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Description
[Technical Field]

[0001] The present disclosure relates to an aircraft air
conditioning device.

[Background Art]

[0002] Patent Document 1 below discloses an aircraft
system (aircraft air conditioning device) that supplies
conditioned air, obtained by adjusting a temperature of
compressed air generated by a compressor, to a cabin
of an aircraft. This aircraft system includes a first com-
pressor and at least one second compressor driven by
aturbine and/or a motor and is configured to operate only
the first compressor when an outside air pressure is high
and operate the first compressor and the second com-
pressor when the outside air pressure is relatively low.
[0003] Patent Documents 2 to 4 below also disclose
technologies relating to an aircraft air conditioning de-
vice.

[0004] Patent Document 5 below discloses a device
for air conditioning of an aircraft cabin, which comprises
at least two turbomachines, at least one of which is mo-
torised. The device has an economy mode, in which a
second turbine stage is supplied exclusively by an air
output obtained from the cabin. Further, the device has
a cold mode, in which compression stages of the tur-
bomachines are connected in series.

[Citation List]
[Patent Literature]
[0005]

[Patent Document 1]

Japanese Unexamined Patent Application,
Publication No. H2007-045398

[Patent Document 2]

Japanese Unexamined Patent Application,
Publication No. H2004-142501

[Patent Document 3]

Japanese Unexamined Patent Application,
Publication No. H2003-312594

[Patent Document 4]

Japanese Unexamined Patent Application,
Publication No. H2005-349912

[Patent Document 5]

US Unexamined Patent Application, First Publica-
tion No. 2003/051492 A1

First

First

First

First

[Summary of Invention]
[Technical Problem]

[0006] Incidentally, itis common to provide two orthree
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aircraft air conditioning devices in order to ensure redun-
dancy. Each device is called an ECS (Environmental
Control System) unit or Air Pack. The cabin is maintained
in a predetermined pressure environment and tempera-
ture environment by operating two devices (or three de-
vices) in parallel. However, since itis necessary to exhibit
sufficient air conditioning performance even when any
one of two devices (or three devices) stops operating, a
large margin (about twice that during normal operation)
is set for the supply capacity of the conditioned air. As a
result, it is difficult to increase the number of devices, that
is, to improve redundancy due to restrictions on installa-
tion space and weight.

[0007] The present disclosure has been made in view
of the above-described circumstances and an object
thereof is to provide an aircraft air conditioning device
capable of increasing redundancy as compared with a
conventional case.

[Solution to Problem]

[0008] In order to attain the above-described object,
the present disclosure adopts an aircraft air conditioning
device for being provided in an aircraft, wherein the de-
vice includes: a plurality of base units each of which is
provided with two electric compressors connected in se-
ries to an air flow path; a temperature controller which is
configured to adjust the temperature of air discharged
from a compressor of the two electric compressors; and
a control device which is configured to control the plurality
of base units and the temperature controller, wherein
each of the plurality of base units is configured to supply
compressed air discharged from the temperature con-
troller to an air-conditioned space as conditioned air as
a first aspect of the aircraft air conditioning device. The
temperature controller thereby includes a heat source
generating a heat medium at a predetermined tempera-
ture; and a heatexchanger that exchanges heatbetween
compressed air and the heat medium so that the com-
pressed air is maintained at a predetermined tempera-
ture. The two electric compressors and two turbines re-
spectively axially coupled to the two electric compressors
thereby constitute two electric turbochargers, and the two
turbines recover energy from the conditioned air, wherein
each of the plurality of base units includes a switch (D)
which is configured to change a connection relationship
between the two turbines and the air-conditioned space
(X)inresponse to operation modes. The two electric com-
pressors thereby include a first electric compressor; and
a second electric compressor located on a downstream
side of the first electric compressor in the air flow path.
The two turbines thereby include a first turbine axially
coupled to the first electric compressor; and a second
turbine axially coupled to the second electric compressor.
Further, the switch includes a first switching valve, a
check valve, and a second switching valve, wherein the
first switching valve is a control valve which is controlled
to be opened and closed by the control device and which
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includes one input port and two output port, and which
is configured to selectively output the temperature-con-
trolled compressed air input from the second turbine to
a first output port communicating with the air-conditioned
space or a second output port communicating with the
first turbine. The check valve is an opening and closing
valve which is provided between the second output port
of the first switching valve and the air-conditioned space,
and which is configured to be automatically opened and
closed in response to a pressure relationship therebe-
tween. The second switching valve is a control valve
which is controlled to be opened and closed by the control
device, which includes one input port and two output
ports, and which is configured to selectively output the
temperature-controlled compressed air input from the
first turbine to a first output port communicating with the
air-conditioned space or a second output port communi-
cating with the outside of the aircraft.

[0009] In the present disclosure, as a another aspect
of the aircraft air conditioning device, the control device
may be configured to control two electric motors of the
two electric compressors individually.

[0010] In the present disclosure, as another aspect of
the aircraft air conditioning device, the control device may
be configured, in a first operation mode of the operation
modes corresponding to a state in which the aircraft is
on the ground, to control the switch such that the condi-
tioned air subjected to energy recovery by the two tur-
bines is supplied to the air-conditioned space..

