
stores various types of data for use in control by the con-
troller 104, programs, and other information. The storage
unit 102 further stores the operation status information
obtained from the heat source unit 2.
[0029] The communication processing unit 103 trans-
mits, for example, a control command determined by the
controller 104, which will be described below, to the heat
source unit 2 and the indoor unit 3. In addition, the com-
munication processing unit 103 receives the operation
status information transmitted from the heat source unit
2. The display unit 105 is a display, for example, and
displays the contents of setting by the setting input unit
101.
[0030] The controller 104 causes either the heating op-
eration or the cooling operation to be performed, by
switching the four-way valve 22. In addition, the controller
104 performs the schedule control based on the opera-
tion status information obtained from the heat source unit
2 and the schedule stored in the storage unit 102. The
schedule control will be described later. In the schedule
control, the controller 104 performs a preheating control
to preheat the heat medium before the heating operation
is started, and the precooling control to precool the heat
medium before the cooling operation is started. The con-
troller 104 is a microcomputer, a digital signal processor
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(DSP), or other devices.
[0031] Next, operations by the air-conditioning appa-
ratus will be described.

(Heating Operation)

[0032] In the heating operation, the state of the four-
way valve 22 is switched to a state indicated by dotted
lines in Fig. 2. High-temperature, high-pressure gas re-
frigerant obtained by compression by the compressor 21
of the heat source unit 2 passes through the four-way
valve 22, and then flows out of the heat source unit 2 and
flows into the refrigerant-heat-medium heat exchanger
4. The refrigerant that has flowed into the refrigerant-
heat-medium heat exchanger 4 exchanges heat with the
heat medium from the heat medium circuit 30, that is,
transfers heat to the heat medium, and condenses and
liquefies to change into high-pressure fluid refrigerant.
The fluid refrigerant is reduced in pressure at the expan-
sion valve 24, and then flows into the heat-source-side
heat exchanger 23. The refrigerant that has flowed into
the heat-source-side heat exchanger 23 exchanges heat
with air, evaporates and gasifies, passes through the
four-way valve 22, and returns to the compressor 21.
[0033] On the other hand, in the heat medium circuit
30, the heat medium is supplied to the refrigerant-heat-
medium heat exchanger 4 by the pump 10, exchanges
heat with the refrigerant from the refrigerant circuit 20,
and is heated. The heat medium is then branched into
heat mediums, which flow into the respective indoor units
3. The heat mediums pass through the flow control valves
32 of the respective indoor units 3, and flow into the indoor
heat exchangers 31 of the respective indoor units 3. The
heat mediums that have flowed into the indoor heat ex-
changers 31 exchange heat with the indoor air to heat
the indoor space. The heat mediums that have been sub-
jected to the heat exchange at the indoor heat exchang-
ers 31 flow out of the respective indoor units 3, and com-
bine into a single heat medium. The heat medium is then
sucked into the pump 10.

(Cooling Operation)

[0034] In the cooling operation, the state of the four-
way valve 22 is switched to a state indicated by solid
lines in Fig. 2. The high-temperature, high-pressure gas
refrigerant obtained by compression by the compressor
21 of the heat source unit 2 passes through the four-way
valve 22, and flows into the heat-source-side heat ex-
changer 23. The refrigerant that has flowed into the heat-
source-side heat exchanger 23 exchanges heat with air,
and condenses and liquefies. The liquefied refrigerant is
reduced in pressure at the expansion valve 24, and flows
into the refrigerant-heat-medium heat exchanger 4. The
refrigerant that has flowed into the refrigerant-heat-me-
dium heat exchanger 4 exchanges heat with the heat
medium from the heat medium circuit 30, that is, absorbs
heat from the heat medium to evaporate and gasify. The

