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DESCRIPTION

TITLE

AIR-CONDITIONER, REFRIGERATOR, AND TRANSPORT CONTAINER

TECHNICAL FIELD
[0001]

The present disclosure relates to an air control apparatus, a refrigeration apparatus, and
a transport container.

BACKGROUND ART
[0002]

Patent Document 1 discloses an air control apparatus that adjusts the composition of
inside air in an internal space. The air control apparatus includes gas separation membranes.
Some of the components in target air flowing through the gas separation membranes (such as
oxygen and carbon dioxide) permeate through the gas separation membranes. The air whose

composition has been adjusted in this manner is supplied into the internal space.

CITATION LIST
PATENT DOCUMENT
[0003]

Patent Document 1: Japanese Unexamined Patent Publication No. 2019-66169

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0004]
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If such an air control apparatus as described in Patent Document 1 has been stopped
for a long period, separation membranes contract, and thus have smaller pores. As a result, the
performance of the separation membranes deteriorates.

[0005]
It is an object of the present disclosure to reduce deterioration in the performance of a

separation membrane caused by stopping of an air control apparatus.

SOLUTION TO THE PROBLEM
[0006]

A first aspect is directed to an air control apparatus configured to adjust a composition
of inside air of an internal space (5), the air control apparatus including:

a gas separation membrane (124) to which target air is supplied; and a controller (191)
configured to execute a first action of reducing deterioration in performance of the gas
separation membrane (124) due to stop of the air control apparatus for a predetermined period.
[0007]

The meaning of the phrase “reducing deterioration in performance of the separation
membrane” as used herein also includes recovering the performance of the separation
membrane when the performance of the separation membrane deteriorates.

[0008]

According to the first aspect, the controller (191) executes the first action, thereby
making it possible to reduce deterioration in the performance of the gas separation membrane
(124) due to stop of the air control apparatus for a predetermined period.

[0009]
A second aspect is an embodiment of the first aspect. In the second aspect, the first

action includes a preliminary operation of supplying the target air to the gas separation
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membrane (124).
[0010]

According to the second aspect, the preliminary operation is executed as the first action,
and the target air is supplied to the gas separation membrane (124). The target air flowing
through the gas separation membrane (124) allows the pores of the gas separation membrane
(124) to expand, thereby making it possible to reduce deterioration in the performance of the
gas separation membrane (124).

[0011]

A third aspect is an embodiment of the second aspect. In the third aspect, the controller
(191) starts the preliminary operation when a predetermined time has elapsed since the stop of
the air control apparatus.

[0012]

According to the third aspect, the controller (191) starts the preliminary operation
when the predetermined time has elapsed since the stop of the air control apparatus. It is thus
possible to prevent a situation in which the target air does not flow through the gas separation
membrane (124) for a long period, and reduce deterioration in the performance of the gas
separation membrane (124).

[0013]

A fourth aspect is an embodiment of the second aspect. In the fourth aspect, the
controller (191) starts the preliminary operation a predetermined time prior to start of a normal
operation of the air control apparatus.

[0014]

According to the fourth aspect, the preliminary operation is started a predetermined

time prior to the start of the normal operation of the air control apparatus, making it possible to

reduce deterioration in the performance of the gas separation membrane (124) before the normal
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operation. It is thus possible to reduce a situation in which the performance of the gas separation
membrane (124) is not sufficient during the normal operation.
[0015]

A fifth aspect is an embodiment of the third or fourth aspect. The air control apparatus
of the fifth aspect further includes: an exhaust flow path (103) through which first air and second
air separated from each other by the gas separation membrane (124) are discharged to an
external space (6) in the preliminary operation.

[0016]

According to the fifth aspect, the first air and the second air that have passed through
the gas separation membrane (124) are discharged to the external space (6) via the exhaust flow
path (103) in the preliminary operation. It is thus possible to reduce a change in the composition
of the air in the internal space (5) due to the execution of the preliminary operation.

[0017]

A sixth aspect is an embodiment of any one of the third to fifth aspects. The air control
apparatus of the sixth aspect further includes: a heating element (175) configured to heat air to
be supplied to the gas separation membrane (124) in the preliminary operation.

[0018]

According to the sixth aspect, the air heated by the heating element (175) is supplied
to the gas separation membrane (124) in the preliminary operation. Accordingly, the
performance of the gas separation membranes (124) recovers more effectively.

[0019]

A seventh aspect is an embodiment of any one of the third to sixth aspects. The air

control apparatus of the seventh aspect further includes: a compression unit (110) configured to

compress air to be supplied to the gas separation membrane (124) in the preliminary operation.

[0020]
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According to the seventh aspect, the air compressed by the compression unit (110) is
supplied to the gas separation membrane (124) in the preliminary operation. Accordingly, the
performance of the gas separation membranes (124) recovers more effectively.

[0021]

An eighth aspect is an embodiment of any one of the third to seventh aspects. The air
control apparatus of the seventh aspect further includes: a dehumidifier (111, 113, 130)
configured to reduce moisture in air to be supplied to the gas separation membrane (124) in the
preliminary operation.

[0022]

According to the eighth aspect, the air the moisture of which has been reduced by the
dehumidifier (111, 113, 130) is supplied to the gas separation membrane (124) in the
preliminary operation. It is thus possible to reduce a situation in which the performance of the
gas separation membrane (124) deteriorates due to the effect of water molecules in the air in
the preliminary operation.

[0023]

A ninth aspect is an embodiment of any one of the first to eighth aspects. In the ninth
aspect, the first action includes an action for urging a person to operate the air control apparatus.
[0024]

According to the ninth aspect, the action of urging a person to operate the air control
apparatus can reduce a situation in which the air control apparatus (100) is out of operation for
a long period. It is thus possible to reduce deterioration in the performance of the gas separation
membrane (124) due to stop of the air control apparatus for a predetermined period.

[0025]
In a tenth aspect, the controller (191) outputs information on the performance of the

gas separation membrane (124).
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[0026]

According to the tenth aspect, a person, such as a user, can grasp the information on
the performance of the gas separation membrane (124).

[0027]

An eleventh aspect is directed to a refrigeration apparatus including: the air control
apparatus (100) of any one of the first to tenth aspects; and a refrigerant circuit (30) configured
to adjust a temperature inside the internal space (5).

[0028]

A twelfth aspect is directed to a transport container including: the refrigeration

apparatus (10) of the eleventh aspect; and a container body (2) in which the refrigeration

apparatus (10) is installed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

FIG. 1 is a perspective view illustrating a transport container according to an
embodiment as viewed from the front.

FIG. 2 is a longitudinal sectional view schematically illustrating an internal structure
of the transport container of the embodiment.

FIG. 3 is a piping system diagram of a refrigerant circuit of a transport refrigeration
apparatus of the embodiment.

FIG. 4 is a block diagram showing a schematic configuration of the transport container
of the embodiment.

FIG. 5 is a piping system diagram showing a configuration of an air control apparatus
of the embodiment.

FIG. 6 is a schematic sectional view of a gas separation module provided in the air
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control apparatus of the embodiment.

FIG. 7 is a schematic sectional view of a water separation module provided in the air
control apparatus of the embodiment.

FIG. 8 is a diagram corresponding to FIG. 5 and showing a first operation of the air
control apparatus of the embodiment.

FIG. 9 is a diagram corresponding to FIG. 5 and showing a second operation of the air
control apparatus of the embodiment.

FIG. 10 is a diagram corresponding to FIG. 5 and showing a third operation of the air
control apparatus of the embodiment.

FIG. 11 is a diagram corresponding to FIG. 5 and showing a fourth operation of the air
control apparatus of the embodiment.

FIG. 12 is a diagram corresponding to FIG. 5 and showing a fifth operation of the air
control apparatus of the embodiment.

FIG. 13 is a flowchart of control related to a determination of start of a preliminary
operation of the air control apparatus according to the embodiment.

FIG. 14 is a flowchart of control related to a preliminary operation of an air control
apparatus of a first variation.

FIG. 15 is a diagram corresponding to FIG. 5 and showing an air control apparatus of
a second variation.

FIG. 16 is a diagram corresponding to FIG. 5 and showing a preliminary operation of
the air control apparatus of the second variation.

FIG. 17 is a diagram corresponding to FIG. 5 and showing an air control apparatus of
a third variation.

FIG. 18 is a flowchart of control related to a first action of an air control apparatus of

a fourth variation.
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FIG. 19 is a flowchart of control related to a second action of an air control apparatus
of a fifth variation.
FIG. 20 is a diagram corresponding to FIG. 5 and showing an air control apparatus of

a sixth variation.

DESCRIPTION OF EMBODIMENTS
[0030]

Embodiments of the present disclosure will be described in detail below with reference
to the drawings. The present disclosure is not limited to the embodiments shown below, and
various changes can be made within the scope without departing from the technical concept of
the present disclosure. Since each of the drawings is intended to illustrate the present disclosure
conceptually, dimensions, ratios, or numbers may be exaggerated or simplified as necessary for
the sake of ease of understanding.

[0031]

(1) Outline of Transport Container

The present disclosure relates to a transport container (1). The transport container (1)
is a reefer container capable of controlling the temperature in the container. The transport
container (1) is used to transport fresh products such as fruits, vegetables, flowers and
ornamental plants. The fresh products absorb oxygen (O2) in the air and release carbon dioxide
(CO2).

[0032]

As illustrated in FIG. 1, the transport container (1) includes a container body (2) and a
transport refrigeration apparatus (10) provided in the container body (2). The transport
container (1) is used for marine transportation. The transport container (1) is conveyed by a

marine transporter, such as a ship. As illustrated in FIG. 5, the transport container (1) includes
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an air control apparatus (100). The air control apparatus (100) adjusts the composition of air in
the container body (2).
[0033]
(2) Container Body
The container body (2) is a storage for storing the fresh products.
[0034]

The container body (2) has a hollow box shape. The container body (2) is formed to
be horizontally long. The container body (2) has an opening formed at one end in the
longitudinal direction. The transport refrigeration apparatus (10) blocks the opening of the
container body (2). The container body (2) has an internal space (5) therein, which is an internal
space of the container for storing objects to be transported.

[0035]

(3) Transport Refrigeration Apparatus

The transport refrigeration apparatus (10) is attached to the opening of the container
body (2). The transport refrigeration apparatus (10) includes a casing (11) and a refrigerant
circuit (30). The transport refrigeration apparatus (10) adjusts the temperature of air in the
internal space (5) (the inside air).

[0036]

(3-1) Casing

As shown in FIG. 2, the casing (11) includes a division wall (12) and a partition plate
(15).