[0011] In the present disclosure, as another aspect of
the aircraft air conditioning device, the control device may
be configured, in a second operation mode of the oper-
ation modes corresponding to a state in which the aircraft
in the sky to control the switch such that the conditioned
air subjected to energy recovery by the second turbine
is supplied to the air-conditioned space and the condi-
tioned air collected from the air-conditioned space is sup-
plied to the first turbine and operate the electric motor of
the first electric compressor as a generator.

[Advantageous Effects of Invention]

[0012] According to the present disclosure, it is possi-
ble to provide an aircraft air conditioning device capable
of increasing redundancy as compared with a conven-
tional case.

[Brief Description of Drawings]
[0013]

FIG. 1 is a schematic diagram showing a basic con-
figuration of an aircraft air conditioning device ac-
cording to an embodiment of the present disclosure.
FIG. 2 is a block diagram showing a specific config-
uration of a base unit according to an embodiment
of the present disclosure.

FIG. 3 is a schematic diagram showing a base unit
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state in a ground/air-conditioned space energy non-
recovery mode (first operation mode) in an embod-
iment of the present disclosure.

FIG. 4 is a schematic diagram showing a base unit
state in a sky/air-conditioned space energy recovery
mode (second operation mode) in an embodiment
of the present disclosure.

[Description of Embodiments]

[0014] Hereinafter, an embodiment of the present dis-
closure will be described with reference to the drawings.
An aircraft air conditioning device according to this em-
bodiment is an air conditioning device provided in an air-
craft (passenger aircraft) and includes, as shown in FIG.
1, a plurality of base units U1 to U6, a temperature con-
troller A, and an air conditioning control device S. The
base units U1 to U6 compress (pressurize) outside air
taken into the aircraft from the outside of the aircraft to a
predetermined pressure, supply the air to a cabin X which
is a pressurization section of the aircraft, and discharge
the air collected from the cabin X to the outside of the
aircraft.

[0015] Although six base units U1 to U6 are shown in
FIG. 1, the number of base units may be any number as
long as there are multiple units. Further, the cabin X is
an air-conditioned space in this embodiment.

[0016] All the base units U1 to U6 have the same con-
figuration and include, as shown in FIG. 2 a first turbo-
charger K1, a second turbocharger K2, a switch D, and
an air conditioning control device S. Additionally, since
all the base units U1 to U6 have the same configuration
as described above, "U" is used as a generic reference
for all the base units U1 to U6 in FIG. 2.

[0017] In such a base unit U, the first turbocharger K1
is an electric turbocharger which includes a first com-
pressor 1, a first turbine 2, and a first electric motor 3
axially coupled to each other and rotationally drives the
firstcompressor 1 by the power of the first turbine 2 and/or
the first electric motor 3. This first turbocharger K1 com-
presses outside air in a first stage by the first compressor
1 and supplies the air to the second turbocharger K2.
Additionally, the first compressor 1 and the first electric
motor constitute a first electric compressor.

[0018] Thatis,inthefirstturbochargerK1, the firstcom-
pressor 1 is a centrifugal compressor which is axially cou-
pled to the first turbine 2 and the first electric motor 3 and
is rotated by the power of the first turbine 2 and/or the
first electric motor 3. This first compressor 1 compresses
outside air in a first stage and supplies the air to the sec-
ond turbocharger K2. The firstturbine 2 is a power source
which generates power by using compressed air input
from the switch D as a working fluid and supplies the air
subjected to power recovery to the switch D. The first
electric motor 3 is a power source which generates power
by being controlled and driven by the air conditioning
control device S and rotationally drives the first compres-
sor 1.
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[0019] The second turbocharger K2 is an electric tur-
bocharger which includes a second compressor 4, a sec-
ond turbine 5, and a second electric motor 6 axially cou-
pled to each other androtationally drives the second com-
pressor 4 by the power of the second turbine 5 and/or
the second electric motor 6. This second turbocharger
K2 compresses the compressed air (first-stage com-
pressed air) input from the first turbocharger K1 in a sec-
ond stage by the second compressor 2 and supplies the
air to the temperature controller A. Additionally, the sec-
ond compressor 4 and the second electric motor 6 con-
stitute a second electric compressor.

[0020] Thatis, inthe second turbocharger K2, the sec-
ond compressor 4 is a centrifugal compressor which is
axially coupled to the second turbine 5 and the second
electric motor 6 and is rotated by the power of the second
turbine 5 and/or the second electric motor 6. This second
compressor 4 compresses the compressed air (first-
stage compressed air) in a second stage and supplies
the compressed air (second-stage compressed air) to
the temperature controller A. The second turbine 5 is a
power source which generates power by using com-
pressed air (temperature-controlled compressed air)
subjected to temperature adjustment input from the tem-
perature controller A as a working fluid and supplies the
temperature-controlled compressed air subjected to
power recovery to the switch D. The second electric mo-
tor 6 is a power source which generates power by being
controlled and driven by the air conditioning control de-
vice S and rotationally drives the second compressor 4.
[0021] Thatis, such abase unit U includes two electric
turbochargers which are connected in series to an air
flow path, thatis, the first turbocharger K1 and the second
turbocharger K2. More specifically, the first compressor
1 of the first turbocharger K1 and the second compressor
4 of the second turbocharger K2 are connected in series
to the air flow path in which the outside air or the com-
pressed air (the first-stage compressed air and the sec-
ond-stage compressed air) flows.

