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DESCRIPTION

GAS SUPPLY DEVICE, DEVICE FOR CONTROLLING INSIDE Rl AND

REFRIGERATION DEVICE FOR CONTAINER

TECHNICAL FIELD
[0001]

The present disclosure relates to a gas supplga@wluding a filter unit and an air
pump provided in a gas passage that supplies gatarget space, an inside air control system
that supplies a gas mixture generated in the gpplsulevice and having a high nitrogen
concentration and a low oxygen concentration tadiget space, and a container refrigeration

apparatus equipped with the inside air controlesyst

BACKGROUND ART
[0002]

Container refrigeration apparatuses including #&igerant circuit performing a
refrigeration cycle have been used to cool airdor&ainer for use in, e.g., marine transportation
(see, e.g., Patent Document 1). The containerddeld with plants such as bananas and
avocados, for example. Plants breathe by absonsiggen in the air and releasing carbon
dioxide even after they have been harvested. Tdrplose their nourishment and moisture as
they breathe. Thus, the degree of freshness ofpthets decreases. Thus, the oxygen
concentration in the container is preferably lowlenet to cause breathing problems.

[0003]
Patent Document 1 discloses an inside air cosystem. In this inside air control

system, an adsorbent which adsorbs a nitrogen coempaen the air when pressurized is used
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to produce nitrogen-enriched air (gas mixture) hgva lower oxygen concentration and a
higher nitrogen concentration than the air, and ttiirogen-enriched air is supplied into the
container to reduce the oxygen concentration ofaihen the container, making it easier to
reduce the amount of breathing of the plants ahkeép the plants fresh. This inside air control
system performs an adsorption operation of sengiagsurized air using an air pump into an
adsorption column housing the adsorbent to allow d@lsorbent to adsorb the nitrogen
component, and then performs a desorption operafisancking the air using the air pump from
the adsorption column to allow the adsorbent tmdethe nitrogen component adsorbed. As a
result, the nitrogen-enriched air is produced.
[0004]

Components of the inside air control system argstd in a sealed unit case, and the
inside air control system configured as a single isndisposed in an external space of the
container refrigeration apparatus. The filter ymmivided at an air inlet is disposed separately
from the inside air control system, and is conretttethe inside air control system with an air
hose. The filter unit is provided with a membraiteer, which is covered with a sheet metal

cover so that water is not directly applied thereto

CITATION LIST
PATENT DOCUMENT
[0005]

Patent Document 1: Japanese Unexamined Patenc&idr No. 2017-044445

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0006]
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However, in the conventional configuration, thkefi needs to be replaced every
voyage because of its short life.
[0007]

Further, since the inside air control system elust sea, a deliguescence phenomenon
may occur if sea salt particles are attached tdiltiee. This may produce a water film on the
surface of the membrane filter, and may increasssure loss. If the pressure loss becomes too
large, water may flow from a space upstream ofnleenbrane filter to a downstream space,
and may reach the air pump.

[0008]

This problem is not limited to the inside air amhtsystem of the container
refrigeration apparatus installed in a marine doetabut may also arise in a gas supply device
having components that require salt-damage resistang., a pump and a valve for feeding
gas such as air through a filter into a warehougbeolike installed in a coastal area.

[0009]

An object of the present disclosure is to bloeklife of a filter of a gas supply device
from being shortened due to a deliquescence phemameaused by sea salt particles, and by
extension, to block the filter life in an inside abntrol system or a container refrigeration

apparatus equipped with the system from being shed.

SOLUTION TO THE PROBLEM
[0010]

A first aspect of the present disclosure is preohisn a gas supply device including: a
gas passage (40) that supplies gas to a target space (S); a filter unit (75) provided at an inlet of
the gas passage (40); and an air pump (31) provided in the middle of the gas passage (40).

