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(57) A ventilation apparatus includes a compressor;
a first heat exchanger; a first air flow path configured to
supply air taken in from outdoors to an indoor space after
passing through the first heat exchanger; a second heat
exchanger; a second air flow path configured to exhaust
air taken in from the indoor space to the outdoors after
passing through the second heat exchanger; arefrigerant
circuit through which a refrigerant flows, the refrigerant
circuit being connected to the compressor, the first heat

exchanger, and the second heat exchanger by a refrig-
erant pipe; and a control unit. The control unit is config-
ured to detect whether a predetermined reference indi-
cating a possibility of frosting in the second heat exchang-
er is satisfied while the second heat exchanger is func-
tioning as an evaporator, and to control a temperature of
the refrigerant flowing through the second heat exchang-
er such that the second heat exchanger will have a tem-
perature at which frosting does not occur in the second
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heat exchanger, when the control unit detects that the
predetermined reference is satisfied.
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Description
Technical Field

[0001] The present disclosure relates to a ventilation
apparatus, an air conditioning system, a ventilation meth-
od, and a ventilation system.

Background Art

[0002] Conventionally, there has been known a venti-
lation and air conditioning apparatus which, while venti-
lating the indoors by an exhaust fan and an air supply
fan, blows the outdoor air which has been heat ex-
changed with a refrigerant by a first heat exchanger into
the indoors while discharging the indoor air which has
been heat exchanged with a refrigerant by a second heat
exchanger to the outdoors (see Patent Document 1 and
Patent Document 2).

Citation List
Patent Document
[0003]

[Patent Document 1] Japanese Patent No. 5076745
[Patent Document 2] Japanese Unexamined Patent
Application Publication No. H3-20573

Summary of Invention
Technical Problem

[0004] Inthe ventilation and air conditioning apparatus
described in Patent Document 1, a technology for pre-
venting frosting to the second heat exchanger by pre-
heating air before being supplied to the second heat ex-
changer by a preheating heater is proposed. However,
there are various methods for preventing frosting.

[0005] The purpose of the present disclosure is to pre-
vent frosting and to continue ventilation operation.

Solution to Problem

[0006] The present disclosure provides a ventilation
apparatus including

a compressor;
a first heat exchanger configured to function as a
condenser or an evaporator;

a first air flow path configured to supply air taken in
from outdoors to an indoor space after passing
through the first heat exchanger;

a second heat exchanger configured to function as
a condenser or an evaporator;

asecond air flow path configured to exhaust air taken
in from the indoor space to the outdoors after passing
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through the second heat exchanger;

a refrigerant circuit through which a refrigerant flows,
the refrigerant circuit being connected to the com-
pressor, the first heat exchanger, and the second
heat exchanger by a refrigerant pipe; and

a control unit configured to detect whether a prede-
termined reference indicating a possibility of frosting
in the second heat exchanger is satisfied while the
second heat exchanger is functioning as an evapo-
rator, and to control a temperature of the refrigerant
flowing through the second heat exchanger such that
the second heat exchanger will have a temperature
at which frosting does not occur in the second heat
exchanger, when the control unit detects that the pre-
determined reference is satisfied.

[0007] According to the ventilation apparatus, when a
predetermined reference is satisfied, frosting is prevent-
ed by controlling the temperature of a refrigerant, and a
ventilation operation by supplying air to an indoor space
and exhausting air to the outdoors can be continued.
[0008] In the above ventilation apparatus, the control
unit may detect whether the predetermined reference in-
dicating a possibility of frosting in the second heat ex-
changer is satisfied while the second heat exchanger is
functioning as an evaporator, and outputs a signal for
controlling an air conditioner provided in the indoor space
to control the temperature of the refrigerant flowing
through the second heat exchanger, when the control
unit detects that the predetermined reference is satisfied.
[0009] According to the ventilation apparatus, by op-
erating the air conditioner according to the signal, the
temperature of the indoor space is adjusted, and by con-
trolling the temperature of the refrigerant, frosting can be
prevented to achieve efficient frost prevention.

[0010] In the above ventilation apparatus, the control
unit may output a signal for increasing a temperature
currently set for the air conditioner, with respect to the
air conditioner provided in the indoor space, when the
control unit detects that the predetermined reference is
satisfied.

[0011] According to the ventilation unit, the air condi-
tioner can raise the air temperature in the indoor space
by the signal, thereby raising the temperature of the re-
frigerant to prevent frosting, thereby achieving efficient
frosting prevention.

[0012] In the above ventilation apparatus,

the refrigerant circuit may include a bypass pipe con-
figured to pass the refrigerant to the second heat
exchanger without involving the first heat exchanger
while the second heat exchanger is functioning as
an evaporator, wherein

the control unit may implement control to cause the
refrigerant that has been compressed at the com-
pressor to flow to the second heat exchanger via the
bypass pipe, when the predetermined reference is
satisfied.
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[0013] Accordingto the ventilation apparatus, by pass-
ing the refrigerant through the bypass pipe to the second
heat exchanger, frosting can be prevented by raising the
temperature of the refrigerant, thereby achieving efficient
frosting prevention.

[0014] The above ventilation apparatus may further in-
clude

a third air flow path configured to take in air from a
space that is different from a space from which the
second air flow path takes in air in the indoor space,
and to pass the taken in air to the second heat ex-
changer; and

a first guide mechanism configured to switch be-
tween whether or not to guide air to the second heat
exchanger through the third air flow path, wherein
the control unit may control the first guide mecha-
nism to guide air to the second heat exchanger
through the third air flow path when the predeter-
mined reference is satisfied.

[0015] According to the ventilation apparatus, air is
guided through the third air flow path to the second heat
exchanger, and, therefore, frosting can be prevented by
raising the temperature of the refrigerant flowing through
the second heat exchanger to achieve efficient frosting
prevention.

[0016] The above ventilation apparatus may further in-
clude

a second ventilation unit configured to adjust an air
volume flowing to the second heat exchanger upon
flowing through the second air flow path, wherein
the control unit may control the second ventilation
unit to increase the air volume flowing to the second
heat exchanger compared to before the predeter-
mined reference is satisfied, when the predeter-
mined reference is satisfied.

[0017] According to the ventilation apparatus, by in-
creasing the air volume flowing through the second heat
exchanger, the temperature of the refrigerant flowing
through the second heat exchanger is raised to prevent
frosting, thereby efficiently preventing frosting.

[0018] The above ventilation apparatus may further in-
clude

a plurality of the second heat exchangers; and

the second ventilation unit associated with each of
the plurality of the second heat exchangers, wherein
the control unit may control the second ventilation
unit associated with any one of the plurality of the
second heat exchangers, to increase the air volume
flowing to the corresponding second heat exchanger
compared to before the predetermined reference is
satisfied, when the predetermined reference is sat-
isfied, while the plurality of the second heat exchang-
ers are functioning as an evaporator.
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[0019] According to the ventilation apparatus, by in-
creasing the air volume flowing to the second heat ex-
changers by the second ventilation unit, the temperature
of the refrigerant flowing through the second heat ex-
changers is increased to prevent frosting, thereby effi-
ciently preventing frosting.

[0020] In the above ventilation apparatus, the control
unit may control the second ventilation unit associated
with any another one of the plurality of the second heat
exchangers, to reduce the air volume flowing to the cor-
responding second heat exchanger compared to before
the predetermined reference is satisfied, when control-
ling the second ventilation unit associated with the one
of the plurality of the second heat exchangers toincrease
the air volume.

[0021] According to the ventilation apparatus, the com-
fort of the living room space can be maintained by ad-
justing the total air volume to be exhausted.

[0022] The above ventilation apparatus may furtherin-
clude

a first ventilation unit configured to adjust an air vol-
ume flowing to the first heat exchanger upon flowing
through the first air flow path, wherein

the control unit may control the first ventilation unit
to increase the air volume flowing to the first heat
exchanger compared to before the predetermined
reference is satisfied, based on the air volume in-
creased with respect to the second ventilation unit,
when the second ventilation unit associated with the
one of the plurality of the second heat exchangers
is controlled to increase the air volume.

[0023] According to the ventilation apparatus, when
the air volume in the second air supply unit is increased,
the air volume supplied and the air volume exhausted
can be adjusted by increasing the air volume in the first
air supply unit to maintain the comfort of the living room
space.
[0024]
clude

The above ventilation apparatus may further in-

a first ventilation unit configured to adjust an air vol-
ume flowing to the first heat exchanger upon flowing
through the first air flow path; and

a second ventilation unit configured to adjust an air
volume flowing to the second heat exchanger upon
flowing through the second air flow path, wherein
the control unit may control the first ventilation unit
to increase the air volume flowing to the first heat
exchanger and controls the second ventilation unit
to increase the air volume flowing to the second heat
exchanger compared to before the predetermined
reference is satisfied, upon determining that the pre-
determined reference is satisfied when a signal in-
dicating to perform a defrosting operation is received
from an air conditioner provided in the indoor space,
while the second heat exchanger is functioning as
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an evaporator.

[0025] According to the ventilation apparatus, when
the air conditioner performs a defrosting operation, by
increasing the air volume in the first ventilation unit and
the second ventilation unit respectively, the reduction in
heating performance can be prevented and the comfort
of the living room space can be maintained.

[0026] The above ventilation apparatus may further in-
clude

a bypass flow path configured to guide air that has
undergone heat exchange by the first heat exchang-
er to the second heat exchanger; and

a second guide mechanism configured to switch be-
tween whether or not to guide air to the second heat
exchanger through the bypass flow path, wherein
the control unit may control the second guide mech-
anism to guide air to the second heat exchanger
through the bypass flow path when the predeter-
mined reference is satisfied.

[0027] According to the ventilation apparatus, by guid-
ing air to the second heat exchanger through the bypass
flow path, the temperature of the refrigerant flowing
through the second heat exchanger is increased to pre-
vent frosting, thereby efficiently preventing frosting.
[0028] The above ventilation apparatus may further in-
clude

a second ventilation unit configured to adjust an air
volume flowing to the second heat exchanger upon
flowing through the second air flow path, wherein
the control unit may implement control to stop the
compressor and to control the second ventilation unit
to cause air that has passed through the second air
flow path to flow to the second heat exchanger, when
the predetermined reference is satisfied.

[0029] According to the ventilation apparatus, when
the compressor is stopped and air flows through the sec-
ond heat exchanger, the temperature of the refrigerant
flowing through the second heat exchanger is increased
to prevent frosting, thereby efficiently preventing frosting.
[0030] The above ventilation apparatus may further in-
clude

a plurality of the second heat exchangers; and

the second ventilation unit associated with each of
the plurality of the second heat exchangers, wherein
the refrigerant circuit may include a first valve part
configured to adjust an opening of a flow path flowing
to the second heat exchanger for each of the second
heat exchangers, and

the control unit may implement control to close a
plurality of the first valve parts associated with the
second heat exchanger satisfying the predetermined
reference in a predetermined order, and controls the
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second ventilation unit associated with the second
heat exchanger satisfying the predetermined refer-
enceto cause airthathas passed through the second
air flow path to flow to the second heat exchanger,
when information relating to a temperature detected
from the plurality of the second heat exchangers has
satisfied the predetermined reference.

[0031] According to the ventilation apparatus, by clos-
ing the valve parts in a predetermined order, itis possible
to maintain the comfort of the living room space by pre-
venting a refrigerant from being simultaneously stopped
in the plurality of second heat exchangers.

[0032] The above ventilation apparatus may furtherin-
clude

a first ventilation unit configured to adjust an air vol-
ume flowing to the first heat exchanger upon flowing
through the first air flow path; and

a second ventilation unit configured to adjust an air
volume flowing to the second heat exchanger upon
flowing through the second air flow path, wherein
the control unit may control the first ventilation unit
and the second ventilation unit such that an air vol-
ume exhausted to the outdoors by the second air
flow path is greater than an air volume supplied to
the indoor space by the first air flow path, when the
predetermined reference is satisfied.

[0033] According to the ventilation apparatus, the air
flowing to the second heat exchanger increases, and,
therefore, the temperature of the refrigerant flowing
through the second heat exchanger is raised to prevent
frosting, thereby achieving efficient frosting prevention.
[0034] In the above ventilation apparatus, the control
unit may control the first heat exchanger such that a tem-
perature of air that has passed through the first heat ex-
changer becomes lower than a temperature set in an air
conditioner provided in the indoor space, when the pre-
determined reference is satisfied.

[0035] According to the ventilation apparatus, the tem-
perature of the refrigerant flowing through the second
heat exchanger rises, so that efficient control of frosting
can be implemented.

[0036] In the above ventilation apparatus,

a plurality of combinations of the compressor, the
first heat exchanger, the second heat exchanger, the
refrigerant circuit, and the second ventilation unit as-
sociated with the second heat exchanger may be
provided, and

the control unit may implement control to stop the
compressor associated with the second heat ex-
changer satisfying the predetermined reference in a
predetermined order, and control the second venti-
lation unit associated with the second heat exchang-
er satisfying the predetermined reference such that
air that has passed through the second air flow path
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flows to the second heat exchanger, when informa-
tion relating to a temperature detected from a plural-
ity of the second heat exchanger satisfies the pre-
determined reference.

[0037] According to the ventilation apparatus, it is pos-
sible to maintain the comfort of the living room space by
preventing a refrigerant from being simultaneously
stopped in the plurality of second heat exchangers.
[0038] The above ventilation apparatus may further in-
clude

a first casing configured to house the first heat ex-
changer and at least a part of the first air flow path;
and

a second casing configured to house the second
heat exchanger and at least a part of the second air
flow path, wherein

the first casing and the second casing may be sep-
arable.

[0039] According to the ventilation apparatus, the first
casing and the second casing can be separated, so that
the arrangement layout can be facilitated, thereby reduc-
ing the burden of installation.

[0040] In the above ventilation apparatus, the control
unit may implement control to reduce a rotational speed
ofthe compressor compared to before the predetermined
reference is satisfied, when the predetermined reference
is satisfied.

[0041] According to the ventilation apparatus, by low-
ering the rotational speed of the compressor, the tem-
perature of the refrigerant flowing through the second
heat exchanger rises, and therefore, an efficient control
of frosting can be implemented.

[0042] The above ventilation apparatus may further in-
clude

the refrigerant circuit including a second valve part
configured to adjust an opening of a flow path, the
second valve part being provided between the first
heat exchanger and the second heat exchangers,
wherein

the control unit may implement control to increase
an opening of the second valve part compared to
before the predetermined reference is satisfied,
when the predetermined reference is satisfied.

[0043]
clude

The above ventilation apparatus may further in-

arthird valve part provided downstream from the sec-
ond heat exchanger in a flow of the refrigerant in the
refrigerant circuit when the second heat exchanger
functions as an evaporator, wherein

the control unit may implement control to throttle the
third valve part compared to before the predeter-
mined reference is satisfied, when the predeter-
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mined reference is satisfied, when the second heat
exchanger functions as an evaporator.

[0044]
clude

The above ventilation apparatus may further in-

a third heat exchanger configured to function as a
condenser or an evaporator; and

a third air flow path configured to exhaust, to the
outdoors, air obtained by performing heat exchange
between air of the outdoors and the refrigerant flow-
ing through the third heat exchanger, wherein

the refrigerant circuit may be connected to the third
heat exchanger by the refrigerant pipe in addition to
the compressor, the first heat exchanger, and the
second heat exchanger.

[0045] The present disclosure provides an air condi-
tioning system including
a ventilation apparatus including:

a compressor configured to operate when a heat re-
covery ventilation operation is performed;

a first heat exchanger configured to function as a
condenser or an evaporator;

a first air flow path configured to supply air taken in
from outdoors to an indoor space after passing
through the first heat exchanger;

a second heat exchanger configured to function as
a condenser or an evaporator;

a second air flow path configured to exhaust air taken
in from the indoor space to the outdoors after passing
through the second heat exchanger; and

a refrigerant circuit through which a refrigerant flows,
the refrigerant circuit being connected to the com-
pressor, the first heat exchanger, and the second
heat exchanger by a refrigerant pipe,

an air conditioner including:

a third heat exchanger configured to function as a
condenser or an evaporator; and

an air conditioning indoor unit configured to exhaust,
to the indoor space, air obtained by performing heat
exchange between air of the indoor space and the
refrigerant flowing through the third heat exchanger,
and

a control unit configured to detect whether a predeter-
mined reference indicating a possibility of frosting in the
second heat exchanger is satisfied, and when the pre-
determined reference is determined to be satisfied, the
control unit controls a temperature of the refrigerant flow-
ing through the second heat exchanger such that the
second heat exchanger will have a temperature at which
frosting does not occur in the second heat exchanger, or
controls an operation to defrost the second heat ex-
changer after frosting has occurred in the second heat
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exchanger, based on power consumption of the ventila-
tion apparatus the air conditioner required for controlling
the temperature of the refrigerant flowing through the
second heat exchanger such that the second heat ex-
changer will have a temperature at which frosting does
not occur in the second heat exchanger and power con-
sumption of the ventilation apparatus the air conditioner
required for defrosting the second heat exchanger after
frosting has occurred in the second heat exchanger.
[0046] According to the air conditioning system, by
controlling the temperature of a refrigerant when a pre-
determined reference is satisfied, an efficient control of
frosting can be implemented.

[0047] The present disclosure provides a ventilation
method performed to control a ventilation apparatus in-
cluding

a compressor;
a first heat exchanger configured to function as a
condenser or an evaporator;

a first air flow path configured to supply air taken in
from outdoors to an indoor space after passing
through the first heat exchanger;

a second heat exchanger configured to function as
a condenser or an evaporator;

asecond air flow path configured to exhaust air taken
in from the indoor space to the outdoors after passing
through the second heat exchanger; and
arefrigerant circuit through which a refrigerant flows,
the refrigerant circuit being connected to the com-
pressor, the first heat exchanger, and the second
heat exchanger by a refrigerant pipe, the ventilation
method including

detecting whether a predetermined reference indi-
cating a possibility of frosting in the second heat ex-
changer is satisfied while the second heat exchanger
is functioning as an evaporator, and controlling a
temperature of the refrigerant flowing through the
second heat exchanger such that the second heat
exchanger will have a temperature at which frosting
does not occur in the second heat exchanger, when
the predetermined reference is detected to be satis-
fied.

[0048] According to the ventilation method, efficient
control of frosting can be implemented by controlling the
temperature of a refrigerant when a predetermined ref-
erence is satisfied.

[0049] The present disclosure presents a ventilation
system including

arefrigerant circuit through which a refrigerant flows,
the refrigerant circuit being connected to a compres-
sor, a first heat exchanger, and a second heat ex-
changer by a refrigerant pipe;

an air supply fan configured to supply air of outdoors
to indoors through the first heat exchanger;

an exhaust fan configured to exhaust air of the in-
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doors to the outdoors through the second heat ex-
changer; and

a control unit, wherein

when the second heat exchanger functions as an
evaporator, the control unit starts the compressor,
and when the control unit determines that a low pres-
sure of the refrigerant circuit or an evaporation tem-
perature of the second heat exchanger or a temper-
ature of the indoors or a temperature of the outdoors
has dropped below a first threshold with respect to
the low pressure of the refrigerant circuit or the evap-
oration temperature of the second heat exchanger
or the temperature of the indoors or the temperature
of the outdoors, the control unit performs first control
to raise the low pressure of the refrigerant circuit.

[0050] According to the ventilation system, when the
second heat exchanger functions as an evaporator in the
ventilation system provided with a refrigerant circuit ca-
pable of recovering heat from exhaust air, the compres-
sor can be reliably continuously operated.

[0051] In the above ventilation system,

the refrigerant circuit includes:

a bypass pipe configured to connect a discharge pipe
of the compressor and the second heat exchanger
or a liquid pipe connected to the second heat ex-
changer; and

avalve provided in the bypass pipe, wherein the con-
trol unit preferably opens the valve in the first control.

[0052] In this case, a high temperature and high pres-
sure gas refrigerant can be supplied to the second heat
exchanger in the first control. Thus, frosting in the second
heat exchanger can be prevented.

[0053] In the above ventilation system,

when the valve is opened and the control unit determines
thata low pressure of the refrigerant circuit or a saturation
temperature of the second heat exchanger or an intake
air temperature of the exhaust fan exceeds a second
threshold with respect to the low pressure of the refrig-
erant circuit or the saturation temperature of the second
heat exchanger or the intake air temperature of the sec-
ond heat exchanger, the control unit preferably opens
the valve.

[0054] Inthis case, the first control can be ended when
conditions for the second heat exchanger to function as
an evaporator are satisfied during the execution of the
first control.

[0055] Inthe above ventilation system, the control unit
preferably causes the second heat exchanger to take in
air having a temperature higher than a second threshold
with respect to an intake air temperature, in the first con-
trol.

[0056] In this case, air at a temperature higher than
the second threshold can flow into the second heat ex-
changer during the execution of the first control. Thus,
frosting in the second heat exchanger can be prevented.
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[0057] Inthe above ventilation system, the control unit
preferably adjusts a blowout direction of the air supply
fan so as to guide air blown out from the air supply fan
toward an intake side of the exhaust fan, in the first con-
trol.

[0058] In this case, the air having a temperature higher
than the second threshold can flow into the second heat
exchanger during the execution of the first control.
[0059] The above ventilation system further includes

an air conditioner configured to air condition the in-
doors, wherein

the control unit preferably drives the exhaust fan
when air temperature of the indoors becomes higher
than the second threshold due to the air conditioner,
in the first control.

[0060] In this case, air having a higher temperature
than the second threshold can flow into the second heat
exchanger during the execution of the first control.

Brief Description of Drawings
[0061]

[FIG.1]FIG. 1is adiagram illustrating a configuration
example of a ventilation apparatus and an air con-
ditioner according to the first embodiment.

[FIG. 2] FIG. 2 is a flowchart illustrating the control
of frost prevention performed by the exhaust unit of
the ventilation apparatus according to the first em-
bodiment.

[FIG. 3]FIG. 3is adiagram illustrating a configuration
example of the ventilation apparatus and the air con-
ditioner according to the modified example 3 of the
first embodiment.

[FIG.4]FIG. 4is adiagram illustrating a configuration
example of the ventilation apparatus and the air con-
ditioner according to the second embodiment.
[FIG. 5] FIG. 5 is a diagram illustrating a refrigerant
circuit according to the modified example 1 of the
second embodiment.

[FIG.6]FIG.6is adiagram illustrating a configuration
example of a ventilation apparatus, an air condition-
er, and an upper-level control device according to
the third embodiment.

[FIG. 7] FIG. 7 is a sequence diagram illustrating a
flow of processing performed between the upper-
level control device, the ventilation apparatus, and
the air conditioner when defrosting operation of the
air conditioner according to the third embodiment is
started.

[FIG. 8] FIG. 8 is a sequence diagram illustrating a
flow of processing performed between the upper-
level control device, the compressor unit, and the
exhaust unit group when there is a possibility of de-
frosting in each exhaust unitin the exhaust unitgroup
according to the fourth embodiment.
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[FIG. 9] FIG. 9 is a diagram illustrating an arrange-
ment of the device group including the upper-level
control device according to the seventh embodi-
ment.

[FIG.10]FIG. 10 is adiagram illustrating an arrange-
ment of a device group including an upper-level con-
trol device according to an eighth embodiment.
[FIG. 11] FIG. 11 illustrates a refrigerant circuit ac-
cording to the eleventh embodiment.

[FIG. 12] FIG. 12 illustrates a refrigerant circuit ac-
cording to a modified example of the eleventh em-
bodiment.

[FIG. 13] FIG. 13 is a flowchart illustrating a process-
ing procedure of the upper-level control device ac-
cording to the twelfth embodiment.

[FIG. 14] FIG. 14 illustrates a schematic configura-
tion of a ventilation system according to an embod-
iment.

[FIG. 15] FIG. 15 is a control block diagram of a ven-
tilation system according to an embodiment of the
present invention.

[FIG. 16] FIG. 16 is a flow diagram illustrating the
operation of a ventilation system according to an em-
bodiment.

[FIG. 17] FIG. 17 is a schematic configuration dia-
gram of a ventilation system according to a thirteenth
embodiment.