[0022] Additionally, the aircraft is provided with an inlet
for taking in outside air from the outside of the aircraft
into the aircraftand an outlet for discharging temperature-
controlled compressed air from the inside of the aircraft
to the outside of the aircraft and the air flow path is a flow
path connecting the inlet and the outlet. Additionally, the
number of inlets is not limited to one and the number of
outlets is not limited to one.

[0023] The temperature controller A is a temperature
control device which adjusts the temperature of the com-
pressed air (the second-stage compressed air) input from
the second turbocharger K2 to a predetermined temper-
ature. This temperature controller A supplies the temper-
ature-controlled compressed air to the second turbine 5.
Such a temperature controller A includes, for example,
a heat source generating a heat medium at a predeter-
mined temperature, and a heat exchanger that exchang-
es heat between compressed air and the heat medium
so that the compressed air is maintained at a predeter-
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mined temperature. The heat medium is, for example,
outside air.

[0024] As shown in the drawing, the switch D includes
a first switching valve 7, a check valve 8, and a second
switching valve 9 and changes the connection relation-
ship between the base unit U and the cabin X (the air-
conditioned space) in response to the operation mode of
the aircraft air conditioning device. Thatis, the first switch-
ing valve 7 is a control valve which is controlled to be
opened and closed by the air conditioning control device
S and includes one input port and two output ports. This
first switching valve 7 selectively outputs the tempera-
ture-controlled compressed air input from the second tur-
bine 5 to a first output port p1 communicating with the
cabin X or a second output port p2 communicating with
the first turbine 2. The temperature-controlled com-
pressed air supplied from such a first switching valve 7
to the cabin X is the conditioned air of this embodiment.
[0025] The check valve 8 is an opening and closing
valve which is provided between the second output port
p2 of the first switching valve 7 and the cabin X and is
automatically opened and closed in response to the pres-
sure relationship therebetween. That is, this check valve
8 is opened only when the pressure of the cabin X be-
comes equal to or larger than a predetermined pressure
with respect to the pressure of the second output port p2
of the first switching valve 7 and is maintained in a closed
state in other cases.

[0026] The second switching valve 9 is a control valve
which is controlled to be opened and closed by the air
conditioning control device S and includes one input port
and two output ports. This second switching valve 9 se-
lectively outputs the temperature-controlled compressed
air input from the first turbine 2 to a first output port p3
communicating with the cabin X or a second output port
p4 communicating with the outside of the aircraft. The
temperature-controlled compressed air which is supplied
from such a second switching valve 9 to the cabin X is
the conditioned air of this embodiment.

[0027] The air conditioning control device S is a control
device which controls the base unit U and the tempera-
ture controller A. This control device is a computer in-
cluding a CPU (Central Processing Unit), a memory such
as a RAM (Random Access Memory) or a ROM (Read
Only Memory), and a storage device such as an SSD
(Solid State Drive) or a HDD (Hard Disc Drive). The air-
craft air conditioning device according to this embodi-
ment has two operation modes depending on the aircraft
state, but the air conditioning control device S controls
the base unit U and the temperature controller A in re-
sponse to the operation mode.

[0028] Next, the operation of the aircraft air condition-
ing device with such a configuration will be described in
detail with reference to FIGs. 3 and 4.

[0029] The above-described two operation modes are
a ground/air-conditioned space energy non-recovery
mode (first operation mode) and a sky/air-conditioned
space energy recovery mode (second operation mode).
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The first operation mode is an operation mode corre-
sponding to a case in which the aircraft is on the ground,
that is, the outside air pressure is relatively high. In con-
trast, the second operation mode is an operation mode
corresponding to a case in which the aircraft is in the sky,
that is, the outside air pressure is relatively low. The air
conditioning control device S controls the base unit U
and the temperature controller A as below in response
to the firstoperation mode or the second operation mode.
[0030] FIG.3isaschematicdiagram showing the state
of the base unit U in the first operation mode. In the first
operation mode, the air conditioning control device S op-
erates the first electric motor 3 and the second electric
motor 6 so that the first compressor 1 and the second
compressor 4 are rotationally driven, the input port of the
first switching valve 7 communicates with the second out-
put port p2, and the input port of the second switching
valve 9 communicates with the first output port p3. Ad-
ditionally, in this case, since the pressure of the second
output port p2 of the first switching valve 7 is sufficiently
higher than the pressure of the cabin X, the check valve
8 is maintained in a closed state.

[0031] As a result, outside air is compressed by the
first compressor 1 and the second compressor 4, is sub-
jected to temperature adjustment by the temperature
controller A, and is supplied to the second turbine 5 as
temperature-controlled compressed air. Since this tem-
perature-controlled compressed air functions as a work-
ing fluid in the second turbine 5, a part of the thermal
energy of the temperature-controlled compressed air is
subjected to power recovery by the second turbine 5 and
assists the second electric motor 6 as an auxiliary power
source. Then, the temperature-controlled compressed
air subjected to power recovery is supplied to the first
turbine 2 through the first switching valve 7.

[0032] Then, a part of the thermal energy of the tem-
perature-controlled compressed air subjected to power
recovery by the second turbine 5 is subjected to power
recovery in the first turbine 2 and assists the first electric
motor 3 as an auxiliary power source. Then, the temper-
ature-controlled compressed air subjected to power re-
covery by the first turbine 2 is supplied to the cabin X
through the second switching valve 9. Then, this temper-
ature-controlled compressed air is discharged from the
cabin X to the outside of the aircraft.