refrigerant that has evaporated and gasified re-flows into
the heat source unit 2, passes through the four-way valve
22, and returns to the compressor 21.
[0035] On the other hand, in the heat medium circuit
30, the heat medium is supplied to the refrigerant-heat-
medium heat exchanger 4 by the pump 10, exchanges
heat with the refrigerant from the refrigerant circuit 20,
and is cooled. The heat medium is then branched into
heat mediums. The heat mediums flows into the indoor
heat exchangers 31 of the respective indoor units 3. The
heat mediums that have flowed into the indoor heat ex-
changers 31 exchange heat with the indoor air to cool
the indoor space. The heat mediums that have been sub-
jected to the heat exchange at the indoor heat exchang-
ers 31 flow out of the respective indoor units 3, and com-
bine into a single heat medium. The heat medium is then
sucked into the pump 10.
[0036] Next, the outline of the schedule control in the
air-conditioning management apparatus 50 will be de-
scribed. In the following, the schedule control is de-
scribed by referring to by way of example the preheating
control.
[0037] In the schedule control, the operation of the air-
conditioning apparatus 1 is started before a set time that
is set in advance, and an optimal start-up control that
causes the indoor space temperature to reach the set
temperature is performed until the set time. The set time
and the set temperature are stored as the schedule in
advance in the storage unit 102.
[0038] It should be noted that Embodiment 1 is fea-
tured in that the heat medium temperature is raised to a
target heat medium temperature before start time of the
optimal start-up control. That is, in the schedule control,
the preheating control to raise the heat medium temper-
ature to the target heat medium temperature is per-
formed, and the optimal start-up control is then per-
formed. In such a manner, the heat medium temperature
is raised to the target heat medium temperature before
the optimal start-up control is performed. It is therefore
possible to prevent the heat medium temperature at the
start time of the optimal start-up control from varying from
one start time to another. Then, in the optimal start-up
control that is performed after the preheating control, it
is possible to stably raise the indoor space temperature
to the set temperature by the set time. It should be noted
that the target heat medium temperature is set in advance
using the setting input unit 101.
[0039] A time period in which the schedule control is
performed (which will hereinafter be referred to as a
schedule control period) is set in advance, and start time
of the schedule control is determined based on the set
time and the schedule control period. That is, the start
time of the schedule control is time that is earlier than
the set time by the schedule control period. If the set time
is, for example, 8 o’clock, and the schedule control period
is, for example, two hours, the schedule control is started
at 6 o’clock. Therefore, first, the preheating control is
started at 6 o’clock, and the optimal start-up control is
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then performed in a time period up to 8 o’clock. It should
be noted that a user can set the schedule control period,
using the setting input unit 101, to an arbitrary time period.
[0040] Furthermore, in Embodiment 1, time required
to perform the preheating control is calculated in consid-
eration of current environment conditions, and the pre-
heating control is performed for the calculated time, to
thereby avoid wasteful power consumption. The time re-
quired for the preheating control is calculated using a
previously created calculation formula or table. To be
more specific, the above required time is calculated by
plugging as current environment conditions, the heat me-
dium temperature, the flow rate of the heat medium, the
target heat medium temperature, and the outside air tem-
perature to the calculation formula. This calculation for-
mula or table can be calculated from a history of data on
the operation status that is obtained by performing a test
operation, an actual operation, or both of the test oper-
ation and the actual operation, and is previously stored
in the storage unit 102.
[0041] Then, after the required time elapses from the
time at which the schedule control period starts, the op-
timal start-up control is performed in a remaining time
period up to the set time. That is, the flow control valve
32 of the indoor unit 3 is controlled such that the indoor
space temperature is raised to the set temperature in the
remaining time period. The concrete contents of the op-
timal start-up control are not limited in the descriptions
of the embodiments of the present disclosure, and the
optimal start-up control of an existing technique can be
adopted.

(Operation during Heating)

[0042] Next, the schedule control in the heating oper-
ation of the air-conditioning management apparatus 50
will be described with reference to Fig. 4. It should be
noted that in the following, it is assumed that all the indoor
units 3A to 3C are operated on the same schedule.
[0043] Fig. 4 is a flowchart of the schedule control in
the heating operation of the air-conditioning manage-
ment apparatus according to Embodiment 1 of the
present disclosure.
[0044] The controller 104 of the air-conditioning man-
agement apparatus 50 determines whether or not the
start of the schedule control period is reached or not (step
S1). To be more specific, the controller 104 determines
whether or not the current time is the start time of the
schedule control, which is found from the set time and
the schedule control period.
[0045] When the controller 104 determines that the
current time is the start time of the schedule control and
the start of the schedule control period is reached, the
controller 104 determines whether or not the current heat
medium temperature included in the operation status in-
formation received from the heat source unit 2 is less
than a threshold set in advance (step S2). It should be
noted that regarding the preheating control, the user can