[FIG. 18] FIG. 18 is a schematic configuration dia-
gram of a ventilation system according to a four-
teenth embodiment.

[FIG. 19] FIG. 19 is a schematic configuration dia-
gram illustrating a state of installation of a ventilation
system according to fourteenth and fifteenth embod-
iments in a building.

[FIG. 20] FIG. 20 is a schematic configuration dia-
gram of a ventilation system according to a fifteenth
embodiment.

[FIG. 21] FIG. 21 is a schematic configuration dia-
gram of a ventilation system according to a sixteenth
embodiment.

[FIG. 22] FIG. 22 is a schematic configuration dia-
gram of a ventilation system according to a seven-
teenth embodiment.

[FIG. 23] FIG. 23 is a schematic configuration dia-
gram of a ventilation system according to a eight-
eenth embodiment.

Description of Embodiments

[0062] Hereinafter, a ventilation apparatus, an air con-
ditioning system, a ventilation method, and a ventilation
system according to the present embodiment will be de-
scribed with reference to the drawings. Note that the fol-
lowing embodiments are essentially preferred examples
and the embodiments are not intended to limit the scope
of the present disclosure, the application, or the use
thereof.
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(First embodiment)

[0063] FIG. 1 is a diagram illustrating a configuration
example of a ventilation apparatus and an air conditioner
according to the first embodiment. In the example illus-
trated in FIG. 1, an air conditioning system includes a
ventilation apparatus 1 and an air conditioner 2 for air
conditioning an indoor space.

[0064] In the present embodiment, as an example of
an indoor space, an example having a living room space
R11 and a ceiling space R12 will be described. However,
the indoor space is not limited to the living room space
R11 and the ceiling space R12, and may be a space
inside a building, for example, a space under the floor.
[0065] The living room space R11 is, for example, a
living room inside an office or a house. The ceiling space
R12 is an adjacent space above the living room space
R11. The ceiling space R12 exists above the living room
space R11, and, therefore, warm air tends to be collected
in the ceiling space R12.

[0066] The air conditioner 2 includes an outdoor unit
70 and two air conditioning indoor units 81 and 82. In the
present embodiment, the number of air conditioning in-
door units is not limited to two units, but may be one unit
or three units or more.

[0067] Theairconditioner2 performsavaporcompres-
sion type refrigeration cycle to cool and heat the living
room space R11. The air conditioner 2 according to the
present embodiment can both cool and heat the living
room space R11. However, the present embodiment is
not limited to an air conditioner capable of both cooling
and heating, and may be a device capable of only cooling,
for example.

[0068] The space between the outdoor unit 70 and the
two air conditioning indoor units 81 and 82 is connected
by a connection pipe F5. The connection pipe F5 includes
a liquid refrigerant connection pipe and a gas refrigerant
connection pipe (not illustrated). Accordingly, a refriger-
ant circuit in which a refrigerant circulates between the
outdoor unit 70 and the two air conditioning indoor units
81 and 82 is formed. When refrigerant circulates in the
refrigerant circuit, a vapor compression type refrigeration
cycle is performed in the air conditioner 2.

[0069] The outdoor unit 70 is arranged outdoors. The
outdoor unit 70 is provided with a heat exchanger, and
the air in which the heat is exchanged with the refrigerant
flowing through the heat exchanger is discharged out-
doors.

[0070] The air conditioning indoor units 81 and 82 are
provided with a heat exchanger, and the air conditioning
indoor units 81 and 82 exchange the heat in the air with
the refrigerant flowing through the heat exchanger, and
blow the heat exchanged air into the living room space
R11. In the present embodiment, the air conditioning in-
door units 81 and 82 are ceiling-installed types installed
on the ceiling of the living room space R11. In particular,
the air conditioning indoor units 81 and 82 of the present
embodiment are ceiling-embedded type air conditioning
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indoor units, and air in which heat has been exchanged
is blown out from ventilation ports 93A and 93B. Although
an example in which the ventilation ports 93A and 93B
are provided on the ceiling will be described in the present
embodiment, the positions at which the ventilation ports
93A and 93B are provided are not particularly limited.
The air conditioning indoor units 81 and 82 are not limited
to the ceiling-embedded type, and may be a ceiling-sus-
pended type. The air conditioning indoor units 81 and 82
may be other than the ceiling installed type, such as a
wall mounted type or a floor mounted type.

[0071] The ventilation apparatus 1 includes the ex-
haust unit 10, the air supply unit 20, a compressor unit
50, refrigerant circuits F1, F2, F3, and F4, an air supply
flow path P1, and a return air flow path P2.

[0072] The ventilation apparatus 1 supplies the air tak-
en in from outdoors to the living room space R11 and
exhausts the air taken in from the indoor space (including
the living room space R11) to the outside. Thus, the ven-
tilation apparatus 1 implements the replacement of the
air in the living room space R11.

[0073] Furthermore, the ventilation apparatus 1 ac-
cording to the present embodiment exchanges heat be-
tween the exhaust unit 10 and the air supply unit 20 to
reduce the temperature difference between the temper-
ature of the air taken in from the outside and the temper-
ature of the living room space R11.

[0074] The air supply flow path P1 (an example of the
first air flow path) is a flow path for supplying air taken in
from the outside to the living room space R11 from the
ventilation port 92 after passing through the air supply
unit 20 having the first heat exchanger 22. Although the
present embodiment will describe an example in which
the ventilation port 92 is provided on the ceiling, the po-
sition at which the ventilation port 92 is provided is not
particularly limited.

[0075] The return air flow path P2 (an example of the
second air flow path) is a flow path for exhausting air
(return air) taken in from the ventilation port 91 of the
living room space R11 to the outside after passing
through the exhaust unit 10 having the second heat ex-
changer 12. Although the present embodiment will de-
scribe an example in which the ventilation port 91 is pro-
vided on the ceiling, the position at which the ventilation
port 91 is provided is not particularly limited.

[0076] In the return air flow path P2 according to the
present embodiment, the air intake destination is
branched into two in order to allow air intake from a plu-
rality of rooms. Each of the air intake destinations is re-
ferred to as afirst return air branch path P2A (an example
of a second air flow path) and a second return air branch
path P2B (an example of the third air flow path).

[0077] Thefirstreturn airbranch path P2A (anexample
of the second air flow path) is an air flow path provided
for exhausting air taken in from the living room space
R11 to the outside after passing through the exhaust unit
10 including the second heat exchanger 12. The first re-
turn air branch path P2A takes in air from the ventilation
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port 91 provided on the ceiling of the living room space
R11. Although the present embodiment will describe an
example in which the position of the ventilation port 91
is provided on the ceiling, the ventilation port may be
provided in another place such as under the floor or on
a wall.

[0078] The second return air branch path (an example
of the third air flow path) P2B is an air flow path provided
for exhausting air taken in from the ceiling space R12 to
the outside after passing through the exhaust unit 10 hav-
ing the second heat exchanger 12. An example is de-
scribed in which the space thatis the air intake destination
of the second return air branch path P2B is the ceiling
space R12, which is a different space from that of the
first return air branch path P2A. However, the space that
is the air intake destination is not limited to the ceiling
space R12, and may be an underfloor space. As de-
scribed above, the air intake destination of the second
return air branch path P2B may be a space different from
the living room space R11.

[0079] An opening/closing damper 40 is provided at
the tip of the second return air branch path. The open-
ing/closing damper 40 is usually closed. Then, the open-
ing/closing damper 40 (an example of a first guide mech-
anism) can adjust the air volume taken in from the ceiling
space R12 by controlling from the control unit 13 provided
in the exhaust unit 10 through the signal line S2.

[0080] The refrigerant circuits F1, F2, F3, and F4 are
circuits in which the compressor unit 50, the first heat
exchanger 22 of the air supply unit 20, and the second
heat exchanger 12 of the exhaust unit 10 are connected
by refrigerant pipe, and the refrigerant flows in these re-
frigerant circuits.

[0081] The control unit 52 of the compressor unit 50,
the control unit 23 of the air supply unit 20, and the control
unit 13 of the exhaust unit 10 are connected by a signal
line S1 indicated by a dotted line in FIG. 1. Thus, infor-
mation can be transmitted and received between the con-
trol unit 52 of the compressor unit 50, the control unit 23
of the air supply unit 20, and the control unit 13 of the
exhaust unit 10. The processing by the control units 13,
23, and 52 described below may be implemented by a
CPU (notillustrated) reading a program, or by a hardware
connection. The same applies to the control unit and the
upper-level control device described in the following em-
bodiments.

[0082] The compressor unit 50 is provided with a driv-
ing motor 51 and a control unit52, and controls circulation
of the refrigerantin the refrigerant circuits F1, F2, F3, and
F4 by compressing any one of the refrigerants in the re-
frigerant circuits F1, F2, F3, and F4. For example, when
the second heat exchanger 12 in the exhaust unit 10
functions as an evaporator, the compressor unit 50 com-
presses the refrigerant in the refrigerant circuit F2 to cir-
culate the refrigerantin the refrigerant circuits F1, F2, F3,
and F4.

[0083] The driving motor 51 is a motor for rotating (driv-
ing) the compressor for compressing the refrigerant.

10

20

25

30

35

40

45

50

55

10

[0084] The control unit 52 controls the configuration in
the compressor unit 50. For example, the control unit 52
outputs an instruction for rotating (driving) the compres-
sor to the driving motor 51.

[0085] The air supply unit 20 includes a fan 21, a first
heat exchanger 22, a control unit 23, and a temperature
detecting unit 24, and takes in the outside air (OA), and
supplies air (SA) to the living room space R11.

[0086] The fan 21 functions to supply air (SA) to the
living room space R11 from the outside air (OA) that is
taken in.

[0087] The first heat exchanger 22 functions as a con-
denser or an evaporator.

[0088] The temperature detecting unit 24 detects the
outdoor temperature, the surface temperature of the first
heat exchanger 22 and the temperature of the refrigerant
flowing through the first heat exchanger 22.

[0089] The control unit 23 controls the configuration
inside the air supply unit 20. The control unit 23 performs
various kinds of control according to the detection result
by a temperature detecting unit 14. For example, the con-
trol unit 23 adjusts the function of the first heat exchanger
22 as a condenser or an evaporator according to the
detection result by the temperature detecting unit 24.
[0090] The exhaust unit 10 is provided with a fan 11,
a second heat exchanger 12, a control unit 13, and a
temperature detecting unit 14, takes in return air (RA) of
the living room space R11, and exhausts (EA) the taken
in air to the outside.

[0091] The fan 11 functions to exhaust (EA) the return
air (RA) taken in from the living room space R11 to the
outside.

[0092] The second heat exchanger 12 functions as a
condenser or an evaporator.

[0093] The temperature detecting unit 14 detects the
indoor air temperature, the surface temperature of the
second heat exchanger 12, and the temperature of the
refrigerant flowing through the second heat exchanger
12. Further, the indoor air temperature to be detected
includes, for example, the temperature of air in the living
room space R11 and the temperature of air in the ceiling
space R12 through the sensor unit (not illustrated).
[0094] The control unit 13 controls the configuration of
the inside of the exhaust unit 10. The control unit 13 per-
forms various kinds of control according to the detection
result by the temperature detecting unit 14. For example,
the control unit 13 adjusts the function of the second heat
exchanger 12 as a condenser or an evaporator according
to the detection result of the temperature detecting unit
14.

[0095] Furthermore, the control unit 13 according to
the present embodiment can adjust the air volume taken
in from the ceiling space R12 by controlling the open-
ing/closing damper 40 based on the detection result by
the temperature detecting unit 14.

[0096] A process performed by the ventilation appara-
tus 1 when the air temperature is low will be described.
When the air temperature is low, the ventilation appara-
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tus 1 warms the outside air (OA) taken in from the outside
in the air supply unit 20, then supplies the air (SA) to the
livingroom space R11, and cools the return air (RA) taken
in from the living room space R11 in the exhaust unit 10,
then exhausts the air (EA) to the outside. That is, the first
heat exchanger 22 in the air supply unit 20 functions as
a condenser, and the second heat exchanger 12 in the
exhaust unit 10 functions as an evaporator. As the sec-
ond heat exchanger 12 functions as an evaporator, the
temperature of the refrigerant flowing through the second
heat exchanger 12 becomes low, and therefore there is
a possibility that the second heat exchanger 12 freezes
(frosts). Therefore, in the present embodiment, control
is performed to avoid freezing (frosting) of the second
heat exchanger 12, or to prevent frost from growing if
frost are formed. In the embodiment to be described later,
at least one or more of the control to avoid frost and the
control to prevent frost from growing if frost is formed are
referred to as the control to prevent frost.

[0097] Specifically, while the second heat exchanger
12 is functioning as an evaporator, the control unit 13 of
the exhaust unit 10 determines whether the second heat
exchanger 12 satisfies a predetermined reference indi-
cating the possibility of frosting (freezing) from the de-
tection result by the temperature detecting unit 14. The
predetermined reference indicating the possibility that
the second heat exchanger 12 will frost (freeze) may be,
for example, a reference for determining whether the out-
door air temperature detected by the temperature detect-
ing unit 14 is 0 degrees or less. Further, the present em-
bodiment does not limit the predetermined reference to
whether the outdoor air temperature is O degrees or less,
but may be a reference for determining whether the out-
door air temperature is the minimum operating temper-
ature of the second heat exchanger 12.

[0098] The predetermined reference may not be a ref-
erence based on the air temperature of the outside air.
Forexample, whether the surface temperature of the sec-
ond heat exchanger 12 is less than or equal to the pre-
determined temperature (e.g., 0 degrees) may be used
as the determination reference. As another example,
whether the temperature of the refrigerant flowing
through the second heat exchanger 12 is less than or
equal to the predetermined temperature (e.g., 0 degrees)
may be used as the determination reference. In the fol-
lowing description, an example of the predetermined ref-
erence is also provided, but any reference may be used
as long as the reference indicates the possibility of frost-
ing (freezing) of the second heat exchanger 12. For ex-
ample, as described in the embodiment to be described
later, the reference may be used to determine whether
the low pressure of the refrigerant circuits F1, F2, F3,
and F4 has fallen below the predetermined pressure
threshold.

[0099] In the present embodiment, an example of ac-
quiring the temperature of the outside air, the surface
temperature of the second heat exchanger, and the like
and determining whether the acquired temperature sat-
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isfies the predetermined reference will be described.
However, the present embodiment indicates an example
of the information to be acquired, and the information to
be acquired may be information that enables determining
whether the predetermined reference is satisfied. For ex-
ample, other than the temperature of the outside air, the
surface temperature of the second heat exchanger 12,
the temperature of the refrigerant, the pressure of the
refrigerant, and the like may be acquired. Further, it may
be determined whether the predetermined reference is
satisfied by combining these pieces of information. An
example of the information to be acquired is also illus-
trated in the following embodiments and modified exam-
ples, and any kind of information may be used as long
as the information can be used to determine whether the
predetermined reference is satisfied.

[0100] When the control unit 13 of the exhaust unit 10
according to the present embodiment determines that
the predetermined reference is satisfied, the control unit
controls the opening/closing damper 40 so that the air
present in the ceiling space R12 is guided to the second
heat exchanger 12 through the second return air branch
path P2B as a control to prevent frosting in the second
heat exchanger 12. That is, warm air is gathered in the
ceiling space R12 because the ceiling space R12 exists
above the living room space R11. Therefore, when there
is a possibility of frosting in the second heat exchanger
12, the opening/closing damper 40 is controlled to be
opened. By this control, the air mixed with the warm air
existing in the ceiling space R12 and the air existing in
the living room space R11 is guided to the second heat
exchanger 12.

[0101] As anexample of the control for raising the tem-
perature of the refrigerant flowing through the second
heat exchanger 12, the control unit 13 according to the
present embodiment controls the warm air in the ceiling
space R12 to flow to the second heat exchanger 12.
Thus, frosting in the second heat exchanger 12 can be
prevented.

[0102] FIG. 2 is a flowchart illustrating the control of
preventing frosting performed by the exhaust unit 10 of
the ventilation apparatus 1 according to the present em-
bodiment.

[0103] The control unit 13 of the exhaust unit 10 ac-
quires the temperature of the outside air from the tem-
perature detecting unit 14 (S1201).

[0104] Based on the acquired temperature of the out-
side air, the control unit 13 of the exhaust unit 10 deter-
mines whether a predetermined reference indicating the
possibility of freezing of the second heat exchanger 12
is satisfied (S1202).

[0105] When the control unit 13 of the exhaust unit 10
determines that the predetermined reference is not sat-
isfied (S1202: NO), the control unit 13 ends the process
without performing any particular processing.

[0106] On the other hand, when the control unit 13 of
the exhaust unit 10 determines that the predetermined
reference is satisfied (S1202: YES), the control unit 13
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acquires, from the temperature detecting unit 14, the tem-
perature of the air in the ceiling space R12 and the tem-
perature of the air taken in from the living room space
R11 (S1203).

[0107] The control unit 13 of the exhaust unit 10 deter-
mines whether the temperature of the air in the ceiling
space R12 is higher than the temperature of the air in
the living room space R11 (S1204). When the control
unit 13 determines that the temperature of the air in the
ceiling space R12 is lower than the temperature of the
air in the living room space R11 (S1204: NO), the control
unit ends the process without performing control on the
opening/closing damper 40. When the control on the
opening/closing damper 40 is not performed, the control
to prevent frosting described in the following embodi-
ments and modified examples may be performed.
[0108] On the other hand, when the control unit 13 de-
termines that the temperature of the air in the ceiling
space R12 is higher than the temperature of the air in
the living room space R11(S1204: YES), the control unit
performs control to open the opening/closing damper 40
(S1205).

[0109] Inthe presentembodiment, whenthereisapos-
sibility of frosting in the second heat exchanger 12 ac-
cording to the processing procedure described above,
the air in the ceiling space R12 where the air is warmer
than the living room space R11 is guided to the second
heat exchanger 12.

[0110] That is, the temperature of the air flowing into
the second heat exchanger 12 rises, and, therefore, the
temperature of the refrigerant flowing through the second
heat exchanger 12 can rise. Thus, the possibility of frost-
ing in the second heat exchanger 12 can be reduced.

(Modified example 1 of the first embodiment)

[0111] In the first embodiment described above, as an
example of the control for raising the temperature of the
air flowing through the second heat exchanger 12, a
method for reducing the possibility of frosting in the sec-
ond heat exchanger 12 by guiding the air in the ceiling
space R12 to the second heat exchanger 12 has been
described. However, the control method for raising the
temperature of the air flowing through the second heat
exchanger 12 is not limited to the method for guiding the
airin the ceiling space R12 to the second heat exchanger
12, and other methods may be used. Therefore, in the
modified example 1 of the first embodiment, the air con-
ditioner 2 is controlled to raise the temperature (room
temperature) of the air in the living room space R11.
[0112] Inthe presentmodified example, the control unit
13 of the exhaust unit 10 and the control unit 71 of the
outdoor unit 70 are connected by a signal line. Thus, the
control unit 71 of the outdoor unit 70 can output a control
signal to the control unit 13 of the exhaust unit 10.
[0113] Note that the present modified example de-
scribes an example in which information can be trans-
mitted and received between the control unit 13 of the
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exhaust unit 10 and the control unit 71 of the outdoor unit
70 by means of a signal line. However, the mode in which
information can be transmitted and received is not limited
to an example in which information can be transmitted
and received by means of a signal line; control signals
may be transmitted and received via an upper-level con-
trol device (not illustrated), or control signals may be
transmitted and received via a cloud or a server connect-
ed via a public network.

[0114] The control unit 13 of the exhaust unit 10 ac-
cording to the present modified example detects whether
a predetermined reference indicating the possibility of
freezing of the second heat exchanger 12 is satisfied
while the second heat exchanger 12 functions as an
evaporator.

[0115] When the control unit 13 determines that the
predetermined reference is satisfied, in order to raise the
temperature of the refrigerant flowing through the second
heat exchanger 12, the control unit 71 of the outdoor unit
70 of the air conditioner 2 outputs a control signal for
raising the temperature currently set in the living room
space R11. In the present modified example, the tem-
perature of the air flowing through the second heat ex-
changer 12 rises by raising the air temperature in the
living room space R11, and, therefore, the temperature
of the refrigerant flowing through the second heat ex-
changer 12 can be raised.

[0116] Thus, as an example of the control for raising
the temperature of the refrigerant flowing through the
second heat exchanger 12, the control unit 13 according
to the present modified example outputs to the control
unit 71 a control signal for raising the temperature cur-
rently set in the living room space R11. Accordingly, the
room temperature of the living room space R11 is raised,
and, therefore, warm air flows into the second heat ex-
changer 12, and the temperature of the refrigerant flow-
ing through the second heat exchanger 12 is raised to
prevent frosting in the second heat exchanger 12.
[0117] In the present modified example, an example
of outputting a control signal for raising the temperature
currently set in the living room space R11 to the control
unit 71 of the outdoor unit 70 of the air conditioner 2 has
been described. However, the present modified example
does not limit the control signal output to the control unit
71 of the outdoor unit 70 of the air conditioner 2 to a
control signal for raising the temperature currently set in
the living room space R11, but the control signal may be
a control signal for raising the temperature of the refrig-
erant flowing through the second heat exchanger 12. For
example, the control unit 13 may output a control signal
for increasing the air volume in order to circulate the air
in the living room space R11.

(Modified example 2 of the first embodiment)
[0118] Thefirstembodimentand modified example de-

scribed above are not limited to using the method de-
scribed above. Therefore, in the modified example 2 of
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the first embodiment, a method for controlling the fan 11
in order to prevent frosting will be described.

[0119] The control unit 13 of the exhaust unit 10 ac-
cording to the modified example determines whether a
predetermined reference indicating the possibility of
frosting inthe second heat exchanger 12 is satisfied while
the second heat exchanger 12 functions as an evapora-
tor.

[0120] The control unit 13 controls the fan 11 (an ex-
ample of a second ventilation unit) to increase the air
volume flowing to the second heat exchanger 12 in com-
parison with before the predetermined reference is sat-
isfied in order to raise the temperature of the refrigerant
flowing through the second heat exchanger 12 when it
is determined that the predetermined reference is satis-
fied.

[0121] Thus, as an example of the control to raise the
temperature of the refrigerant flowing through the second
heat exchanger 12, the control unit 13 according to the
present modified example outputs a control signal to the
fan 11 (an example of a second ventilation unit) to in-
crease the air volume flowing to the second heat ex-
changer 12 in comparison with before the predetermined
reference is satisfied. Accordingly, the amount of warm
air flowing to the second heat exchanger 12 increases,
and, therefore, the temperature of the refrigerant can be
raised to prevent frosting in the second heat exchanger
12.

[0122] When the fan 11 is controlled to increase the
airvolume flowing to the second heat exchanger 12, there
is a possibility of negative pressure in the living room
space R11. Therefore, the control unit 13 may output a
control signal to increase the air volume of the fan 21, to
the control unit 23 of the air supply unit 20.

(Modified example 3 of the first embodiment)

[0123] Thefirstembodimentand the modified example
described above are not limited to using the method de-
scribed above. Therefore, in the modified example 3 of
the first embodiment, a method for providing a bypass
flow path for direct air flow between the air supply unit
and the exhaust unit will be described.

[0124] FIG. 3 is a diagram illustrating a configuration
example of a ventilation apparatus and an air conditioner
according to the modified example 3 of the first embod-
iment. In the example illustrated in FIG. 3, a ventilation
apparatus 1A and an air conditioner 2 are provided for
air conditioning an indoor space. In the present modified
example, the same reference numerals are assigned to
the same configuration as in the first embodiment, and
descriptions thereof will be omitted.

[0125] Asillustratedin FIG. 3, abypass flow path P102
is provided between the air supply unit 20 and the exhaust
unit 110. The bypass flow path P102 includes a first by-
pass partial flow path P102A further towards the air sup-
ply unit 20 than the air supply flow path P101, a third
bypass partial flow path P102C further towards the ex-
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haust unit 110 than the return flow path P103, and a sec-
ond bypass partial flow path P102B connecting the first
bypass partial flow path P102A and the third bypass par-
tial flow path P102C.