[0011]
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In the gas supply device, the filter unit (75)lutes a filter box (90) and an air filter
(76) housed in the filter box (90). The air fil{g6) includes a filter substrate (77a, 77b) made
of a membrane filter having waterproofness angarmeability, and a fibrous coating layer
(78a, 78b) covering a surface of the filter sultet(@7a, 77b) through which air is sucked.
[0012]

According to the first aspect, the fibrous coatlager (78a, 78b) is formed on the
surface of the filter substrate (77a, 77b) madbd®membrane filter. Thus, in the case in which
the gas supply device is installed in a coasta,aggen if sea salt particles adhere to the air
filter (76) to cause a deliquescence phenomentiredime of supplying gas to the target space
(S) via the filter unit (75) by the air pump (3b)pisture does not form a water film on the
surface of the fibrous coating layer (78a, 78b}l israbsorbed into the coating layer (78a, 78b)
by capillarity. This can suppress increase in tlesgure loss of the air filter (76). Further, since
increase in the excessive pressure loss can beesspep, it is possible to suppress the flow of
water from a space upstream of the air filter {663 downstream space
[0013]

A second aspect is an embodiment of the firstespethe second aspect, the air filter
(76) is a pleated filter having a plurality of pie476a).

[0014]

According to the second aspect, when the air p(8hpsupplies the gas to the target
space (S) via the filter unit (75), the gas pasbesugh the pleated filter having a large gas
passage area. The pleated filter is formed by stgake fibrous coating layer (78a, 78b) on
the surface of the filter substrate (77a, 77b) neddee membrane filter. Therefore, the air filter
(76) on which a water film is less likely formedsha large gas passage area, and increase in
the pressure loss of the air filter (76) can b=y suppressed.

[0015]
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A third aspect is an embodiment of the secondaspethe third aspect, the air filter
(76) is arranged so that the pleats (76a) exteradviertical direction.

[0016]

According to the third aspect, when water adhéoethe air filter (76) and is not
absorbed by the coating layer (78a, 78b), wates dogn along the pleats (76a) on the surface
of the air filter (76), and drips down from the filter (76) when reaching the lower end of the
pleats (76a). This can suppress increase in thesyme loss due to water adhered to the surface
of the air filter (76).

[0017]

A fourth aspect is an embodiment of any one offitiséto third aspects. In the fourth
aspect, the air filter (76) includes a stack ofuaglity of filter substrates (77a, 77b).
[0018]

According to the fourth aspect, the air filter Y T&s the plurality of filter substrates
(77a, 77b). This can suppress the entry of waterthre air pump (31) and the target space (S).
[0019]

A fifth aspect is premised on an inside air consystem, including: a gas supply
device (30); and a gas mixture generator (38) that generates a gas mixture having a higher
nitrogen concentration and a lower oxygen concéatrahan air sucked through a filter unit
(75) of the gas supply device (30).

[0020]

In the inside air control system, the gas supplyiak (30) is the gas supply device
(30) of any one of the first to fourth aspects, gad generated by the gas mixture generator
(38) is supplied to the target space (S) usingathpump (31).

[0021]

A sixth aspect is premised on a container refaien apparatus, including: a casing
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(12) mounted on a container (11); components of a refrigerant circuit (20) attached to the casing
(12); and an inside air control system (60) attached to the casing (12), wherein the container
refrigeration apparatus is configured to cool aermal space (S) of the container (11), and
supply a gas mixture to the internal space (Shefdontainer (11) using the inside air control
system (60).
[0022]

In the container refrigeration apparatus, thed@siir control system (60) is the inside

air control system (60) of the fifth aspect.

ADVANTAGES OF THE INVENTION
[0023]

According to the first aspect, the fibrous coatlager (78a, 78b) is formed on the
surface of the filter substrate (77a, 77b) madéhefmembrane filter. Thus, even if the gas
supply device is installed in a coastal area, @adssilt particles adhere to the air filter (76) to
cause a deliquescence phenomenon, moisture do&smoa water film on the surface of the
fibrous coating layer (78a, 78b), and is absorbéalthe coating layer (78a, 78b) by capillarity.
This can suppress increase in the pressure loggedir filter (76). Further, since excessive
increase in the pressure loss can be suppressegdpssible to suppress the flow of water from
the space upstream of the air filter (76) to thevalsiream space, and the damage to the air
pump (31) can be reduced. Further, according tditseaspect, even when the gas supply
device is used under the condition that salt danmaaye possibly be caused to the gas supply
device, it is possible to suppress shortening ef life of the air filter (76) due to the
deliquescence phenomenon caused by the sea sallgsar
[0024]