set the threshold to an arbitrary numeric value that cor-
responds to a temperature lower than the target heat
medium temperature.
[0046] When determining that the heat medium tem-
perature is less than the threshold, the controller 104
calculates time required to cause the heat medium tem-
perature to reach the target heat medium temperature,
using the calculation formula and the operation status
information (step S3). In this example, it is assumed that
the schedule control period is two hours, and the required
time is an hour and a half. In this case, the controller 104
determines contents of an operation control of the heat
source unit 2 that is a control to cause the heat medium
temperature to reach the target heat medium tempera-
ture in an hour and a half (step S4). As the operation
control to be determined, an operating frequency of the
compressor 21, etc., are determined in consideration of
a temperature difference between the heat medium tem-
perature and the target heat medium temperature, the
required time, and other information.
[0047] Then, the controller 104 transmits a control
command including the determined contents of the op-
eration control to the heat source unit 2 (step S5). In the
heat source unit 2, an operation to raise the temperature
of the heat medium is performed, for example, by increas-
ing the operating frequency of the compressor 21 in re-
sponse to the control command. Then, when the heat
medium temperature reaches the target heat medium
temperature (step S6), the controller 104 starts the opti-
mal start-up control (step S7). In this case, all the indoor
units 3 are operated according to the same schedule.
Therefore, the control command transmitted from the air-
conditioning management apparatus 50 to the heat
source unit 2 includes commands to adjust the opening
degrees of the flow control valves 32 of all the indoor
units 3. The commands are transmitted from the heat
source unit 2 to the respective indoor units 3 at the same
timing. In each of all the indoor units 3, in response to
the command, the opening degree of the flow control
valve 32 is adjusted such that the suction temperature
measured by the suction temperature sensor 34 (that is
equivalent to the indoor space temperature) reaches the
set temperature. It should be noted that in Embodiment
1, the air-conditioning management apparatus 50 is con-
nected to the heat source unit 2 by the communication
line 5A, but is not connected to the indoor units 3. There-
fore, the control command to be transmitted to the heat
source unit 2 includes commands to the indoor units 3.
However, in the case where the air-conditioning man-
agement apparatus 50 is connected to the indoor units
3 by communication lines, it suffices that the commands
may be directly transmitted from the air-conditioning
management apparatus 50 to the indoor units 3.
[0048] By the above processes, the heat medium tem-
perature can be raised to the target heat medium tem-
perature before the optimal start-up control is started. It
should be noted that in step S6, it is determined whether
or not the heat medium temperature reaches the target
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heat medium temperature, but it may also be determined
whether or not the heat medium temperature falls within
a target range including the target heat medium temper-
ature. It suffices that this target range is set to, for exam-
ple, a range of 1 degree C above the target heat medium
temperature to 1 degree C below the target heat medium
temperature.
[0049] Next, the schedule control in the cooling oper-
ation in the air-conditioning management apparatus 50
will be briefly described. The schedule control in the cool-
ing operation is substantially similar to that in the heating
operation. In the schedule control in the cooling opera-
tion, in the schedule control period, the optimal start-up
control is performed after the precooling control to cause
the heat medium temperature to reach the target heat
medium temperature is performed.
[0050] Fig. 5 is a flowchart of the schedule control in
the cooling operation of the air-conditioning management
apparatus according to Embodiment 1 of the present dis-
closure.
[0051] In the cooling operation, the threshold is set to
a temperature higher than the target heat medium tem-
perature. The schedule control in the cooling operation
is different from that in the heating operation indicated in
the flowchart of Fig. 4 only in the determination in step
S2. To be more specific, in the schedule operation in the
cooling operation, the controller 104 determines whether
the heat medium temperature measured by the heat me-
dium temperature sensor 40 is higher than the threshold
set in advance or not (step S11). Then, when the heat
medium temperature is higher than the threshold, proc-
esses from the process of step S3 onward, which are the
same as those in the heating operation, are carried out.
[0052] As described above, in the air-conditioning
management apparatus 50 according to Embodiment 1,
the preheating control or the precooling control is per-
formed, whereby the heat medium temperature falls with-
in the target range before the optimal start-up control is
performed. Therefore, it is possible to prevent the heat
medium temperature at the start time of the optimal start-
up control from varying from one start time to another. It
is therefore possible to stably cause the indoor space
temperature to reach the set temperature at desired time
for the user.
[0053] Furthermore, the time required to cause the
heat medium temperature to reach the target heat me-
dium temperature is calculated using the calculation for-
mula and the heat medium temperature, the flow rate of
the heat medium, the target heat medium temperature,
and the outside air temperature, and the preheating con-
trol or the precooling control is performed in the calculat-
ed required time. Thus, it is possible to avoid waste of
the power consumption that would be caused by per-
forming the preheating control or the precooling control
for an unnecessarily long period of time. In addition, if
the preheating control or the precooling control is per-
formed for an unnecessarily long period of time, it is also
necessary to consider heat that is transferred from the