[0126] An opening/closing damper 140 is provided on
the second bypass partial flow path P102B. The open-
ing/closing damper 140 is usually closed. The open-
ing/closing damper 140 (an example of the second guide
mechanism) can guide air warmed by the air supply unit
20 directly to the exhaust unit 110 by control from the
control unit 113 provided in the exhaust unit 110 through
the signal line S3.

[0127] After taking in outside air (OA), the air supply
unit 20 usually supplies air (SA) to the living room space
R11 through the first bypass partial flow path P102A and
the air supply flow path P101.

[0128] The exhaust unit 110 includes the fan 11, the
second heat exchanger 12, a control unit 113, and the
temperature detecting unit 14, and takes inreturn air (RA)
of the living room space R11 through the return flow path
P103 and the third bypass partial flow path P102C, and
exhausts (EA) the air to the outside.

[0129] The control unit 113 of the exhaust unit 110 ac-
cording to the present modified example detects whether
a predetermined reference indicating the possibility of
frosting in the second heat exchanger 12 is satisfied,
while the second heat exchanger 12 functions as an
evaporator.

[0130] When the control unit 13 determines that the
predetermined reference is satisfied, the control unit 13
performs control to open the opening/closing damper 140
in order to raise the temperature of the refrigerant flowing
through the second heat exchanger 12.

[0131] Thus, as an example of the control for raising
the temperature of the refrigerant flowing through the
second heat exchanger 12, the control unit 113 according
to the present modified example performs control to open
the opening/closing damper 140 so as to guide air
through the bypass flow path P102 to the second heat
exchanger 12. Accordingly, the airwarmed in the exhaust
unit 110 can flow directly to the second heat exchanger
12, thereby preventing frosting in the second heat ex-
changer 12.

(Second embodiment)

[0132] In the above-described embodiment and mod-
ified example, an example of raising the temperature of
the refrigerant flowing through the second heat exchang-
er 12 by adjusting the air flowing through the second heat
exchanger 12 has been described. However, another
method may be used for raising the temperature of the
refrigerant flowing through the second heat exchanger
12. Therefore, in the present embodiment, a method for
raising the temperature of the refrigerant by controlling
the refrigerant flowing through the second heat exchang-
er 12 will be described.

[0133] FIG. 4 is a diagram illustrating a configuration
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example of a ventilation apparatus and an air conditioner
according to the second embodiment. In the example
illustrated in FIG. 4, a ventilation apparatus 1B and an
air conditioner 2 are provided for air conditioning an in-
door space. Among the configurations according to the
present embodiment, the same reference numerals are
assigned to the configurations similar to those of the first
embodiment, and descriptions thereof will be omitted.
[0134] The control unit 52 of the compressor unit 50,
the control unit 23 of the first air supply unit 220A, the
control unit 23 of the second air supply unit 220B, and
the control unit 213 of the exhaust unit 210 are connected
by a signal line S201 indicated by a dotted line. Thus,
information can be transmitted and received between the
control unit 52 of the compressor unit 50, the control unit
23 of the first air supply unit 220A, the control unit 23 of
the second air supply unit 220B, and the control unit 213
of the exhaust unit 210.

[0135] The ventilation apparatus 1B includes an ex-
haust unit 210, a first air supply unit 220A, a second air
supply unit 220B, a compressor unit 50, refrigerant cir-
cuits F1, F2, F3, and F4, afirst air supply flow path P201,
a second air supply flow path P202, and a return air flow
path P203.

[0136] The first air supply flow path P201 (an example
of the first air flow path) supplies air taken in from the
outdoors to the living room space R11 from the ventilation
port 92A after passing through the first air supply unit
220A having the first heat exchanger 22.

[0137] The second air supply flow path P202 (an ex-
ample of the first air flow path) supplies air taken in from
the outside to the living room space R11 from the venti-
lation port 92B after passing through the second air sup-
ply unit 220B having the first heat exchanger 22.
[0138] The return air flow path P203 (an example of
the second air flow path) exhausts air taken in from the
indoor space to the outside after passing through the
exhaust unit 210 having the second heat exchanger 12.
[0139] The first air supply unit 220A and the second
air supply unit 220B are provided with a fan 21, a first
heat exchanger 22, a control unit 23, and a temperature
detecting unit 24, and take in outside air (OA) and supply
air (SA) to the living room space R11.

[0140] The exhaust unit 210 is provided with the fan
11, the second heat exchanger 12, a control unit 213,
and the temperature detecting unit 14, and takes in return
air (RA) of the living room space R11 and exhausts air
(EA) to the outside.

[0141] The controlunit 213 of the exhaustunit 210 con-
trols the configuration of the inside of the exhaust unit
210. For example, the control unit 213 outputs a control
signal to the control unit 52 of the compressor unit 50
according to the detection result of the temperature de-
tecting unit 14.

[0142] The processing performed by the ventilation ap-
paratus 1B when the air temperature is low will be de-
scribed below. Similar to the above-described embodi-
ment, the first heat exchanger 22 of the first air supply
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unit 220A and the second air supply unit 220B functions
as a condenser, and the second heat exchanger 12 in
the exhaust unit 210 functions as an evaporator. As the
second heat exchanger 12 functions as an evaporator,
the temperature of the refrigerant flowing through the
second heat exchanger 12 becomes low, and, therefore,
the second heatexchanger 12 may be frosted. Therefore,
in the present embodiment, control is performed to pre-
vent frosting in the second heat exchanger 12.

[0143] Specifically, while the second heat exchanger
12 functions as an evaporator, the control unit 213 of the
exhaust unit 210 determines whether a predetermined
reference indicating the possibility of frosting in the sec-
ond heatexchanger 12is satisfied based on the detection
result by the temperature detecting unit 14. The prede-
termined reference indicating the possibility of frosting in
the second heat exchanger 12 may be, for example, a
reference for determining whether the temperature of the
refrigerant detected by the temperature detecting unit 14
is 0 degrees or less. The present embodiment does not
limit the predetermined reference to a reference based
on the temperature of the refrigerant, but may be a ref-
erence for determining whether the pressure of the re-
frigerant is less than or equal to the predetermined pres-
sure.

[0144] The predetermined reference may notbe based
on the temperature or pressure of the refrigerant. For
example, the reference may be based on the temperature
ofthe outside air or the surface temperature of the second
heat exchanger 12.

[0145] The control unit 213 of the exhaust unit 210 ac-
cording to the present embodiment outputs a control sig-
nal for reducing the rotational speed of the compressor
compared to before satisfying the predetermined refer-
ence, to the control unit 52 of the compressor unit 50 as
a control for preventing frosting in the second heat ex-
changer 12 when the predetermined reference is deter-
mined to be satisfied.

[0146] When the control signal is received, the control
unit 52 of the compressor unit 50 outputs a control signal
for reducing the rotational speed of the compressor as
compared to before the predetermined reference is sat-
isfied, to the driving motor 51 for driving the compressor.
Accordingly, the rotational speed of the compressor is
reduced. Accordingly, the pressure of the refrigerant
flowing through the refrigerant circuits F1, F2, F3, and
F4 is reduced, and, therefore, the temperature (evapo-
ration temperature) of the refrigerant flowing through the
second heat exchanger 12 can be increased.

[0147] As anexample of the control for raising the tem-
perature of the refrigerant flowing through the second
heat exchanger 12, the control unit 213 according to the
presentembodiment outputs a control signal for lowering
the rotational speed of the compressor compared to be-
fore the predetermined reference is satisfied, to the con-
trol unit 52 of the compressor unit 50. Thus, frosting in
the second heat exchanger 12 can be prevented.
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(Modified example 1 of the second embodiment)

[0148] Inthe second embodiment, an example of rais-
ing the temperature (evaporation temperature) of the re-
frigerant flowing through the second heat exchanger 12
by lowering the rotational speed of the compressor has
been described. However, the method of raising the tem-
perature (evaporation temperature) of the refrigerant
flowing through the second heat exchanger 12 is not lim-
ited to the method of lowering the rotational speed of the
compressor. Therefore, in the modified example 1, an
example of providing a bypass flow path (an example of
a bypass pipe) in the refrigerant circuit will be described.
In the modified example 1, as in the second embodiment,
two air supply units and one exhaust unit are provided.
[0149] FIG. 5 is a diagram illustrating a refrigerant cir-
cuit according to the modified example 1 of the second
embodiment. In the example illustrated in FIG. 5, the flow
of refrigerant when the second heat exchanger 12 of the
exhaust unit 310 functions as an evaporator is illustrated.
Note that the same reference numerals are assigned to
the configuration similar to the above-described embod-
iment, and the description thereof will be omitted.
[0150] Inthe example illustrated in FIG. 5, the air sup-
ply units 320A and 320B, the exhaust unit 310, and the
compressor unit 350 are provided.

[0151] The air supply units 320A and 320B include the
fan 21, the first heat exchanger 22, the control unit 23,
the temperature detecting unit 24, a driving motor 25,
and an electric valve 26.

[0152] The driving motor 25 controls the air volume of
the fan 21 by the control unit 23.

[0153] The electric valve 26 functions as an expansion
valve for decompressing the refrigerant, and switches
whether the refrigerant is to be decompressed based on
the control of the control unit 23. The electric valve 26
functions to reduce pressure when the first heat exchang-
er 22 functions as an evaporator and not to reduce pres-
sure when the first heat exchanger 22 functions as a con-
denser.

[0154] The exhaust unit 310 includes the fan 11, the
second heat exchanger 12, a control unit 313, the tem-
perature detecting unit 14, a driving motor 15, and an
electric valve 16.

[0155] While the second heat exchanger 12 functions
as an evaporator, the control unit 313 determines wheth-
er a predetermined reference indicating the possibility of
frosting in the second heat exchanger 12 is satisfied
based on the detection result by the temperature detect-
ing unit 14. The predetermined reference is the same as
that in the second embodiment, and the description
thereof is omitted.

[0156] When the control unit 313 of the exhaust unit
310 according to the present modified example deter-
mines that the predetermined reference is satisfied, the
control unit 313 outputs, to the control unit 352 of the
compressor unit 350, a control signal for causing the re-
frigerant to flow into the bypass flow path F6, as a control
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for preventing frosting in the second heat exchanger 12.
[0157] The driving motor 15 controls the air volume of
the fan 11 by the control unit 313.

[0158] The electric valve 16 functions as an expansion
valve for decompressing the refrigerant, and switches
whether the refrigerant is to be decompressed based on
the control by the control unit 313. The electric valve 16
functions to reduce pressure when the second heat ex-
changer 12 functions as an evaporator and not to reduce
pressure when the second heat exchanger 12 functions
as a condenser.

[0159] The compressorunit 350 is provided with a driv-
ing motor 51, a control unit 352, a compressor 53, a four-
way valve 54, an electric valve 55, and a bypass electric
valve 56.

[0160] The compressor 53 compresses the refrigerant
flowing through the refrigerant circuit.

[0161] The driving motor 51 is an actuator for driving
the compressor 53. The driving motor 51 according to
the present embodiment drives the compressor 53 at a
rotational speed controlled by the control unit 352.
[0162] The control unit 352 controls the configuration
inside the compressor unit 350. For example, the control
unit 352 controls the following driving motor 51 and the
four-way valve 54.

[0163] The four-way valve 54 functions as a valve for
switching the outflow destination of the refrigerant com-
pressed by the compressor 53 from the refrigerant circuit
F1 and the refrigerant circuit F4. For example, when the
second heat exchanger 12 functions as an evaporator,
the four-way valve 54 is switched so that the refrigerant
compressed by the compressor 53 flows into the refrig-
erant circuit F1 based on the control of the control unit
352.

[0164] The electric valve 55 functions as a valve for
controlling the opening and closing of the refrigerant cir-
cuit according to the control from the control unit 352.
When the second heat exchanger 12 functions as an
evaporator, the electric valve 55 is in a closed state in
which the refrigerant does not flow.

[0165] Inthe present modified example, when the sec-
ond heat exchanger 12 functions as an evaporator, a
bypass flow path F6 is provided to allow the refrigerant
compressed by the compressor 53 to flow directly to the
second heat exchanger 12 in order to raise the temper-
ature of the refrigerant flowing through the second heat
exchanger 12.

[0166] The bypass flow path F6 is provided as a flow
path for the refrigerant to bypass between the point be-
tween the compressor 53 and the four-way valve 54, and
the refrigerant circuit F3. That is, while the second heat
exchanger 12 functions as an evaporator, the bypass
flow path F6 functions as a pipe for passing the refrigerant
to the second heat exchanger 12 without going through
the first heat exchanger 22.

[0167] The bypass electric valve 56 functions as a
valve for switching whether the refrigerant flows to the
bypass flow path F6 according to the control from the
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control unit 352.

[0168] Specifically, the control unit 313 of the exhaust
unit 310 first outputs a control signal for passing the re-
frigerant to the bypass flow path F6, to the control unit
352 of the compressor unit 350, when it is determined
that a predetermined reference indicating the possibility
of frosting in the second heat exchanger 12 is satisfied.
[0169] When the control signal for passing the refrig-
erant to the bypass flow path F6 is received from the
control unit 313 of the exhaust unit 310, the control unit
352 of the compressor unit 350 controls the bypass elec-
tric valve 56 to be opened.

[0170] When the bypass electric valve 56 is opened,
the refrigerant compressed by the compressor 53 to be-
come a gas of high temperature and high pressure flows
into the refrigerant circuit F3 through the bypass flow path
F6. Accordingly, the temperature of the refrigerant flow-
ing through the refrigerant circuit F3 rises. Then, the re-
frigerant whose temperature has risen flows into the sec-
ond heat exchanger 12.

[0171] Thatis, in the present modified example, when
the predetermined reference is satisfied, the refrigerant
compressed by the compressor 53 flows through the by-
pass flow path F6 into the second heat exchanger 12.
Thus, frosting in the second heat exchanger 12 can be
prevented.

(Modified example 2 of the second embodiment)

[0172] Further, another method may be used as a
method for raising the temperature of the refrigerant flow-
ing into the second heat exchanger 12. Therefore, in the
modified example 2 of the second embodiment, an ex-
ample of controlling the electric valve 16 inside the ex-
haust unit 310 will be described. The configuration of the
modified example 2 of the second embodiment is the
refrigerant circuit illustrated in FIG. 5, excluding the by-
pass flow path F6.

[0173] When the second heat exchanger 12 functions
as an evaporator, the electric valve 16 functions as a
valve part for decompressing the refrigerant of the high-
pressure liquid flowing out from the first heat exchanger
22 in order to facilitate the evaporation of the refrigerant
according to the control of the control unit 313. As the
opening of the electric valve 16 decreases, the pressure
is reduced, and the temperature of the refrigerant de-
creases. That is, as the opening of the electric valve 16
increases, the temperature of the refrigerant increases.
[0174] Therefore, while the second heat exchanger 12
is functioning as an evaporator, the control unit 313 of
the exhaust unit 310 determines whether a predeter-
mined reference indicating the possibility of frosting in
the second heat exchanger 12 is satisfied based on the
detection result by the temperature detecting unit 14. The
predetermined reference is the same as that in the sec-
ond embodiment, and the description thereof is omitted.
[0175] When the control unit 313 determines that the
predetermined reference has been satisfied, the control
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unit performs control to increase the opening degree of
the electric valve 16 (an example of the second valve
part) as compared with before the predetermined refer-
ence has been satisfied, as a control to prevent frosting
in the second heat exchanger 12.

[0176] Thatis, in the present modified example, when
the predetermined reference is satisfied, control is per-
formed such that the opening degree of the electric valve
16 is increased, and the temperature of the refrigerant
flowing to the second heat exchanger 12 is increased.
Thus, frosting in the second heat exchanger 12 can be
prevented.

(Third embodiment)

[0177] Inthe above-described embodiments and mod-
ified examples, an example of determining whether the
control unit in the exhaust unit satisfies a predetermined
reference and performing control based on the determi-
nation result has been described. However, the above-
described embodiment and modified example are not
limited to a method in which the control unitin the exhaust
unit performs control. For example, the upper-level con-
trol device provided on an upper level of the air condi-
tioner and the ventilation apparatus may perform the con-
trol.

[0178] FIG. 6 is a diagram illustrating a configuration
example of a ventilation apparatus, an air conditioner,
and an upper-level control device according to the third
embodiment. Note that the same reference numerals are
assigned to the configuration similar to the above-de-
scribed embodiment, and the description thereof is omit-
ted.

[0179] In the example illustrated in FIG. 6, an upper-
level control device 400 is provided for performing the
cooperation between the ventilation apparatus 1C and
the air conditioner 2C.

[0180] The air conditioner 2C includes an outdoor unit
470 and two air conditioning indoor units 81 and 82. In
the present embodiment, the number of air conditioning
indoor units is not limited to two units, but may be one
unit or three units or more.

[0181] The outdoor unit470 includes a control unit471
together with a heat exchanger (not illustrated).

[0182] The control unit 471 controls the entire air con-
ditioner 2C. The control unit 471 also transmits and re-
ceives information to and from the upper-level control
device 400. The control unit 471 performs various kinds
of control according to the control signal from the upper-
level control device 400.

[0183] The ventilation apparatus 1C includes a first ex-
haust unit 410A, a second exhaust unit 410B, a first air
supply unit 420A, a second air supply unit 420B, a com-
pressor unit 450, refrigerant circuits F401, F402, F403,
and F404, a first air supply flow path P401, a second air
supply flow path P402, a first return air flow path P403,
and a second return air flow path P404.

[0184] The first air supply flow path P401 supplies air
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taken in from outside to the living room space R11 from
the ventilation port 92A after passing through the first air
supply unit 420A having the first heat exchanger 22.
[0185] The second air supply flow path P402 supplies
air taken in from outside to the living room space R11
from the ventilation port 92B after passing through the
second air supply unit420B having the firstheatexchang-
er22.

[0186] The first return air flow path P403 exhausts air
(return air) taken in from the ventilation port 91A of the
indoor space to the outside after passing through the first
exhaust unit410A having the second heat exchanger 12.
[0187] The second return air flow path P404 exhausts
air (return air) taken in from the ventilation port 91B of
the indoor space to the outside after passing through the
second exhaust unit 410B having the second heat ex-
changer 12.

[0188] The refrigerant circuits F401, F402, F403, and
F404 are circuits that connect the compressor unit 450,
the first heat exchanger 22 of the first air supply unit 420A
and the second air supply unit420B, and the second heat
exchanger 12 of the first exhaust unit 410 and the second
exhaust unit 410B by a refrigerant pipe, and allow the
refrigerant to flow inside.

[0189] The control unit452 of the compressor unit 450,
the control unit 423A of the first air supply unit 420A, the
control unit 423B of the second air supply unit 420B, the
control unit 413A of the first exhaust unit 410A, and the
control unit 413B of the second exhaust unit 410B are
connected by a signal line S401 indicated by a dotted
line. Thus, information can be transmitted and received
between the control unit 452, the control unit 423A, the
control unit 423B, the control unit 413A, and the control
unit 413B.

[0190] The control unit452 of the compressor unit 450
transmits the status of the ventilation apparatus 1C re-
ceived from the control unit 423A, the control unit 423B,
the control unit 413A, and the control unit 413B to the
upper-level control device 400. Accordingly, the upper-
level control device 400 can implement control according
to the status of the ventilation apparatus 1C.

[0191] The first air supply unit 420A is provided with
the fan 21, the first heat exchanger 22, the control unit
423A, and the temperature detecting unit 24, takes in
outside air (OA), and supplies air (SA) from the ventilation
port 92A to the living room space R11.

[0192] Thesecond airsupply unit420B is provided with
the fan 21, the first heat exchanger 22, the control unit
423B, and the temperature detecting unit 24, takes in
outside air (OA), and supplies air (SA) from the ventilation
port 92B to the living room space R11.

[0193] The control unit 423A and the control unit 423B
control the configuration in each air supply unit. Further,
the control unit 423A and the control unit 423B transmit
the detection result by the temperature detecting unit 24
or the like in each air supply unit to the control unit 452
of the compressor unit 450. The control unit 452 of the
compressor unit 450 recognizes the current status from
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the detection result and transmits the recognition result
to the upper-level control device 400. Thus, the upper-
level control device 400 can recognize the status of the
first air supply unit 420A and the second air supply unit
420B.

[0194] The first exhaust unit 410A is provided with the
fan 11 (an example of a second ventilation unit), the sec-
ond heat exchanger 12, a control unit 413A, and the tem-
perature detecting unit 14, and takes in return air (RA)
from a ventilation port 91A of the living room space R11
and exhausts (EA) the air to the outside.

[0195] The second exhaust unit 410B is provided with
the fan 11 (an example of a second ventilation unit), the
second heat exchanger 12, a control unit 413B, and the
temperature detecting unit 14, and takes inreturn air (RA)
from a ventilation port 91B of the living room space R11
and exhausts (EA) the air to the outside.

[0196] The control unit413A and the control unit413B
control the configuration in each exhaust unit. Further,
the control unit 413A and the control unit 413B transmit
the detection result by the temperature detecting unit 14
or the like in each exhaust unit to the control unit 452 of
the compressor unit450. The control unit 452 of the com-
pressor unit 450 recognizes the current status from the
detection result and transmits the recognition result to
the upper-level control device 400. Thus, the upper-level
control device 400 can recognize the status of the first
exhaust unit 410A and the second exhaust unit 410B.
[0197] The upper-level control device 400 performs
various kinds of control to coordinate the operation of the
ventilation apparatus 1C with the operation of the air con-
ditioner 2C.

[0198] The upper-level control device 400 receives the
status of the air conditioner 2C from the control unit 471
of the outdoor unit 470 and receives the status of the
ventilation apparatus 1C from the control unit 452 of the
compressor unit 450. The upper-level control device 400
performs various kinds of control according to the status
of the air conditioner 2C and the status of the ventilation
apparatus 1C.

[0199] For example, when the upper-level control de-
vice 400 recognizes that the air conditioner 2C is per-
forming a defrosting operation based on the information
received from the control unit 471 of the outdoor unit470,
the upper-level control device 400 performs control to
improve the heating performance of the ventilation ap-
paratus 1C.

[0200] Thatis, when the air conditioner 2C performs a
defrosting operation, the air conditioner 2C does not func-
tion as a heater, and, therefore, the temperature in the
living room space R11 may decrease. On the other hand,
when the air supply temperature of the first air supply
unit 420A and the second air supply unit 420B is in-
creased to compensate for the decrease in the function
of the air conditioner 2C when the air conditioner 2C per-
forms a defrosting operation, the temperature of the re-
frigerant flowing to the second heat exchanger 12 of the
first exhaust unit410A and the second exhaust unit410B
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connected by the refrigerant circuits F401, F402, F403,
and F404 decreases. In this case, the possibility of frost-
ing in the second heat exchanger 12 of the first exhaust
unit410A and the second exhaustunit410Bis increased.
[0201] Therefore, when the upper-level control device
400 recognizes that the air conditioner 2C is performing
adefrosting operation, the upper-level control device 400
increases the air volume of the air supply and exhaust
air of the ventilation apparatus 1C, thereby improving the
heating performance and preventing a decrease in tem-
perature in the living room space R11.

[0202] FIG. 7 is a sequence diagram illustrating the
flow of processing performed between the upper-level
control device 400, the ventilation apparatus 1C, and the
air conditioner 2C when the defrosting operation of the
air conditioner 2C according to the present embodiment
is started.

[0203] First, when the defrosting operation is started,
the control unit 471 in the outdoor unit 470 of the air con-
ditioner 2C transmits a signal indicating that the defrost-
ing operation is to be performed to the upper-level control
device 400 (S1701).

[0204] Then, when the upper-level control device 400
recognizes that the defrosting operation has started in
the air conditioner 2C based on the received signal, the
upper-level control device 400 determines that the air
volume of the ventilation apparatus 1C is to be controlled
torise in orderto compensate for the decrease of function
caused by the defrosting operation (S1702).

[0205] Then, the upper-level control device 400 trans-
mits a control signal to instruct an increase in air volume
of the exhaust unit group (the first exhaust unit 410A and
the second exhaust unit 410B) to the control unit 452 of
the compressor unit 450 (S1703).