According to the second aspect, when the air p(8tipsupplies the gas to the target
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space (S) via the filter unit (75), the gas patisesigh a pleated filter having a large gas passage
area. The surface of the filter substrate (77a) @7the pleated filter is covered with the fibrous
coating layer (78a, 78b). Thus, the air filter (68)which a water film is less likely formed has
a large gas passage area, and the pressure tbgsaif filter (76) does not easily increase. This
can extend the life of the air filter (76).
[0025]

According to the third aspect, when water adhéoethe air filter (76) and is not
absorbed by the coating layer (78a, 78b), wates gogn along the pleats (76a) on the surface
of the air filter (76), and drips down from the filiter (76) when reaching the lower ends of the
pleats (76a). Thus, it is possible to suppressas® in the pressure loss due to water adhered
to the surface of the air filter (76). This cantfiar extend the life of the air filter (76).

[0026]

According to the fourth aspect, the air filter T&s the plurality of filter substrates
(77a, 77b). This can suppress entry of water imaair pump (31) and the target space (S), and
can protect the air pump (31) and the contentb@tdrget space (S) from damage caused by
water.

[0027]

According to the fifth aspect, the inside air cohsystem can obtain the advantages

of the first to fourth aspects. Further, accordimghe sixth aspect, the container refrigeration

apparatus can obtain the advantages of the fifsutth aspects.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028]
[FIG. 1] FIG. 1 is a perspective view illustratiagcontainer refrigeration apparatus

according to an embodiment as viewed from outside.
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[FIG. 2] FIG. 2 is a sectional side view illustref a general configuration of a
container refrigeration apparatus.

[FIG. 3] FIG. 3 is a piping system diagram ill@ing a configuration of a refrigerant
circuit of the container refrigeration apparatus.

[FIG. 4] FIG. 4 is a piping system diagram illing a configuration of a CA system
of the container refrigeration apparatus, togeth#r the flow of air during a first operation.

[FIG. 5] FIG. 5is a piping system diagram ill@itng a configuration of the CA system
of the container refrigeration apparatus, togettitr the flow of air during a second operation.

[FIG. 6] FIG. 6 is an enlarged perspective vidusilrating a major part of the container
refrigeration apparatus.

[FIG. 7] FIG. 7 is a perspective view illustratititge container refrigeration apparatus
with a filter unit attached to a casing.

[FIG. 8] FIG. 8 is an exploded perspective view-tE. 7.

[FIG. 9] FIG. 9 is a front view of a filter unit.

[FIG. 10] FIG. 10 is a cross-sectional view taladong a line X-X shown in FIG. 9.

[FIG. 11] FIG. 11 is a cross-sectional view taléong a line XI-XI shown in FIG. 9.

[FIG. 12] FIG. 12 is a view illustrating a crossesional structure of an air filter.

DESCRIPTION OF EMBODIMENTS
[0029]

Embodiments will be described in detail with refece to the drawings. The present
embodiment relates to a container refrigerationaggips equipped with an inside air control
system including a gas supply device accordingh® present disclosure. Note that the
following description of the embodiment is merefyexample in nature, and is not intended to

limit the scope, applications, or use of the presiéstlosure.
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[0030]

As shown in FIGS. 1 and 2, a container refrigeraapparatus (10) is provided for a
container (11) for use in, e.g., marine transpmmatand cools the air in the container (11).
Boxed plants (15) are stored in an internal sptargdt space) (S) of the container (11). The
plants (15) breathe by absorbing oxygep) (@ the air and releasing carbon dioxide ¢ri@to
the air, and examples of such plants (15) includ# fike bananas and avocados, vegetables,
cereals, bulbous plants, and natural flowers.