heat medium, as a result of which power is wastefully
consumed. Therefore, by performing the preheating con-
trol or the precooling control in the required time calcu-
lated in consideration of the current environment condi-
tions, it is possible to efficiently cause the heat medium
temperature to reach the target heat medium tempera-
ture.

Embodiment 2

[0054] In Embodiment 1 described above, the indoor
units 3 are installed in the same indoor space, and the
schedules set for the indoor units 3 are the same as each
other. By contrast, in Embodiment 2, the indoor units 3
are installed in different spaces, and the schedules set
for the indoor units 3 are different from each other. For
example, it is assumed that schedules are set such that
the indoor unit 3A starts the heating operation at 8 o’clock,
the indoor unit 3B starts the heating operation at 9 o’clock,
and the indoor unit 3C starts the heating operation at 10
o’clock, and the schedule control period is two hours.
Also, it is assumed that this schedule is also applied to
subsequent embodiments as described below. It should
be noted that "the indoor unit 3A starts the heating oper-
ation at 8 o’clock" means that the suction temperature of
the indoor unit 3A reaches the set temperature at 8
o’clock. In addition, the set temperatures in all the indoor
units 3 are the same as each other.
[0055] In the above case, "8 o’clock" corresponding to
the earliest set time is applied as set time at which the
start time of the preheating control is determined. That
is, based on "8 o’clock" corresponding to the set time and
"two hours" corresponding to the schedule control period,
6 o’clock is determined as the start time of the preheating
control. Then, the optimal start-up control is performed
such that the suction temperatures of the suction tem-
perature sensors 34 of all the indoor units 3 reach the
set temperature at 8 o’clock. In the optimal start-up con-
trol, commands to adjust the opening degrees of the flow
control valves 32 are transmitted from the heat source
unit 2 to all the indoor units 3, as in Embodiment 1.

Embodiment 3

[0056] Embodiment 3 relates to another control in the
case where different schedules are set for the respective
indoor units 3 as in Embodiment 2.
[0057] It is assumed that schedules are set to be the
same as those in Embodiment 2. In Embodiment 3, first,
in order to satisfy the schedule of the indoor unit 3A whose
set time is the earliest, the preheating operation is started
at 6 o’clock to enable the indoor unit 3A to start the heating
operation at 8 o’clock. Then, in the optimal start-up con-
trol in step S7, first, only the indoor unit 3A is operated.
To be more specific, only the flow control valve 32a is
opened and the opening degree of the flow control valve
32a is adjusted, and the flow control valve 32b and the
flow control valve 32c are kept closed. Thus, preheating
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is performed at the minimum required flow rate of the
heat medium.
[0058] Since the heat medium temperature reaches
the target heat medium temperature because of execu-
tion of the preheating control, the indoor unit 3B, which
will start the heating operation at 9 o’clock, and the indoor
unit 3C, which will start the heating operation at 10
o’clock, are subjected to the optimal start-up control ac-
cording to set times for the indoor unit 3B and the indoor
unit 3C. In the optimal start-up control, a control com-
mand including commands that are each given to an as-
sociated one of the indoor unit 3B and the indoor unit 3C
to adjust the opening degree of an associated one of the
flow control valve 32b and the flow control valve 32c
based on the set time for the associated one of the indoor
unit 3B and the indoor unit 3C is sent from the controller
104 to the heat source unit 2.
[0059] In Embodiment 3, it suffices that the tempera-
ture of the heat medium at the flow rate of the heat me-
dium that circulates in the indoor heat exchanger 31 of
the indoor unit 3A that starts at the earliest time is caused
to reach the target heat medium temperature. Thus, in
Embodiment 3, it is possible to reduce the power con-
sumption, as compared with Embodiment 2 in which the
temperatures of the heat mediums at the flow rates of
the heat mediums that circulates also in the indoor unit
3C and the indoor unit 3C in addition to the indoor unit
3A that starts at the earliest time need to be caused to
reach the target heat medium temperature.