[0206] Similarly, the control unit452 of the compressor
unit 450 transmits a control signal to instruct an increase
in air volume to each of the control units 413A and 413B
of the exhaust unit group (the first exhaust unit 410A and
the second exhaust unit 410B) (S1704).

[0207] Based on the received control signal, the control
units 413A and 413B of the exhaust unit group control
the fan 11 (an example of the second ventilation unit) to
increase the air volume flowing to the second heat ex-
changer 12 (increase in air volume) as compared with
before the air conditioner 2C performs defrosting opera-
tion (S1705).

[0208] Furthermore, the upper-level control device 400
transmits a control signal to instruct the air volume in-
crease of the air supply unit group (the first air supply
unit 420A and the second air supply unit 420B), to the
control unit 452 of the compressor unit 450 (S1706).
[0209] The control unit452 of the compressor unit 450
transmits a control signal to instruct the air volume in-
crease to the control units 423A and 423B of the air supply
unit group (the first air supply unit 420A and the second
air supply unit 420B) (S1707).

[0210] Basedon the received control signal, the control
units 423A and 423B of the air supply unit group control
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the fan 21 (an example of the first ventilation unit) to in-
crease the air volume flowing to the first heat exchanger
22 (air volume increase) compared with before the air
conditioner 2C performs defrosting operation (S1708).
[0211] In the present embodiment, the heating per-
formance of the ventilation apparatus 1C is increased by
increasing the air supply/exhaust volume without in-
creasing the air supply temperature of the ventilation ap-
paratus 1C, thereby preventing a decrease in the room
temperature of the living room space R11. Further, in the
present embodiment, the possibility of frosting in the sec-
ond heat exchanger 12 due to a decrease in the evapo-
ration temperature can be reduced by preventing an in-
crease in the air supply temperature of the ventilation
apparatus 1C.

[0212] The upper-level control device 400 according
to the present embodiment can reduce the possibility of
frosting in the second heat exchanger 12, thereby in-
creasing the heating performance and preventing a de-
crease in the room temperature, by increasing the air
supply/exhaust volume of the ventilation apparatus 1C
in order to compensate for the decrease in performance
caused by the frosting operation of the air conditioner 2C.
[0213] The upper-level control device 400 according
to the present embodiment can perform various kinds of
control other than the above-mentioned cooperative con-
trol.

[0214] Forexample, the upper-level control device 400
may determine whether a predetermined reference indi-
cating the possibility of frosting in the second heat ex-
changer 12 is satisfied, when the temperature of the out-
side air is received from the control unit 413A or the con-
trol unit413B of the exhaust unit group through the control
unit 452 of the compressor unit 450 and satisfies a pre-
determined reference indicating the possibility of frosting
in the second heat exchanger 12. Then, when the upper-
level control device 400 determines that the predeter-
mined reference is satisfied, the upper-level control de-
vice 400 may perform control to prevent frosting in the
second heat exchanger 12. As a control for preventing
frosting in the second heat exchanger 12, for example,
the upper-level control device 400 may transmit a control
signal for increasing the current set temperature of the
heater to the control unit 471 of the outdoor unit 470.
[0215] The configuration of the upper-level control de-
vice 400 illustrated in the present embodiment may also
be included as a configuration of the ventilation appara-
tus. That is, the processing performed by the upper-level
control device 400 may be a function of the ventilation
apparatus. The same shall apply to the following embod-
iments.

(Fourth embodiment)

[0216] In the third embodiment, coordination control in
the case where defrosting operation is performed on the
air conditioner 2C by the upper-level control device 400
has been described. However, the upper-level control
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device 400 performs various kinds of coordination con-
trol. Therefore, in the fourth embodiment, control in the
case where there is a possibility of frosting in the second
heat exchanger 12 of the plurality of exhaust units 410
will be described.

[0217] When the possibility of frosting occurs in the
second heat exchangers 12 of the plurality of exhaust
units 410, there arises a status in which it is difficult to
perform control for simultaneously preventing frosting in
the second heat exchangers 12 of the plurality of exhaust
units 410. Therefore, the upper-level control device 400
makes an adjustment so as not to implement control for
simultaneously preventing frosting in the second heat ex-
changers 12 of the plurality of exhaust units 410.
[0218] In the present embodiment, the control of pre-
venting frosting in the ventilation apparatus 1C controls
to increase the air volume flowing to the second heat
exchangers 12. When the control to increase the air vol-
ume flowing to the second heat exchangers 12 is simul-
taneously performed by a plurality of exhaust units 410A
and 410B, the pressure in the living room space R11 may
become negative pressure.

[0219] Therefore, in the present embodiment, the de-
frosting control is performed by increasing the air volume
in one of the plurality of exhaust units 410A and 410B,
and the air volume is decreased in the other one of the
plurality of exhaust units 410A and 410B. That is, in the
present embodiment, the defrosting control operation is
performed preferentially in one of the plurality of exhaust
units 410A and 410B. Furthermore, the upper-level con-
trol device 400 prevents the negative pressure of the liv-
ing room space R11 by adjusting to maintain the total air
volume to be discharged.

[0220] FIG. 8 is a sequence diagram illustrating the
flow of processing performed between the upper-level
control device 400, the compressor unit450, and the ex-
haust unit group when there is a possibility of frosting in
each of the exhaust units in the exhaust unit group ac-
cording to the present embodiment.

[0221] First, the control unit 413A of the first exhaust
unit410A acquires the temperature of the outside air from
the temperature detecting unit 14 (S1801).

[0222] Then, the control unit413A reports the detected
temperature of the outside air to the control unit 452 of
the compressor unit 450 (S1802).

[0223] The control unit 413B of the second exhaust
unit410B acquires the temperature of the outside air from
the temperature detecting unit 14 (S1811).

[0224] The control unit 413B reports the detected tem-
perature of the outside air to the control unit 452 of the
compressor unit 450 (S1812).

[0225] The control unit452 of the compressor unit 450
determines, based on the detected outside air tempera-
tures received from the control unit 413A of the first ex-
haust unit 410A and the control unit 413B of the second
exhaust unit 410B, whether the second heat exchanger
12 of the first exhaust unit 410A and the second exhaust
unit 410B satisfies a predetermined reference indicating

10

15

20

25

30

35

40

45

50

55

19

the possibility of frosting (S1821). In the example illus-
trated in FIG. 8, it is determined that each of the second
heat exchangers 12 of the first exhaust unit 410A and
the second exhaust unit 410B satisfies the predeter-
mined reference. The predetermined reference is the
same asin the above-described embodiment, and, there-
fore, the description thereof will be omitted.

[0226] The control unit 452 of the compressor unit 450
reports, to the upper-level control device 400, the deter-
mination result indicating the possibility of frosting
(S1822).

[0227] The upper-level control device 400 determines
the order in which frost prevention is controlled for the
first exhaust unit410A and the second exhaust unit410B
based on the received determination result (S1831). Any
method may be used to determine the order. For exam-
ple, the frost prevention may be controlled so that the
frost prevention is carried out first when there is a high
probability of frosting, or the order may be determined
according to the priority order previously assigned to the
first exhaust unit410A and the second exhaust unit410B.
The example illustrated in FIG. 8 is an example in which
it has been determined to prevent frosting in the order of
the first exhaust unit 410A and the second exhaust unit
410B.

[0228] The upper-level control device 400 transmits a
signal indicating an instruction to increase the air volume
of the first exhaust unit 410A to the control unit 452 of
the compressor unit 450 (S1832).

[0229] The control unit 452 of the compressor unit 450
transmits a signal indicating an instruction to increase
the air volume to the control unit 413A of the first exhaust
unit 410A (S1823).

[0230] Accordingly, the control unit 413A of the first
exhaust unit 410A controls the fan 11 to increase the air
volume flowing to the second heat exchanger 12 (in-
crease the air volume) compared with before the tem-
perature detection at S1801 (S1803).

[0231] After increasing the air volume flowing to the
second heat exchanger 12 by the control described
above, the upper-level control unit400 transmits a signal
indicating an instruction to decrease the air volume of
the second exhaust unit 410B to the control unit 452 of
the compressor unit 450 after a predetermined time (a
predetermined time for preventing frosting) has elapsed
(S1833).

[0232] Then, the control unit 452 of the compressor
unit 450 transmits a signal indicating an instruction of air
volume reduction to the control unit 413B of the second
exhaust unit 410B (S1824).

[0233] Accordingly, the control unit413B of the second
exhaust unit 410B controls the fan 11 to reduce the air
volume flowing to the second heat exchanger 12 (air vol-
ume reduction) compared with before temperature de-
tection at S1811 (S1813).

[0234] In the present embodiment, the air volume of
the firstexhaust unit410A is increased and the air volume
of the second exhaustunit410B is decreased to maintain
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the total air volume discharged. Thereafter, the upper-
level control device 400 switches the exhaust unit for
which frosting prevention is to be performed.

[0235] The upper-level control device 400 transmits a
signalindicating an instruction for reducing the air volume
of the first exhaust unit 410A to the control unit 452 of
the compressor unit 450 (S1834).

[0236] The control unit 452 of the compressor unit 450
transmits a signal indicating an instruction for reducing
the air volume to the control unit 413A of the first exhaust
unit 410A (S1825).

[0237] Accordingly, the control unit 413A of the first
exhaust unit 410A controls the fan 11 to reduce the air
volume flowing to the second heat exchanger 12 (air vol-
ume reduction) as compared with before temperature de-
tection was performed in S1801 (S1804).

[0238] The upper-level control device 400 transmits a
signal indicating an instruction to increase the air volume
of the second exhaust unit 410B to the control unit 452
of the compressor unit 450 (S1835).

[0239] The control unit 452 of the compressor unit 450
transmits a signal indicating an instruction to increase
the air volume to the control unit 413B of the second
exhaust unit 410B (S1826).

[0240] Accordingly, the control unit413B of the second
exhaust unit 410B controls the fan 11 to increase the air
volume flowing to the second heat exchanger 12 (in-
crease the air volume) compared with before the tem-
perature detection at S1811 (S1814).

[0241] As described above, the control unit 452 of the
compressor unit 450 and the upper-level control device
400 according to the present embodiment control the fan
11 associated with any one of the plurality of second heat
exchangers 12 to increase the air volume flowing to the
second heat exchanger 12 compared with before the pre-
determined reference is satisfied when it is determined
that the predetermined reference has been satisfied
while the plurality of second heatexchangers 12 are func-
tioning as evaporators. Accordingly, the amount of
(warm) air flowing into any one of the second heat ex-
changers 12 increases, and, therefore, frosting can be
prevented.

[0242] Further, when the upper-level control unit 400
controls the fan 11 associated with one of the plurality of
the second heat exchangers 12 to increase the air vol-
ume, the upper-level control unit 400 controls the fan 11
associated with the otherone of the plurality of the second
heat exchangers 12 to decrease the air volume flowing
to the second heat exchanger 12 compared to before the
predetermined reference is satisfied. Accordingly, the air
volume discharged from the group of a plurality of ex-
haust unit can be maintained, thereby avoiding a situation
where the pressure in the living room space R11 be-
comes negative pressure.

[0243] Further, in the present embodiment, by control-
ling frosting prevention for each of the plurality of exhaust
units according to a predetermined order, it is possible
to prevent frosting in the second heat exchanger 12 of
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the plurality of exhaust units.
(Fifth embodiment)

[0244] In the fourth embodiment, an example of mak-
ing an adjustment to maintain the air volume discharged
from a group of a plurality of exhaust units when control-
ling frosting has been described. However, the method
of avoiding negative pressure is not limited to a method
of making an adjustment to maintain the air volume dis-
charged from a group of a plurality of exhaust units. Ac-
cordingly, in the fifth embodiment, a case in which the air
volume taken in from the outside by the air supply unit
group is increased when the air volume exhausted from
the exhaust unit group is increased will be described.
The configuration of the present embodiment is similar
to that of the fourth embodiment.

[0245] Similar to the fourth embodiment, the control
unit 452 of the compressor unit 450 of the present em-
bodiment determines whether the second heat exchang-
er 12 of the first exhaust unit 410A and the second ex-
haust unit 410B satisfies the predetermined reference
indicating the possibility of frosting based on the received
outside air temperature.

[0246] When the control unit 452 of the compressor
unit 450 determines that any one of the first exhaust unit
410A and the second exhaust unit410B satisfies the pre-
determined reference, the upper-level control device 400
instructs the exhaust unit to increase the air volume. The
method of the instruction is the same as that of the fourth
embodiment, and the description thereof is omitted.
[0247] When the upper-level control device 400 deter-
mines that each of the first exhaust unit 410A and the
second exhaust unit 410B satisfies the predetermined
reference, the upper-level control device 400 determines
the order in which frost prevention is to be performed for
the first exhaust unit 410A and the second exhaust unit
410B. The upper-level control device 400 then instructs
each of the first exhaust unit 410A and the second ex-
haust unit 410B to increase the air volume according to
the order.

[0248] The upper-level control device 400 according
to the present embodiment instructs one or more of the
first air supply unit 420A and the second air supply unit
420B to increase the air volume, instead of instructing
the decrease of the air volume as described in the fourth
embodiment. The upper-level control device 400 gives
an instruction to increase the air volume to one or more
of the control unit 423A of the first air supply unit 420A
and the control unit 423B of the second air supply unit
420B to increase the air volume through the control unit
452 of the compressor unit 450.

[0249] The target for instructing the increase of the air
volume may be any one of the first air supply unit 420A
and the second air supply unit 420B, or may be each of
the first air supply unit 420A and the second air supply
unit 420B. However, the upper-level control device 400
makes an adjustment such that the air volume dis-
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charged by the first exhaust unit 410A and the second
exhaust unit 410B and the air volume taken in by the first
air supply unit 420A and the second air supply unit 420B
are the same.

[0250] Thus, the upper-level control device 400 ac-
cording to the present embodiment controls the fan 21
included in the air supply unit group to increase the air
volume flowing to the first heat exchanger 22 compared
with before the predetermined reference is satisfied
based on the increased air volume when the fan 11 as-
sociated with any one of the plurality of second heat ex-
changers 12 included in the exhaust unit group is con-
trolled to increase the air volume flowing to the second
heat exchanger 12. Accordingly, in the present embodi-
ment, the air volume to be taken in and the air volume to
be exhausted are substantially the same, and, therefore,
it is possible to prevent the pressure in the living room
space R11 from becoming negative pressure.

(Sixth embodiment)

[0251] The method for controlling frosting is not limited
to the above-described embodiment, and other methods
may be used. Therefore, in the sixth embodiment, an
example will be described in which the operation of the
compressor of the compressor unit is stopped, and the
frosting control is performed by passing air through the
second heat exchanger 12.

[0252] The configuration of the present embodiment
may be any configuration, and a configuration may have
the upper-level control device 400 as illustrated in FIG.
6 of the third embodiment. In the example illustrated in
FIG. 6, two exhaust units and two air supply units are
provided, but one exhaust unit and one air supply unit
may be provided. As described above, the number of
exhaust units and air supply units may be any number.
[0253] While the second heat exchanger 12 functions
as an evaporator, the control unit413A of the first exhaust
unit410A and the control unit413B of the second exhaust
unit 410B obtain the surface temperature of the second
heat exchanger 12 from the temperature detecting unit
14. The control unit 413A and the control unit 413B of
the second exhaust unit 410B transmit the detected sur-
face temperature of the second heat exchanger 12 to the
control unit 452 of the compressor unit 450.

[0254] Basedonthe surfacetemperature ofthe second
heatexchanger 12, the control unit452 of the compressor
unit 450 determines whether a predetermined reference
indicating the possibility of frosting in the second heat
exchanger 12 is satisfied. The predetermined reference
indicating the possibility of frosting in the second heat
exchanger 12 may be, for example, a reference for de-
termining whether the surface temperature of the second
heat exchanger 12 is zero degrees or less. The prede-
termined reference may be any reference indicating the
possibility of frosting in the second heat exchanger 12.
For example, the predetermined reference may be a ref-
erence such as that of the above-described embodiment,

10

15

20

25

30

35

40

45

50

55

21

for example, a reference based on the temperature or
pressure of the refrigerant.

[0255] When the predetermined reference is deter-
mined to be satisfied, the control unit 452 of the com-
pressor unit 450 according to the present embodiment
reports, to the upper-level control unit 400, a determina-
tion result indicating the possibility of frosting in the sec-
ond heat exchanger 12.

[0256] Based on the determination result, the upper-
level control unit 400 transmits a control signal instructing
to stop the compressor to the control unit 452 of the com-
pressor unit 450. Accordingly, the control unit 452 of the
compressor unit 450 performs control to stop the com-
pressor.

[0257] Based on the determination result, the upper-
level control device 400 outputs a control signal so as to
continue to control the fan 11 to pass the air to the second
heat exchanger 12, through the control unit 452 of the
compressor unit 450, to the control unit 413A of the first
exhaust unit410A and the control unit413B of the second
exhaustunit410B. Further, the upper-level control device
400 may perform control of increasing the air volume of
the fan 11 as in the fourth embodiment.

[0258] In the present embodiment, by stopping the
compressor in the compressor unit 450 and passing air
inthe living room space R11 to the second heat exchang-
er 12, the temperature of the surface of the second heat
exchanger 12 can be increased to prevent frosting in the
second heat exchanger 12.

(Seventh embodiment)

[0259] In the sixth embodiment, an example in which
the upper-level control device 400 controls one compres-
sor unit 450 has been described. However, the number
of compressor units controlled by the upper-level control
device 400 is not limited to one. Therefore, in the seventh
embodiment, an example in which the upper-level control
device 400 controls three compressor units will be de-
scribed.

[0260] FIG. 9is a diagram illustrating an arrangement
of a group of devices including the upper-level control
device 500 according to the seventh embodiment. The
example illustrated in FIG. 9 includes at least living room
spaces R501, R502, R503, lavatory rooms R511, R512,
and a pipe shaft R521.

[0261] The lavatory rooms R511, R512 are provided
with ventilation ports 595A, 595B, respectively.

[0262] The air conditioner 2D includes three outdoor
units 571, 572, and 573 and eight air conditioning indoor
units 581, 582, 583, 584, 585, 586, 587, and 588. The
three outdoor units 571 to 573 and the eight air condi-
tioning indoor units 581 to 588 are connected by a con-
nection pipe (not illustrated).

[0263] The three outdoor units 571 to 573 are connect-
ed to the upper-level control device 500 by a signal line.
Thus, the three outdoor units 571 to 573 can perform air
conditioning control according to the control of the upper-
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level control device 500.

[0264] The first ventilation apparatus 1D_1 is a venti-
lation apparatus provided in the living room space R501
and includes a first compressor unit 550A, a first air sup-
ply unit 520A, and a first exhaust unit 510A.

[0265] The first air supply unit 520A supplies air (SA)
from the ventilation port 592A. The first exhaust unit 510A
returns air (RA) from the ventilation port 591A. The first
compressor unit 550A, the first air supply unit 520A, and
the first exhaust unit 510A are connected by a connection
pipe F501. The connection pipe F501 includes a plurality
of refrigerant connection pipes. Thereby, the refrigerant
can be circulated between the first compressor unit 550A,
the first air supply unit 520A, and the first exhaust unit
510A.

[0266] The first compressor unit 550A, the first air sup-
ply unit 520A, and the first exhaust unit 510 A are con-
nected by a signal line (not illustrated). This enables
transmission and reception of information between the
units. The configuration inside the first compressor unit
550A, the first air supply unit 520A, and the first exhaust
unit 510A is the same as that of the compressor unit
450A, the first air supply unit 420A, and the first exhaust
unit410Aillustrated in FIG. 6, and the description thereof
will be omitted.

[0267] The second ventilation apparatus 1D_2 is a
ventilation apparatus provided in the living room space
R502 and includes a second compressor unit 550B, a
second air supply unit 520B, and a second exhaust unit
510B.

[0268] The second air supply unit 520B supplies air
(SA) from the ventilation port 592B. The second exhaust
unit 510B returns air (RA) from the ventilation port 591B.
The second compressor unit 550B, the second air supply
unit 520B, and the second exhaust unit 510B are con-
nected by a connection pipe F502. The connection pipe
F502 includes a plurality of refrigerant connection pipes.
Thus, the refrigerant can be circulated between the sec-
ond compressor unit 550B, the second air supply unit
520B, and the second exhaust unit 510B.

[0269] The second compressor unit 550B, the second
air supply unit 520B, and the second exhaust unit 510B
are connected by a signal line (not illustrated). This en-
ables transmission and reception of information between
the units. The configuration inside the second compres-
sor unit 550B, the second air supply unit 520B, and the
second exhaust unit 510B is the same as that of the com-
pressor unit 450A, the first air supply unit 420A, and the
first exhaust unit 410A illustrated in FIG. 6, and descrip-
tions thereof will be omitted.

[0270] The third ventilation apparatus 1D_3 is a venti-
lation apparatus provided in the living room space R503
and includes a third compressor unit 550C, a third air
supply unit 520C, and a third exhaust unit 510C.

[0271] The third air supply unit 520C supplies air (SA)
from the ventilation port 592C. The third exhaust unit
510C returns air (RA) from the ventilation port 591C. The
third compressor unit 550C, the third air supply unit 520C,
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and the third exhaust unit 510C are connected by a con-
nection pipe F503. The connection pipe F503 includes a
plurality of refrigerant connection pipes. Thus, the refrig-
erant can be circulated between the third compressor
unit 550C, the third air supply unit 520C, and the third
exhaust unit 510C.

[0272] The third compressor unit 550C, the third air
supply unit 520C, and the third exhaust unit 510C are
connected by a signal line (not illustrated). This enables
transmission and reception of information between the
units. The configuration inside the third compressor unit
550C, the third air supply unit 520C, and the third exhaust
unit 510C is the same as that of the compressor unit
450A, the first air supply unit 420A, and the first exhaust
unit410A illustrated in FIG. 6, and the description thereof
will be omitted.

[0273] As described above, the present embodiment
includes a plurality of combinations of a compressor unit,
an air supply unit, an exhaust unit, and a connection pipe.
The first compressor unit 550A, the second compressor
unit 550B, and the third compressor unit 550C are ar-
ranged on the pipe shaft R521.

[0274] Theupper-level controldevice 500 is connected
to the first compressor unit 550A, the second compressor
unit 550B, and the third compressor unit 550C by a signal
line. Accordingly, the upper-level control device 500 can
recognize the state of each apparatus of the first venti-
lation apparatus 1D_1 to the third ventilation apparatus
1D_3 and control each apparatus.

[0275] According to the above configuration, while the
second heat exchanger 12 of each of the first exhaust
units 510A to the third exhaust unit 510C functions as an
evaporator, the control unit (not illustrated) of the first
compressor unit 550A to the third compressor unit 550C
receives the surface temperature of the second heat ex-
changer 12 from each of the first exhaust units 510A to
the third exhaust unit 510C.

[0276] Then, while the second heatexchanger 12 func-
tions as an evaporator, the control unit of the first com-
pressor unit 550A to the third compressor unit 550C of
the present embodiment determines whether a predeter-
mined reference indicating the possibility of frosting in
the second heat exchanger 12 is satisfied based on the
surface temperature of the second heat exchanger 12.
The predetermined reference is the same as in the
above-described embodiment, and, therefore, the de-
scription thereof will be omitted.

[0277] The control units of the first compressor unit
550A to the third compressor unit 550C report, to the
upper-level control device 400, the determination result
indicating whether the predetermined reference is satis-
fied.

[0278] When the upper-level control device 500 deter-
mines from the determination result that there are a plu-
rality of compressor units (for example, the first compres-
sor unit 550A to the third compressor unit 550C) con-
nected to the second heat exchanger 12 satisfying a pre-
determined reference by a connection pipe, the upper-
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level control device 500 outputs a control signal for stop-
ping the compressor to the plurality of compressor units
(for example, the first compressor unit 550A to the third
compressor unit 550C) in a predetermined order as a
control for preventing frosting in the second heat ex-
changer 12. Thus, a plurality of compressor units are
prevented from simultaneously stopping the compressor.
The predetermined order may be any order, such as an
ascending order according to surface temperature, or
may be based on a preset priority order of compressor
units.