[0031]

The container (11) has the shape of an elongatenith an open end surface. The
container refrigeration apparatus (10) includessing (12), a refrigerant circuit (20), and a
controlled atmosphere (CA) system (inside air aidrdystem) (60), and is attached to close the
open end of the container (11).

[0032]

<Casing>

As shown in FIG. 2, the casing (12) includes ateror wall (12a) disposed outside
the container (11), and an interior wall (12b) disgd inside the container (11). The exterior
and interior walls (12a) and (12b) may be madenadlaminum alloy, for example.

[0033]

The exterior wall (12a) is attached to the penplod the opening of the container (11)
so as to close the open end of the container ThE) exterior wall (12a) is formed such that the
lower part thereof protrudes into the containei.(11
[0034]

The interior wall (12b) is disposed to face théeerr wall (12a). The interior wall
(12b) protrudes into the container just like thevdo part of the exterior wall (12a). A thermal

insulator (12c) fills the space between the intesiod exterior walls (12b, 12a).
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[0035]

As can be seen, the lower part of the casingi§fdymed to protrude into the container
(11). Thus, an external storage space (S1) is fdwm¢side the container (11) and in the lower
part of the casing (12), and an internal storagees{S2) is formed inside the container (11)
and in the upper part of the casing (12).

[0036]

As shown in FIG. 1, the casing (12) includes twoess openings (14) for maintenance
arranged side by side in a width direction of theirg (12). The two access openings (14) are
closed respectively by first and second accesssd(iBA, 16B) which are openable and
closable. Each of the first and second access d@é¥s, 16B) includes, just like the casing
(12), an exterior wall, an interior wall, and artinal insulator.

[0037]

As shown in FIG. 2, a partition plate (18) is dispd in the interior of the container
(11). This partition plate (18) is formed in thepl of a substantially rectangular plate member,
and stands upright so as to face the wall of ttenga(12) inside the container (11). This
partition plate (18) separates the internal stosgggee (S2) from the internal space (S) of the
container (11).

[0038]

A suction port (18a) is formed between the uppet @ the partition plate (18) and a
ceiling surface of the container (11). Air in thentainer (11) is taken into the internal storage
space (S2) through the suction port (18a).

[0039]

The internal storage space (S2) is further praVidich a partition wall (13) extending

in the horizontal direction. The partition wall (13 attached to an upper end portion of the

partition plate (18), and has an opening in whidiernal fans (26), which will be described
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later, are disposed. This partition wall (13) gantis the internal storage space (S2) into a
primary space (S21) on the suction side of themalefans (26), and a secondary space (S22)
on the blowout side of the internal fans (26).His embodiment, the partition wall (13) divides
the internal storage space (S2) lengthwise in fpazss such that the primary space (S21) on
the suction side is disposed above the secondaneq$22) on the blowout side.
[0040]

A floorboard (19) is disposed in the container)(Wiith a gap left between the
floorboard (19) and the bottom surface of the cdoeta(11). Boxed plants (15) are placed on
the floorboard (19). An underfloor path (19a) isnied between the floorboard (19) and the
bottom surface of the container (11). A gap is beftween the lower end of the partition plate
(18) and the bottom surface of the container (44§l communicates with the underfloor path
(19a).

[0041]

A blowout port (18b) through which the air whichshbeen cooled by the container
refrigeration apparatus (10) is blown into the ing space (S) of the container (11) is provided
at an end of the floorboard (19) opposite fromdpen end of the container (11) (on the right
side in FIG. 2).

[0042]

<Configuration and Arrangement of Refrigerant Girand Other Components>

As shown in FIG. 3, the refrigerant circuit (28)yiclosed circuit in which a compressor
(21), a condenser (22), an expansion valve (28) aanevaporator (24) are connected together
in this order by a refrigerant piping (20a).