[0037]

An internal flow path (20) is formed inside the division wall (12). An external chamber

(25) which is part of an external space (6) is formed outside the division wall (12). The division

wall (12) separates the internal flow path (20) and the external chamber (25) from each other.
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[0038]

The division wall (12) includes an external wall (13) and an internal wall (14). The
external wall (13) is located outside the container body (2). The internal wall (14) is located
inside the container body (2).

[0039]

The external wall (13) closes the opening of the container body (2). The external wall
(13) is attached to a peripheral portion of the opening of the container body (2). A lower portion
of the external wall (13) bulges toward the inside of the container body (2). The external
chamber (25) is formed inside the bulging external wall (13).

[0040]

The internal wall (14) faces the external wall (13). The internal wall (14) is shaped
along the external wall (13). A thermal insulator (16) is provided between the internal wall (14)
and the external wall (13).

[0041]

The partition plate (15) is arranged further inward of the container body (2) than the
internal wall (14). The internal flow path (20) is formed between the division wall (12) and the
partition plate (15). An inflow port (21) is formed between an upper end of the partition plate
(15) and a top panel of the container body (2). An outflow port (22) is formed between a lower
end of the partition plate (15) and a lower end of the division wall (12). The internal flow path
(20) extends from the inflow port (21) to the outflow port (22).

[0042]

(3-2) Components of Refrigerant Circuit

The refrigerant circuit (30) is filled with a refrigerant. The refrigerant circulates in the
refrigerant circuit (30) to perform a vapor compression refrigeration cycle. The refrigerant

circuit (30) includes a compressor (31), an external heat exchanger (32), an expansion valve

10
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(33), an internal heat exchanger (51), and a refrigerant pipe connecting these components.
[0043]

The compressor (31) is arranged in a lower portion of the external chamber (25). The
external heat exchanger (32) is arranged in an upper portion of the external chamber (25). The
external heat exchanger (32) is a fin-and-tube heat exchanger that exchanges heat between a
refrigerant and outside air. The external heat exchanger (32) has a generally rectangular tubular
shape. The internal heat exchanger (51) is arranged in the internal flow path (20). The internal
heat exchanger (51) is a fin-and-tube heat exchanger that exchanges heat between a refrigerant
and inside air.

[0044]

(3-3) External Fan and Internal Fan

The transport refrigeration apparatus (10) includes a single external fan (34). The
external fan (34) is a propeller fan. The external fan (34) is arranged in the external chamber
(25). The external fan (34) is arranged inside the external heat exchanger (32) having a tubular
shape. The external fan (34) sends the outside air to the external heat exchanger (32).

[0045]

The transport refrigeration apparatus (10) includes two internal fans (35). The internal
fans (35) are propeller fans. The internal fans (35) are arranged in the internal flow path (20).
The internal fans (35) are arranged above the internal heat exchanger (51). The internal fans
(35) send inside air to the internal heat exchanger (51).

[0046]

(3-4) Heater

The transport refrigeration apparatus (10) includes a heater (52). The heater (52) is
arranged below the internal heat exchanger (51). The heater (52) is used to defrost the internal

heat exchanger (51).

11
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[0047]

(3-5) Electric Component Box

As illustrated in FIG. 1, the transport refrigeration apparatus (10) includes an electric
component box (36). The electric component box (36) is arranged in an upper portion of the
external chamber (25). The electric component box (36) houses electric components such as an
inverter board and a control board.

[0048]

(3-6) Configuration of Refrigerant Circuit

As shown in FIG. 3, the refrigerant circuit (30) has, as main components, the
compressor (31), the external heat exchanger (32), the expansion valve (33), and the internal
heat exchanger (51). The expansion valve (33) is an electronic expansion valve having a
variable opening degree.

[0049]

The refrigerant circuit (30) has a discharge pipe (41) and a suction pipe (42). One end
of the discharge pipe (41) is connected to a discharge portion of the compressor (31). The other
end of the discharge pipe (41) is connected to a gas end of the external heat exchanger (32).
One end of the suction pipe (42) is connected to a suction portion of the compressor (31). The
other end of the suction pipe (42) is connected to a gas end of the internal heat exchanger (51).
[0050]

The refrigerant circuit (30) has a liquid pipe (43), a receiver (44), a cooling heat
exchanger (45), a first on-off valve (46), a connecting pipe (47), a second on-off valve (48), an
injection pipe (49), and an injection valve (50).

[0051]
One end of the liquid pipe (43) is connected to a liquid end of the external heat

exchanger (32). The other end of the liquid pipe (43) is connected to a liquid end of the internal

12
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heat exchanger (51). The receiver (44) is provided for the liquid pipe (43). The receiver (44) is
a container that stores the refrigerant.
[0052]

The cooling heat exchanger (45) has a first flow path (45a) and a second flow path
(45b). The cooling heat exchanger (45) exchanges heat between the refrigerant in the first flow
path (45a) and the refrigerant in the second flow path (45b). The cooling heat exchanger (45)
is, for example, a plate heat exchanger. The first flow path (45a) is a portion of the liquid pipe
(43). The second flow path (45b) is a portion of the injection pipe (49). The cooling heat
exchanger (45) cools the refrigerant flowing through the liquid pipe (43).

[0053]

The first on-off valve (46) is arranged in the liquid pipe (43) between the receiver (44)
and the first flow path (45a). The first on-off valve (46) is an electromagnetic valve that can be
opened and closed.

[0054]

The connecting pipe (47) allows a high-pressure line and a low-pressure line of the
refrigerant circuit (30) to communicate with each other. One end of the connecting pipe (47) is
connected to the discharge pipe (41). The other end of the connecting pipe (47) is connected to
the liquid pipe (43) between the expansion valve (33) and the internal heat exchanger (51).
[0055]

The second on-off valve (48) is provided for the connecting pipe (47). The second on-
off valve (48) is an electromagnetic valve that can be opened and closed.

[0056]

The injection pipe (49) introduces the refrigerant into an intermediate-pressure portion

of the compressor (31). One end of the injection pipe (49) is connected to the liquid pipe (43)

between the receiver (44) and the first flow path (45a). The other end of the injection pipe (49)

13
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is connected to the intermediate-pressure portion of the compressor (31). An intermediate
pressure, which is the pressure of the intermediate-pressure portion, is a pressure higher than
the suction pressure and lower than the discharge pressure of the compressor (31).

[0057]

The injection valve (50) is arranged upstream of the second flow path (45b) in the
injection pipe (49). The injection valve (50) is an electronic expansion valve having a variable
opening degree.

[0058]

(3-7) First Control Unit

As shown in FIG. 4, the transport refrigeration apparatus (10) includes a first control
unit (90). The first control unit (90) includes a display (91), an operating section (92), and a
first controller (93).

[0059]

The display (91) is configured as a liquid crystal panel, for example. The display (91)
displays information on operations of the transport refrigeration apparatus (10) and the air
control apparatus (100).

[0060]

The operating section (92) includes an operation button. The operating section (92)
may be a touch panel which is also used as a liquid crystal panel serving as the display (91). A
person uses the operating section (92) to handle the operation of the transport refrigeration
apparatus (10). The person uses the operating section (92) to set the operating conditions of the
transport refrigeration apparatus (10).

[0061]
The first controller (93) includes a micro controller unit (MCU), an electric circuit, and

an electronic circuit. The MCU includes a central processing unit (CPU), a memory, and a

14



10

15

20

25

communication interface. The memory stores various programs to be executed by the CPU.
[0062]

The first controller (93) controls the external fan (34), the internal fans (35), the heater
(52), and the refrigerant circuit (30). Specifically, the first controller (93) controls the external
fan (34), the internal fans (35), the heater (52), and the compressor (31). The first controller
(93) controls the number of revolutions of the external fan (34), the number of revolutions of
the internal fans (35), and the number of revolutions (operation frequency) of the compressor
(31). The first controller (93) controls the opening degrees of the expansion valve (33), the first
on-off valve (46), the second on-off valve (48), and the injection valve (50).

[0063]

(3-8) Operation of Transport Refrigeration Apparatus

A basic operation of the transport refrigeration apparatus (10) will be described below.
When the transport refrigeration apparatus (10) is in operation, the first controller (93) causes
the compressor (31), the external fan (34), and the internal fans (35) to operate. The first
controller (93) opens the first on-off valve (46) and closes the second on-off valve (48). The
first controller (93) adjusts the opening degree of the expansion valve (33). The first controller
(93) adjusts the opening degree of the injection valve (50).

[0064]

The refrigerant compressed by the compressor (31) flows through the external heat
exchanger (32). In the external heat exchanger (32), the refrigerant dissipates heat to the outside
air to condense. The condensed refrigerant passes through the receiver (44). Part of the
refrigerant that has passed through the receiver (44) flows through the first flow path (45a) of
the cooling heat exchanger (45). The remaining of the refrigerant that has passed through the
receiver (44) flows through the injection pipe (49), and is decompressed to the intermediate

pressure by the injection valve (50). The decompressed refrigerant is introduced into the
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intermediate-pressure portion of the compressor (31).
[0065]

In the cooling heat exchanger (45), the refrigerant in the second flow path (45b)
absorbs heat from the refrigerant in the first flow path (45a) to evaporate. This cools the
refrigerant in the first flow path (45a). In other words, the degree of subcooling of the refrigerant
flowing through the first flow path (45a) increases.

[0066]

The refrigerant cooled in the cooling heat exchanger (45) is decompressed to a low
pressure by the expansion valve (33). The decompressed refrigerant flows through the internal
heat exchanger (51). In the internal heat exchanger (51), the refrigerant absorbs heat from the
inside air to evaporate. As a result, the internal heat exchanger (51) cools the inside air. The
evaporated refrigerant is sucked into the compressor (31) and compressed again.

[0067]

The air in the container body (2) circulates between the internal space (5) and the
internal flow path (20). In the internal flow path (20), the internal heat exchanger (51) cools the
inside air. Thus, the inside air of the internal space (5) can be cooled and adjusted to a
predetermined temperature.

[0068]

(4) Air Control Apparatus

The transport refrigeration apparatus (10) of this embodiment includes the air control
apparatus (100).

[0069]

The air control apparatus (100) is provided in the transport refrigeration apparatus (10)

to provide so-called controlled atmosphere (CA) transportation. The air control apparatus (100)

adjusts the composition of air in the internal space (5) of the transport container (1) so that the
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composition of the air is different from that of the atmospheric air.
[0070]

As shown in FIG. 5, the air control apparatus (100) includes an air flow path (A) into
which target air is introduced. The target air includes outside air and inside air. The air flow
path (A) may be rigid pipes, may be flexible hoses, or may be a combination of a pipe and a
hose.