Embodiment 4

[0060] Embodiment 4 relates to the control of the flow
control valves 32 in the indoor unit 3B and the indoor unit
3C that start the heating operation second and third in
Embodiment 3.
[0061] When the flow control valve 32b and the flow
control valve 32c that are in closed sate are opened, es-
pecially, for example, when the flow control valve 32b
and the flow control valve 32c are fully opened, the heat
mediums stored in the indoor heat exchangers or other
parts of the indoor unit 3B and the indoor unit 3C, that is,
the heat mediums that are not preheated, abruptly flow
into the heat medium circuit 30. Thus, the suction tem-
perature of the indoor unit 3A that is in operation abruptly
drops. This affects the operation of the indoor unit 3A.
This point will be described with reference to Fig. 6.
[0062] Fig. 6 is a graph indicating a change of the heat
medium temperature. Fig. 6 indicates the change of the
heat medium temperature in the case where the flow con-
trol valve 32b and the flow control valve 32c are both fully
opened.
[0063] In this example, the preheating control is started
at 6 o’clock that is two hours before 8 o’clock that is set
time. Then, after the preheating control is started, the
heat medium temperature reaches the target heat medi-
um temperature before 8 o’clock. Then, because the in-
door unit 3B starts the heating operation at 9 o’clock, the

flow control valve 32b of the indoor unit 3B is fully opened
before 9 o’clock, and the flow control valve 32c of the
indoor unit 3C is fully opened before 10 o’clock. In such
a manner, when the flow control valve 32b and the flow
control valve 32c are both fully opened, the heat medium
temperature temporarily drops as indicated in Fig. 6.
When the heat medium temperature drops, the temper-
ature of air that blows out from the indoor unit 3A into the
indoor space drops, and the indoor space temperature
may drop to fall below the set temperature.
[0064] In view of the above, in Embodiment 4, when
the flow control valve 32b and the flow control valve 32c
that are in closed state are both opened, the opening
degrees of the flow control valve 32b and the flow control
valve 32c are gradually increased. To be more specific,
the flow control valve 32b and the flow control valve 32c
are gradually opened such that the opening degrees of
the flow control valve 32b and the flow control valve 32c
are increased by a previously set value each time the
opening degrees are changed. This control can reduce
lowering of the heat medium temperature.
[0065] It should be noted that in the case where the
heat medium temperature varies even when the opening
degree of the flow control valves 32 is gradually in-
creased, the refrigerant circuit 20 is controlled to, for ex-
ample, gradually increase the operating frequency of the
compressor 21, thereby reducing the variation of the heat
medium temperature.