[0043]
An external fan (25) is disposed near the condg22¢. The external fan (25) is driven

in rotation by an external fan motor (25a), guittesair in the external space of the container
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(11) (i.e., outside air) into the external storagace (S1), and sends it to the condenser (22). In
the condenser (22), heat is exchanged betweengeraint compressed in the compressor (21)
and flowing through the condenser (22) and theidetsair sent to the condenser (22) by the
external fan (25). In this embodiment, the extefanl(25) is comprised of a propeller fan.
[0044]

Two internal fans (26) are disposed near the engpoo(24). The internal fans (26) are
driven in rotation by internal fan motors (26a)awrthe air in the container (11) through the
suction port (18a), and blow the air toward thepevator (24). In the evaporator (24), heat is
exchanged between a refrigerant having a pressoppéd by the expansion valve (23) and
flowing through the evaporator (24) and the aithea container sent to the evaporator (24) by
the internal fans (26).

[0045]

As shown in FIG. 2, each of the internal fans (B6ludes a propeller fan (rotary vane)
(27a), a plurality of stationary vanes (27b), arfdrahousing (27c). The propeller fan (27a) is
coupled to the internal fan motor (26a), and drirrerotation by the internal fan motor (26a)
about a rotation axis to blow the air in an axia¢ction. The plurality of stationary vanes (27b)
are disposed on the blowout side of the propediar(27a) to rectify the flow of swirling air
blown from the propeller fan (27a). The fan hougi2gc) is comprised of a cylindrical member
with the plurality of stationary vanes (27b) attagho its inner peripheral surface, and extends
to, and surrounds, the outer periphery of the gleptan (27a).

[0046]

As shown in FIG. 1, the compressor (21) and theleaser (22) are housed in the
external storage space (S1). The condenser (23teld in the middle of the external storage
space (S1) in the vertical direction, divides tléemal storage space (S1) into a lower first

space (S11) and an upper second space (S12). finsthgpace (S11), the compressor (21), an
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inverter box (29) which houses a driver circuit &iving the compressor (21) at a variable
velocity, and a gas supply device (30) of the Cétem (60) are disposed. The external fan (25)
and an electric component box (17) are disposdtieansecond space (S12). The first space
(S11) is open toward the exterior space of theainat (11). A plate member is arranged to
close the second space (S12) from the externaésgabe container such that only a blowout
port of the external fan (25) is open toward theear space of the container.
[0047]

As shown in FIG. 2, the evaporator (24) is housdtie secondary space (S22) of the
internal storage space (S2). The two internal {26% are disposed above the evaporator (24)
in the internal storage space (S2) and arrangedsicide in the width direction of the casing
(12).

[0048]

<CA System>

As shown in FIG. 4, the CA system (60) includesdhas supply device (30), an exhaust
portion (46), a sensor unit (50), a controller (%6)d a filter unit (75), and controls the oxygen
concentration and carbon dioxide concentrationhef air in the container (11). The term
“concentration” to be used in the following destiop always indicates a “volumetric
concentration.”

[0049]

[Gas Supply Device]

—Configuration of Gas Supply Device—

The gas supply device (30) sucks the air (gasp ftioe filter unit (75), and feeds
nitrogen-enriched air into the internal space (8)ich is the target space (S), of the container
(11). In the present embodiment, the gas supplicd€0) is configured by a VPSA (Vacuum

Pressure Swing Adsorption). Further, the gas sugpljice (30) is disposed at a lower left
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corner of the external storage space (S1), as showi@. 1.
[0050]

As shown in FIG. 4, the gas supply device (30)udes an air circuit (3) connecting
together an air pump (31), first and second dioeeti control valves (32) and (33), and first
and second adsorption columns (34) and (35) eamhdad with an adsorbent for adsorbing a
nitrogen component in the air, and a unit case @6)sing these components of the air circuit
(3). In this manner, the gas supply device (300fa single unit with these components housed
in the unit case (36), and is configured to beofated to the container refrigeration apparatus
(10).

[0051]

(Air Pump)

The air pump (31) is provided in the middle ofees gpassage (40) including an outside
air passage (41), a discharge passage (42), asyassage (43), and a supply passage (44).
The filter unit (75), which will be described Iates provided at an inlet of the gas passage (40).
[0052]

The air pump (31) is provided in the unit case),(3d includes a first pump
mechanism (a pressurizing portion) (31a) and arske@ump mechanism (a depressurizing
portion) (31b), each of which sucks and comprettseair and discharges compressed air. The
first and second pump mechanisms (31a) and (3Ed}@mnected to a drive shaft of a motor
(31c), and are driven in rotation by the motor (3bcsuck and compress the air, and discharge
the compressed air.