[0071]

The air flow path (A) is provided with an air pump (110), a gas separation module
(120), and a sensor unit (140). The air pump (110) transfers the air in the air flow path (A). The
gas separation module (120) adjusts the composition of the air. The gas separation module (120)
separates the target air into the first air and the second air. The sensor unit (140) measures the
composition of the air.

[0072]

(4-1) Air Flow Path

The air flow path (A) includes an inflow path (101), an air supply flow path (102), an
exhaust flow path (103), an internal exhaust path (104), a bypass flow path (105), and a sensor
flow path (106).

[0073]

The inflow path (101) is a flow path for transferring the target air to the gas separation
module (120). The inflow path (101) includes a first inflow path (101a), a second inflow path
(101b), and an inflow trunk path (101c).

[0074]

The first inflow path (101a) is a flow path for introducing the outside air into the air

flow path (A). The first inflow path (101a) has an inlet end that is open to the external space

(6). The first inflow path (101a) is provided with a first air filter (F1). The first air filter (F1)
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captures dust, salt, and other substances contained in the outside air. The first air filter (F1) is
configured as a membrane filter, for example.
[0075]

The second inflow path (101b) is a flow path for introducing the inside air into the air
flow path (A). The second inflow path (101b) has an inlet end that is open to the internal space
(5). The second inflow path (101b) is provided with a second air filter (F2). The second air filter
(F2) captures dust and other substances contained in the inside air. The second air filter (F2) is
configured as a membrane filter, for example. The second inflow path (101b) is provided with
a first water separator (111).

[0076]

The inflow trunk path (101c¢) has an inlet end to which an outlet end of the first inflow
path (101a) and an outlet end of the second inflow path (101b) are connected. The inflow trunk
path (101c) has an outlet end to which a first inlet port (I1) of the gas separation module (120)
is connected. The inflow trunk path (101c¢) is provided with the air pump (110), a condensation
circuit (112), a second water separator (113), and a water separation module (130) from the
upstream side toward the downstream side of the air flow.

[0077]

The air supply flow path (102) is a flow path for transferring the air separated by the
gas separation module (120) into the internal space (5). The air supply flow path (102) includes
a first air supply path (102a), a second air supply path (102b), and an air supply trunk path
(102c).

[0078]

The first air supply path (102a) is a flow path for transferring the first air separated by

the gas separation module (120) into the internal space (5). The first air supply path (102a) has

an inlet end to which a first outlet port (O1) of the gas separation module (120) is connected.
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[0079]

The second air supply path (102b) is a flow path for transferring the second air
separated by the gas separation module (120) into the internal space (5). The second air supply
path (102b) has an inlet end to which a second outlet port (O2) of the gas separation module
(120) is connected.

[0080]

The air supply trunk path (102¢) has an inlet end to which an outlet end of the first air
supply path (102a) and an outlet end of the second air supply path (102b) are connected. The
air supply trunk path (102c) has an outlet end that is open to the internal space (5). Strictly
speaking, the outlet end of the air supply trunk path (102c) is open to a portion of the internal
flow path (20) of the transport refrigeration apparatus (10) downstream of the internal fans (35).
[0081]

The exhaust flow path (103) is a flow path for discharging the air separated by the gas
separation module (120) to the external space (6). This air includes either one or both of the
first air and the second air. The exhaust flow path (103) includes a first exhaust path (103a), a
second exhaust path (103b), and an exhaust trunk path (103c).

[0082]

The first exhaust path (103a) is a flow path for discharging the first air to the external
space (6). The first exhaust path (103a) has an inlet end connected to the first air supply path
(102a). The second exhaust path (103b) is a flow path for discharging the second air to the
external space (6). The second exhaust path (103b) has an inlet end connected to the second air
supply path (102b). The exhaust trunk path (103¢) has an inlet end to which an outlet end of the
first exhaust path (103a) and an outlet end of the second exhaust path (103b) are connected.
The exhaust trunk path (103c) has an outlet end that is open to the external space (6).

[0083]

19



10

15

20

25

The internal exhaust path (104) is a flow path for discharging air in the internal space
(5) to the external space (6). The internal exhaust path (104) has an inlet end connected to an
intermediate portion of the second inflow path (101b). Strictly speaking, the inlet end of the
internal exhaust path (104) is connected to a first switching valve (151). The internal exhaust
path (104) has an outlet end that is open to the external space (6).

[0084]

The bypass flow path (105) is connected to the inflow trunk path (101c) so that the air
bypasses the gas separation module (120). The bypass flow path (105) has an inlet end
connected to the inflow trunk path (101c). Strictly speaking, the inlet end of the bypass flow
path (105) is connected to a second switching valve (152). The bypass flow path (105) has an
outlet end connected to the first air supply path (102a).

[0085]

The sensor flow path (106) is a flow path for transferring the air to the sensor unit
(140). The sensor flow path (106) includes a first sensor path (106a) and a second sensor path
(106b). The first sensor path (106a) has an inlet end connected to the first air supply path (102a).
The first sensor path (106a) has an outlet end connected to the sensor unit (140). The second
sensor path (106b) has an inlet end connected to the sensor unit (140). The second sensor path
(106b) has an outlet end that is open to the internal space (5). Strictly speaking, the outlet end
of the second sensor path (106b) is open to a portion of the internal flow path (20) of the
transport refrigeration apparatus (10) upstream of the internal fans (35).

[0086]

(4-2) Air Pump

The air pump (110) is an example of an air transfer device. The air pump (110) has a
suction port and a discharge port. The air pump (110) compresses the air sucked in from the

suction port, and discharges the compressed air from the discharge port. The air pump (110) is
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an example of a compression unit that compresses the air to be supplied to gas separation
membranes (124).
[0087]

(4-3-1) Configuration of Gas Separation Module

The gas separation module (120) separates the target air into the first air and the second
air having different compositions. As illustrated in FIG. 6, the gas separation module (120)
includes a first case (121), a first division wall (122), a second division wall (123), and a
plurality of gas separation membranes (124). The first division wall (122) and the second
division wall (123) are arranged inside the first case (121). The plurality of gas separation
membranes (124) are arranged between the first division wall (122) and the second division
wall (123).

[0088]

The first case (121) is a cylindrical container with both ends closed. The first case (121)
extends in its axial direction. The first case (121) has one end in the axial direction to which the
first inlet port (I1) is connected. The first case (121) has the other end in the axial direction to
which the first outlet port (O1) is connected. The first case (121) has a peripheral wall portion
to which the second outlet port (O2) is connected.

[0089]

The first division wall (122) is located near the one end of the first case (121). The
second division wall (123) is located near the other end of the first case (121). The first division
wall (122) and the second division wall (123) are partitioning members for partitioning the
internal space of the first case (121) in the axial direction. The first division wall (122) and the
second division wall (123) are provided to cross the first case (121).

[0090]

The first case (121) has therein a first introduction chamber (125), a first exhaust
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chamber (126), and a second exhaust chamber (127). The first introduction chamber (125) is
formed between the one end of the first case (121) and the first division wall (122). The first
exhaust chamber (126) is formed between the other end of the first case (121) and the second
division wall (123). The second exhaust chamber (127) is formed in a space defined by the
peripheral wall portion of the first case (121), the first division wall (122), and the second
division wall (123) and is located outside the plurality of gas separation membranes (124).
[0091]

The gas separation membranes (124) are configured as hollow fiber membranes made
of resin. In other words, the gas separation membranes (124) are formed in the shape of hollow
fibers or elongated tubes. Each of the gas separation membranes (124) has an outside diameter
of 1 mm or less. The gas separation membranes (124) have substantially the same thickness.
[0092]

The gas separation membranes (124) extend between the first division wall (122) and
the second division wall (123) in the axial direction of the first case (121). One end (inlet end)
of each gas separation membrane (124) passes through the first division wall (122) to open to
the first introduction chamber (125). The other end (outlet end) of the gas separation membrane
(124) passes through the second division wall (123) to open to the first exhaust chamber (126).
The first introduction chamber (125) and the first exhaust chamber (126) communicate with
each other through the gas separation membranes (124). The second exhaust chamber (127)
does not substantially communicate with the first introduction chamber (125), the first exhaust
chamber (126), and the interiors of the gas separation membranes (124).

[0093]

The gas separation membranes (124) are polymeric non-porous membranes. Using the

fact that the rate at which molecules permeate through the gas separation membranes (124)

varies among substances, the gas separation membranes (124) separate components contained
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in mixed gas from one another.
[0094]

The permeation rate of nitrogen through the gas separation membranes (124) is lower
than the permeation rates of both oxygen and carbon dioxide. In other words, the permeability
of nitrogen through the gas separation membranes (124) is lower than the permeabilities of both
oxygen and carbon dioxide.

[0095]

(4-3-2) Action of Gas Separation Module

The target air in the inflow path (101) flows through the first inlet port (I1) into the
first introduction chamber (125). The air in the first introduction chamber (125) flows through
the interiors of the gas separation membranes (124) toward the first exhaust chamber (126).
Part of the air inside the gas separation membranes (124) permeates through the gas separation
membranes (124) to move to the second exhaust chamber (127), and the remaining part flows
out into the first exhaust chamber (126).

[0096]

The permeability of nitrogen through the gas separation membranes (124) is lower than
the permeabilities of oxygen and carbon dioxide. In other words, nitrogen in the air is less likely
to permeate through the gas separation membranes (124) than oxygen and carbon dioxide. Thus,
as the air flowing through the interiors of the gas separation membranes (124) approaches the
first exhaust chamber (126), the nitrogen concentration of the air increases, and the oxygen
concentration and carbon dioxide concentration decrease. Oxygen and carbon dioxide
contained in the air flowing through the gas separation membranes (124) permeate through the
gas separation membranes (124) to move to the second exhaust chamber (127).

[0097]

The nitrogen concentration in the air that has flowed out into the first exhaust chamber
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(126) is higher than the nitrogen concentration in the air in the first introduction chamber (125).
The oxygen concentration and carbon dioxide concentration in the air that has flowed out into
the first exhaust chamber (126) are lower than the oxygen concentration and carbon dioxide
concentration in the air in the first introduction chamber (125). The air in the first exhaust
chamber (126) is the first air. The first air flows out through the first outlet port (O1) into the
first air supply path (102a).

[0098]

The nitrogen concentration in the air that has flowed out into the second exhaust
chamber (127) is lower than the nitrogen concentration in the air in the first introduction
chamber (125). The oxygen concentration and carbon dioxide concentration in the air that has
flowed out into the second exhaust chamber (127) are higher than the oxygen concentration and
carbon dioxide concentration in the air in the first introduction chamber (125). The air in the
second exhaust chamber (127) is the second air. The second air flows out through the second
outlet port (O2) into the second air supply path (102b).