Embodiment 5

[0066] In Embodiment 5, before the flow control valve
32b and the flow control valve 32c of the indoor unit 3B
and the indoor unit 3C that start the heating operation
second and third in Embodiment 3 are opened, the heat
medium is preheated such that the heat medium temper-
ature exceeds the target heat medium temperature.
[0067] Fig. 7 is a graph indicating a change of the heat
medium temperature in the air-conditioning management
apparatus according to Embodiment 5 of the present dis-
closure.
[0068] In this example, the preheating control is started
at 6 o’clock that is two hours before 8 o’clock that is set
time. Then, after the preheating control is started, the
heat medium temperature reaches the target heat medi-
um temperature before 8 o’clock. Then, since the indoor
unit 3B starts the heating operation at 9 o’clock, the heat
medium is preheated before 9 o’clock such that the heat
medium temperature reaches a temperature that is high-
er than the target heat medium temperature by a previ-
ously set temperature Ts. In addition, since the indoor
unit 3C starts the heating operation at 10 o’clock, the
heat medium is preheated before 10 o’clock such that
the heat medium temperature reaches a temperature that
is higher than the target heat medium temperature by the
previously set temperature Ts.
[0069] In such a manner, in Embodiment 5, before the
flow control valve 32b and the flow control valve 32c of
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the indoor unit 3B and the indoor unit 3C that start the
heating operation second and third are opened, the heat
medium is excessively preheated. Thus, even when the
heat medium temperature changes after the flow control
valve 32b and the flow control valve 32c are opened, the
heat medium temperature does not fall below the target
heat medium temperature, that is, the heat medium tem-
perature is still higher than or equal to the target heat
medium temperature. It should be noted that in the case
where the heat medium is being excessively preheated,
the rotation speed of the fan 33a of the indoor unit 3A is
reduced to prevent the indoor space temperature from
differing from the set temperature.
[0070] It should be noted that Embodiments 1 to 5 are
described above by referring to way of example the case
where the number of heat medium circuits 30 is one;
however, the heat medium circuit 30 may also include a
plurality of heat medium circuits 30. For example, the
configurations of the embodiments may be set as follows:
heat medium circuits 30 are provided for respective floors
of a building, refrigerant circuits 20 and refrigerant-heat-
medium heat exchangers 4 are provided such that the
number of the refrigerant circuits 20 and that of the re-
frigerant-heat-medium heat exchangers 4 are equal to
that of the heat medium circuits 30, and the heat medium
circuits 30 are connected to the refrigerant circuits 20 by
the refrigerant-heat-medium heat exchanger 4 as illus-
trated in Fig. 1.
[0071] Furthermore, for example, each of the indoor
units 3 in the heat medium circuit 30 on the first floor is
also connected to the heat medium circuit 30 on the sec-
ond floor by using a coupling pipe and a three-way valve.
[0072] The above configurations are effective to stabi-
lize the heat medium temperature when the following op-
eration is performed. To be more specific, the above con-
figurations are effective in the case where in a situation
in which all the indoor units 3 in the heat medium circuit
30 on the first floor are operated, and in the heat medium
circuit 30 on the second floor, the indoor unit 3A is in
operation, and the indoor unit 3B and the indoor unit 3C
are in stopped state, the indoor unit 3B on the second
floor is suddenly operated with no schedule. In this case,
the indoor unit 3B on the second floor that has no sched-
ule is connected to the heat medium circuit 30 on the first
floor via the coupling pipe and the three-way valve. Be-
cause of this configuration, the variation of the heat me-
dium temperature of the heat medium circuit 30 on the
second floor can be reduced, as compared with the case
where the heat medium of the heat medium circuit 30 on
the second floor is circulated in the indoor unit 3B on the
second floor. It should be noted that during the normal
operation, that is, in the case where heat mediums are
independently circulated in the heat medium circuits 30
on the respective floors, in each heat medium circuit 30,
the three-way valve may be controlled such that the heat
medium does not flow towards the coupling pipe.

Reference Signs List

[0073]

1 air-conditioning apparatus, 2 heat source unit, 3
indoor unit, 3A indoor unit, 3B indoor unit, 3C indoor
unit,
4 refrigerant-heat-medium heat exchanger, 5A com-
munication line,
5B communication line, 6 refrigerant pipe, 7 heat me-
dium pipe, 8 indoor space, 10 pump, 14 outdoor heat
exchanger, 20 refrigerant circuit, 21 compressor, 22
four-way valve, 23 heat-source-side heat exchang-
er, 24
expansion valve, 25 outside air temperature sensor,
30 heat medium circuit, 31 indoor heat exchanger,
31a indoor heat exchanger, 32 flow control valve,
32a flow control valve, 32b
flow control valve, 32c flow control valve, 33 fan,
33a fan, 34 suction temperature sensor, 34a suction
temperature sensor, 34b suction temperature sen-
sor, 34c suction temperature sensor, 40 heat medi-
um temperature sensor, 50 air-conditioning man-
agement apparatus, 101 setting input unit, 102 stor-
age unit, 103 communication processing unit, 104
controller, 105 display unit