[0279] Further, the upper-level control device 500
maintains control of the fan 11 corresponding to the sec-
ond heat exchanger 12 that satisfies the predetermined
reference to pass air from the living room spaces R501
to R503 to the second heat exchanger 12. Accordingly,
the temperature of the refrigerant flowing through the
second heat exchanger 12 can be increased.

[0280] In the present embodiment, by carrying out the
control described above, the frosting in the second heat
exchanger 12 can be prevented by stopping the refrig-
erant flowing to the second heat exchanger 12 and main-
taining the air flowing to the second heat exchanger 12.

(Eighth embodiment)

[0281] In the seventh embodiment, an example in
which the upper-level control device 500 stops a plurality
of compressor units in a predetermined order has been
described. On the other hand, in the eighth embodiment,
an example in which a plurality of air supply units and a
plurality of exhaust units are connected to one compres-
sor will be described.

[0282] FIG. 10isadiagramillustrating an arrangement
of a group of devices including an upper-level control
device 600 according to the eighth embodiment. Among
the configurations illustrated in FIG. 10, configurations
similar to those of the above-described embodiments are
assigned the same reference numerals, and descriptions
thereof will be omitted.

[0283] As illustrated in FIG. 10, the compressor unit
650 is connected to the first air supply unit 520A and the
first exhaust unit 510A through the connection pipe F601,
connected to the second air supply unit 520B and the
second exhaust unit 510B through the connection pipe
F602, and connected to the third air supply unit 520C
and the third exhaust unit 510C through the connection
pipe F603. Accordingly, the refrigerant circulates through
the units connected by the connection pipes F601, F602,
and F603.

[0284] The compressorunit650, the first air supply unit
520A to the third air supply unit 520C, and the first ex-
haust unit 510A to the third exhaust unit 510C are con-
nected by a signal line (not illustrated), and, therefore,
information can be transmitted and received between the
units. The upper-level control device 500 and the com-
pressor unit 650 are also connected by a signal line, and,
therefore, information can be transmitted and received
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therebetween.

[0285] The first air supply unit 520A, the second air
supply unit 520B, and the third air supply unit 520C are
provided with the electric valve 26 (an example of the
first valve part) as illustrated in FIG. 5. Similarly, the first
exhaust unit 510A, the second exhaust unit 510B, and
the third exhaust unit 510C are provided with the electric
valve 16 (an example of the first valve part) as illustrated
in FIG. 5.

[0286] When the second heat exchanger 12 of the first
exhaust unit 510A, the second exhaust unit 510B, and
the third exhaust unit 510C functions as an evaporator,
the electric valve 16 functions as a valve to adjust the
opening of the flow path to the second heat exchanger
12 (to adjust the pressure of the refrigerant).

(Example of a valve part)

[0287] Thus, with respect to each of the first exhaust
unit 510A, the second exhaust unit 510B, and the third
exhaust unit 510C, the upper-level control device 600
can individually stop and control the inflow of refrigerant
by controlling the electric valve 16 to be in a closed state.
[0288] While the second heat exchanger 12 functions
as an evaporator, the control unit (not illustrated) of the
compressor unit 650 according to the present embodi-
ment determines whether a predetermined reference in-
dicating the possibility of frosting in the second heat ex-
changer 12 is satisfied based on the surface temperature
of the second heat exchanger 12. Note that the prede-
termined reference is the same as that of the above-de-
scribed embodiment, and a description thereofis omitted.
The control unit 652 (not illustrated) of the compressor
unit 650 reports, to the upper-level control device 600,
the determination result.

[0289] In the present embodiment, when the upper-
level control device 600 recognizes, based on the deter-
mination result, that there are a plurality of second heat
exchangers 12 that satisfy the predetermined reference,
the upper-level control device 600 outputs, in a prede-
termined order, a control signal for closing the electric
valve 16 to a plurality of exhaust units (for example, the
first exhaust unit 510A to the third exhaust unit 510C)
including the second heat exchanger 12 that satisfy the
predetermined reference, as a control for preventing
frosting in the second heat exchanger 12. Thus, the inflow
of the refrigerant into the plurality of second heat ex-
changers 12 is prevented from being stopped simultane-
ously. The predetermined order may be any order, such
as an ascending order according to surface temperature,
or may be based on a preset priority order of compressor
units.

[0290] The upper-level control device 500 also main-
tains control of the fan 11 corresponding to the second
heat exchanger 12 that satisfies the predetermined ref-
erence, to pass air from the living room spaces R501 to
R503 to the second heat exchanger 12.

[0291] In the present embodiment, by performing the
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control described above, the refrigerant flowing to the
second heat exchanger 12 is stopped and the air flowing
to the second heat exchanger 12 is maintained, so that
frosting can be prevented.

(Ninth embodiment)

[0292] A method other than the above-described em-
bodiment may be used to prevent frosting in the second
heat exchanger 12. Therefore, in the ninth embodiment,
an example of performing adjustment between the air
supply amount and the exhaust amount will be described.
[0293] The configuration of the ninth embodiment may
be any configuration of the above-described embodi-
ment, for example, the configuration illustrated in FIG. 6.
Therefore, in the present embodiment, a case with the
configuration illustrated in FIG. 6 will be described.
[0294] While the second heat exchanger 12 functions
as an evaporator, the control unit 452 of the compressor
unit 450 according to the present embodiment deter-
mines whether a predetermined reference indicating the
possibility of frosting in the second heat exchanger 12 is
satisfied based on the surface temperature of the second
heat exchanger 12. Note that the predetermined refer-
ence is the same as that of the above-described embod-
iment, and a description thereof is omitted.

[0295] In the present embodiment, the control unit 452
of the compressor unit 450 reports, to the upper-level
control device 400, the determination result. When the
upper-level control device 400 recognizes that there are
a plurality of second heat exchangers 12 that meet the
predetermined reference, the upper-level control device
400 outputs a control signal for controlling the fans 11
and 21 such that the total air volume supplied by the fan
11 (an example of the second ventilation unit) of the ex-
haust unit group (for example, the first exhaust unit 410A
and the second exhaust unit 410B) is greater than the
total air volume exhausted by the fan 21 (an example of
the first ventilation unit) of the air supply unit group (for
example, the first supply air unit 420A and the second
supply air unit 420B), as a control for preventing frosting
in the second heat exchanger 12.

[0296] In the present embodiment, frosting prevention
can be implemented by preventing the condensing ability
of the air supply unit group and raising the evaporation
temperature of the second heat exchanger 12 of the ex-
haust unit group, by making the air volume of the ex-
hausted air larger than the air volume of the supplied air.

(Tenth embodiment)

[0297] A method other than the above-described em-
bodiment may be used to prevent frosting in the second
heat exchanger 12. Therefore, in the tenth embodiment,
an example of adjusting the temperature of air after pass-
ing through the first heat exchanger 22 will be described.
[0298] The configuration of the tenth embodiment may
be any configuration of the above-described embodi-
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ment, and may be, for example, the configuration illus-
trated in FIG. 6. Therefore, in the present embodiment,
a case with the configuration illustrated in FIG. 6 will be
described.

[0299] The control unit 452 of the compressor unit 450
according to the present embodiment determines wheth-
er a predetermined reference indicating the possibility of
frosting in the second heat exchanger 12 is satisfied
based on the surface temperature of the second heat
exchanger 12 while the second heat exchanger 12 func-
tions as an evaporator. The predetermined reference is
the same as that of the above embodiment, and, there-
fore, the description thereof is omitted.. The control unit
452 of the compressor unit450 reports, to the upper-level
control device 400, the determination result.

[0300] In the present embodiment, when the upper-
level control device 400 recognizes that there are a plu-
rality of second heat exchangers 12 that satisfy a prede-
termined reference, the upper-level control device 400
outputs a control signal that causes the temperature of
the air after passing through the first heat exchanger 22
to become lower than the temperature set to the air con-
ditioner 2C provided in the living room space R11, to the
first heat exchanger of the air supply unit group (for ex-
ample, the first supply air unit 420A and the second sup-
ply air unit 420B), as the control for preventing frosting
in the second heat exchangers 12. The temperature set
in the air conditioner 2C is acquired from the control unit
471 of the outdoor unit 470.

[0301] In the present embodiment, the temperature of
the air after passing through the first heat exchanger 22
of the air supply unit group (air supply temperature) be-
comes lower than the indoor set temperature. Accord-
ingly, the compressor of the compressor unit 450 is op-
erated at a low rotational speed, and, therefore, the de-
crease in the evaporation temperature of the second heat
exchanger 12 can be prevented.

(Eleventh embodiment)

[0302] A method other than the above-described em-
bodiment may be used to prevent frosting in the second
heat exchanger 12. Therefore, in the eleventh embodi-
ment, an example of adjusting the pressure of the refrig-
erant by an electric valve (an example of the third valve
part) provided downstream of the exhaust unit will be
described.

[0303] The configuration of the eleventh embodiment
may be any configuration of the above-described em-
bodiment, for example, the configuration illustrated in
FIG. 6. Therefore, in the present embodiment, a case
with the configuration illustrated in FIG. 6 will be de-
scribed.

[0304] FIG. 11 is a diagram illustrating a refrigerant
circuit according to the eleventh embodiment. In the ex-
ample illustrated in FIG. 11, a flow of refrigerant when
the second heat exchanger 12 of the exhaust units 410A
and 410B functions as an evaporator is illustrated. The
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same reference numerals are assigned to the configura-
tion similar to that of the above-described embodiment,
and the description thereof is omitted.

[0305] In the example illustrated in FIG. 11, when the
second heat exchanger 12 of the exhaust units 410A and
410B functions as an evaporator, electric valves 601 and
602 are provided downstream from the second heat ex-
changer 12 of each of the exhaust units 410A and 410B.
[0306] The control unit 452 of the compressor unit 450
according to the present embodiment determines wheth-
er a predetermined reference indicating the possibility of
frosting in the second heat exchanger 12 is satisfied
based on the surface temperature of the second heat
exchanger 12 while the second heat exchanger 12 func-
tions as an evaporator. Note that the predetermined ref-
erence is the same as in the above-described embodi-
ment, and the description thereof is omitted. The control
unit 452 of the compressor unit 450 reports, to the upper-
level control device 400, the determination result.
[0307] In the present embodiment, when the upper-
level control device 400 recognizes the existence of the
second heat exchanger 12 that satisfies the predeter-
mined reference, the upper-level control device 400 out-
puts a control signal to throttle the electric valve (the elec-
tric valve 601 or the electric valve 602) compared with
before the predetermined reference is satisfied, to the
control unit (the control unit413A or the control unit413B)
of the exhaust unit (for example, the first exhaust unit
410A or the second exhaust unit 410B) that includes the
second heat exchanger 12.

[0308] By reducing the opening degree of the expan-
sion valve (the expansion valve 161 or the expansion
valve 162), the pressure of refrigerant flowing through
the second heat exchanger 12 that exists upstream from
the expansion valve (the expansion valve 161 or the ex-
pansion valve 162) can be increased. Accordingly, the
evaporation temperature of refrigerant flowing through
the second heat exchanger 12 can be increased. There-
fore, frosting in the second heat exchanger 12 can be
prevented.

[0309] Although the bypass flow path F6 is illustrated
in FIG. 11, in the present embodiment, the bypass flow
path F6 may or may not be combined with the control
using the bypass flow path F6 illustrated in the above
embodiment.

(Modified example of eleventh embodiment)

[0310] Intheeleventh embodiment, an example of pre-
venting frosting using a method of throttling the electric
valves 601 and 602 downstream from the second heat
exchanger 12 has been described. In the eleventh em-
bodiment, in addition to a method of adjusting the electric
valves 601 and 602 downstream from the second heat
exchanger 12, a case in which an exhaust unit 730 of an
outdoor unit is further provided in a refrigerant circuit to
control the exhaust unit 730 will be described.

[0311] FIG. 12 is a diagram illustrating a refrigerant
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circuit according to a modified example of the eleventh
embodiment. In the example illustrated in FIG. 12, an
exhaust unit 730 is further provided in the refrigerant cir-
cuitillustrated in FIG. 11. Except for the exhaust unit 730,
the configuration is similar to that of the eleventh embod-
iment, and descriptions thereof will be omitted.

[0312] The exhaustunit 730 includes the fan 11, athird
heat exchanger 732, a control unit 733, the temperature
detecting unit 14, a driving motor 15, and an electric valve
16.

[0313] The exhaust unit 730 functions as an outdoor
unit. That is, the exhaust unit 730 is provided on a flow
path (an example of the fourth air flow path) for exhaust-
ing, to the outdoors, the air in which heat exchange has
been performed between the outdoor air and arefrigerant
flowing through the third heat exchanger 732.

[0314] While the second heat exchanger 12 functions
as an evaporator, the control unit 452 of the compressor
unit 450 according to the present embodiment deter-
mines whether a predetermined reference indicating the
possibility of frosting in the second heat exchanger 12 is
satisfied based on the surface temperature of the second
heat exchanger 12. Note that the predetermined refer-
ence is the same as that of the above-described embod-
iment, and a description thereof is omitted. The control
unit 452 of the compressor unit 450 reports, to the upper-
level control device 400, the determination result.
[0315] In the present embodiment, when the upper-
level control device 400 recognizes that there is the sec-
ond heat exchanger 12 that satisfies a predetermined
reference, the upper-level control device 400 performs
the same control as in the eleventh embodiment, and
performs control such that the third heat exchanger 732
ofthe exhaust unit 730 performs heat exchange atalower
evaporation temperature than the second heat exchang-
er12.

[0316] As illustrated in FIG. 12, the flow of refrigerant
through the third heat exchanger 732 of the exhaust unit
730 is connected to the flow of refrigerant through the
second heat exchanger 12 of the exhaust units 410A and
410B. Therefore, the evaporation temperature of the sec-
ond heat exchanger 12 can be increased by lowering the
evaporation temperature of the third heatexchanger 732.
Thus, frosting in the second heat exchanger 12 can be
prevented.

[0317] In the above embodiment and modified exam-
ple, although the method of sharing the processing be-
tween the control unit 452 of the compressor unit 450
and the upper-level control device 500 has been de-
scribed, the method is not limited to the method of sharing
the processing between the control unit 452 of the com-
pressor unit 450 and the upper-level control device 500,
and the determination and control of other devices may
be performed by either of the control unit 452 of the com-
pressor unit 450 or the upper-level control device 500.
Furthermore, the method is not limited to processing by
the control unit 452 of the compressor unit 450 and the
upper-level control device 500, but it is possible to per-
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form processing of the above-described embodiment on
a server for centralized management or in the cloud.

(Twelfth embodiment)

[0318] A method other than the above-described em-
bodiment may be used to prevent frosting in the second
heatexchanger12. Therefore, in the twelfth embodiment,
an example of switching the control in consideration of
power consumption will be described.

[0319] The configuration of the twelfth embodiment
may be any configuration of the above-described em-
bodiment, for example, the configuration illustrated in
FIG. 6. Therefore, in the present embodiment, a case
with the configuration illustrated in FIG. 6 will be de-
scribed. The upper-level control device 400 performs the
following control during the heat recovery ventilation op-
eration.

[0320] While the second heat exchanger 12 functions
as an evaporator, the control unit 452 of the compressor
unit 450 of the present embodiment determines whether
a predetermined reference indicating the possibility of
frosting in the second heat exchanger 12 is satisfied
based on the surface temperature of the second heat
exchanger 12. The control unit 452 of the compressor
unit 450 reports, to the upper-level control device 400,
the determination result.

[0321] The predetermined reference may be based on
the temperature of the refrigerant or the pressure of the
refrigerant flowing through the second heat exchanger
12, or the predetermined reference may be the same as
in the above-described embodiment.

[0322] In the present embodiment, when the upper-
level control unit 400 recognizes the existence of a plu-
rality of second heat exchangers 12 that satisfy the pre-
determined reference, the upper-level control unit 400
determines whether to control frosting or to allow frosting
and perform defrosting operation after frosting. Accord-
ing to the determination result of the upper-level control
device 400, the exhaust unit group (for example, the first
exhaust unit 410A and the second exhaust unit 410B)
controls the frosting prevention or allows the frosting and
performs defrosting operation after the frosting.

[0323] FIG. 13is aflowchart illustrating the processing
procedure of the upper-level control device 400 accord-
ing to the present embodiment.

[0324] First, the control unit 452 of the compressor unit
450 according to the present embodiment receives the
detection result of the second heat exchanger 12 from
each exhaust unitin the exhaust unit group (S2101). The
detection result is the temperature or the pressure of the
refrigerant flowing through the second heat exchanger
12.

[0325] The control unit452 of the compressor unit 450
determines whether the predetermined reference is sat-
isfied based on the detection result (S2102). For exam-
ple, as the predetermined reference indicating the pos-
sibility of frosting in the second heat exchanger 12, the
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reference is whether the detected (evaporation) temper-
ature of the refrigerant is lower than a predetermined
temperature t, or whether the detected (evaporation)
pressure of the refrigerant is lower than a predetermined
pressure p. Ifitis determined that the predetermined ref-
erence is not satisfied (NO in S2102), the process is per-
formed again from S2101. Note that the predetermined
temperature t and pressure p are values determined ac-
cording to the embodiment as the reference of whether
there is a possibility of frosting, and explanations thereof
are omitted. It is considered that the determination is
made every predetermined time (for example, x minutes).
[0326] When the control unit 452 of the compressor
unit 450 determines that the predetermined reference is
satisfied (YES in S2102), the control unit 452 reports, to
the upper-level control device 400, the determination re-
sult.

[0327] The upper-level control device 400 controls the
temperature of the refrigerant flowing through the second
heat exchanger 12 to prevent frosting, and calculates the
power consumption E1 for maintaining the current tem-
perature of the living room space R11 and the like
(S2103).

[0328] Further, the upper-level control device 400 per-
forms a defrosting operation, and calculates the power
consumption E2 for maintaining the current temperature
of the living room space R11 and the like (S2104).
[0329] For example, in the present embodiment, the
upper-level control device 500 stores in advance the
power consumption calculation model set in advance for
calculating the power consumption E1 and the power
consumption E2. The upper-level control device 500 in-
puts inputinformation (for example, room/outside air tem-
perature, air volume of fans 11 and 21, pressure of re-
frigerant, rotational speed of the compressor, etc.: an ex-
ample of the status of the living room space) into the
power consumption calculation model to calculate power
consumption. The power consumption calculation meth-
od is not limited to the method of using the calculation
model, and other methods may be used.

[0330] Thereafter, the upper-level control device 400
determines whether the power consumption E1 is lower
than the power consumption E2 (S2105). When the up-
per-level control device 400 determines that the power
consumption E1 is lower than the power consumption E2
(YES in S2105), the upper-level control device 400 out-
puts a control signal to prevent frosting to the exhaust
unit group (S2106). Note that the method for preventing
frosting may be the process illustrated in the above-de-
scribed embodiment, and the description thereof will be
omitted. Thereafter, the upper-level control device 500
performs the process from step S2101 again.

[0331] Thereafter, whenitis determined that the power
consumption E1 is equal to or greater than the power
consumption E2 (notless) (NO in S2105), the upper-level
control device 400 outputs a control signal to the exhaust
unit group for allowing frosting, and executing the de-
frosting operation after determining that frosting has oc-
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curred according to the detection result (S2107). The de-
frosting operation method may be any method, regard-
less of whether the method is known, and the description
thereof will be omitted.

[0332] Thereafter, the upper-level control device 400
according to the present embodiment receives the de-
tection result of the second heat exchanger 12 from each
exhaust unit in the exhaust unit group via the control unit
452 of the compressor unit 450 (S2108). The detection
resultis the temperature or the pressure of the refrigerant
flowing through the second heat exchanger 12.

[0333] Based on the detection result, the upper-level
control device 400 determines whether a defrosting end
reference is satisfied (S2109). For example, as the de-
frosting end reference of the second heat exchanger 12,
the reference is whether the detected (evaporation) tem-
perature of the refrigerant is higher than a predetermined
temperature t+a, or whether the detected (evaporation)
pressure of the refrigerant is lower than a predetermined
pressure p+p. As for the defrosting end reference, any
reference may be used as long as the completion of the
defrosting can be determined by the reference. The var-
iables o and B are positive numbers determined accord-
ing to the embodiment, and descriptions thereof are omit-
ted. Itis determined whether the defrosting end reference
is satisfied (S2109). If it is determined that the defrosting
end reference is not satisfied (NO in S2109), the process
is performed again from S2108. It is considered that the
determination is made every predetermined time (for ex-
ample, y minutes).

[0334] Ontheotherhand, when the upper-level control
device 400 determines that the defrosting end reference
is satisfied based on the detection result (YES in S2109),
the upper-level control device outputs a control signal for
ending the defrosting operation to the exhaust unit group
(S2110) and ends the process. Thereafter, the upper-
level control device 500 performs processing from step
S2101 again.

[0335] By implementing the above control, the upper-
level control device 500 according to the present embod-
iment can perform control to cause the temperature of
the second heat exchanger 12 to become a temperature
at which frosting in the second heat exchanger 12 does
not occur when it is determined that the predetermined
reference is satisfied, by controlling the temperature of
the refrigerant flowing to the second heat exchanger 12
such that the temperature of the second heat exchanger
12 becomes atemperature at which frosting in the second
heat exchanger 12 does not occur or by controlling the
operation to defrost the second heat exchanger 12 after
frosting occurs on the second heat exchanger 12, based
on the power consumption required when the tempera-
ture of the refrigerant flowing through the second heat
exchanger 12 is controlled or the power consumption re-
quired for the operation for defrosting the second heat
exchanger 12 after frosting occurs on the second heat
exchanger 12.

[0336] Thus, in the present embodiment, power con-
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sumption can be prevented when preventing frosting in
the exhaust unit group or when performing defrosting.
[0337] Inthe above-described embodiments and mod-
ified examples, an example has been described in which
the air supply unit is a casing (an example of the first
casing) that houses at least a part of the first heat ex-
changer 22 and the air flow path (an example of the first
air flow path), and the exhaust unit is a casing (an exam-
ple of the second casing) that houses at least a part of
the second heat exchanger 12 and the air flow path (an
example of the second air flow path), so that the units
are separated by casings.

[0338] Thus, the exhaust unit and the air supply unit
can be arranged at positions away from each other. Thus,
the degree of freedom of arrangement of the ventilation
apparatus capable of recovering heat can be increased
compared with the conventional technology.

[0339] However, the above-described embodiments
and modified examples are not limited to the example
where the casings of the air supply unit and the exhaust
unitare separated, and the air supply unitand the exhaust
unit may be integrated. That is, when the first heat ex-
changer 22 and the second heat exchanger 12 are con-
nected by arefrigerant circuit, and the fan 21 correspond-
ing to the first heat exchanger 22 and the fan correspond-
ing to the second heat exchanger 12 are provided, the
air volume adjustment and the temperature adjustment
of the refrigerant as described in the above-described
embodiments and modified examples may be applied.
As described above, the method illustrated in the above-
described embodiments and modified examples may be
applied when the air supply unit and the exhaust unit are
integrated.

(Overview of the ventilation system)

[0340] In the air conditioning system, by starting the
compressor and using the first heat exchanger of the air
supply unit as the condenser and using the second heat
exchanger of the exhaust unit as the evaporator, the heat
of the exhaust air (indoor air) can be recovered to the
refrigerant in the refrigerant circuit while the indoor air
can be ventilated. In an air conditioning system, when a
second heat exchanger into which the exhaust air flows
is used as an evaporator, frosting occurs in the second
heat exchanger when the temperature of the exhaust air
(indoor air) is lower than a predetermined value, and the
low pressure of the refrigerant circuit is lowered. In this
case, itbecomes difficult to cause the started compressor
to operate continuously.

[0341] In the following embodiment, a ventilation sys-
tem with a refrigerant circuit enables reliable continuous
operation of the compressor when a heat exchanger is
used as an evaporator.