[0099]

(4-4) First Water Separator, Condensation Circuit, and Second Water Separator

The first water separator (111) is provided downstream of the second air filter (F2) in
the second inflow path (101b). The first water separator (111) removes water in a liquid state
contained in the air. Strictly speaking, the first water separator (111) is a cyclone gas-liquid
separator that removes the water in the liquid state contained in the air by centrifugal force. The
first water separator (111) is an example of a dehumidifier that reduces moisture in the air to be
supplied to the gas separation membranes (124).

[0100]
The condensation circuit (112) is arranged between the air pump (110) and the second

water separator (113) in the inflow trunk path (101c). The condensation circuit (112) is
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configured as a heat transfer tube located in the internal space (5). The air flowing through the
condensation circuit (112) is cooled by the inside air. As a result, moisture in the air in the
condensation circuit (112) condenses to form condensed water.

[0101]

The second water separator (113) is arranged between the condensation circuit (112)
and the water separation module (130) in the inflow trunk path (101c). The second water
separator (113) removes moisture contained in the air. Strictly speaking, the second water
separator (113) is a cyclone gas-liquid separator that removes water in the liquid state contained
in the air by centrifugal force. The second water separator (113) is an example of a dehumidifier
that reduces moisture in the air to be supplied to the gas separation membranes (124).

[0102]

(4-5-1) Configuration of Water Separation Module

The water separation module (130) is arranged upstream of the gas separation
membranes (124) in the inflow trunk path (101c). The water separation module (130) removes
moisture contained in the air. Strictly speaking, the water separation module (130) separates
water molecules contained in the air. The water separation module (130) of this example is a
membrane type dryer, which is the SUNSEP (the registered trademark).

[0103]

As illustrated in FIG. 7, the water separation module (130) includes a second case
(131), a third division wall (132), a fourth division wall (133), and a plurality of water
separation membranes (134). The third division wall (132) and the fourth division wall (133)
are arranged inside the second case (131). The plurality of water separation membranes (134)
are arranged between the third division wall (132) and the fourth division wall (133).

[0104]

The second case (131) is a cylindrical container with both ends closed. The second
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case (131) extends in its axial direction. The second case (131) has one end in the axial direction
to which a second inlet port (I2) is connected. The second case (131) has the other end in the
axial direction to which a third outlet port (O3) is connected. The second case (131) has a
peripheral wall portion to which a third inlet port (I3) and a fourth outlet port (O4) are connected.
The third inlet port (I3) is located in a portion of the peripheral wall portion of the second case
(131) near the other end of the second case (131). The fourth outlet port (O4) is located in a
portion of the peripheral wall portion of the second case (131) near the one end of the second
case (131).

[0105]

As illustrated in FIG. 5, the second inlet port (I12) is connected to a portion of the inflow
trunk path (101c) upstream of the water separation module (130). The third outlet port (O3) is
connected to a portion of the inflow trunk path (101c) upstream of the gas separation module
(120).

[0106]

The air flow path (A) includes an introduction path (107) and a water supply path (108).
The introduction path (107) and the water supply path (108) are connected to the water
separation module (130).
[0107]

The introduction path (107) is a flow path for supplying air with relatively low
humidity to the water separation module (130). The introduction path (107) has an inlet end
connected to the air supply trunk path (102¢). The introduction path (107) has an outlet end
connected to the third inlet port (I3) of the water separation module (130).

[0108]
The water supply path (108) is a flow path for transferring air containing water

separated by the water separation module (130) into the internal space (5). The water supply
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path (108) has an inlet end connected to the fourth outlet port (O4) of the water separation
module (130). The water supply path (108) has an outlet end connected to a portion of the air
supply trunk path (102c) downstream of the inlet end of the introduction path (107). Strictly
speaking, the outlet end of the water supply path (108) is connected downstream of a fifth
switching valve (155).

[0109]

The second case (131) has therein a second introduction chamber (135), a third exhaust
chamber (136), and a fourth exhaust chamber (137). The second introduction chamber (135) is
formed between the one end of the second case (131) and the third division wall (132). The
third exhaust chamber (136) is formed between the other end of the second case (131) and the
fourth division wall (133). The fourth exhaust chamber (137) is formed in a space defined by
the peripheral wall portion of the second case (131), the third division wall (132), and the fourth
division wall (133) and is located outside the plurality of water separation membranes (134).
[0110]

The water separation membranes (134) extend between the third division wall (132) to
the fourth division wall (133) in the axial direction of the second case (131). One end (inlet end)
of each water separation membrane (134) passes through the third division wall (132) to open
to the second introduction chamber (135). The other end (outlet end) of the water separation
membrane (134) passes through the fourth division wall (133) to open to the third exhaust
chamber (136). The second introduction chamber (135) and the third exhaust chamber (136)
communicate with each other through the water separation membranes (134). The fourth
exhaust chamber (137) does not substantially communicate with the second introduction
chamber (135), the third exhaust chamber (136), and the interiors of the water separation
membranes (134).

[0111]
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The water separation membranes (134) are configured as hollow fiber membranes
made of resin. In other words, the water separation membranes (134) are formed in the shape
of hollow fibers or elongated tubes. The water separation membranes (134) are made of fluorine
ion-exchange resin. The water separation membranes (134) have the property of allowing water
molecules in the air to permeate therethrough.

[0112]

The water separation module (130) including the water separation membranes (134) is
an example of a dehumidifier that reduces moisture in the air to be supplied to the gas separation
membranes (124).

[0113]

(4-5-2) Action of Water Separation Module

The target air in the inflow path (101) flows through the second inlet port (12) into the
second introduction chamber (135). The air in the second introduction chamber (135) flows
through the interiors of the water separation membranes (134) toward the third exhaust chamber
(136). The air in the air supply trunk path (102c) flows through the third inlet port (I3) into the
fourth exhaust chamber (137).

[0114]

Water molecules in the air inside the water separation membranes (134) permeate
through the water separation membranes (134) to move to the fourth exhaust chamber (137).
Thus, the water molecules that have permeated through the water separation membranes (134)
are imparted to the air flowing through the fourth exhaust chamber (137). The air inside the
water separation membranes (134) is dehumidified by losing the water molecules, and flows
out into the third exhaust chamber (136). The air in the third exhaust chamber (136) flows out
into the inflow trunk path (101c) through the third outlet port (O3), and is supplied to the gas

separation module (120).
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[0115]

The air humidified in the fourth exhaust chamber (137) flows out into the water supply
path (108) through the fourth outlet port (O4). The air in the water supply path (108) flows out
into the air supply trunk path (102c), and is sent into the internal space (5).

[0116]

(4-6) Sensor Unit

The sensor unit (140) includes an oxygen sensor (141), a carbon dioxide sensor (142),
and a sensor case (143).

[0117]

The oxygen sensor (141) is a sensor of zirconia current type that measures the oxygen
concentration of mixed gas such as air. The carbon dioxide sensor (142) is a non-dispersive
infrared (NDIR) sensor that measures the carbon dioxide concentration of the mixed gas such
as air. The oxygen sensor (141) and the carbon dioxide sensor (142) are housed in the sensor
case (143).

[0118]

The sensor case (143) is a box-shaped member. The sensor case (143) has a third air
filter (F3). The third air filter (F3) is a membrane filter for capturing dust and other substances
contained in the inside air. The third air filter (F3) filters the inside air flowing into the sensor
case (143).

[0119]

(4-7) Flow Path Switching Mechanism

The air flow path (A) is provided with a flow path switching mechanism for changing
the air flow. The flow path switching mechanism includes the first switching valve (151), the
second switching valve (152), a third switching valve (153), a fourth switching valve (154), and

the fifth switching valve (155). These switching valves (151, 152, 153, 154, 155) are configured
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as three-way valves.
[0120]

The first switching valve (151) is provided at the joint between the second inflow path
(101b) and the internal exhaust path (104). The first switching valve (151) switches between a
first state in which the inside air is supplied to the gas separation module (120) and a second
state in which the inside air is discharged to the external space (6). Specifically, the first
switching valve (151) in the first state allows the internal space (5) and the inflow trunk path
(101c) to communicate with each other, and isolates the internal space (5) and the external space
(6) from each other. The first switching valve (151) in the second state isolates the internal
space (5) and the inflow trunk path (101c) from each other, and allows the internal space (5)
and the external space (6) to communicate with each other.
[0121]

The second switching valve (152) is provided at the joint between the inflow trunk
path (101c) and the bypass flow path (105). In other words, the second switching valve (152)
is provided upstream of the gas separation membranes (124) in the inflow trunk path (101c).
The second switching valve (152) switches between a first state in which the air in the inflow
path (101) is supplied to the gas separation module (120) and a second state in which the air in
the inflow path (101) bypasses the gas separation module (120). Specifically, the second
switching valve (152) in the first state allows the inflow trunk path (101c) to communicate with
the gas separation membranes (124), and isolates the inflow trunk path (101c) and the bypass
flow path (105) from each other. The second switching valve (152) in the second state isolates
the inflow trunk path (101c) from the gas separation membranes (124), and allows the inflow
trunk path (101c) and the bypass flow path (105) to communicate with each other.
[0122]

The third switching valve (153) is provided at the joint between the first air supply
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path (102a) and the first exhaust path (103a). In other words, the third switching valve (153) is
provided in the first air supply path (102a), between the joint with the sensor flow path (106)
and the outlet end of the first air supply path (102a). The third switching valve (153) switches
between a first state in which the air in the first air supply path (102a) is supplied into the
internal space (5) and a second state in which the air in the first air supply path (102a) is
discharged to the external space (6). Specifically, the third switching valve (153) in the first
state allows the first air supply path (102a) and the internal space (5) to communicate with each
other, and isolates the first air supply path (102a) and the first exhaust path (103a) from each
other. The third switching valve (153) in the second state isolates the first air supply path (102a)
and the internal space (5) from each other, and allows the first air supply path (102a) and the
first exhaust path (103a) to communicate with each other.