[0033] Here, this temperature-controlled compressed
air may not be directly discharged from the cabin X to
the outside of the aircraft, but the temperature-controlled
compressed air discharged from the cabin X may be pro-
vided to cool a heating circuit such as a power converter.
Thatis, an exhaust flow path provided between the cabin
X and an outflow vale provided in the aircraft may be laid
to pass through the heating circuit and the compressed
air heated by cooling the heating circuit may be dis-
charged to the outside of the aircraft.

[0034] In such afirst operation mode, FIG. 4 is a sche-
matic diagram showing the state of the base unit U in the
second operation mode. In the second operation mode,
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the air conditioning control device S operates the second
electric motor 6 to rotationally drive only the second com-
pressor 4. Further, the air conditioning control device S
causes the input port of the first switching valve 7 to com-
municate with the first output port p 1 and causes the
input port of the second switching valve 9 to communicate
with the second output port p4.

[0035] The compressed air temperature at the outlet
ofthe second compressor 4 is much higher than a desired
air temperature supplied to the cabin X regardless of
whether the aircraft is on the ground or in the sky. Here,
when the aircraft is on the ground and the outside air
temperature is high, it is difficult to sufficiently cool the
air by the temperature controller A unless the com-
pressed air temperature at the outlet of the second com-
pressor 4 is raised by increasing the compression rate
of the outside air. On the other hand, when the aircraft
is in the sky and the outside air temperature is much
lower than that on the ground, it is possible to sufficiently
cool the air by the temperature controller A even when
the compression rate of the outside air is not raised to
the same level as when the aircraft is on the ground. In
the second operation mode, only the second electric mo-
tor 6 is operated to drive only the second compressor 4
in view of such circumstances.

[0036] Insuch asecond operation mode, the first elec-
tric motor 3 does not function as a power source, and the
first electric motor 3 functions as a generator, that is, an
electric power source. In this case, since the pressure of
the second output port p2 of the first switching valve 7 is
sufficiently lower than the pressure of the cabin X, the
check valve 8 is in an open state.

[0037] As a result, the outside air is compressed by
the first compressor 1 and the second compressor 4, is
subjected to temperature adjustment by the temperature
controller A, and is supplied to the second turbine 5 as
temperature-controlled compressed air. This tempera-
ture-controlled compressed air is subjected to power re-
covery by the second turbine 5 and assists the second
electric motor 6 as an auxiliary power source. Then, the
temperature-controlled compressed air subjected to
power recovery is supplied to the cabin X through the
first switching valve 7.

[0038] Then, the compressed air of the cabin X flows
into the first turbine 2 through the check valve 8 and acts
on the first turbine 2 as a working fluid to generate power.
Then, the first electric motor 3 functions as a generator
that is rotationally driven by the power of the first turbine
2 and generates electric power. Then, the compressed
air subjected to power recovery discharged from the first
turbine 2 is discharged to the outside of the aircraft
through the second switching valve 9.

[0039] Insuch asecond operation mode, the first elec-
tric motor 3 generates regenerative power by recovering
a part of the thermal energy of the compressed air of the
cabin X. In order to obtain more regenerative power, that
is, further improve the energy recovery efficiency, it is
preferable that the compressed air of the cabin X have



9 EP 3 878 749 B1 10

greater thermal energy.

[0040] In view of such circumstances, in order to in-
crease the thermal energy of the compressed air of the
cabin X, for example, the compressed air of the cabin X
may be provided to cool a heating circuit such as a power
converter and the compressed air (heated compressed
air) heated by the heating circuit, that is, the heated com-
pressed air having thermal energy increased by the heat-
ing circuit may flow into the first turbine 2.

[0041] As described above, according to this embodi-
ment, the aircraft air conditioning device provided in the
aircraft includes the plurality of base units U1 to U6 each
of which is provided with two electric compressors (the
first compressor 1 and the first electric motor 3, and the
second compressor 4 and the second electric motor 6)
connected in series to the air flow path, the temperature
controller A which adjusts the temperature of the air dis-
charged from the compressor (the second compressor
4) of two electric compressors, and the control device S
which controls the plurality of base units U1 to U6 and
the temperature controller A, and each of the plurality of
base units U1 to U6 supplies the compressed air dis-
charged from the temperature controller A to the air-con-
ditioned space X as the conditioned air. Further, the con-
trol device S individually controls two electric motors (the
first electric motor 3 and the second electric motor 6) of
two electric compressors (the first compressor 1 and the
first electric motor 3, and the second compressor 4 and
the second electric motor 6). Further, the two electric
compressors, and two turbines (the first turbine 2 and
the second turbine 5) respectively axially coupled to two
electric compressors (the first compressor 1 and the first
electric motor 3, and the second compressor 4 and the
second electric motor 6) constitute two electric turbo-
chargers K1and K2, and the two turbines (the first turbine
2 and the second turbine 5) recover energy from the con-
ditioned air. Further, each of the plurality of base units
U1 to U6 includes the switch D which changes the con-
nection relationship between the two turbines (the first
turbine 2 and the second turbine 5) and the air-condi-
tioned space X in response to the operation modes. Fur-
ther, the control device S controls the switch D such that
the conditioned air subjected to energy recovery by two
turbines (the first turbine 2 and the second turbine 5) is
supplied to the air-conditioned space X in the first oper-
ation mode which is the operation mode corresponding
to a state in which the aircraft is on the ground. Further,
the two electric compressors (the first compressor 1 and
the first electric motor 3 and the second compressor 4
and the second electric motor 6) include the first electric
compressor (the first compressor 1 and the first electric
motor 3) and the second electric compressor (the second
compressor 4 and the second electric motor 6) located
on the downstream side of the first electric compressor
(the first compressor 1 and the first electric motor 3) in
the air flow path, two turbines (the first turbine 2 and the
second turbine 5) include the first turbine 2 axially cou-
pled to the first electric compressor (the first compressor
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1 and the first electric motor 3) and the second turbine 5
axially coupled to the second electric compressor (the
second compressor 4 and the second electric motor 6),
and the control device S controls the switch D such that
the conditioned air subjected to energy recovery by the
second turbine 5 is supplied to the air-conditioned space
X and the conditioned air collected from the air-condi-
tioned space X is supplied to the first turbine 2, and op-
erates the electric motor (the first electric motor 3) of the
first electric compressor (the first compressor 1 and the
first electric motor 3) as a generator in the second oper-
ation mode of the operation modes corresponding to a
state in which the aircraft is in the sky.