[0342] FIG. 14 is a schematic configuration diagram of
the ventilation system of the present disclosure. FIG. 15
is a control block diagram of the ventilation system of the
present disclosure. In the following description, a venti-
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lation system 1E according to the thirteenth embodiment
(see FIG. 17) is referred to as the thirteenth ventilation
system 1F, a ventilation system 1E according to the four-
teenth embodiment (see FIG. 18 and FIG. 19) is referred
to as the fourteenth ventilation system 1G, a ventilation
system 1E according to the fifteenth embodiment (see
FIG. 20) is referred to as the fifteenth ventilation system
1H, a ventilation system 1E according to the sixteenth
embodiment (see FIG. 21) is referred to as the sixteenth
ventilation system 11, a ventilation system 1E according
to the seventeenth embodiment (see FIG. 22) is referred
to as the seventeenth ventilation system 1J, and a ven-
tilation system 1E according to the eighteenth embodi-
ment (see FIG. 23) is referred to as the eighteenth ven-
tilation system 1K. In the following description, when the
term "ventilation system 1E" is simply used, the common
configuration among the thirteenth to eighteenth ventila-
tion systems 1F to 1K is described.

[0343] The ventilation system 1E illustrated in FIG. 14
is an embodiment of the ventilation apparatus of the
present disclosure and is installed in a building, such as
a factory, to implement ventilation of a target space in
the building. The ventilation system 1E includes an air
supply unit 1020, an exhaust unit 1030, a compressor
unit 1040, and a refrigerant circuit 1050.

[0344] Asillustratedin FIG. 14, the air supply unit 1020
includes a first casing 1021, an air supply fan 1022, and
a first heat exchanger 1023. The first casing 1021 of the
present embodiment is a cube-shaped box body com-
posed of panel members having thermal insulation prop-
erties, and an intake port 1024 and a blowout port 1025
are formed on the side surfaces. The air supply fan 1022
and the first heat exchanger 1023 are arranged in the
first casing 1021. When the air supply fan 1022 is driven,
the air supply unit 1020 takes the air (outside air OA) of
the outdoor (hereinafter referred to as outdoors 1000S2,
see FIGS. 17 and 19) into the first casing 1021, causes
the taken in air to exchange heat with the refrigerant in
the first heat exchanger 1023, and then supplies the air
(air supply SA) from the blowout port 1025 to the indoor
(hereinafter referred to as indoors 1000S1, see FIGS. 17
and 19). The ventilation system 1E has an air supply flow
path P1001 (an example of the first air flow path) for sup-
plying the taken in outside air OA from the blowout port
1025 to the indoors 1000S1 through the first casing 1021.
[0345] The first heat exchanger 1023 configures a re-
frigerant circuit 1050 which will be described later. The
first heat exchanger 1023 is a crossfin tube type or a
microchannel type heat exchanger, and is used to cause
the refrigerant flowing in the first heat exchanger 1023
to perform heat exchange with the air (outside air OA) of
the outdoors 1000S2.

[0346] The air supply unit 1020 includes an air supply
temperature sensor 1026 and an outside air temperature
sensor 1027. The air supply temperature sensor 1026 is
arranged in the air flow that has passed through the first
heatexchanger 1023 in the first casing 1021, and detects
the temperature T1 (hereinafter referred to as the blowout
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air temperature T1) of the air supply SA. The outside air
temperature sensor 1027 is arranged in the air flow be-
fore passing through the first heat exchanger 1023 in the
first casing 1021, and detects the temperature T2 (here-
inafter referred to as the outside air temperature T2) of
the outside air OA.

[0347] The air supply unit 1020 includes a first heat
exchange temperature sensor 1055 and afirstrefrigerant
temperature sensor 1056. The first heat exchange tem-
perature sensor 1055 detects the temperature Tb1 of the
first heat exchanger 1023 (that is, the refrigerant in the
first heat exchanger 1023). The first refrigerant temper-
ature sensor 1056 detects the temperature Ta2 of the
refrigerant after passing through the first heat exchanger
1023 (outlet). The first heat exchange temperature sen-
sor 1055 may be a pressure sensor for detecting the pres-
sure in the first heat exchanger 1023, and in this case,
the refrigerant temperature in the first heat exchanger
1023 is converted from the detected pressure value.
[0348] The exhaustunit1030includes asecond casing
1031, anexhaustfan 1032, and a second heat exchanger
1033. The second casing 1031 of the present embodi-
ment is a cube-shaped box body composed of panel
members having thermal insulation properties, and an
intake port 1034 and a blowout port 1035 are formed on
the side surfaces. The exhaust fan 1032 and the second
heat exchanger 1033 are arranged in the second casing
1031. When the exhaust fan 1032 is driven, the exhaust
unit 1030 takes the air (return air RA) of the indoors
1000S1 into the second casing 1031, causes the taken
in air to exchange heat with the refrigerant in the second
heat exchanger 1033, and then releases the air (exhaust
air EA) from the blowout port 1035 to the outdoors
1000S2. The ventilation system 1E has a return air flow
path P1002 (an example of the second air flow path) for
releasing the air (return air RA) of the indoors 1000S1
from the blowout port 1035 to the outdoors 1000S2
through the second casing 1031.

[0349] The second heat exchanger 1033 constitutes a
refrigerant circuit 1050 which will be described later. The
second heat exchanger 1033 is a crossfin tube type or a
microchannel type heat exchanger and is used for heat
exchange of a refrigerant flowing in the second heat ex-
changer 1033 with air (return air RA) of the indoors
10008S1.

[0350] The exhaustunit 1030 includes areturn air tem-
perature sensor 1036. The return air temperature sensor
1036 is arranged in the air flow before passing through
the second heat exchanger 1033 in the second casing
1031, and detects the temperature T3 of the air flowing
into the second heat exchanger 1033. In the following
description, this temperature T3 is referred to as the in-
take air temperature T3. In the present disclosure, the
intake air temperature T3 in the case where only the air
taken in from the indoors 1000S1 passes through the
second heat exchanger 1033 is the temperature of the
airin theindoors 1000S1. The temperature in the indoors
1000S1 may be detected by a sensor (not illustrated)
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provided in the indoors 1000S1.

[0351] The exhaust unit 1030 includes a second heat
exchanger temperature sensor 1057 and a second re-
frigerant temperature sensor 1058. The second heat ex-
changer temperature sensor 1057 detects the tempera-
ture Tb2 (that is, the refrigerant in the second heat ex-
changer 1033) of the second heat exchanger 1033. The
second refrigerant temperature sensor 1058 detects the
temperature Tb3 of the refrigerant after passing through
the second heat exchanger 1033 (outlet). The second
heat exchange temperature sensor 1057 may be a pres-
sure sensor for detecting the pressure in the second heat
exchanger 1033, and in this case, the refrigerant tem-
perature in the first heat exchanger 1023 is converted
from the pressure detection value.

[0352] The compressor unit 1040 includes a third cas-
ing 1041, a compressor 1042, a four-way switching valve
1043, and an expansion valve 1044. The compressor
unit 1040 of the present embodiment includes a third cas-
ing 1041, but the third casing 1041 may be omitted. In
this case, the compressor 1042 and the four-way switch
valve 1043 are preferably housed in the first casing 1021
of the air supply unit 1020 or the second casing 1031 of
the exhaust unit 1030. Although the ventilation system
1E of the present embodiment houses the expansion
valve 1044 in the compressor unit 1040, the expansion
valve 1044 may be housed in the first casing 1021 of the
air supply unit 1020 or the second casing 1031 of the
exhaust unit 1030.

[0353] The compressor unit 1040 includes a low pres-
sure sensor 1052, a discharge pressure sensor 1053,
and a discharge temperature sensor 1054. The low pres-
sure sensor 1052 detects the pressure PL of the refrig-
erant taken into the compressor 1042. In the following
description, this pressure PL is also referred to as the
low pressure PL. The discharge pressure sensor 1053
detects the pressure PH of the refrigerant discharged
from the compressor 1042. In the following description,
this pressure PH is also referred to as the high-pressure
pressure PH. The discharge temperature sensor 1054
detects the temperature Ta1 of the refrigerant discharged
from the compressor 1042.

[0354] The compressor 1042 takes in the low pressure
gaseous refrigerant and discharges the high-pressure
gaseous refrigerant. The compressor 1042 includes a
motor that can adjust the operating speed by inverter
control. The compressor 1042 is a variable capacity type
(variable performance type) that can change the capacity
(performance) by inverter control of the motor. However,
the compressor 1042 may be a constant capacity type.
The compressor 1042 used in the ventilation system 1E
of the present disclosure may be configured by connect-
ing two or more compressors in parallel.

[0355] The four-way switch valve 1043 inverts the flow
of refrigerant in the refrigerant pipe and supplies refrig-
erant discharged from the compressor 1042 to one of the
first heat exchanger 1023 and the second heat exchang-
er 1033. Thus, the ventilation system 1E can switch be-
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tween a cooling operation mode (hereinafter also re-
ferred to as the first operation mode M1) for cooling the
outside air OA and a heating operation mode (hereinafter
also referred to as the second operation mode M2) for
heating the outside air OA. The expansion valve 1044 is
composed of an electric valve capable of adjusting the
flow rate and pressure of the refrigerant. In the ventilation
system 1E, the opening degree of the expansion valve
1044 is controlled to adjust the pressure of the refrigerant
supplied to the first heat exchanger 1023 or the second
heat exchanger 1033.

[0356] The refrigerantcircuit 1050 includes a compres-
sor 1042, a four-way switching valve 1043, an expansion
valve 1044, a first heat exchanger 1023, a second heat
exchanger 1033, and a refrigerant pipe 1051 (a liquid
pipe 1051L and a gas pipe 1051G) connecting these el-
ements. The refrigerant circuit 1050 circulates the refrig-
erant between the first heat exchanger 1023 and the sec-
ond heat exchanger 1033.

[0357] In the ventilation system 1E having the above
configuration, when the outside air OA is cooled by the
air supply unit 1020 and is supplied (in the first operation
mode M1), the four-way switch valve 1043 is held in the
state illustrated by a solid line in FIG. 14. The high-tem-
perature and high-pressure gaseous refrigerant dis-
charged from the compressor 1042 flows into the second
heat exchanger 1033 of the exhaust unit 1030 through
the four-way switch valve 1043. At this time, the second
heat exchanger 1033 functions as a condenser, and the
refrigerant flowing through the second heat exchanger
1033 is condensed and liquefied by heat exchange with
the return air RA by the operation of the exhaustfan 1032.
The liquefied refrigerant is decompressed by the expan-
sion valve 1044 and flows into the first heat exchanger
1023. At this time, the first heat exchanger 1023 functions
as an evaporator, and in the first heat exchanger 1023,
the refrigerant evaporates by exchanging heat with the
outside air OA. The outside air OA cooled by the evap-
oration of the refrigerant is supplied to the indoors
1000S1 as the supply air SA by the air supply fan 1022.
The refrigerant evaporated in the first heat exchanger
1023 returns to the compressor unit 1040 through the
refrigerant pipe 1051 (the gas pipe 1051G) and is taken
into the compressor 1042 through the four-way switch
valve 1043.

[0358] In the ventilation system 1E having the above
configuration, when the outside air OA is heated by the
air supply unit 1020 and is supplied (in the second oper-
ation mode M2), the four-way switch valve 1043 is held
in the state indicated by a dashed line in FIG. 14. The
high-temperature and high-pressure gaseous refrigerant
discharged from the compressor 1042 passes through
the four-way switch valve 1043 and flows into the first
heat exchanger 1023 of the air supply unit 1020. At this
time, the first heat exchanger 1023 functions as a con-
denser, and in the first heat exchanger 1023, the refrig-
erantis condensed and liquefied by exchanging heat with
the outside air OA. The outside air OA heated by the
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condensation of the refrigerant is supplied to the indoors
100081 by an air supply fan 1022. The refrigerant lique-
fied in the first heat exchanger 1023 passes through the
refrigerant pipe 1051 (liquid pipe 1051L) to the compres-
sor unit 1040, is decompressed to a predetermined low
pressure by an expansion valve 1044, and flows into the
second heat exchanger 1033. At this time, the second
heat exchanger 1033 functions as an evaporator, and in
the second heat exchanger 1033, the refrigerant evapo-
rates by exchanging heat with the return air RA. The re-
frigerant evaporated and vaporized in the second heat
exchanger 1033 is taken into the compressor 1042
through the four-way switch valve 1043.

(Control unit)

[0359] FIG. 15 is a control block diagram of the venti-
lation system 1E. As illustrated in FIG. 15, the ventilation
system 1E has a control unit 1018. The control unit 1018
is a device for controlling the operation of the ventilation
system 1E, and is composed of, for example, a micro-
computer equipped with a processor such as a CPU, and
a memory such as a RAM, a ROM, etc. The control unit
1018 may be implemented as hardware using an LSI, an
ASIC, an FPGA, or the like. The control unit 1018 per-
forms a predetermined function by the processor execut-
ing a program installed in the memory.

[0360] The controlunit1018is connected to an air sup-
ply fan 1022, an exhaust fan 1032, a compressor 1042,
a four-way switching valve 1043, and an expansion valve
1044. The control unit 1018 is connected to an air supply
temperature sensor 1026, an outside air temperature
sensor 1027, a return air temperature sensor 1036, a low
pressure sensor 1052, a discharge pressure sensor
1053, an discharge temperature sensor 1054, a first heat
exchange temperature sensor 1055, a first refrigerant
temperature sensor 1056, a second heat exchange tem-
perature sensor 1057, and a second refrigerant temper-
ature sensor 1058. The control unit 1018 controls the
operation of the air supply fan 1022, the exhaust fan
1032, the compressor 1042, the four-way switching valve
1043, the expansion valve 1044, and the low pressure
raising means 1080 based on the detected values of the
Sensors.

[0361] During operation in the second operation mode
M2, the control unit 1018 calculates the saturation tem-
perature TS of the second heat exchanger 1033 func-
tioning as an evaporator based on the detected value
(high-pressure pressure PH) of the discharge pressure
sensor 1053. The control unit 1018 obtains the low pres-
sure PL of the refrigerant circuit 1050 from the detected
value of the low pressure sensor 1052. The control unit
1018 obtains the evaporation temperature TE of the sec-
ond heat exchanger 1033 from the detected value (tem-
perature Tb2) of the second heat exchange temperature
sensor 1057. Alternatively, the control unit 1018 obtains
the evaporation temperature TE of the second heat ex-
changer 1033 from the acquired low pressure PL.
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[0362] As described above, the ventilation system 1E
of the present disclosure has a first operation mode M1
and a second operation mode M2 as operation modes
selectable by the user. When the user selects the first
operation mode M1 and starts the operation of the ven-
tilation system 1E, the control unit 1018 switches the four-
way switch valve 1043 so that the first heat exchanger
1023 can be used as an evaporator and the second heat
exchanger 1033 can be used as a condenser. When the
user selects the second operation mode M2 and starts
the operation of the ventilation system 1E, the control
unit 1018 switches the four-way switch valve 1043 so
that the first heat exchanger 1023 can be used as a con-
denserand the second heatexchanger 1033 can be used
as an evaporator. In this description, "when the user se-
lects the second operation mode M2 and starts the op-
eration of the ventilation system 1E" includes a case
where the switching of the four-way switch valve 1043
has already been completed and a case where the
switching of the four-way switch valve 1043 has not yet
been completed.

[0363] When the ventilation system 1E of the present
disclosure is started upon selecting the second operation
mode M2, the control unit 1018 may execute low pressure
raising control (first control). In the following description,
the operation mode of the ventilation system 1E when
the control unit 1018 executes low pressure raising con-
trolis referred to as low pressure raising mode M3. When
the user selects the second operation mode M2 and the
operation of the ventilation system 1E is started, the con-
trol unit 1018 starts the compressor 1042 and detects
the low pressure PL of the refrigerant circuit 1050 or the
evaporation temperature TE of the second heat exchang-
er 1033. When the control unit 1018 determines that the
low pressure PL or the evaporation temperature TE has
fallen below the threshold (in this description, referred to
as the first threshold) set for each of these values, the
operation mode of the ventilation system 1E is switched
to the low pressure raising mode M3, and the low pres-
sure raising control is executed. When the control unit
1018 does not determine that the low pressure PL or the
evaporation temperature TE has fallen below the first
threshold, the operation mode of the ventilation system
1E is not switched to the low pressure raising mode M3
(the low pressure raising control is not executed).
[0364] When operating in the second operation mode
M2, the ventilation system 1E having the refrigerant cir-
cuit 1050 can recover the heat of the exhaust air EA to
the refrigerant in the refrigerant circuit 1050 by using the
first heat exchanger 1023 as a condenser and the second
heat exchanger 1033 as an evaporator. In the ventilation
system 1E in this case, when the temperature of the ex-
haust air EA becomes low, frosting may occur in the sec-
ond heat exchanger 1033, and in this case, the low pres-
sure PL of the refrigerant circuit 1050 decreases, making
it difficult to continue the operation of the compressor
1042. In such a case, the control unit 1018 selects the
low pressure raising mode M3 to enable the continued
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operation of the compressor 1042. The term "continued
operation of the compressor" here means that the oper-
ation can be continued without reaching a state where
the operation cannot be continued (must be stopped) due
to a decrease in the low pressure of the refrigerant circuit
or the like after the start of the compressor.

[0365] When the ventilation system 1E is started upon
selecting the second operation mode M2, the control unit
1018 stores a first threshold X for determining whether
the conditions under which the second operation mode
M2 can operate are satisfied. In the ventilation system
1E of the present disclosure, as the first threshold X, a
pressure threshold X1, which is the first threshold X for
the low pressure PL of the refrigerant circuit 1050, a re-
frigerant temperature threshold X2, which is the first
threshold X for the evaporation temperature TE of the
second heat exchanger 1033, an indoor temperature
threshold X3, which is the first threshold X for the intake
air temperature T3 which is the temperature of the air in
the indoors 1000S1, and an outside air temperature
threshold X4, which is the first threshold X for the outside
air temperature T2 which is the temperature of the air in
the outdoors 1000S2, are stored. While the control unit
1018 of the present embodiment stores the pressure
threshold X1, the refrigerant temperature threshold X2,
the indoor temperature threshold X3, and the outdoor
temperature threshold X4 as the first threshold X, the
ventilation system 1E of the present disclosure may store
any one of the respective thresholds X1 to X4 in the con-
trol unit 1018.

[0366] The control unit 1018 stores a second threshold
Y for determining whether conditions enabling operation
by the second operation mode M2 are satisfied when the
control unit 1018 executes low pressure raising control
(that is, when ventilation system 1E is operated in low
pressure raising mode M3). In the ventilation system 1E
of the present disclosure, as the second threshold Y, a
pressure threshold Y1 which is the second threshold Y
for the low pressure PL of the refrigerant circuit 1050, a
saturation temperature threshold Y2 which is the second
threshold Y for the saturation temperature TS of the sec-
ond heatexchanger 1033, and an airtemperature thresh-
old Y3 which is the second threshold Y for the intake air
temperature T3 of the second heat exchanger 1033 are
stored. Although the control unit 1018 of the present em-
bodiment stores the pressure threshold Y1, the satura-
tion temperature threshold Y2, and the air temperature
threshold Y3 as the second threshold Y, the ventilation
system 1E of the present disclosure may store at least
one of the pressure threshold Y1, the saturation temper-
ature threshold Y2, or the air temperature threshold Y3
in the control unit 1018.

(Control at the start of operation of the ventilation system)
[0367] In the ventilation system 1E, the control unit

1018 controls the operation at the start of operation ac-
cording to the flow illustrated in FIG. 16.
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[0368] As illustrated in FIG. 16, when the operation of
the ventilation system 1E is started, the control unit 1018
first determines whether the operation has been started
upon selecting the second operation mode M2 (S2501).
If, in step S2501, the control unit 1018 determines that
the operation has been started upon selecting the second
operation mode M2 (YES), the next step (S2502) is ex-
ecuted. If,in step S2501, the control unit 1018 determines
that the operation has not been started upon selecting
the second operation mode M2 (NO), the control unit
1018 ends the control at the start of operation. In step
S2502, the control unit 1018 starts the compressor 1042
and proceeds to the next step (S2503).

[0369] In step S2503, the control unit 1018 makes a
determination with respect to the low pressure PL of the
refrigerant circuit 1050. In step S2503, when the control
unit 1018 determines that the low pressure PL is not be-
low the first threshold X (pressure threshold X1) for the
low pressure PL (NO), the next step S2504 is executed.
In step S2503, when the control unit 1018 determines
that the low pressure PL is below the first threshold X
(pressure threshold X1) (YES), the next step S2507 is
executed.

[0370] In step S2504, the control unit 1018 makes a
determination with respect to the evaporation tempera-
ture TE of the second heat exchanger 1033. In step
S2504, when the control unit 1018 determines that the
evaporation temperature TE is not lower than the first
threshold X (refrigeranttemperature threshold X2) for the
evaporation temperature TE (NO), the next step S2505
is executed. In step S2504, when the control unit 1018
determines that the evaporation temperature TE is lower
than the first threshold X (refrigerant temperature thresh-
old X2) (YES), the next step S2507 is executed.

[0371] In step S2505, the control unit 1018 makes a
determination with respect to the intake air temperature
T3, which is the air temperature of the indoors 1000S1.
In step S2505, when the control unit 1018 determines
that the intake air temperature T3 is not lower than the
first threshold X (indoor temperature threshold X3) for
the intake air temperature T3 (NO), the next step S2506
is executed. In step S2505, when the control unit 1018
determines that the intake air temperature T3 is lower
than the first threshold X (indoor temperature threshold
X3)

(YES), the next step S2507 is executed.

[0372] In step S2506, the control unit 1018 makes a
determination with respect to the outside air temperature
T2, which is the air temperature of the outdoors 1000S2.
In step S2506, when the control unit 1018 determines
that the outside air temperature T2 is not lower than the
first threshold X (outside air temperature threshold X4)
for the outside air temperature T2 (NO), the next step
S2512 is executed. In step S2506, when the control unit
1018 determines that the outside air temperature T2 is
lower than the first threshold X (outside air temperature
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threshold X4) (YES), the next step S2507 is executed.
[0373] In step S2507, the control unit 1018 executes
low pressure raising control. Specifically, in step S2507,
the control unit 1018 switches the operation mode of the
ventilation system 1E to a low pressure raising mode M3
to operate the ventilation system 1E. When the control
unit 1018 executes low pressure raising control, the ven-
tilation system 1E uses the low pressure raising means
1080, which will be described later. The control unit 1018
executes a further step (S2508) after starting execution
of the low pressure raising control.

[0374] Inthe step (S2508), the control unit 1018 makes
a determination with respect to the low pressure PL of
the refrigerant circuit 1050 during execution of the low
pressure raising control. In step S2508, if the control unit
1018 determines that the low pressure PL does not ex-
ceed the second threshold Y (pressure threshold Y1) for
the low pressure PL (NO), step S2509 is executed. In
step S2508, if the control unit 1018 determines that the
low pressure PL exceeds the pressure threshold Y1
(YES), step S2511 is executed.

[0375] In step S2509, the control unit 1018 makes a
determination with respect to the saturation temperature
TS of the second heat exchanger 1033. Ifitis determined
in step S2509 that the saturation temperature TS does
not exceed the second threshold Y (saturation tempera-
ture threshold Y2) for the saturation temperature TS
(NO), step S2510 is executed. If it is determined in step
S2509 that the saturation temperature TS exceeds the
saturation temperature threshold Y2 (YES), step S2511
is executed.

[0376] In step S2510, the control unit 1018 makes a
determination with respect to the intake air temperature
T3 of the second heat exchanger 1033. When it is deter-
mined in step S2510 that the intake air temperature T3
does not exceed the second threshold Y (air temperature
threshold Y3) for the intake air temperature T3 (NO), the
process returns to step S2508. When it is determined in
step S2510 that the intake air temperature T3 exceeds
the air temperature threshold Y3 (YES), the control unit
1018 executes step S2511.

[0377] In step S2511, the control unit 1018 ends the
low pressure raising control. After ending the low pres-
sure raising control, the control unit 1018 executes step
S2512. In step S2512, the control unit 1018 switches the
operation mode of the ventilation system 1E to the sec-
ond operation mode M2 to operate the ventilation system
1E. Accordingly, the control unit 1018 ends the operation
control at the start of the operation (flow illustrated in FIG.
16).