[0123]

The fourth switching valve (154) is provided at the joint between the second air supply
path (102b) and the second exhaust path (103b). In other words, the fourth switching valve
(154) is provided in the second air supply path (102b), between the second outlet port (O2) of
the gas separation module (120) and the outlet end of the second air supply path (102b). The
fourth switching valve (154) switches between a first state in which the air in the second air
supply path (102b) is supplied into the internal space (5) and a second state in which the air in
the second air supply path (102b) is discharged to the external space (6). Specifically, the fourth
switching valve (154) in the first state allows the second air supply path (102b) and the internal
space (5) to communicate with each other, and isolates the second air supply path (102b) and
the second exhaust path (103b) each other. The fourth switching valve (154) in the second state
isolates the second air supply path (102b) and the internal space (5) from each other, and allows
the second air supply path (102b) and the second exhaust path (103b) to communicate with each

other.
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[0124]

The fifth switching valve (155) is provided at the joint between the air supply trunk
path (102c) and the introduction path (107). In other words, the fifth switching valve (155) is
provided upstream of the water supply path (108) in the air supply trunk path (102c). The fifth
switching valve (155) switches between a first state in which the air in the air supply flow path
(102) is supplied into the internal space (5) without passing through the water separation module
(130) and a second state in which the air in the air supply flow path (102) is supplied into the
internal space (5) via the water separation module (130). Specifically, the fifth switching valve
(155) in the first state allows the air supply trunk path (102¢) and the introduction path (107) to
communicate with each other, and isolates the air supply trunk path (102c) and the internal
space (5) from each other. The fifth switching valve (155) in the second state isolates the air
supply trunk path (102c) and the introduction path (107) from each other, and allows the air
supply trunk path (102c) and the internal space (5) to communicate with each other.

[0125]

The flow path switching mechanism includes an air on-off valve (156) provided in the
air flow path (A). The air on-off valve (156) is provided in the first sensor path (106a). The air
on-off valve (156) is configured as an electromagnetic valve, for example, and opens and closes
the sensor flow path (106).

[0126]

(4-8) Check Valve

The air flow path (A) is provided with a first check valve (157) and a second check
valve (158).

[0127]
The first check valve (157) is provided in the first air supply path (102a). Specifically,

the first check valve (157) is provided in the first air supply path (102a), between the first outlet
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port (O1) of the gas separation module (120) and the joint with the bypass flow path (105). The
first check valve (157) allows the air to flow from the first outlet port (O1) of the gas separation
module (120) toward the outlet end of the first air supply path (102a) and prevents the air from
flowing in the reverse direction.

[0128]

The second check valve (158) is provided in the second air supply path (102b).
Specifically, the second check valve (158) is provided in the second air supply path (102b),
between the second outlet port (O2) of the gas separation module (120) and the joint with the
second exhaust path (103b). The second check valve (158) allows the air to flow from the
second outlet port (O2) of the gas separation module (120) toward the outlet end of the second
air supply path (102b) and prevents the air from flowing in the reverse direction.

[0129]

(4-9) Pressure Sensor

The air flow path (A) is provided with a first pressure sensor (161), a second pressure
sensor (162), and a third pressure sensor (163). These pressure sensors (161, 162, 163) detect
the pressure of the air.

[0130]

The first pressure sensor (161) is provided downstream of the water separation module
(130) in the inflow path (101). Specifically, the first pressure sensor (161) is provided in the
inflow trunk path (101c¢), between the third outlet port (O3) of the water separation module
(130) and the second switching valve (152). The first pressure sensor (161) detects the pressure
inside the water separation module (130). Specifically, the first pressure sensor (161) detects
the internal pressure of the third exhaust chamber (136) or the water separation membranes
(134).

[0131]
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The second pressure sensor (162) is provided downstream of the gas separation module
(120) in the first air supply path (102a). Specifically, the second pressure sensor (162) is
provided in the first air supply path (102a), between the first outlet port (O1) of the gas
separation module (120) and the third switching valve (153). The second pressure sensor (162)
detects the pressure inside the gas separation module (120). Specifically, the second pressure
sensor (162) detects the pressure of the first exhaust chamber (126) or the internal pressure of
the gas separation membranes (124).

[0132]

The third pressure sensor (163) is provided downstream of the gas separation module
(120) in the second air supply path (102b). Specifically, the third pressure sensor (163) is
provided in the second air supply path (102b), between the second outlet port (O2) of the gas
separation module (120) and the fourth switching valve (154). The third pressure sensor (163)
detects the pressure in the second exhaust chamber (127) of the gas separation module (120).
[0133]

(4-10) Pressure Control Valve

The air flow path (A) is provided with a first pressure control valve (171) and a second
pressure control valve (172). Each of these pressure control valves (171, 172) is an example of
a pressure regulator that regulates the pressure of the air.

[0134]

The first pressure control valve (171) is provided downstream of the water separation
module (130) in the inflow path (101). Specifically, the first pressure control valve (171) is
provided in the inflow trunk path (101c), between the first pressure sensor (161) and the second
switching valve (152). The first pressure control valve (171) regulates the pressure inside the
water separation module (130). Specifically, the first pressure control valve (171) regulates the

pressure in the third exhaust chamber (136) of the water separation module (130) or the internal
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pressure of the water separation membranes (134). For example, the opening degree of the first
pressure control valve (171) may be adjusted based on the pressure detected by the first pressure
sensor (161). The first pressure control valve (171) regulates the pressure inside the water
separation module (130) to enable appropriate dehumidification in the water separation module
(130).
[0135]

The second pressure control valve (172) is provided downstream of the gas separation
module (120) in the first air supply path (102a). Specifically, the second pressure control valve
(172) is provided in the first air supply path (102a), between the second pressure sensor (162)
and the third switching valve (153). The second pressure control valve (172) regulates the
pressure inside the gas separation module (120). Specifically, the second pressure control valve
(172) regulates the pressure in the first exhaust chamber (126) of the gas separation module
(120) or the internal pressure of the gas separation membranes (124). For example, the opening
degree of the second pressure control valve (172) may be adjusted based on the pressure
detected by the second pressure sensor (162). The second pressure control valve (172) regulates
the pressure inside the gas separation module (120) to enable appropriate separation in the gas
separation module (120).

[0136]

(4-11) Second Control Unit

As illustrated in FIGS. 4 and 5, the air control apparatus (100) includes a second
control unit (190). The second control unit (190) is connected to the first control unit (90) via a
communication line (W). The communication line (W) transfers signals and information
between the first control unit (90) and the second control unit (190). The communication line

(W) is wired, but wireless communication may also be applicable.

[0137]
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The second control unit (190) includes a second controller (191). The second controller
(191) is an example of a controller of the present disclosure.

[0138]

The second controller (191) includes a micro controller unit (MCU)), an electric circuit,
and an electronic circuit. The MCU includes a central processing unit (CPU), a memory, and a
communication interface. The memory stores various programs to be executed by the CPU.
[0139]

The second controller (191) receives signals detected by the first pressure sensor (161),
the second pressure sensor (162), and the third pressure sensor (163). The second controller
(191) controls the air pump (110), the flow path switching mechanism, and the pressure control
valves (171, 172). Specifically, the second controller (191) controls operation of the air pump
(110). The second controller (191) switches each of the switching valves (151, 152, 153, 154,
155) between the first state and the second state. The second controller (191) opens and closes
the air on-off valve (156). The second controller (191) adjusts the opening degrees of the
pressure control valves (171, 172).

[0140]

(4-12) Operation of Air Control Apparatus

The operation of the air control apparatus (100) will be described. The operation of the
air control apparatus (100) includes first to fifth operations, which will be described below. In
this example, the second controller (191) sets the fifth switching valve (155) in the first state in
each of the first to fifth operations. Thus, in these operations, the water separation module (130)
removes moisture in the air.

[0141]
(4-12-1) First Operation

The first operation is an operation in which both of the outside air and the inside air
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are the target air, and the first air is supplied to the internal space (5) and the second air is
discharged to the external space (6). This first operation is performed to reduce the oxygen
concentration of the air in the internal space (5).

[0142]

As illustrated in FIG. 8, in the first operation, the second controller (191) sets the first
switching valve (151) in the first state, the second switching valve (152) in the first state, the
third switching valve (153) in the first state, the fourth switching valve (154) in the second state,
the fifth switching valve (155) in the first state, and the air on-off valve (156) in the closed state.
[0143]

In the first operation, the inside air flowing through the second inflow path (101b)
flows through the first water separator (111). The first water separator (111) separates water
(liquid) in the inside air. The air that has passed through the first water separator (111) and the
outside air flowing through the first inflow path (101a) flow into the inflow trunk path (101c)
and are mixed together. The resultant mixture is then sucked into the air pump (110) as the
target air. The air pump (110) compresses and discharges the sucked air. The air discharged
from the air pump (110) is cooled by the condensation circuit (112), and then flows through the
second water separator (113). The second water separator (113) separates water condensed
while the target air passes through the condensation circuit (112), from the target air.

[0144]

The air that has passed through the second water separator (113) is dehumidified by
flowing through the water separation membranes (134) of the water separation module (130).
The target air dehumidified in the water separation module (130) flows into the gas separation
module (120). In the gas separation module (120), the target air is separated into the first air
and the second air.

[0145]
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The first air having a lower oxygen concentration than the target air sequentially flows
through the first air supply path (102a) and the introduction path (107), and then flows through
the fourth exhaust chamber (137) of the water separation module (130). In the fourth exhaust
chamber (137), the water molecules that have permeated through the water separation
membranes (134) are imparted to the first air. The first air humidified in the water separation
module (130) sequentially flows through the water supply path (108) and the air supply trunk
path (102c), and is then supplied into the internal space (5).

[0146]

The second air having a higher oxygen concentration than the target air sequentially
flows through the second air supply path (102b), the second exhaust path (103b), and the
exhaust trunk path (103c), and is discharged to the external space (6).

[0147]

In the first operation, the flow rate of the outside air flowing through the first air filter
(F1) into the first inflow path (101a) is higher than the flow rate of the second air to be
discharged to the external space (6). As a result, an air pressure in the internal space (5) is higher
than an air pressure outside the transport container (1) (i.e., the atmospheric pressure). Thus,
the internal space (5) is maintained at a positive pressure.

[0148]

(4-12-2) Second Operation

The second operation is an operation in which the outside air is the target air, and the
first air is supplied into the internal space (5) and the second air is discharged to the external
space (6). The second operation is performed to reduce the oxygen concentration of the air in
the internal space (5).

[0149]

As illustrated in FIG. 9, in the second operation, the second controller (191) sets the
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first switching valve (151) in the second state, the second switching valve (152) in the first state,
the third switching valve (153) in the first state, the fourth switching valve (154) in the second
state, the fifth switching valve (155) in the first state, and the air on-off valve (156) in the closed
state.

[0150]

The outside air flowing through the first inflow path (101a) is compressed by the air
pump (110), and then passes through the condensation circuit (112) and the second water
separator (113). The air that has passed through the second water separator (113) is
dehumidified by flowing through the water separation membranes (134) of the water separation
module (130). The target air dehumidified in the water separation module (130) flows into the
gas separation module (120). In the gas separation module (120), the target air is separated into
the first air and the second air. After the first air having a lower oxygen concentration than the
target air is humidified in the water separation module (130), the humidified first air
sequentially flows through the water supply path (108) and the air supply trunk path (102c),
and is then supplied into the internal space (5).

[0151]

The second air having a higher oxygen concentration than the target air sequentially
flows through the second air supply path (102b), the second exhaust path (103b), and the
exhaust trunk path (103c¢), and is discharged to the external space (6).