[0042] According to such an embodiment, since the
base unit U compresses outside air by the cooperation
of the first turbocharger K1 and the second turbocharger
K2, a configuration in which not one electric turbocharger
but two electric turbochargers (the first turbocharger K1
and the second turbocharger K2) are connected in series
to the air flow path is adopted. Accordingly, the first tur-
bocharger K1 and the second turbocharger K2 can be
configured to have a relatively small size.

[0043] Thus, according to this embodiment, it is pos-
sible to install a larger number of base units U than the
number of conventional devices without increasing the
installation volume. Thus, it is possible to increase re-
dundancy as compared with a conventional case without
increasing the installation volume. Further, according to
such an embodiment, it is possible to reduce the com-
pression load of the first turbocharger K1 and the second
turbocharger K2.

[0044] Further, according to this embodiment, the air
conditioning control device S individually controls the first
electric motor 3 of the first turbocharger K1 and the sec-
ond electric motor 6 of the second turbocharger K2.
Therefore, it is possible to easily change the sharing of
the first compressor 1 and the second compressor 4.
That is, it is possible to easily change the sharing of the
first compressor 1 and the second compressor 4 without
changing the flow rate of the air flowing into the first com-
pressor 1 and the second compressor 4 by switching a
pipe or the like. Accordingly, itis possible to easily handle
a change in outside air pressure.

[0045] Further, according to this embodiment, energy
is recovered from the compressed air of the cabin X in
the second operation mode. Accordingly, itis possible to
provide the aircraft air conditioning device with good en-
ergy efficiency.

[0046] Additionally, the present disclosure is not limit-
ed to the above-described embodiment and, forexample,
the following modified examples can be conceived. (1)
In the above-described embodiment, a case in which the
cabin X is the air-conditioned space has been described,
but the present disclosure is not limited thereto. For ex-
ample, in the case of an aircraft (freighter) that transports
cargo which requires air conditioning, the cargo compart-
ment in which the cargo is stored is the air-conditioned
space. That is, the applicable aircraft of the present dis-
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closure is not limited to a passenger aircraft and can be
applied to various types of aircraft.

(2) In the above-described embodiment, the base
unit U including two electric turbochargers, that is,
the first turbocharger K1 and the second turbocharg-
er K2 is adopted, but the present disclosure is not
limited thereto. For example, the base unit including
two electric compressors may be adopted. That is,
the base unit including the first electric compressor
having the first compressor 1 and the first electric
motor 3 and the second electric compressor having
the second compressor 4 and the second electric
motor 6 can be adopted. Additionally, in this case,
since power recovery is not performed by the first
turbine 2 or the second turbine 5 at all, the com-
pressed air output from the temperature controller A
is directly supplied to the cabin X (the air-conditioned
space) as the conditioned air and is discharged from
the cabin X (the air-conditioned space) to the outside
of the aircraft.

(3) In the above-described embodiment, the switch
Dincluding the first switching valve 7, the check valve
8, and the second switching valve 9 is adopted, but
the present disclosure is not limited thereto. There
may be various forms in the method of configuring
the switch in the present disclosure.

(4) In the above-described embodiment, the temper-
ature controller A is installed at the outlet of the sec-
ond compressor 4, but another temperature control-
ler B may be installed at the outlet of the first com-
pressor 1.

[Industrial Applicability]

[0047] According to the present disclosure, it is possi-
ble to provide an aircraft air conditioning device capable
of increasing redundancy as compared with a conven-
tional case.

[Reference Signs List]
[0048]

U1 to U6 Base unit

A Temperature controller

K1 First turbocharger (electric turbocharger)
K2 Second turbocharger (electric turbocharger)
D Switch

S Air conditioning control device

X Cabin (air-conditioned space)

1 First compressor

2 First turbine

3 First electric motor

4 Second compressor

5 Second turbine

6 Second electric motor

7 First switching valve

(]
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8 Check valve
9 Second switching valve