[0053]

One end of the outside air passage (41) whichrasged to pass through the unit case

(36) from the interior to exterior of the unit cg86) is connected to an inlet of the first pump

mechanism (31a). The filter unit (75) having anfdier is provided at the other end of the
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outside air passage (41). The outside air pasgdgaq made of a flexible tube. Although not
shown in the drawings, the other end of the outsidpassage (41) where the filter unit (75) is
provided is arranged in the second space (S1X)eotxternal storage space (S1) above the
condenser (22). Due to this configuration, thetfipgimp mechanism (31a) sucks and
compresses the outside air from which moisturebeas removed while the outside air flows
from the outside to inside of the unit case (38)tigh the filter unit (75) provided at the other
end of the outside air passage (41). On the othied,han outlet of the first pump mechanism
(31a) is connected to one end of the dischargeagag®?2). The other end (downstream end)
of the discharge passage (42) is divided into trem&hes, which are connected to the first and
the second directional control valves (32) and ,(B&pectively.
[0054]

An inlet of the second pump mechanism (31b) imected to one end of the suction
passage (43). The other end (upstream end) ofuitieos passage (43) is divided into two
branches, which are connected to the first andreedoectional control valves (32) and (33),
respectively. An outlet of the second pump mechmar(31b) is connected to one end of the
supply passage (44). The other end of the sup@gaue (44) opens in the secondary space
(S22) on the blowout side of the internal fans (@6)he internal storage space (S2) of the
container (11). The supply passage (44) is provigigd a check valve (65) at the other end
portion thereof. The check valve (65) allows thetaiflow only from one end to the other end
of the supply passage (44) and prevents backflotheoir.

[0055]

In this embodiment, the discharge passage (42)tl@dsuction passage (43) are
connected via a bypass passage (47). The bypasagea@7) is provided with a bypass on-off
valve (48), an opening/closing operation of whigltantrolled by the controller (55).

[0056]
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The first and second pump mechanisms (31a) and) (BfLlthe air pump (31) are
configured as oil-free pumps without lubricant divo blower fans (49) are disposed on the
side of the air pump (31) to cool the air pump (Bi plowing air toward the air pump (31).
[0057]

(Gas Mixture Generator (38))

In the present embodiment, a gas mixture genefa8)1is comprised of the following
directional control valves (32, 33) and adsorptiotumns (34, 35).

[0058]

(Directional Control Valve)

The first and second directional control valve8)(8nd (33) are provided in the air
circuit (3) between the air pump (31) and the fstl second adsorption columns (34) and (35),
and switches the connection between the air purfip 48d the first and second adsorption
columns (34) and (35) among three connection stissribed later (first to third connection
states). The controller (55) controls the switching
[0059]

Specifically, the first directional control valM@2) is connected to the discharge
passage (42) connected to the outlet of the fustgp mechanism (31a), the suction passage
(43) connected to the inlet of the second pump a@sim (31b), and one end portion of the
first adsorption column (34) (functioning as aretrduring pressurization). The first directional
control valve (32) switches between a first stateerg the first adsorption column (34) is
allowed to communicate with the outlet of the fpsimp mechanism (31a) to be blocked from
the inlet of the second pump mechanism (31b) (thte shown in FIG. 4), and a second state
where the first adsorption column (34) is allowedommunicate with the inlet of the second
pump mechanism (31b) to be blocked from the owatiehe first pump mechanism (31a) (the

state shown in FIG. 5).
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[0060]

The second directional control valve (33) is carteé to the discharge passage (42)
connected to the outlet of the first pump mechar(@ba), the suction passage (43) connected
to the inlet of the second pump mechanism (31k),care end portion of the second adsorption
column (35). The second directional control val88)(switches between the first state where
the second adsorption column (35) is allowed toroamicate with the inlet of the second pump
mechanism (31b) to be blocked from the outlet effirst pump mechanism (31a) (the state
shown in FIG. 4), and the second state where tb@nskeadsorption column (35) is allowed to
communicate with the outlet of the first pump methm (31a) to be blocked from the inlet of
the second pump mechanism (31b) (the state showlGin5).