Claims

1. An air-conditioning management apparatus that
controls an air-conditioning apparatus that compris-
es: a heat source unit; one or more indoor units; and
a refrigerant-heat-medium heat exchanger config-
ured to cause heat exchange to be performed be-
tween refrigerant that flows in the heat source unit
and a heat medium that flows in the one or more
indoor units to heat or cool the heat medium and
heat or cool an indoor space, the air-conditioning
management apparatus comprising:

a storage unit configured to store a schedule
including a set time and a set temperature;
a communication processing unit configured to
communicate with the air-conditioning appara-
tus and receive operation status information in-
cluding a heat medium temperature that is a
temperature of the heat medium; and
a controller configured to perform a schedule
control to control the air-conditioning apparatus
according to the schedule,
wherein the schedule control includes an opti-
mal start-up control to control the air-condition-
ing apparatus such that an indoor space tem-
perature that is a temperature of the indoor
space reaches the set temperature at the set
time, by starting an operation of the air-condi-
tioning apparatus before the set time, and
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the controller performs a preheating control or
a precooling control to control the heat source
unit such that before the optimal start-up control
is started, the heat medium temperature includ-
ed in the operation status information obtained
from the air-conditioning apparatus falls within
a target range including a previously set target
heat medium temperature.

2. The air-conditioning management apparatus of
claim 1, wherein
the storage unit stores a calculation formula or a table
prepared to calculate a required time required for the
preheating control or the precooling control based
on the heat medium temperature, a heat medium
flow rate that is a flow rate of the heat medium, the
target heat medium temperature, and an outside air
temperature,
the operation status information includes the heat
medium flow rate and the outside air temperature,
and
the controller performs the preheating control or the
precooling control for the required time calculated
based on the operation status information received
by the communication processing unit and the cal-
culation formula or the table stored in the storage
unit.

3. The air-conditioning management apparatus of
claim 1 or 2, wherein when the set times in the sched-
ules that are made out for the one or more indoor
units are different from each other, the optimal start-
up control is performed such that a suction temper-
ature of each of the one or more indoor units reaches
the set temperature at an earliest one of the set
times.

4. The air-conditioning management apparatus of
claim 3, wherein the controller starts the preheating
control or the precooling control at time that is earlier
than the set time by a previously set schedule control
period, and when the set times in the schedules
made out for the one or more indoor units differ from
each other, the controller starts the schedule control
by using the earliest set time as set time at which
start time of the preheating control or the precooling
control is determined.

5. The air-conditioning management apparatus of any
one of claims 1 to 4, wherein
each of the one or more indoor units includes a flow
control valve configured to adjust a flow rate of the
heat medium that flows into the indoor unit itself, the
flow control valve being adjusted in opening degree
to adjust the indoor space temperature, and
the controller transmits a command to adjust the
opening degree of the flow control valve to the one
or more indoor units at the same timing, when the

optimal start-up control is performed.

6.  The air-conditioning management apparatus of
claim 1 or 2, wherein
the controller starts the preheating control or the pre-
cooling control at time that is earlier than the set time
by a previously set schedule control period, and
when the set times in the schedules that are made
out for the one or more indoor units differ from each
other, the controller starts the schedule control by
using an earliest set time as set time at which start
time of the preheating control or the precooling con-
trol is determined, and individually performs the op-
timal start-up control of the one or more indoor units
according to the set times for the one or more indoor
units.

7. The air-conditioning management apparatus of
claim 6, wherein
each of the one or more indoor units includes a flow
control valve configured to adjust a flow rate of the
heat medium that flows into the indoor unit itself, the
flow control valve being adjusted in opening degree
to adjust the indoor space temperature, and
the controller individually transmits to each of the
one or more indoor units, a command to adjust the
opening degree of the flow control valve based on
the set time for each of the one or more indoor units,
when the optimal start-up control is performed.

8. The air-conditioning management apparatus of
claim 5 or 7, wherein in the optimal start-up control,
when the flow control valve is opened from a closed
state, the opening degree of the flow control valve
is gradually increased.

9. The air-conditioning management apparatus of any
one of claims 5, 7, and 8, wherein the controller con-
trols the heat source unit to excessively preheat or
precool the heat medium such that the heat medium
temperature of the heat medium exceeds or fall be-
low the target heat medium temperature, before
opening of the flow control valve in one or ones of
the one or more indoor units, whose set times are
second and subsequent times.

10. An air-conditioning system comprising:

the air-conditioning management apparatus of
any one of claims 1 to 9; and
the air-conditioning apparatus.
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