[0152]

In the second operation, the internal space (5) is maintained at a positive pressure. Thus,
the air in the internal space (5) flows through the second inflow path (101b) and the internal
exhaust path (104), and is discharged to the external space (6). As a result, the air in the internal
space (5) is gradually replaced with the first air.

[0153]
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(4-12-3) Third Operation

The third operation is an operation in which both of the outside air and the inside air
are the target air, and the first air is discharged to the outside of the container and the second air
is supplied into the inside of the container. The third operation is performed to increase the
oxygen concentration of the air in the internal space (5).

[0154]

As illustrated in FIG. 10, in the third operation, the second controller (191) sets the
first switching valve (151) in the first state, the second switching valve (152) in the first state,
the third switching valve (153) in the second state, the fourth switching valve (154) in the first
state, the fifth switching valve (155) in the first state, and the air on-off valve (156) in the closed
state.

[0155]

In the third operation, a mixture (target air) of the outside air flowing through the first
inflow path (10la) and the inside air flowing through the second inflow path (101b) is
compressed by the air pump (110), and then passes through the condensation circuit (112) and
the second water separator (113). The air that has passed through the second water separator
(113) is dehumidified by flowing through the water separation membranes (134) of the water
separation module (130). The target air dehumidified in the water separation module (130)
flows into the gas separation module (120). In the gas separation module (120), the target air is
separated into the first air and the second air. The first air having a lower oxygen concentration
than the target air sequentially flows through the first air supply path (102a), the first exhaust
path (103a), and the exhaust trunk path (103c), and is discharged to the external space (6).
[0156]

The second air having a higher oxygen concentration than the target air sequentially

flows through the second air supply path (102b) and the introduction path (107), and then flows
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through the fourth exhaust chamber (137) of the water separation module (130). In the fourth
exhaust chamber (137), the water molecules that have permeated through the water separation
membranes (134) are imparted to the second air. The second air humidified in the water
separation module (130) sequentially flows through the water supply path (108) and the air
supply trunk path (102c¢), and is then supplied into the internal space (5).

[0157]

In the third operation, the internal space (5) is maintained at a positive pressure.
[0158]

(4-12-4) Fourth Operation

The fourth operation is an operation in which the outside air is the target air, and the
first air is discharged to the outside of the container and the second air is supplied to the inside
of the container. The fourth operation is performed to increase the oxygen concentration of the
air in the internal space (5).

[0159]

As illustrated in FIG. 11, in the fourth operation, the second controller (191) sets the
first switching valve (151) in the second state, the second switching valve (152) in the first state,
the third switching valve (153) in the second state, the fourth switching valve (154) in the first
state, the fifth switching valve (155) in the first state, and the air on-off valve (156) in the closed
state.

[0160]

The outside air (target air) flowing through the first inflow path (101a) is compressed
by the air pump (110), and then passes through the condensation circuit (112) and the second
water separator (113). The air that has passed through the second water separator (113) is
dehumidified by flowing through the water separation membranes (134) of the water separation

module (130). The target air dehumidified in the water separation module (130) flows into the
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gas separation module (120). In the gas separation module (120), the target air is separated into
the first air and the second air. After the second air having a higher oxygen concentration than
the target air is humidified in the water separation module (130), the humidified second air
sequentially flows through the water supply path (108) and the air supply trunk path (102c) and
is then supplied into the internal space (5).

[0161]

The first air having a lower oxygen concentration than the target air sequentially flows
through the second air supply path (102b), the second exhaust path (103b), and the exhaust
trunk path (103c¢) and is discharged to the external space (6).

[0162]

In the fourth operation, the internal space (5) is maintained at a positive pressure. Thus,
the air in the internal space (5) flows through the second inflow path (101b) and the internal
exhaust path (104), and is discharged to the external space (6). As a result, the air in the internal
space (5) is gradually replaced with the second air.

[0163]

(4-12-5) Fifth Operation

The fifth operation is an operation in which the outside air is supplied as it is to the
inside of the container. The fifth operation is performed to increase the oxygen concentration
of the air in the internal space (5).

[0164]

As illustrated in FIG. 12, in the fifth operation, the second controller (191) sets the first
switching valve (151) in the second state, the second switching valve (152) in the second state,
the third switching valve (153) in the first state, the fourth switching valve (154) in the second
state; the fifth switching valve (155) in the first state, and the air on-off valve (156) in the closed

state.
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[0165]

The outside air flowing through the first inflow path (101a) is compressed by the air
pump (110), and then passes through the condensation circuit (112) and the second water
separator (113). The air that has passed through the second water separator (113) is
dehumidified by flowing through the water separation membranes (134) of the water separation
module (130). The air dehumidified in the water separation module (130) flows through the
bypass flow path (105) to bypass the gas separation module (120). The air that has flowed out
of the bypass flow path (105) sequentially flows through the first air supply path (102a) and the
introduction path (107), and then flows through the fourth exhaust chamber (137) of the water
separation module (130). In the fourth exhaust chamber (137), the water molecules that have
permeated through the water separation membranes (134) are imparted to the air. The air
humidified in the water separation module (130) sequentially flows through the water supply
path (108) and the air supply trunk path (102c), and is then supplied into the internal space (5).
[0166]

In the fifth operation, the internal space (5) is maintained at a positive pressure. Thus,
the air in the internal space (5) flows through the second inflow path (101b) and the internal
exhaust path (104), and is discharged to the external space (6). As a result, the air in the internal
space (5) is gradually replaced with the outside air.

[0167]

(5-1) Deterioration in Performance of Gas Separation Membranes

If the air control apparatus (100) is stopped for a long time, the performance of the gas
separation membranes (124) of the gas separation module (120) deteriorates. Specifically, the
gas separation membranes (124) have a large number of pores for separating gas. If the gas
separation module (120) is not used for a long period due to the stop of the air control apparatus

(100), the gas separation membranes (124) contract, resulting in a reduction in the size of the
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pores. This lowers the permeabilities of oxygen and carbon dioxide through the gas separation
membranes (124), causing a problem that the gas separation performance of the air control
apparatus (100) deteriorates.

[0168]

(5-2) Determination of Start of Preliminary Operation

The air control apparatus (100) of this embodiment executes a first action to solve the
above problem. Specifically, the second controller (191) executes the first action of reducing
deterioration in the performance of the gas separation membranes (124) due to the stop of the
air control apparatus (100) for a predetermined period. The first action of this embodiment
includes a preliminary operation of supplying the target air to the gas separation membranes
(124). The second controller (191) starts the preliminary operation when a predetermined period
has elapsed since the stop of the air control apparatus (100).

[0169]

Control for the preliminary operation of this embodiment will be described in detail
with reference to FIG. 13.

[0170]

If, in step ST1, the second controller (191) receives an operation command for
performing a normal operation, the second controller (191) controls the air control apparatus
(100) to execute the normal operation in step ST2. Here, the normal operation is an operation
in which the target air is separated by the gas separation module (120), and includes the first
operation, the second operation, the third operation, and the fourth operation described above.
The normal operation is intended to adjust the composition of the air in the internal space (5).
[0171]

If, in step ST3, the second controller (191) receives a stop command for stopping the

normal operation, the second controller (191) stops the air control apparatus (100) in step ST4.
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[0172]

If, in step ST5, a predetermined time T1 has elapsed since the stop of the operation of
the air control apparatus (100), the second controller (191) executes the preliminary operation
in step ST6. The operation as used herein includes the normal operation and the preliminary
operation. The predetermined time T1 is set in consideration of the deterioration in the
performance of the gas separation membranes (124) due to the stop of the air control apparatus
(100) or non-use of the gas separation membranes (124). The predetermined time T1 is set to
be several days to several tens of days, for example.

[0173]

If a condition for stopping the preliminary operation is satisfied in step ST7, the second
controller (191) stops the preliminary operation in step ST8. The condition for stopping the
preliminary operation of this example is that a predetermined time T2 has elapsed since the start
of the preliminary operation.

[0174]

(5-3) Preliminary Operation

The preliminary operation is an operation of supplying the target air to the gas
separation membranes (124). The preliminary operation is an operation intended to reduce
deterioration in the performance of the gas separation membranes (124) due to the stop of the
air control apparatus (100) for a predetermined period. Thus, the air control apparatus (100)
during the preliminary operation may perform operations similar to the first operation, the
second operation, the third operation, and the fourth operation described above. The preliminary
operation of this embodiment is different from the normal operation described above in that the
preliminary operation is not executed based on an operation command associated with an
operation of a person, such as a user.

[0175]
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If an action similar to, for example, the first operation (see FIG. 8) is performed in the
preliminary operation, the target air flows through the gas separation module (120). In the gas
separation module (120), the target air that has flowed into the first introduction chamber (125)
flows through the gas separation membranes (124). The target air flowing through the interiors
of the gas separation membranes (124) causes the gas separation membranes (124) to expand,
resulting in an increase in the size of the pores. Accordingly, the performance of the gas
separation membranes (124) separating oxygen and carbon dioxide recovers.

[0176]

The air pump (110) constitutes a compression unit that compresses the air to be
supplied to the gas separation membranes (124). Specifically, the air pump (110) compresses
the target air such that the internal pressure of the gas separation membranes (124) during the
preliminary operation is higher than or equal to the internal pressure P1 of the gas separation
membranes (124) during the normal operation described above. The air pump (110) compresses
the target air such that the internal pressure of the gas separation membranes (124) does not
exceed the withstand pressure P2 of the gas separation membrane (124). The internal pressure
of the gas separation membranes (124) can be adjusted by the second pressure control valve
(172). Specifically, the second controller (191) controls the opening degree of the second
pressure control valve (172) such that the pressure detected by the second pressure sensor (162)
is higher than or equal to the pressure P1 and lower than the pressure P2. The internal pressure
of the gas separation membranes (124) during the preliminary operation is maintained at, for
example, 700 [kPa].

[0177]

As described above, the target air to be supplied to the gas separation membranes (124)

is compressed, which makes the gas separation membranes (124) expand easily and the size of

the pores increase easily. As a result, the performance of the gas separation membranes (124)
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recovers more effectively.
[0178]

The air control apparatus (100) includes, as dehumidifiers, first water separation
membranes (134), second water separation membranes (134), and the water separation module
(130). These dehumidifiers reduce the moisture in the air to be supplied to the gas separation
membranes (124). Here, if the moisture in the air supplied to the gas separation membranes
(124) adheres to the gas separation membranes (124), the moisture may close the pores, and the
separation performance of the gas separation membranes (124) may deteriorate. To address this,
the first water separation membranes (134), the second water separation membranes (134), and
the water separation module (130) serving as the dehumidifiers dehumidify the air, thereby
making it possible to reduce the deterioration in the performance of the gas separation
membranes (124) due to the moisture adhering to the gas separation membranes (124). The
dehumidifier(s) may be any one of the first water separator (111), the second water separator
(113), or the water separation module (130) or any two of them, or may be a dehumidifier of
any other type.