[0378] The determination conditions in each step
(S2508) to (S2510) are conditions for determining wheth-
er the compressor 1042 can be reliably continuously op-
erated in the second operation mode M2. That is, if any
of the conditions are satisfied in the steps (S2508) to
(S2510), conditions are satisfied to ensure continuous
operation of the compressor 1042 in the second opera-
tion mode M2. By executing the low pressure raising con-
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trol (first control), the ventilation system 1E can satisfy
conditions to ensure continuous operation of the com-
pressor 1042. The ventilation system 1E can ensure con-
tinuous operation of the compressor 1042 by starting op-
eration in the second operation mode M2 after satisfying
conditions to ensure continuous operation of the com-
pressor 1042. In the present disclosure, whether to pro-
ceed to the step (S2507) is determined based on the
determination with respect to the low pressure PL in the
step (S2503), the determination with respect to the evap-
oration temperature TE in the step (S2504), the determi-
nation with respect to the intake air temperature T3 in
the step (S2505), and the determination with respect to
the outside air temperature T2 in the step (S2506); how-
ever, whether to proceed to the step (S2507) may be
determined based on only one of the steps (S2503) to
(S2506). In the present disclosure, whether to proceed
to the step (S2511) is determined based on the determi-
nation with respect to the low pressure PL in the step
(S2508), the determination with respect to the saturation
temperature TS in the step (S2509), and the determina-
tion with respect to the intake air temperature T3 in the
step (S2510); however, whether to proceed to the step
(S2511) may be determined based on only one of the
steps (S2508) to (S2510).

(Detailed embodiment of ventilation system)

[0379] Asillustrated in FIG. 15, the ventilation system
1E of the present disclosure includes a low pressure rais-
ing means 1080. The first to sixth ventilation systems 1F
to 1K described below have different configurations of
the low pressure raising means 1080. When the ventila-
tion system 1E is started upon selecting the second op-
eration mode M2, the low pressure raising means 1080
is used during execution of the above-described low
pressure raising control (see FIG. 16). In the following
description, the common parts of the first to sixth venti-
lation systems 1F to 1K are denoted by the same refer-
ence numerals, and with respect to the parts denoted by
the same reference numerals, repetitive descriptions will
be omitted.

(Thirteenth ventilation system 1F)

[0380] FIG. 17 illustrates a thirteenth ventilation sys-
tem 1F according to a thirteenth embodiment of the ven-
tilation system 1E of the present disclosure. The thir-
teenth ventilation system 1F illustrated in FIG. 17 in-
cludes an air supply unit 1020, an exhaust unit 1030, and
a compressor unit 1040. In the thirteenth ventilation sys-
tem 1F, the air supply unit 1020, the exhaust unit 1030,
and the compressor unit 1040 are integrally configured.
Although the thirteenth ventilation system 1F described
in the present embodiment includes the air supply unit
1020, the exhaust unit 1030, and the compressor unit
1040 configured integrally, in the ventilation system 1E
of the present disclosure, air supply unit 1020 (the first
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heat exchanger 1023 and the air supply fan 1022), the
exhaust unit 1030 (the second heat exchanger 1033 and
the exhaust fan 1032), and the compressor unit 1040
(the compressor 1042) may be arranged separately.
[0381] The thirteenth ventilation system 1F may be ar-
ranged outdoors 1000S2, for example. In the thirteenth
ventilation system 1F illustrated in FIG. 17, the blowout
port 1025 of the air supply unit 1020 and the intake port
1034 of the exhaust unit 1030 are directly attached to the
outer wall surface of the building 1000B. Although the
present embodiment illustrates a case where the thir-
teenth ventilation system 1F is arranged in the outdoors
100082, the thirteenth ventilation system 1F may be ar-
ranged entirely or partially in the indoors 1000S1.
[0382] As illustrated in FIG. 17, the thirteenth ventila-
tion system 1F includes an air conditioner 1081 which is
the first low pressure raising means 1080. The air con-
ditioner 1081 includes a refrigerant circuit 1081d includ-
ing an indoor unit 1081a, an outdoor unit 1081b, and a
refrigerant pipe 1081c.

(Air conditioner)

[0383] The airconditioner 1081 isinstalled in a building
1000B to implement air conditioning of the air condition-
ing target space (indoors 1000S1). The air conditioner
1081 heats and cools the air conditioning target space
by performing a steam compression type refrigeration
cycle operation. Although the present embodiment illus-
trates the air conditioner 1081 performing steam com-
pression type refrigeration cycle operation, the system
of the air conditioner as the low pressure raising means
1080 is not limited to this, and may be an air conditioner
which implements air conditioning of the target space by,
for example, cold and hot water supplied from a heat
source device.

[0384] Intheairconditioner 1081, theindoorunit1081a
is arranged indoors 1000S1 and the outdoor unit 1081b
is arranged outdoors 1000S2. The indoor unit 1081a and
the outdoor unit 1081b are connected by a refrigerant
pipe 1081c. The air conditioner 1081 has a refrigerant
circuit 1081d for air conditioning. The refrigerant circuit
1081d for air conditioning includes a compressor, a four-
way switching valve, an outdoor heat exchanger, an ex-
pansion valve, an indoor heat exchanger, and the like
(none of which are illustrated). The refrigerant circuit
1081d for air conditioning circulates the refrigerant be-
tween the indoor unit 1081a and the outdoor unit 1081b
through the refrigerant pipe 1081c. The refrigerant circuit
1081d for air conditioning is separated from the refriger-
ant circuit 1050 of the thirteenth ventilation system 1F
and constitutes an independent circuit. The air condition-
er 1081 detects the temperature of the indoors 1000S1.
[0385] In the thirteenth ventilation system 1F, the tem-
perature of the indoors 1000S1 is increased by operating
the air conditioner 1081 when the low pressure raising
control is executed. In the thirteenth ventilation system
1F, when the control unit 1018 determines that the tem-
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perature of the air in the indoors 1000S1 detected by the
air conditioner 1081 exceeds the second threshold Y (air
temperature threshold Y3 for intake air temperature T3)
(see FIG. 15), the operation of the exhaust fan 1032 is
started. In the thirteenth ventilation system 1F, this caus-
es the second heat exchanger 1033 to take in air having
a temperature higher than the air temperature threshold
Y3 for the intake air temperature T3. In the thirteenth
ventilation system 1F, the frosting in the second heat
exchanger 1033 is prevented by operating the air condi-
tioner 1081. In the thirteenth ventilation system 1F, the
intake air temperature T3 of the second heat exchanger
1033 functioning as an evaporator can be increased by
the air conditioner 1081, thereby preventing the frosting
in the second heat exchanger 1033 and preventing the
lowering of the low pressure PL of the refrigerant circuit
1050.

[0386] Inthe thirteenth ventilation system 1F, when the
second operation mode M2 is selected and the air con-
ditioner 1081 is started, the control unit 1018 may forcibly
start the air conditioner 1081. In the thirteenth ventilation
system 1F, when the second operation mode M2 is se-
lected and the air conditioner 1081 is started, the control
unit 1018 may provide information urging the user to start
the air conditioner 1081 and the user may start the air
conditioner 1081. When the thirteenth ventilation system
1F and the air conditioner 1081 are not in coordination,
after the control unit 1018 provides information urging
the user to start the air conditioner 1081, the exhaust fan
1032 may be operated to measure the intake air temper-
ature T3 after a predetermined time, and the control unit
1018 may start the air conditioner 1081 based on the
measured value. In the thirteenth ventilation system 1F,
the control unit 1018 may be configured to detect the
operation state of the air conditioner 1081, and when the
control unit 1018 detects that the air conditioner 1081 is
in operation when the second operation mode M2 is se-
lected and the air conditioner 1081 is started, the control
unit 1018 may execute low pressure raising control.
[0387] Inthe thirteenth ventilation system 1F, when the
low pressure raising control is finished, the control unit
1018 may stop the air conditioner 1081, or the control
unit 1018 may continue the operation of the air condition-
er 1081.

(Fourteenth ventilation system 1G)

[0388] FIG. 18is a schematic configuration diagram of
a ventilation system according to a fourteenth embodi-
ment of the present disclosure. FIG. 19 is a schematic
configuration diagram illustrating a state of installation of
a ventilation system according to fourteenth and fifteenth
embodiments of the present disclosure in a building. The
fourteenth ventilation system 1G illustrated in FIGS. 18
and 19 is a fourteenth embodiment of the ventilation sys-
tem 1E of the present disclosure. The fourteenth venti-
lation system 1G differs from the thirteenth ventilation
system 1F in that the fourteenth ventilation system 1G
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includes a second low pressure raising means 1082
which is a second low pressure raising means 1080.
[0389] As illustrated in FIG. 18, the fourteenth ventila-
tion system 1G includes a second low pressure raising
means 1082. The second low pressure raising means
1082 includes a bypass pipe 1082a and a valve 1082b.
The valve 1082b is, for example, a motor-driven valve,
a solenoid valve, or the like. The bypass pipe 1082a by-
passes the discharge pipe 45 of the compressor 1042
and the liquid pipe 1051L. The bypass pipe 1082a can
supply high temperature and high pressure gaseous re-
frigerant discharged from the compressor 1042 to the
second heat exchanger 1033 through the liquid pipe
1051L. The valve 1082b can switch the flow of refrigerant
in the bypass pipe 1082a. When the valve 1082b is
opened, the gaseous refrigerant can flow into the bypass
pipe 1082a, and when the valve 1082b is closed, the flow
of the gaseous refrigerant in the bypass pipe 1082a can
be stopped.

[0390] The fourteenth ventilation system 1G raises the
temperature of the refrigerant flowing through the second
heat exchanger 1033 by supplying the gaseous refriger-
ant to the second heat exchanger 1033 through the by-
pass pipe 1082a with the valve 1082b open, thereby pre-
venting frosting in the second heat exchanger 1033. In
the fourteenth ventilation system 1G, the saturation tem-
perature TS at the outlet of the second heat exchanger
1033 functioning as an evaporator can be increased by
the second low pressure raising means 1082, thereby
preventing frosting in the second heat exchanger 1033
and preventing lowering of the low pressure PL of the
refrigerant circuit 1050.

[0391] Inthe fourteenth ventilation system 1G, the con-
trol unit 1018 closes the valve 1082b to end the low pres-
sure raising control.

(Fifteenth ventilation system 1H)

[0392] FIG. 20 is a schematic configuration diagram of
a ventilation system according to a fifteenth embodiment
ofthe presentdisclosure. The fifteenth ventilation system
1H illustrated in FIGS. 19 and 20 is a fifteenth embodi-
ment of the ventilation system 1E of the present disclo-
sure. As illustrated in FIG. 20, the fifteenth ventilation
system 1H differs from the thirteenth and fourteenth ven-
tilation systems 1F and 1G in that the fifteenth ventilation
system 1H includes a third low pressure raising means
1083, which is a third low pressure raising means 1080.
[0393] The fifteenth ventilation system 1H includes a
third low pressure raising means 1083. The third low
pressure raising means 1083 includes a bypass duct
1083a and a damper 1083b. The bypass duct 1083a is
formed in the third casing 1041 and communicates with
the discharge side of the first casing 1021 and the intake
side of the second casing. The bypass duct 1083a can
supply a part of the air flow (air supply SA) generated by
the air supply unit 1020 to the intake side of the exhaust
fan 1032 in the exhaust unit 1030. The damper 1083b
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includes a valve and an opening/closing mechanism for
opening/closing the flow of the air supply SAin the bypass
duct 1083a. When the damper 1083b is opened, the sup-
ply air SA can flow in the bypass duct 1083a, and when
the damper 1083b is closed, the flow of the supply air SA
in the bypass duct 1083a can be stopped.

[0394] In the fifteenth ventilation system 1H, when the
control unit 1018 determines that the blowout air temper-
ature T1 detected by the supply air temperature sensor
1026 exceeds the second threshold Y (air temperature
threshold Y3 for the intake air temperature T3) (see FIG.
15), the damper 1083b is opened. The fifteenth ventila-
tion system 1H can raise the intake air temperature T3
of the second heat exchanger 1033 by supplying the sup-
ply air SA to the intake side of the second heat exchanger
1033 through the bypass duct 1083a while the damper
1083b is opened. In the fifteenth ventilation system 1H,
the third low pressure raising means 1083 can raise the
intake air temperature T3 of the second heat exchanger
1033 functioning as an evaporator, thereby preventing
frosting in the second heat exchanger 1033 and prevent-
ing lowering of the low pressure PL of the refrigerant cir-
cuit 1050.

[0395] Inthefifteenth ventilation system 1H, the control
unit 1018 closes the damper 1083b to end the low pres-
sure raising control.

(Sixteenth ventilation system 1I)

[0396] FIG. 21 is a schematic configuration diagram of
a ventilation system according to the sixteenth embodi-
ment of the present disclosure. The sixteenth ventilation
system 1lillustrated in FIG. 21 is a sixteenth embodiment
of the ventilation system 1E of the present disclosure. As
illustratedin FIG. 21, the configuration of the low pressure
raising means 1080 of the sixteenth ventilation system
11 differs from that of the thirteenth to fifteenth ventilation
systems 1F to 1H. The sixteenth ventilation system 11
differs from the thirteenth to fifteenth ventilation systems
1F to 1H in that the air supply unit 1020, the exhaust unit
1030, and the compressor unit 1040 are respectively sep-
arated from each other and are arranged in the indoors
1000S1. In the sixteenth ventilation system 1l, the air
supply unit 1020, the exhaust unit 1030, and the com-
pressor unit 1040 are arranged in the space (hereinafter
referred to as a ceiling space R2) behind the ceiling of
the room R1, which is the space to be ventilated in the
indoors 1000S1. Although the present embodiment illus-
trates the case where the sixteenth ventilation system 11
is arranged in the indoors 1000S1, the sixteenth ventila-
tion system 11 may be arranged entirely or partially in the
outdoors 1000S2.

[0397] In the sixteenth ventilation system 1l, the air
supply unit 1020 forms a part of the air supply flow path
1028. The air supply flow path 1028 is an air flow path
communicating with the indoors 1000S1 and the out-
doors 1000S2. The air supply flow path 1028 includes a
first air supply duct 1028a, a second air supply duct
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1028b, and an air supply unit 1020. The first air supply
duct 1028a connects the outdoors 1000S2 and the air
supply unit 1020. Specifically, the first air supply duct
1028a has anintake port 1028c atone end, and the intake
port 1028¢ is connected to an opening in the outer wall
of the building 1000B and communicates with the out-
doors 1000S2. The other end of the first air supply duct
1028a is connected to the air supply unit 1020. The sec-
ond air supply duct 1028b connects the air supply unit
1020 to the indoors 1000S1. Specifically, the second air
supply duct 1028b has a blowout port 1028d as one end,
and the blowout port 1028d is connected to an opening
on the ceiling surface of the indoors 1000S1 to commu-
nicate with the indoors 1000S1. The other end of the
second air supply duct 1028b is connected to the air sup-
ply unit 1020.

[0398] In the sixteenth ventilation system 1l, the ex-
haust unit 1030 forms a part of the exhaust air flow path
1038. The exhaust air flow path 1038 is an air flow path
communicating with the indoors 1000S1 and the out-
doors 1000S2. The exhaust air flow path 1038 includes
a first exhaust duct 1038a, a second exhaust duct 1038b,
and an exhaust unit 1030. The first exhaust duct 1038a
connects the outdoors 1000S2 and the exhaust unit
1030. Specifically, the first exhaust duct 1038a has an
exhaust port 1038c at one end, and the exhaust port
1038c is connected to an opening in the outer wall of the
building 1000B and communicates with the outdoors
1000S2. The other end of the first exhaust duct 1038a is
connected to the exhaust unit 1030. The second exhaust
duct 1038b connects the exhaust unit 1030 to the indoors
1000S1. Specifically, the second exhaustduct 1038b has
an intake port 1038d at one end, and the intake port
1038d is connected to an opening on the ceiling surface
of the indoors 1000S1 to communicate with the indoors
1000S1. The otherend of the second exhaust duct 1038b
is connected to the exhaust unit 1030.

[0399] The sixteenth ventilation system 1l includes a
fourth low pressure raising means 1084. The fourth low
pressure raising means 1084 includes a bypass duct
1084a and a damper 1084b. The bypass duct 1084a
communicates with the second air supply duct 1028b
connected to the blowout side of the air supply unit 1020
and the second exhaust duct 1038b connected to the
intake side of the exhaust unit 1030. The bypass duct
1084a can supply a part of the air flow (supply air SA)
generated by the air supply unit 1020 to the intake side
of the exhaust fan 1032 in the exhaust unit 1030. The
damper 1084b includes a valve and an opening/closing
mechanism for opening/closing the flow of the supply air
SA in the bypass duct 1084a. When the damper 1084b
is opened, the supply air SA can flow in the bypass duct
1084a, and when the damper 1084b is closed, the flow
of the supply air SA in the bypass duct 1084a can be
stopped.

[0400] In the sixteenth ventilation system 11, when the
control unit 1018 determines that the blowout air temper-
ature T1 detected by the supply air temperature sensor
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1026 exceeds the second threshold Y (the air tempera-
ture threshold Y3 for the intake air temperature T3), the
damper 1084b is opened. The sixteenth ventilation sys-
tem 1l can raise the intake air temperature T3 of the sec-
ond heat exchanger 1033 by supplying the supply air SA
to the intake side of the second heat exchanger 1033
through the bypass duct 1084a while the damper 1084b
is opened. In the sixteenth ventilation system 11, the in-
take air temperature T3 of the second heat exchanger
1033 functioning as an evaporator can be raised by the
fourth low pressure raising means 1084, thereby prevent-
ing frosting in the second heat exchanger 1033 and pre-
venting lowering of the low pressure PL of the refrigerant
circuit 1050.

[0401] Inthe sixteenth ventilation system 11, the control
unit 1018 closes the damper 1084b to end the low pres-
sure raising control.

(Seventeenth ventilation system 1J)

[0402] FIG. 22 is a schematic configuration diagram of
a ventilation system according to a seventeenth embod-
iment of the present disclosure. The seventeenth venti-
lation system 1J illustrated in FIG. 22 is a seventeenth
embodiment of the ventilation system 1E of the present
disclosure. As illustrated in FIG. 22, the configuration of
the low pressure raising means 1080 of the seventeenth
ventilation system 1J is different from that of the sixteenth
ventilation system 11. The seventeenth ventilation sys-
tem 1J includes a fifth low pressure raising means 1085
which is a fifth low pressure raising means 1080.
[0403] The fifth low pressure raising means 1085 in-
cludes an intake duct 1085a, a damper 1085b, and a
ceiling space temperature sensor 1085c. The intake duct
1085a is connected to the second exhaust duct 1038b
and is opened in the ceiling space R2 so that air in the
ceiling space R2 can be taken into the exhaust unit 1030
by driving the exhaust fan 1032. In the seventeenth ven-
tilation system 1J, air in the ceiling space R2 taken into
the exhaust unit 1030 can be passed into the second
heat exchanger 1033. The damper 1085b is a valve for
opening and closing the air flow in the intake duct 1085a.
When the damper 1085b is opened, the air in the ceiling
space R2 can be taken into the intake duct 1085a, and
when the damper 1085b is closed, the air flow in the
intake duct 1085a can be stopped.

[0404] In the seventeenth ventilation system 1J, the
ceiling space temperature sensor 1085c is connected to
the control unit 1018. The ceiling space temperature sen-
sor 1085c can detect the temperature of the air in the
ceiling space R2. In the seventeenth ventilation system
1J, when the control unit 1018 determines that the tem-
perature T4 of the airin the ceiling space R2 has exceed-
ed the second threshold Y (the air temperature threshold
Y3 for the intake air temperature T3), the damper 1085b
is opened and the air in the ceiling space R2 is passed
to the second heat exchanger 1033 through the intake
duct 1085a.
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[0405] The seventeenth ventilation system 1J can
raise the intake air temperature T3 of the second heat
exchanger 1033 by supplying the air in the ceiling space
R2 to the intake side of the second heat exchanger 1033
through the intake duct 1085a while the damper 1085b
is opened. In the seventeenth ventilation system 1J, the
intake air temperature T3 of the second heat exchanger
1033 functioning as an evaporator can be raised by the
fifth low pressure raising means 1085, thereby preventing
frosting in the second heat exchanger 1033 and prevent-
ing lowering of the low pressure PL of the refrigerant cir-
cuit 1050.

[0406] In the seventeenth ventilation system 1J, the
control unit 1018 closes the damper 1085b, thereby end-
ing the low pressure raising control.

(Eighteenth ventilation system 1K)

[0407] FIG. 23 is a schematic configuration diagram of
a ventilation system according to an eighteenth embod-
iment of the present disclosure. The eighteenth ventila-
tion system 1K illustrated in FIG. 23 is a eighteenth em-
bodiment of the ventilation system 1E of the present dis-
closure. As illustrated in FIG. 23, the configuration of the
low pressure raising means 1080 of the eighteenth ven-
tilation system 1K is different from those of the sixteenth
and seventeenth ventilation systems 11 and 1J.

[0408] The eighteenth ventilation system 1K includes
a sixth low pressure raising means 1086 which is a sixth
low pressure raising means 1080. The sixth low pressure
raising means 1086 includes a louver 1086a which is
turnably arranged around a rotation axis and a mecha-
nism (not illustrated) for turning the louver 1086a. The
louver 1086a is arranged in the vicinity of the blowout
port 1028d in the indoors 1000S1. The louver 1086a is
turnably configured between a housing position 1000P1
which does notchange the blowout direction of the supply
air SA blown out from the blowout port 1028d, and an
operating position 1000P2 which changes the blowout
direction of the supply air SA blown out from the blowout
port 1028d.

[0409] In the eighteenth ventilation system 1K, when
the control unit 1018 determines that the blowout air tem-
perature T1 detected by the air supply temperature sen-
sor 1026 has exceeded the second threshold Y (the air
temperature threshold Y3 for the intake air temperature
T3), the louver 1086a is rotated from the housing position
1000P1 to the operating position 1000P2. In the eight-
eenth ventilation system 1K, the blowout direction of the
air supply SA blown out from the blowout port 1028d is
changed by hitting the louver 1086a and flows toward
the intake port 1038d. In the eighteenth ventilation sys-
tem 1K, the intake air temperature T3 of the second heat
exchanger 1033 is increased by actively taking in the air
supply SA having a higher temperature than that of the
indoor air 1000S1 through the intake port 1038d. In the
eighteenth ventilation system 1K, the intake air temper-
ature T3 of the second heat exchanger 1033 functioning
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as an evaporator can be increased by the sixth low pres-
sure raising means 1086, whereby frosting in the second
heat exchanger 1033 can be prevented and lowering of
the low pressure PL of the refrigerant circuit 1050 can be
prevented.

[0410] Inthe eighteenth ventilation system 1K, the con-
trol unit 1018 changes the turning position of the louver
1086a from the operating position 1000P2 to the housing
position 1000P1, thereby ending the low pressure raising
control.

[Effects of the embodiments]
[0411]

(1) The ventilation system 1E illustrated in the above
embodimentincludes the compressor 1042, the first
heatexchanger 1023, and the second heatexchang-
er 1033 connected by the refrigerant pipe 1051, the
refrigerant circuit 1050 through which refrigerant
flows, the air supply fan 1022 for supplying air from
the outdoors 1000S2 to the indoors 1000S1 through
the first heat exchanger 1023, the exhaust fan 1032
for exhausting air from the indoors 1000S1 to the
outdoors 1000S2 through the second heat exchang-
er 1033, and the control unit 1018. When the second
heat exchanger 1033 functions as an evaporator,
the control unit 1018 starts the compressor 1042,
and when it is determined that the low pressure PL
oftherefrigerantcircuit 1050, or the evaporation tem-
perature TE of the second heat exchanger 1033, or
the temperature of the indoors 1000S1 (intake air
temperature T3), or the temperature of the outdoors
1000S2 (outside air temperature T2) has fallen be-
low the first threshold X for the low pressure PL of
the refrigerant circuit 1050, or the evaporation tem-
perature TE of the second heat exchanger 1033, or
the intake air temperature T3, or the outside air tem-
perature T2, the control unit performs low pressure
raising control to raise the low pressure PL of the
refrigerant circuit 1050.