Claims

An aircraft air conditioning device for being provided
in an aircraft, wherein the device comprises:

a plurality of base units (U1-U6) each of which
is provided with two electric compressors (1, 3,
4, 6) connected in series to an air flow path;

a temperature controller (A) which is configured
to adjust a temperature of air discharged from a
compressor (1, 4) of the two electric compres-
sors (1, 3, 4, 6), and which includes:

a heat source generating a heat medium at
a predetermined temperature;

and a heat exchanger that exchanges heat
between compressed air and the heat me-
dium so that the compressed air is main-
tained at a predetermined temperature; and
a control device (S) which is configured to
control the plurality of base units (U1-U6)
and the temperature controller (A),
wherein each of the plurality of base units
(U1-U6) is configured to supply com-
pressed air discharged from the tempera-
ture controller (A) to an air-conditioned
space (X) as conditioned air,

wherein the two electric compressors (1, 3,
4, 6) and two turbines (2, 5) respectively ax-
ially coupled to the two electric compressors
(1, 3, 4, 6) constitute two electric turbo-
chargers (K1, K2), and the two turbines (2,
5) recover energy from the conditioned air,
wherein each of the plurality of base units
(U1-U6) includes a switch (D) which is con-
figured to change a connection relationship
between the two turbines (2, 5) and the air-
conditioned space (X) in response to oper-
ation modes,

wherein the two electric compressors (1, 3,
4, 6) include:

a first electric compressor (1, 3); and
a second electric compressor (4, 6) lo-
cated on a downstream side of the first
electric compressor (1, 3) in the air flow
path,

wherein the two turbines (2, 5) include:

a first turbine (2) axially coupled to
the first electric compressor (1, 3);
and

a second turbine (5) axially cou-
pled to the second electric com-
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pressor (4, 6), characterized in
that

the switch (D) includes a first
switching valve (7), a check valve
(8), and a second switching valve
(9),

thefirst switching valve (7)is a con-
trol valve which is controlled to be
opened and closed by the control
device (S), which includes one in-
put port and two output ports (p1,
p2), and which is configured to se-
lectively output the temperature-
controlled compressed air input
from the second turbine (5) to afirst
output port (p1) communicating
with the air-conditioned space (X)
or a second output port (p2) com-
municating with the first turbine (2),
the check valve (8) is an opening
and closing valve whichis provided
between the second output port
(p2) of the first switching valve (7)
and the air-conditioned space (X),
and which is configured to be au-
tomatically opened and closed in
response to a pressure relation-
ship therebetween, and

the second switching valve (9) is a
control valve which is controlled to
be opened and closed by the con-
trol device (S), which includes one
input port and two output ports (p3,
p4), and which is configured to se-
lectively output the temperature-
controlled compressed air input
from the first turbine (2) to a first
output port (p3) communicating
with the air-conditioned space (X)
or a second output port (p4) com-
municating with the outside of the
aircraft.

The aircraft air conditioning device according to
claim 1,

wherein the control device (S) is configured to control
two electric motors (3, 6) of the two electric compres-
sors (1, 3, 4, 6) individually.

The aircraft air conditioning device according to
claim 1,

wherein the control device (S) is configured to, in a
first operation mode of the operation modes corre-
sponding to a state in which the aircraft is on the
ground, control the switch (D) such that the condi-
tioned air subjected to energy recovery by the two
turbines (2, 5) is supplied to the air-conditioned
space (X).
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4.

The aircraft air conditioning device according to any
one of claims 1 to 3,

wherein the control device (S) is configured to, in a
second operation mode of the operation modes cor-
responding to a state in which the aircraft is in the
sky, control the switch such that the conditioned air
subjected to energy recovery by the second turbine
(5) is supplied to the air-conditioned space (X) and
the conditioned air collected from the air-conditioned
space (X) is supplied to the first turbine (2), and op-
erate the electric motor (3) of the first electric com-
pressor (1, 3) as a generator.

Patentanspriiche

1.

Flugzeugklimatisierungsvorrichtung, die in einem
Flugzeug vorgesehen ist, wobei die Vorrichtung um-
fasst:

eine Mehrzahl von Basiseinheiten (U1-U6), von
denen jede mitzwei elektrischen Kompressoren
(1, 3, 4, 6) versehen ist, die in Reihe mit einem
Luftstrdomungsweg verbunden sind;

eine Temperatursteuerung (A), die konfiguriert
ist, um eine Temperatur von Luft einzustellen,
die von einem Kompressor (1, 4) der zwei elek-
trischen Kompressoren (1, 3, 4, 6) abgegeben
wird, und die umfasst:

eine Warmequelle, die ein Warmemedium
mit einer vorbestimmten Temperatur er-
zeugt;

und einen Warmetauscher, der Warme zwi-
schen komprimierter Luft und dem Warme-
medium austauscht, so dass die kompri-
mierte Luft auf einer vorbestimmten Tem-
peratur gehalten wird; und

eine Steuervorrichtung (S), die konfiguriert
ist, um die Mehrzahl von Basiseinheiten
(U1-U6) und die Temperatursteuerung (A)
zu steuern,

wobei jede der Mehrzahl von Basiseinhei-
ten (U1-U6) konfiguriert ist, um komprimier-
te Luft, die von der Temperatursteuerung
(A) abgegeben wird, einem klimatisierten
Raum (X) als klimatisierte Luft zuzuftihren,
wobei die zwei elektrischen Kompressoren
(1, 3, 4, 6) und zwei Turbinen (2, 5), die je-
weils axial mit den zwei elektrischen Kom-
pressoren (1, 3, 4, 6) gekoppelt sind, zwei
elektrische Turbolader (K1, K2) bilden und
die zwei Turbinen (2, 5) Energie aus der kli-
matisierten Luft zurlickgewinnen,