[0179]

As described above, the second controller (191) continues the preliminary operation
for the predetermined time T2. The predetermined time T2 is set to be 24 hours, for example.
The size of the pores of the gas separation membranes (124) can be sufficiently increased by
continuing the preliminary operation only for the predetermined time T2.

[0180]

(6) Features of Embodiment

(6-1)

The air control apparatus (100) of the foregoing embodiment includes the second

controller (191) configured to execute the first action of reducing deterioration in the
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performance of the gas separation membranes (124) due to the stop of the air control apparatus
(100) for a predetermined period. It is thus possible to reduce the deterioration in the
performance of the gas separation membranes (124) by the first action, also in the case in which
the gas separation membranes (124) contract and deteriorate in performance.

[0181]

(6-2)

The first action includes the preliminary operation of supplying the target air to the gas
separation membranes (124). In the preliminary operation, the target air supplied to the gas
separation membranes (124) can expand the gas separation membranes (124), resulting in an
increase in the size of the pores of the gas separation membranes (124). As a result, it is possible
to recover the performance of the gas separation membranes (124) easily and quickly.

[0182]

(6-3)

The second controller (191) starts the preliminary operation when the predetermined
time has elapsed since the stop of the air control apparatus (100). It is thus possible to recover
the performance of the gas separation membranes (124) reliably in synchronization with the
timing at which the performance of the gas separation membranes (124) deteriorates due to the
stop of the air control apparatus (100).

[0183]

(6-4)

The air control apparatus (100) includes the air pump (110) configured to compress the
air to be supplied to the gas separation membranes (124) in the preliminary operation. The gas
separation membranes (124) therefore expand easily, which makes it possible for the gas
separation membranes (124) to recover its performance quickly and reliably.

[0184]
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(6-5)

The air control apparatus (100) includes the dehumidifiers (111, 113, 130) configured
to reduce the moisture in the air to be supplied to the gas separation membranes (124) in the
preliminary operation. It is thus possible to reduce the moisture closing the pores of the gas
separation membranes (124), which makes it possible to reduce the deterioration in the
performance of the gas separation membranes (124).

[0185]

(7) Variations of Embodiment

The foregoing embodiment may be modified as follows. In the following description,
differences from the embodiment will be described in principle.

[0186]

(7-1) First Variation

A second controller (191) of a first variation starts the preliminary operation a
predetermined time prior to the start of the normal operation. This control will be described
with reference to FIG. 14.

[0187]

In step ST11, the second controller (191) determines the starting time of the normal
operation. The second controller (191) may estimate the starting time of the normal operation.
In this case, the second controller (191) estimates the starting time of the normal operation
based on, for example, the transport route of the transport container (1). For example, a global
positioning system (GPS) is installed on the transport container (1) or a ship that conveys the
transport container (1), so that the second controller (191) can acquire the transport route of the
transport container (1). The second controller (191) determines that the transport container (1)
has arrived, for example, in port based on the GPS and estimates the starting time of the normal

operation in correlation with this timing. The estimation is made because when the transport
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container (1) arrives in port, fresh products for the next shipping are carried into the container
body (2), and it becomes necessary to cool the air in the internal space (5) and adjust the
composition of the air.

[0188]

The starting time of the normal operation may be an input value determined in advance
by the user. In this case, the user determines the starting time of the normal operation through
the operating section (92). The second controller (191) determines the time input through the
operating section (92) to be the starting time of the normal operation.

[0189]

In step ST12, the second controller (191) determines the starting time of the
preliminary operation. The starting time of the preliminary operation is the time obtained by
subtracting a period of execution of the preliminary operation (e.g., the time T2 described
above) from the starting time of the normal operation.

[0190]

In step ST13, the second controller (191) executes the preliminary operation of the air
control apparatus (100) from the starting time determined in step ST12. As a result, the target
air is supplied to the gas separation membranes (124) similarly to the foregoing embodiment.
The performance of the gas separation membranes (124) can thus be recovered.

[0191]

When the preliminary operation ends, the second controller (191) executes the normal
operation in step ST14. Specifically, in the normal operation, the first operation, the second
operation, the third operation, or the fourth operation described above is executed, for example.
The preliminary operation is executed immediately before the normal operation, which means
that the performance of the gas separation membranes (124) has been recovered. It is thus

possible for the gas separation membranes (124) to exhibit the gas separation performance
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sufficiently in the normal operation.
[0192]

In the first variation, the preliminary operation and the normal operation may be
executed successively. In this case, it is preferable that the action in the preliminary operation
is the same as the action in the normal operation. Specifically, assume that the second controller
(191) causes execution of the first operation of the air control apparatus (100) in the normal
operation. In this case, the second controller (191) causes execution of the first operation of the
air control apparatus (100) in the preliminary operation, as well, to make the gas separation
membranes (124) recover its performance. Strictly speaking, the second controller (191)
executes the first operation as the normal operation successively after a lapse of the period of
execution of the first operation as the preliminary operation. It is thus possible to start the
normal operation with sufficient performance of the gas separation membranes (124) from the
starting time of the normal operation, without stopping the air control apparatus (100).

[0193]

(7-2) Second Variation

As illustrated in FIG. 15, an air control apparatus (100) of a second variation does not
include the water separation module (130), the introduction path (107), the water supply path
(108), and the fifth switching valve (155) according to the embodiment. The air control
apparatus (100) of the second variation performs the first operation, the second operation, the
third operation, the fourth operation, and the fifth operation, similarly to the embodiment. In
the second variation, unlike the embodiment, the air in the air supply trunk path (102c) is sent
directly to the internal space (5) without passing through the introduction path (107) and the
water supply path (108).

[0194]

In the preliminary operation of the air control apparatus (100) of the second variation,
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as illustrated in FIG. 16, the first air and the second air separated from each other by the gas
separation module (120) are discharged to the external space (6). In other words, the exhaust
flow path (103) of the second variation discharges the first air and the second air separated from
each other by the gas separation membranes (124) to the external space (6).

[0195]

Specifically, in the preliminary operation, the second controller (191) sets the third
switching valve (153) in the second state, and the fourth switching valve (154) in the second
state. The second controller (191) sets the second switching valve (152) in the first state, and
the air on-off valve (156) in the closed state, for example. For example, the second controller
(191) sets the first switching valve (151) in the first state. The second controller (191) may set
the first switching valve (151) in the second state.

[0196]

In the preliminary operation, the air dehumidified by the first water separator (111) is
supplied to the gas separation membranes (124) of the gas separation module (120).
Accordingly, the performance of the gas separation membranes (124) recovers. The first air
separated by the gas separation module (120) sequentially flows through the first air supply
path (102a) and the first exhaust path (103a), and flows out to the exhaust trunk path (103c).
The second air separated by the gas separation module (120) sequentially flows through the
second air supply path (102b) and the second exhaust path (103b), and flows out to the exhaust
trunk path (103c). The air merged in the exhaust trunk path (103c) is discharged to the external
space (6). In the preliminary operation, if the second controller (191) sets the first switching
valve (151) in the first state, the air dehumidified by the second water separator (113) is also
supplied to the gas separation membranes (124) of the gas separation module (120).
Accordingly, the performance of the gas separation membranes (124) recovers.

[0197]
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As described above, in the second variation, the first air and the second air separated
from each other by the gas separation membranes (124) are discharged to the external space (6)
in the preliminary operation. In other words, in the preliminary operation, the first air and the
second air are not supplied into the internal space (5) that is the internal space of the container.
It is thus possible to avoid a change in the composition of the air in the internal space (5) due
to the execution of the preliminary operation.

[0198]

In the air flow path (A) of the second variation, the second inflow path (101b) may be
omitted, and the internal space (5) may be connected to the external space (6) via the internal
exhaust path (104) without being connected to the inflow path (101). In this case, the internal
exhaust path (104) is provided with an on-off valve. Whether to discharge the inside air of the
internal space (5) to the external space (6) is switchable by the second controller (191) opening
or closing the on-off valve. In the preliminary operation, if the second controller (191) sets the
on-off valve in the closed state, the inside air is not discharged to the external space (6) through
the internal exhaust path (104). It is thus possible to reduce the change in the composition of
the air in the internal space (5) that is the internal space of the container. It is also possible to
reduce a change in the pressure of the internal space (5).

[0199]

(7-3) Third Variation

As illustrated in FIG. 17, an air control apparatus (100) of a third variation has a heating
element (175) in an air flow path (A). The heating element (175) heats the air to be supplied to
the gas separation membranes (124) in the preliminary operation. The heating element (175) of
this example is configured as an electric heater. The heating element (175) is provided for the
inflow trunk path (101c). Specifically, the heating element (175) is provided between the water

separation module (130) and the gas separation module (120).
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[0200]

In the preliminary operation of the third variation, the target air heated to a
predetermined temperature by the heating element (175) is supplied to the gas separation
membranes (124). When the target air is heated, the components in the air can improve the
recovery performance of the gas separation membranes (124). This improvement occurs
conceivably because the diffusion coefficient of the gas in the gas separation membranes (124)
increases when the temperature of the air increases, and because the relative humidity in the air
decreases when the temperature of the air increases.

[0201]

The heating element (175) may be a device provided for the refrigeration apparatus
(10) and configured to heat the air by exhaust heat. Examples of this device include a
compressor (31).

[0202]

(7-4) Fourth Variation

A second controller (191) of a fourth variation executes an action for urging a person
to operate the air control apparatus (100), as a first action. Control related to this action will be
described in detail with reference to FIG. 18.

[0203]

In step ST21, the second controller (191) determines whether a first condition
indicating deterioration in the performance of the gas separation membranes (124) is satisfied.
Here, the first condition includes a requirement that a predetermined time has elapsed since the
stop of the air control apparatus (100), and a requirement that the gas separation membranes
(124) have not been used for a predetermined time or longer. The first condition includes these
requirements because if these requirements are met, the pores of the gas separation membranes

(124) become smaller in size.
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[0204]

If the first condition is satisfied in step ST21, the second controller (191) outputs a first
signal for urging a person to operate the air control apparatus (100) in step ST22. The first signal
output from the second controller (191) is input to the first controller (93) of the first control
unit (90) via the communication line (W).