According to the ventilation system 1E having such
a configuration, when the second heat exchanger
1033 functions as an evaporator in the ventilation
system provided with the refrigerant circuit 1050 ca-
pable of recovering heat from the exhaust air EA,
the compressor 1042 can be reliably continuously
operated.

(2) In the fourteenth ventilation system 1G illustrated
inthe above embodiment, the refrigerant circuit 1050
has the bypass pipe 1082a connecting the discharge
pipe 45 of the compressor 1042 and the second heat
exchanger 1033 or the liquid pipe 1051L connected
to the second heat exchanger 1033, and the valve
1082b provided in the bypass pipe 1082a. In the four-
teenth ventilation system 1G, the control unit 1018
opens the valve 1082b in the low pressure raising
control (first control).
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In this case, the gas refrigerant of high temperature
and high pressure can be supplied to the second
heat exchanger 1033 in the low pressure raising con-
trol. Thus, frosting in the second heat exchanger
1033 can be prevented.

(3) In the fourteenth ventilation system 1G illustrated
in the above embodiment, when the valve 1082b is
opened, the control unit 1018 closes the valve 1082b
when the control unit 1018 determines that the low
pressure PL of the refrigerant circuit 1050, the sat-
uration temperature TS of the second heat exchang-
er 1033, or the intake air temperature T3 of the ex-
haust fan 1032 exceeds the second threshold Y for
the low pressure PL of the refrigerant circuit 1050,
the saturation temperature TS of the second heat
exchanger 1033, or the intake air temperature T3 of
the second heat exchanger 1033.

In this case, when conditions are satisfied for the
second heat exchanger 1033 to function as an evap-
orator during the execution of the low pressure rais-
ing control, the low pressure raising control can be
ended.

(4) Ineach ventilation system 1F, 1H to 1Killustrated
in the above embodiments, the control unit 1018
causes the second heat exchanger 1033 to take in
airatatemperature higher than the second threshold
Y (air temperature threshold Y3) for the intake air
temperature T3 in the low pressure raising mode M3
for performing the low pressure raising control.

In this case, air at a temperature higher than the sec-
ond threshold Y (air temperature threshold Y3) can
flow into the second heat exchanger 1033 during the
execution of the low pressure raising control. Thus,
frosting in the second heat exchanger 1033 can be
prevented.

(5) Inthe eighteenth ventilation system 1Kiillustrated
in the above embodiment, the control unit 1018 ad-
justs the blowout direction of the air supply fan 1022
so as to guide the air blown out from the air supply
fan 1022 to the intake side of the exhaust fan 1032
in the low pressure raising mode M3 for performing
the low pressure raising control.

In this case, air having a temperature higher than
the second threshold Y (air temperature threshold
Y3) for the intake air temperature T3 can flow into
the second heat exchanger 1033 during the execu-
tion of the low pressure raising control.

(6) In the thirteenth ventilation system 1F illustrated
in the above embodiment, an air conditioner 1081
for air conditioning the indoors 100051 is further pro-
vided, and the control unit 1018 drives the exhaust
fan 1032 when the air temperature of the indoors
1000S1 becomes higher than the second threshold
Y (air temperature threshold Y3) by the air condition-
er 1081 in the low pressure raising mode M3 for per-
forming the low pressure raising control.

In this case, air having a higher temperature than
the second threshold Y (air temperature threshold
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Y3) for the intake air temperature T3 can flow into
the second heat exchanger 1033 during the execu-
tion of the low pressure raising control.

[0412] The above-described embodiments and modi-
fied examples illustrate a method for preventing frosting.
The method illustrated in the above-described embodi-
ments and modified examples is not limited to the use of
the method alone, but may be used in combination with
one or more methods described in other embodiments
and modified examples.

[0413] According to the above-described embodi-
ments and modified examples, by performing the above-
described control, it is possible to prevent frosting (for
example, with respect to the second heat exchanger) and
to continue the ventilation operation by supplying air to
an indoor space and exhausting air to the outdoors with-
out stopping. The prevention of frosting is not limited to
avoiding frosting, but means controlling such that frost
does not grow even if frosting occurs. In a ventilation
apparatus or ventilation system according to an embod-
iment and a modified example, it is possible to maintain
the comfort of a living room space by controlling frosting
and continuing the ventilation operation.

[0414] The number of air supply units and exhaust
units described in the above-described embodiments
and the modified examples is indicated as an example.
The number of air supply units and the number of exhaust
units may be determined according to the living room
space. For example, the number of air supply units may
be one or more, and the number of exhaust units may
be one or more. Further, the control unit illustrated in the
above-described embodiments and the modified exam-
ples is described as an embodiment, and may be includ-
ed in any device.

[0415] Although the embodiments have been de-
scribed above, it will be understood that various changes
in form and details are possible without departing from
the object and scope of the claims. Various modified ex-
amples and improvements such as combinations and
substitutions with some or all of the other embodiments
are possible.

[0416] The present international application is based
upon and claims priority to Japanese patent application
no. 2021-204798 filed on December 17, 2021 and Jap-
anese patent application no. 2021-205609 filed on De-
cember 17, 2021, the entire contents of which are incor-
porated herein by reference.

Reference Signs List
[0417]

1, 1A, 1B, 1C, 1D_1, 1D_2, 1D_3 ventilation appa-
ratus

2, 2C air conditioner

10, 110, 210, 310, 410A, 410B, 510A, 510B, 510C,
730 exhaust unit
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11 fan

12 second heat exchanger

13, 113, 213, 313, 413A, 413B control unit
14 temperature detecting unit

15 driving motor

16 electric valve

20, 220A, 220B, 320A, 320B, 420A, 420B, 520A,
520B, 520C air supply unit

21 fan

22 first heat exchanger

23, 423A, 423B control unit

24 temperature detecting unit

25 driving motor

26 electric valve

40 opening/closing damper

50, 350, 450, 550A, 550B, 550C, 650 compressor
unit 51 driving motor

52, 452 control unit

53 compressor

54 four-way valve

55 electric valve

56 bypass electric valve

70,470, 571, 572, 573 outdoor unit

71, 471 control unit

81, 82, 581, 582, 583, 584, 585, 586, 587, 588 air
conditioning indoor unit

400, 500, 600 upper-level control device
601, 602 electric Valve

732 third heat exchanger

733 control unit

F1, F2, F3, F4, F401, F402, F403, F404 refrigerant
circuit

F5,F501, F502, F503, F601, F602, F603 connection
pipe

F6 bypass flow path

P1, P101 air supply flow path

P2, P103 return air flow path

P2A first return air branch path

P2B second return air branch path

P102 bypass flow path

P201, P401 first air supply flow path
P202, P402 second air supply flow path
P203 return air flow path

P403 first return air flow path

P404 second return air flow path

1E ventilation system

1F thirteenth ventilation system

1G fourteenth ventilation system

1H fifteenth ventilation system

11 sixteenth ventilation system

1J seventeenth ventilation system

1K eighteenth ventilation system

1018 control unit

1022 air supply fan

1023 first heat exchanger

1032 exhaust fan

1033 second heat exchanger

1042 compressor

10

15

20

25

30

35

40

45

50

55

38

1045 discharge pipe

1050 refrigerant circuit

1051 refrigerant pipe

1051L liquid pipe

1080 low pressure raising means

1081 air conditioner

1082a bypass pipe

1082b valve

1000S1 indoor

1000S2 outdoor

PL low pressure

TE evaporation temperature

TS saturation temperature

T2 outdoor air temperature

T3 intake air temperature

X first threshold

Y second threshold

Y3 air temperature threshold (second threshold for
intake air temperature)

SA air supply (air blown out of air supply fan)

Claims

1.

A ventilation apparatus comprising:

a compressor;
a first heat exchanger configured to function as
a condenser or an evaporator;

afirst air flow path configured to supply air taken
infrom outdoors to anindoor space after passing
through the first heat exchanger;

a second heat exchanger configured to function
as a condenser or an evaporator;

a second air flow path configured to exhaust air
taken in from the indoor space to the outdoors
after passing through the second heat exchang-
er;

a refrigerant circuit through which a refrigerant
flows, the refrigerant circuit being connected to
the compressor, the first heat exchanger, and
the second heat exchanger by arefrigerant pipe;
and

a control unit configured to detect whether a pre-
determined reference indicating a possibility of
frosting in the second heat exchangeris satisfied
while the second heat exchanger is functioning
as an evaporator, and to control a temperature
of the refrigerant flowing through the second
heat exchanger such that the second heat ex-
changer will have a temperature at which frost-
ing does not occur in the second heat exchang-
er, when the control unit detects that the prede-
termined reference is satisfied.

2. The ventilation apparatus according to claim 1,

wherein the control unit detects whether the prede-
termined reference is satisfied while the second heat
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exchanger is functioning as an evaporator, and out-
puts a signal for controlling an air conditioner provid-
ed in the indoor space to control the temperature of
the refrigerant flowing through the second heat ex-
changer, when the control unit detects that the pre-
determined reference is satisfied.

The ventilation apparatus according to claim 2,
wherein the control unit outputs a signal for increas-
ing atemperature currently set for the air conditioner,
with respect to the air conditioner provided in the
indoor space, when the control unit detects that the
predetermined reference is satisfied.

The ventilation apparatus according to claim 2, fur-
ther comprising:

a second ventilation unit configured to adjust an
air volume flowing to the second heat exchanger
upon flowing through the second air flow path,
wherein

the control unit drives the second ventilation unit
when an air temperature in the indoor space be-
comes higherthan a second threshold, after out-
putting the signal for controlling the air condi-
tioner.

The ventilation apparatus according to claim 1,
wherein

the refrigerant circuit includes a bypass pipe
configured to pass the refrigerant to the second
heat exchanger without involving the first heat
exchanger while the second heat exchanger is
functioning as an evaporator, wherein

the control unit implements control to cause the
refrigerant that has been compressed at the
compressor to flow to the second heat exchang-
er via the bypass pipe, when the predetermined
reference is satisfied.

The ventilation apparatus according to claim 5,
wherein after the control unit implements control to
cause the refrigerant to flow to the second heat ex-
changer via the bypass pipe, the control unit imple-
ments control to close a valve part for causing the
refrigerant that has been compressed at the com-
pressor to flow to the second heat exchanger via the
bypass pipe, when a low pressure of the refrigerant
circuit or a saturation temperature of the second heat
exchanger or an intake air temperature of the second
heat exchanger is determined to exceed a second
threshold with respect to the low pressure of the re-
frigerant circuit or the saturation temperature of the
second heat exchanger or the intake air temperature
of the second heat exchanger.

The ventilation apparatus according to claim 1, fur-
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ther comprising:

a third air flow path configured to take in air from
a space that is different from a space from which
the second air flow path takes in air in the indoor
space, and to pass the taken in air to the second
heat exchanger; and

a first guide mechanism configured to switch be-
tween whether or not to guide air to the second
heat exchanger through the third air flow path,
wherein

the control unit controls the first guide mecha-
nism to guide air to the second heat exchanger
through the third air flow path when the prede-
termined reference is satisfied.

8. The ventilation apparatus according to claim 1, fur-

ther comprising:

a second ventilation unit configured to adjust an
air volume flowing to the second heat exchanger
upon flowing through the second air flow path,
wherein

the control unit controls the second ventilation
unitto increase the air volume flowing to the sec-
ond heatexchanger compared to before the pre-
determined reference is satisfied, when the pre-
determined reference is satisfied.

9. The ventilation apparatus according to claim 8, fur-

ther comprising:

a plurality of the second heat exchangers; and
the second ventilation unit associated with each
of the plurality of the second heat exchangers,
wherein

the control unit controls the second ventilation
unit associated with any one of the plurality of
the second heat exchangers, to increase the air
volume flowing to the corresponding second
heat exchanger compared to before the prede-
termined reference is satisfied, when the prede-
termined reference is satisfied, while the plural-
ity of the second heat exchangers are function-
ing as an evaporator.

10. The ventilation apparatus according to claim 9,

wherein the control unit controls the second ventila-
tion unit associated with any other one of the plurality
of the second heat exchangers, to reduce the air
volume flowing to the corresponding second heat
exchanger compared to before the predetermined
reference is satisfied, when controlling the second
ventilation unit associated with the one of the plurality
of the second heat exchangers to increase the air
volume.

11. The ventilation apparatus according to claim 9, fur-
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ther comprising: predetermined reference is satisfied.
a first ventilation unit configured to adjust an air 15. The ventilation apparatus according to claim 1, fur-
volume flowing to the first heat exchanger upon ther comprising:
flowing through the first air flow path, wherein 5
the control unit controls the first ventilation unit a second ventilation unit configured to adjust an
toincrease the air volume flowing to the first heat air volume flowing to the second heat exchanger
exchanger compared to before the predeter- upon flowing through the second air flow path,
mined reference is satisfied, based on the air wherein
volume increased with respect to the second 70 the control unit implements control to stop the
ventilation unit, when the second ventilation unit compressor and to control the second ventila-
associated with the one of the plurality of the tion unit to cause air that has passed through
second heat exchangers is controlled to in- the second air flow path to flow to the second
crease the air volume. heat exchanger, when the predetermined refer-
15 ence is satisfied.
12. The ventilation apparatus according to claim 1, fur-
ther comprising: 16. The ventilation apparatus according to claim 1, fur-
ther comprising:
a first ventilation unit configured to adjust an air
volume flowing to the first heat exchanger upon 20 a plurality of the second heat exchangers; and
flowing through the first air flow path; and the second ventilation unit associated with each
a second ventilation unit configured to adjust an of the plurality of the second heat exchangers,
air volume flowing to the second heat exchanger wherein
upon flowing through the second air flow path, the refrigerant circuit includes a first valve part
wherein 25 configured to adjust an opening of a flow path
the control unit controls the first ventilation unit flowing to the second heat exchanger for each
toincrease the air volume flowing to the first heat of the second heat exchangers, and
exchanger and controls the second ventilation the control unit implements control to close a
unitto increase the air volume flowing to the sec- plurality of the first valve parts associated with
ond heatexchanger compared to before the pre- 30 the second heat exchanger satisfying the pre-
determined reference is satisfied, upon deter- determined reference in a predetermined order,
mining that the predetermined reference is sat- and controls the second ventilation unit associ-
isfied when a signal indicating to perform a de- ated with the second heat exchanger satisfying
frosting operation is received from an air condi- the predetermined reference to cause air that
tioner provided in the indoor space, while the 35 has passed through the second air flow path to
second heat exchanger is functioning as an flow to the second heat exchanger, when infor-
evaporator. mation relating to a temperature detected from
the plurality of the second heat exchangers has
13. The ventilation apparatus according to claim 1, fur- satisfied the predetermined reference.
ther comprising: 40
17. The ventilation apparatus according to claim 1, fur-
a bypass flow path configured to guide air that ther comprising:
has undergone heat exchange by the first heat
exchanger to the second heat exchanger; and a first ventilation unit configured to adjust an air
a second guide mechanism configured to switch 45 volume flowing to the first heat exchanger upon
between whether or not to guide air to the sec- flowing through the first air flow path; and
ond heat exchanger through the bypass flow a second ventilation unit configured to adjust an
path, wherein air volume flowing to the second heat exchanger
the control unit controls the second guide mech- upon flowing through the second air flow path,
anism to guide air to the second heat exchanger 50 wherein
through the bypass flow path when the prede- the control unit controls the first ventilation unit
termined reference is satisfied. and the second ventilation unit such that an air
volume exhausted to the outdoors by the second
14. The ventilation apparatus according to claim 1, air flow path is greater than an air volume sup-
55

wherein the control unit adjusts a flow of air by a flow
adjustment mechanism so as to guide, to an intake
side of the second air flow path, air blown out from
the first air flow path to the indoor space, when the

40

plied to the indoor space by the first air flow path,
when the predetermined reference is satisfied.

18. The ventilation apparatus according to claim 1,
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wherein the control unit controls the first heat ex-
changer such that a temperature of air that has
passed through the first heat exchanger becomes
lower than a temperature set in an air conditioner
provided in the indoor space, when the predeter-
mined reference is satisfied.

The ventilation apparatus according to claim 1,
wherein

a plurality of combinations of the compressor,
the first heat exchanger, the second heat ex-
changer, the refrigerant circuit, and the second
ventilation unit associated with the second heat
exchanger are provided, and

the control unit implements control to stop the
compressor associated with the second heat ex-
changer satisfying the predetermined reference
in a predetermined order, and controls the sec-
ond ventilation unit associated with the second
heat exchanger satisfying the predetermined
reference such that air that has passed through
the second air flow path flows to the second heat
exchanger, when information relating to a tem-
perature detected from a plurality of the second
heat exchanger satisfies the predetermined ref-
erence.

The ventilation apparatus according to any one of
claims 1 to 19, wherein as the predetermined refer-
ence indicating a possibility of frosting in the second
heat exchanger, the control units determines wheth-
er alow pressure of the refrigerant circuit or an evap-
oration temperature of the second heat exchanger
or a temperature of the indoor space or a tempera-
ture of the outdoors has dropped below afirst thresh-
old with respect to the low pressure of the refrigerant
circuit or the evaporation temperature of the second
heat exchanger or the temperature of the indoor
space or the temperature of the outdoors.

The ventilation apparatus according to any one of
claims 1 to 20, further comprising:

a first casing configured to house the first heat
exchanger and at least a part of the first air flow
path; and

a second casing configured to house the second
heat exchanger and at least a part of the second
air flow path, wherein

the first casing and the second casing are sep-
arable.

The ventilation apparatus according to claim 21,
wherein the control unitimplements control to reduce
a rotational speed of the compressor compared to
before the predetermined reference is satisfied,
when the predetermined reference is satisfied.
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23. The ventilation apparatus according to claim 21, fur-

ther comprising:

the refrigerant circuit including a second valve
part configured to adjust an opening of a flow
path, the second valve part being provided be-
tween the first heat exchanger and the second
heat exchangers, wherein

the control unit implements control to increase
an opening of the second valve part compared
to before the predetermined reference is satis-
fied, when the predetermined reference is sat-
isfied.

24. The ventilation apparatus according to claim 1, fur-

ther comprising:

a third valve part provided downstream from the
second heat exchanger in a flow of the refriger-
ant in the refrigerant circuit when the second
heat exchanger functions as an evaporator,
wherein

the control unitimplements control to throttle the
third valve part compared to before the prede-
termined reference is satisfied, when the prede-
terminedreference is satisfied, when the second
heat exchanger functions as an evaporator.

25. The ventilation apparatus according to claim 24, fur-

ther comprising:

a third heat exchanger configured to function as
a condenser or an evaporator; and

a fourth air flow path configured to exhaust, to
the outdoors, air obtained by performing heat
exchange between air of the outdoors and the
refrigerant flowing through the third heat ex-
changer, wherein

the refrigerant circuit is connected to the third
heat exchanger by the refrigerant pipe in addi-
tion to the compressor, the first heat exchanger,
and the second heat exchanger.

26. An air conditioning system comprising:

a ventilation apparatus including:

a compressor configured to operate when
a heat recovery ventilation operation is per-
formed;

afirst heat exchanger configured to function
as a condenser or an evaporator;

a first air flow path configured to supply air
taken in from outdoors to an indoor space
after passing through the first heat exchang-
er;

a second heat exchanger configured to
function as a condenser or an evaporator;
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a second air flow path configured to exhaust
air taken in from the indoor space to the out-
doors after passing through the second heat
exchanger; and

80

er; and

a refrigerant circuit through which a refrigerant
flows, the refrigerant circuit being connected to
the compressor, the first heat exchanger, and

a refrigerant circuit through which a refrig- 5 the second heat exchanger by arefrigerant pipe,
erantflows, the refrigerant circuit being con- the ventilation method comprising:
nected to the compressor, the first heat ex- detecting whether a predetermined referencein-
changer, and the second heat exchanger dicating a possibility of frosting in the second
by a refrigerant pipe, heat exchanger is satisfied while the second
10 heat exchanger is functioning as an evaporator,
an air conditioner including: and controlling a temperature of the refrigerant
flowing through the second heat exchanger
a third heat exchanger configured to func- such that the second heat exchanger will have
tion as a condenser or an evaporator; and a temperature at which frosting does not occur
an air conditioning indoor unit configuredto 75 in the second heat exchanger, when the prede-
exhaust, to the indoor space, air obtained termined reference is detected to be satisfied.
by performing heat exchange between air
of the indoor space and the refrigerant flow- 28. A ventilation system comprising:
ing through the third heat exchanger, and
20 a refrigerant circuit through which a refrigerant
a control unit configured to detect whether a pre- flows, the refrigerant circuit being connected to
determined reference indicating a possibility of a compressor, a first heat exchanger, and a sec-
frosting in the second heat exchanger is satis- ond heat exchanger by a refrigerant pipe;
fied, and when the predetermined reference is an air supply fan configured to supply air from
determined to be satisfied, the control unit con- 25 outdoors to indoors through the first heat ex-
trols a temperature of the refrigerant flowing changer;
through the second heat exchanger such that an exhaust fan configured to exhaust air from
the second heat exchanger will have a temper- the indoors to the outdoors through the second
ature at which frosting does not occur in the sec- heat exchanger; and
ond heat exchanger, or controls an operationto 30 a control unit, wherein
defrost the second heat exchanger after frosting when the second heat exchanger functions as
has occurred in the second heat exchanger, an evaporator, the control unit starts the com-
based on power consumption of the ventilation pressor, and when the control unit determines
apparatus the air conditioner required for con- that a low pressure of the refrigerant circuit or
trolling the temperature of the refrigerant flowing 35 an evaporation temperature of the second heat
through the second heat exchanger such that exchanger or a temperature of the indoors or a
the second heat exchanger will have a temper- temperature of the outdoors has dropped below
ature at which frosting does not occur in the sec- a first threshold with respect to the low pressure
ond heat exchanger and power consumption of of the refrigerant circuit or the evaporation tem-
the ventilation apparatus the air conditioner re- 40 perature of the second heat exchanger or the

quired for defrosting the second heat exchanger
after frosting has occurred in the second heat
exchanger.

temperature of the indoors or the temperature
of the outdoors, the control unit performs first
control to raise the low pressure of the refriger-
ant circuit.

27. A ventilation method performed to control a ventila- 45
tion apparatus including 29. The ventilation system according to claim 28, where-

in

a compressor;
a first heat exchanger configured to function as
a condenser or an evaporator;

afirst air flow path configured to supply air taken
in from outdoors to anindoor space after passing
through the first heat exchanger;

a second heat exchanger configured to function
as a condenser or an evaporator;

a second air flow path configured to exhaust air
taken in from the indoor space to the outdoors
after passing through the second heat exchang-

50

55
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the refrigerant circuit includes:

a bypass pipe configured to connect a dis-
charge pipe of the compressor and the sec-
ond heat exchanger or a liquid pipe con-
nected to the second heat exchanger; and
avalve provided inthe bypass pipe, wherein

the control unit opens the valve in the first con-
trol.



30.

31.

32.

33.

81 EP 4 450 884 A1

The ventilation system according to claim 29, where-
in when the valve is opened and the control unit de-
termines that a low pressure of the refrigerant circuit
or a saturation temperature of the second heat ex-
changer or an intake air temperature of the second
heat exchanger exceeds a second threshold with re-
spect to the low pressure of the refrigerant circuit or
the saturation temperature of the second heat ex-
changer or the intake air temperature of the second
heat exchanger, the control unit opens the valve.

The ventilation system according to claim 28, where-
in the control unit causes the second heat exchanger
to take in air having a temperature higher than a sec-
ond threshold with respect to an intake air tempera-
ture, in the first control.

The ventilation system according to claim 31, where-
in the control unit adjusts a blowout direction of the
air supply fan so as to guide air blown out from the
air supply fan toward an intake side of the exhaust
fan, in the first control.

The ventilation system according to claim 31, further
comprising:

an air conditioner configured to air condition the
indoors, wherein

the control unit drives the exhaust fan when air
temperature of the indoors becomes higher than
the second threshold due to the air conditioner,
in the first control.
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