wobei jede der Mehrzahl von Basiseinhei-
ten (U1-U6) einen Schalter (D) umfasst, der
konfiguriert ist, um eine Verbindungsbezie-
hungzwischen den zwei Turbinen (2, 5) und
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dem klimatisierten Raum (X) als Reaktion
auf Betriebsmodi zu andern,

wobei die zwei elektrischen Kompressoren
(1, 3, 4, 6) umfassen:

einen ersten elektrischen Kompressor
(1, 3); und

einen zweiten elektrischen Kompres-
sor (4, 6), der sich auf einer stromab-
wartigen Seite des ersten elektrischen
Kompressors (1, 3) im Luftstrémungs-
weg befindet,

wobei die zwei Turbinen (2, 5) umfas-
sen:

eine erste Turbine (2), die axial mit
dem ersten elektrischen Kompres-
sor (1, 3) gekoppelt ist; und

eine zweite Turbine (5), die axial
mitdem zweiten elektrischen Kom-
pressor (4, 6) gekoppelt ist,
dadurch gekennzeichnet, dass
der Schalter (D) ein erstes Schalt-
ventil (7), ein Rickschlagventil (8)
und ein zweites Schaltventil (9)
umfasst,

das erste Schaltventil (7) ein Steu-
erventil ist, das gesteuert wird, um
durch die Steuervorrichtung (S)
geoffnet und geschlossen zu wer-
den, das einen Eingangsan-
schluss und zwei Ausgangsan-
schlisse (p1, p2) umfasst und das
konfiguriert ist, um die temperatur-
gesteuerte komprimierte Luft, die
von der zweiten Turbine (5) einge-
geben wird, selektiv an einen ers-
ten Ausgangsanschluss (p1), der
mit dem klimatisierten Raum (X)
kommuniziert, oder einen zweiten
Ausgangsanschluss (p2), der mit
der ersten Turbine (2) kommuni-
ziert, auszugeben,

das Riickschlagventil (8) ein Off-
nungs- und SchlieRventil ist, das
zwischen dem zweiten Ausgangs-
anschluss (p2) des ersten Schalt-
ventils (7) und dem klimatisierten
Raum (X) bereitgestelltist und das
konfiguriertist, um als Reaktion auf
eine Druckbeziehung dazwischen
automatisch gedffnet und ge-
schlossen zu werden, und

das zweite Schaltventil (9) ein
Steuerventil ist, das gesteuert
wird, um durch die Steuervorrich-
tung (S) gedffnet und geschlossen
zuwerden, das einen Eingangsan-
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schluss und zwei Ausgangsan-
schlisse (p3, p4) umfasst und das
konfiguriert ist, um die temperatur-
gesteuerte komprimierte Luft, die
von der ersten Turbine (2) einge-
geben wird, selektiv an einen ers-
ten Ausgangsanschluss (p3), der
mit dem klimatisierten Raum (X)
kommuniziert, oder einen zweiten
Ausgangsanschluss (p4), der mit
der AufRenseite des Flugzeugs
kommuniziert, auszugeben.

Flugzeugklimatisierungsvorrichtung nach Anspruch
1,

wobei die Steuervorrichtung (S) konfiguriert ist, um
zwei Elektromotoren (3, 6) der zwei elektrischen
Kompressoren (1, 3, 4, 6) einzeln zu steuern.

Flugzeugklimatisierungsvorrichtung nach Anspruch
1,

wobei die Steuervorrichtung (S) konfiguriert ist, um
in einem ersten Betriebsmodus der Betriebsmodi,
der einem Zustand entspricht, in dem sich das Flug-
zeug am Boden befindet, den Schalter (D) so zu
steuern, dass die klimatisierte Luft, die einer Ener-
gierlickgewinnung durch die zwei Turbinen (2, 5) un-
terzogen wird, dem klimatisierten Raum (X) zuge-
fuhrt wird.

Flugzeugklimatisierungsvorrichtung nach einem der
Anspriiche 1 bis 3,

wobei die Steuervorrichtung (S) konfiguriert ist, um
in einem zweiten Betriebsmodus der Betriebsmodi,
der einem Zustand entspricht, in dem sich das Flug-
zeug im Himmel befindet, den Schalter so zu steu-
ern, dass die klimatisierte Luft, die einer Energie-
rickgewinnung durch die zweite Turbine (5) unter-
zogen wird, dem klimatisierten Raum (X) zugefihrt
wird und die klimatisierte Luft, die aus dem klimati-
sierten Raum (X) gesammelt wird, der ersten Turbi-
ne (2) zugefiihrt wird, und den Elektromotor (3) des
ersten elektrischen Kompressors (1, 3) als Genera-
tor zu betreiben.