[0205]

The first controller (93) that has received the first signal controls the display (91) to
urge the person to operate the air control apparatus (100). Strictly speaking, the first controller
(93) that has received the first signal controls the display (91) to urge the person to execute the
normal operation. The display (91) is an example of a first annunciator that informs the person
that the person is urged to operate the air control apparatus (100). In step ST23, the display (91)
urges the normal operation of the air control apparatus (100) to the person, using a letter, a
figure, a symbol, or a sign, for example. The person who has checked the display (91) operates
the operating section (92) to execute the normal operation of the air control apparatus (100).
[0206]

In the normal operation of the fourth variation, the first operation, the second operation,
the third operation, or the fourth operation is executed, for example. In the normal operation of
the fourth variation, the fifth operation may be executed. Alternatively, in the operation of the
fourth variation, an operation similar to the preliminary operation described in the second
variation may be executed. Alternatively, in the operation of the fourth variation, an operation
similar to the preliminary operation described in the third variation may be executed.

[0207]

The first annunciator may be a light emitter, such as a light emitting diode (LED),

configured to urge the normal operation of the air control apparatus (100) with light. The first

annunciator may be a sound generator configured to urge the normal operation of the air control
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apparatus (100) with sound, such as voice.
[0208]

The first annunciator, such as the display (91), may be provided for the second control
unit (190). In this case, if the first condition is satisfied in step ST21, the display (91) of the air
control apparatus (100) urges the normal operation of the air control apparatus (100) to the
person.

[0209]

(7-5) Fifth Variation

A second controller (191) of a fifth variation outputs information on the performance
of the gas separation membranes (124). Control related to this action will be described in detail
with reference to FIG. 19. The control according to FIG. 19 is given to the air control apparatus
(100) of the embodiment described above. In other words, the air control apparatus (100) of the
fifth variation performs an action (second action) for outputting the information on the
performance of the gas separation membranes (124) in addition to the first action.

[0210]

In step ST31, the second controller (191) executes the preliminary operation of the air
control apparatus (100). In step ST32, the second controller (191) estimates the information on
the performance of the gas separation membranes (124). Specifically, the second controller
(191) estimates the time required for the gas separation membranes (124) to recover the
performance.

[0211]

The second controller (191) stores data indicating the relationship between the change
in the speed of the internal pressure of the gas separation membranes (124) and the elapsed time
of the preliminary operation. The diameter of the pores of the gas separation membranes (124)

is small immediately after the start of the preliminary operation, whereas the diameter of the
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pores gradually increases with the execution of the preliminary operation. The pores become
large enough as the preliminary operation progresses, and the speed of change in the diameter
of the pores is reduced. Thus, the decrement in the internal pressure of the gas separation
membranes (124) is relatively large immediately after the start of the preliminary operation,
and thereafter gradually becomes small. That is, the speed of decrease in the internal pressure
of the gas separation membranes (124) is relatively high immediately after the start of the
preliminary operation, and thereafter the speed of decrease is gradually reduced. This means
that if the speed of decrease in the internal pressure of the gas separation membranes (124) at a
certain point of time is known, it is possible to estimate how much time needs to elapse from
that point of time so that the performance of the gas separation membranes (124) be recovered.
[0212]

Specifically, in step ST32, the second controller (191) obtains the speed of decrease in
the pressure value detected by the second pressure sensor (162) at a predetermined point of time
after the start of the preliminary operation. The second controller (191) estimates a period of
time required for the gas separation membranes (124) to recover the performance and the time
at which the performance of the gas separation membranes (124) recovers, based on the
obtained speed of decrease and the data described above. In step ST32, in principle, the second
controller (191) does not adjust the opening degree of the second pressure control valve (172)
in obtaining the speed of decrease in the internal pressure of the gas separation membranes
(124).

[0213]

In step S33, the second controller (191) outputs the information on the estimated period
of time and the estimated time as the information on the performance of the gas separation
membranes (124). The second controller (191) outputs the information to the first controller

(93) of the first control unit (90). The first controller (93) that has received the information
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controls the display (91) to inform the person of the period of time and the time. The display
(91) is an example of a second annunciator that informs the person of the information on the
performance of the gas separation membranes (124). In step ST34, the display (91) displays the
period of time required for the gas separation membranes (124) to recover the performance and
the time at which the performance of the gas separation membranes (124) recovers, using a
letter, a figure, a symbol, or a sign, for example. In this manner, the person can know the period
of time required for the gas separation membranes (124) to recover the performance and the
time at which the performance of the gas separation membranes (124) recovers, via the display
(91). The reliability of the air control apparatus (100) can thus be ensured.

[0214]

The second annunciator may be a light emitter that informs the person of the
information on the performance of the gas separation membranes (124) with light. The second
annunciator may be a sound generator that informs the person of the information on the
performance of the gas separation membranes (124) with sound, such as voice.

[0215]

The second annunciator, such as the display (91), may be provided for the second
control unit (190). In this case, in step ST34, the display (91) of the air control apparatus (100)
informs the person of the information on the performance of the gas separation membranes
(124).

[0216]

In this example, the information on the performance of the gas separation membranes
(124) is the period of time required for the gas separation membranes (124) to recover the
performance and the time at which the performance of the gas separation membranes (124)
recovers. However, the information may be the performance itself of the gas separation

membranes (124), or may be the degree of deterioration in the performance of the gas separation
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membranes (124).
[0217]

(7-6) Sixth Variation

The fifth switching valve (155) according to the embodiment is omitted from an air
control apparatus (100) of a sixth variation illustrated in FIG. 20. In the sixth variation, the air
to be supplied into the inside of the container always flows through the introduction path (107)
and the water supply path (108), and is transferred to the internal space (5). In other words, in
the sixth variation, the introduction path (107) and the water supply path (108) form part of the
air supply trunk path (102c).
[0218]

(8) Reference Example

An air control apparatus (100) of a reference example does not perform the first action
according to each of the embodiment and the first to fourth variations. In other words, the air
control apparatus (100) of the reference example does not perform the action of reducing
deterioration in the performance of the gas separation membranes (124) due to the stop of the
air control apparatus (100) for a predetermined period. The air control apparatus (100) of the
reference example performs the second action according to the fifth variation. Accordingly, a
person can be informed of the information on the performance of the gas separation membranes
(124). The reliability of the air control apparatus (100) can thus be ensured.
[0219]

(9) Other Embodiments

The compression unit may be other than the air pump (110), and may be a compressor
that compresses air or a fan that transfers air.
[0220]

The fifth switching valve (155) may be omitted from the air control apparatus (100) of
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the embodiment.
[0221]

The air control apparatus (100), the transport refrigeration apparatus (10), or the
transport container may have a rechargeable auxiliary power source, such as a battery. The
auxiliary power source is configured to be able to supply power to the air control apparatus.
Power can be supplied from the auxiliary power source to the air control apparatus (100) even
when the power source of the air control apparatus (100) is turned off and the air control
apparatus (100) is out of operation. Thus, the air control apparatus (100) can execute the
preliminary operation with reliability even when the air control apparatus (100) is out of
operation.

[0222]

The transport container (1) may be used for land transportation. In this case, the
transport container (1) is conveyed by a land transporter, such as a vehicle. Specifically, the
transport container (1) may be mounted on a trailer.

[0223]

The air control apparatus (100) may be used to adjust the composition of air in a
stationary warehouse. For example, the air control apparatus (100) may be installed in a
warehouse for keeping fresh products, such as fruits, vegetables, and flowers and ornamental
plants. In this case, an internal space (5) as an internal space for storing objects to be kept is
formed in the warehouse.

[0224]

While the embodiments and variations thereof have been described above, it will be
understood that various changes in form and details may be made without departing from the
spirit and scope of the claims. The elements according to the embodiment, the variations thereof,

and the other embodiments may be combined and replaced with each other.
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[0225]
The ordinal numbers such as “first,” “second,” “third,” . . . , described above are used
to distinguish the terms to which these expressions are given, and do not limit the number and

order of the terms.

INDUSTRIAL APPLICABILITY
[0226]
As can be seen from the foregoing description, the present disclosure is useful for an

air control apparatus, a refrigeration apparatus, and a transport container.

10

15

20

25

DESCRIPTION OF REFERENCE CHARACTERS

[0227]
1 Transport Container
2 Container Body
5 Internal Space
6 External Space
10 Refrigeration Apparatus
30 Refrigerant Circuit
100 Air Control Apparatus
103 Exhaust Flow Path
110 Air Pump (Compression Unit)
111 First Water Separator (Dehumidifier)
113 Second Water Separator (Dehumidifier)
124 Gas Separation Membrane
130 Water Separation Module (Dehumidifier)
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CLAIMS

[Claim 1] An air control apparatus configured to adjust a composition of inside
air of an internal space (5), the air control apparatus comprising:

a gas separation membrane (124) to which target air is supplied; and

a controller (191) configured to execute a first action of reducing deterioration in
performance of the gas separation membrane (124) due to stop of the air control apparatus for

a predetermined period.

[Claim 2] The air control apparatus of claim 1, wherein
the first action includes a preliminary operation of supplying the target air to the gas

separation membrane (124).

[Claim 3] The air control apparatus of claim 2, wherein
the controller (191) starts the preliminary operation when a predetermined time has

elapsed since the stop of the air control apparatus.

[Claim 4] The air control apparatus of claim 2, wherein
the controller (191) starts the preliminary operation a predetermined time prior to start

of a normal operation of the air control apparatus.

[Claim 5] The air control apparatus of claim 3 or 4 further comprising:
an exhaust flow path (103) through which first air and second air separated from each
other by the gas separation membrane (124) are discharged to an external space (6) in the

preliminary operation.
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[Claim 6] The air control apparatus of any one of claims 3 to 5 further
comprising:
a heating element (175) configured to heat air to be supplied to the gas separation

membrane (124) in the preliminary operation.

[Claim 7] The air control apparatus of any one of claims 3 to 6 further
comprising:
a compression unit (110) configured to compress air to be supplied to the gas

separation membrane (124) in the preliminary operation.

[Claim §] The air control apparatus of any one of claims 3 to 7 further
comprising:
a dehumidifier (111, 113, 130) configured to reduce moisture in air to be supplied to

the gas separation membrane (124) in the preliminary operation.

[Claim 9] The air control apparatus of any one of claims 1 to 8, wherein
the first action includes an action for urging a person to operate the air control

apparatus.

[Claim 10] The air control apparatus of any one of claims 1 to 9, wherein
the controller (191) outputs information on the performance of the gas separation

membrane (124).

[Claim 11] A refrigeration apparatus comprising:
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(5).

the air control apparatus (100) of any one of claims 1 to 10; and

a refrigerant circuit (30) configured to adjust a temperature inside the internal space

[Claim 12] A transport container comprising:
the refrigeration apparatus (10) of claim 11; and

a container body (2) in which the refrigeration apparatus (10) is installed.
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