Revendications

Dispositif de climatisation d’aéronef destiné a étre
prévu dans un aéronef, dans lequel le dispositif
comprend :

une pluralité d’unités de base (U1-U6) dont cha-
cune est pourvue de deux compresseurs élec-
triques (1, 3, 4, 6) connectés en série a un trajet
d’écoulement d’air ;

un dispositif de commande de température (A)
qui est configuré pour ajuster une température
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del’air évacué d’un compresseur (1, 4)des deux
compresseurs électriques (1, 3, 4, 6), et qui
comprend :

la premiére soupape de commuta-
tion (7) est une soupape de com-
mande qui est commandée pour

étre ouverte et fermée par le dis-

une source de chaleur générant un milieu % positif de commande (S), qui com-
thermique a une température prend un orifice d’entrée et deux
prédéterminée ; orifices de sortie (p1, p2), et qui est
et un échangeur de chaleur qui échange de configurée pour délivrer sélective-
la chaleur entre I'air comprimé et le milieu ment lI'entrée d’air comprimé a
thermique de sorte que I'air comprimé soit 70 température commandée de la se-
maintenu a une température conde turbine (5) a un premier ori-
prédéterminée ; et fice de sortie (p1) communiquant
un dispositif de commande (S) qui est con- avec I'espace climatisé (X) ouaun
figuré pour commander la pluralité d’unités second orifice de sortie (p2) com-
de base (U1-U6) etle dispositif de comman- 75 muniquant avec la premiére turbi-
de de température (A), ne (2),
dans lequel chacune de la pluralité d’unités le clapet anti-retour (8) est une
de base (U1-U6) est configurée pour fournir soupape d’ouverture et de ferme-
de I'air comprimé évacué du dispositif de ture qui est prévue entre le second
commande de température (A) aun espace 20 orifice de sortie (p2) de la premiere
climatisé (X) en tant qu’air conditionné, soupape de commutation (7) et
dans lequel les deux compresseurs électri- I'espace climatisé (X), et qui est
ques (1, 3, 4, 6) et deux turbines (2, 5) res- configurée pour étre automatique-
pectivement couplées axialement aux deux mentouverte etfermée en réponse
compresseurs électriques (1, 3, 4, 6) cons- 25 a une relation de pression entre
tituent deux turbocompresseurs électriques eux, et
(K1, K2), et les deux turbines (2, 5) récupeé- la seconde soupape de commuta-
rent de I'énergie de I'air conditionné, tion (9) est une soupape de com-
dans lequel chacune de la pluralité d’unités mande qui est commandée pour
de base (U1-U6) comprend un commuta- 30 étre ouverte et fermée par le dis-
teur (D) qui est configuré pour changer une positif de commande (S), qui com-
relation de connexion entre les deux turbi- prend un orifice d’entrée et deux
nes (2, 5) et I'espace climatisé (X) en ré- orifices de sortie (p3, p4), et qui est
ponse a des modes de fonctionnement, configurée pour délivrer sélective-
dans lequel les deux compresseurs électri- 35 ment lI'entrée d’air comprimé a
ques (1, 3, 4, 6) comprennent : température commandée de la
premiere turbine (2) a un premier
un premier compresseur électrique (1, orifice de sortie (p3) communi-
3); et quant avec I'espace climatisé (X)
un second compresseur électrique (4, 40 ou aun second orifice de sortie (p4)
6) situé sur un cété aval du premier communiquant avec I'extérieur de
compresseur électrique (1, 3) dans le I'aéronef.
trajet d’écoulement d’air,
dans lequel les deux turbines (2, 5) Dispositif de climatisation d’aéronef selon la reven-
comprennent : 45 dication 1,
dans lequel le dispositif de commande (S) est con-
une premiéere turbine (2) couplée figuré pour commander deux moteurs électriques (3,
axialement au premier compres- 6) des deux compresseurs électriques (1, 3, 4, 6)
seur électrique (1, 3) ; et individuellement.
une seconde turbine (5) couplée 50
axialement au second compres- Dispositif de climatisation d’aéronef selon la reven-
seur électrique (4, 6), dication 1,
caractérisé en ce que dans lequel le dispositif de commande (S) est con-
le commutateur (D) comprend une figuré pour, dans un premier mode de fonctionne-
premiére soupape de commuta- 55 ment des modes de fonctionnement correspondant

tion (7), un clapet anti-retour (8) et
une seconde soupape de commu-
tation (9),

10

aunétatdanslequel 'aéronefestau sol, commander
le commutateur (D) de sorte que l'air conditionné
soumis a une récupération d’énergie par les deux
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turbines (2, 5) soit fourni a I'espace climatisé (X).

Dispositif de climatisation d’aéronef selon I'une quel-
conque des revendications 1 a 3,

dans lequel le dispositif de commande (S) est con-
figuré pour, dans un second mode de fonctionne-
ment des modes de fonctionnement correspondant
aun état dans lequel I'aéronef est dans le ciel, com-
mander le commutateur de sorte que I'air condition-
né soumis a une récupération d’énergie par la se-
conde turbine (5) soit fourni a I'espace climatisé (X)
et l'air conditionné collecté a partir de I'espace cli-
matisé (X) soit fourni a la premiére turbine (2), et
faire fonctionner le moteur électrique (3) du premier
compresseur électrique (1, 3) en tant que généra-
teur.

10

15

20

25

30

35

40

45

50

55

1"

20



EP 3 878 749 B1

(NOILO3S NOILVZIYNSSIYd)NIGVD

A A A A X~
JOUVHOSIC
e . ’ . ¢
4V 301510
v i s : . T i |
N A A oAamandil Amnd! minG Al
LR NN | [LLLHWHO L LHW ||| LLLHWHO
LA | A A LA LA
| LLHN LHW | T LLHWHOT | LLHm R | T LLHWHO
— | ) |
) T 7 ) - ) o ) - )
{

Y3 TIOUINOD NLVYIdANGL

[ DId

12



EP 3 878 749 B1

FIG. 2
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