[0061]

If the first and second directional control val\({@2) and (33) are set to be the first
state, the air circuit (3) is switched to a firehoection state where the outlet of the first pump
mechanism (31a) is connected to the first adsargt@umn (34), and the inlet of the second
pump mechanism (31b) is connected to the secorat@ittsn column (35) (see FIG. 4). In this
state, an adsorption operation is performed onfiteeadsorption column (34) to adsorb a
nitrogen component in the outside air onto the duosd, and a desorption operation is
performed on the second adsorption column (35)e8oib the nitrogen component adsorbed
onto the adsorbent.

[0062]

If the first and second directional control valy88) and (33) are set to be the second
state, the air circuit (3) is switched to a secoondnection state where the outlet of the first
pump mechanism (31a) is connected to the secommpts column (35), and the inlet of the
second pump mechanism (31b) is connected to thteafiisorption column (34) (see FIG. 5). In

this state, the adsorption operation is performethe second adsorption column (35), and the
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desorption operation is performed on the first gaison column (34).
[0063]

If the first directional control valve (32) is st be the first state, and the second
directional control valve (33) is set to be themet state, the air circuit (3) is switched to a
third connection state where the outlet of thet fmsmp mechanism (31a) is connected to the
first adsorption column (34), and the outlet of tinet pump mechanism (31a) is connected to
the second adsorption column (35) (not shown).hia state, both of the first and second
adsorption columns (34) and (35) are connecteagotitlet of the first pump mechanism (31a),
and compressed outside air is supplied from tisé fump mechanism (31a) to both of the first
and second adsorption columns (34) and (35). Is #tate, the adsorption operation is
performed on both of the first and second adsanatadumns (34) and (35).

[0064]

(Adsorption Column)

The first and second adsorption columns (34) &&) &re configured as cylindrical
members filled with an adsorbent. The adsorbent filis the first and second adsorption
columns (34) and (35) adsorbs a nitrogen componeatstate where the adsorption columns
(34, 35) are pressurized, and desorbs the nitrogemponent in a state where these adsorption
columns (34, 35) are depressurized.

[0065]

The adsorbent that fills the first and second gatgm columns (34) and (35) may be
comprised of porous zeolite having pores with andier smaller than the diameter of nitrogen
molecules (3.0 angstrom) and larger than the dianoétoxygen molecules (2.8 angstrom), for
example. The nitrogen component in the air maydserded using zeolite having pores of such
a diameter as the adsorbent.

[0066]
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Cations exist in the pores of zeolite, and thulaatric field is generated to cause
polarity. Therefore, zeolite has the property of@ting polarity molecules such as water
molecules. As a result, the adsorbent made ofteeatid filling the first and second adsorption
columns (34) and (35) adsorbs not only nitrogen dsb moisture (vapor) in the air. The
moisture adsorbed onto the adsorbent is desorbattfre adsorbent together with the nitrogen
component as a result of the desorption operati©onsequently, nitrogen-enriched air
including moisture is supplied into the internaasg (S) of the container (11), thus increasing
the humidity in the internal space (S). Furthermaomne adsorbent is regenerated, which may
extend the adsorbent’s life.
[0067]

In this configuration, if the air pump (31) sumsithe compressed outside air to the
first and second adsorption columns (34) and (8%réssurize these columns (34) and (35),
the nitrogen component in the outside air is adsddnto the adsorbent. This produces oxygen-
enriched air that has had its nitrogen concentrdtiwered and oxygen concentration increased
by including less nitrogen component than the detsiir does. On the other hand, if the air
pump (31) sucks the air from the first and secoddogption columns (34) and (35) to
depressurize these columns (34) and (35), thegeitraomponent adsorbed onto the adsorbent
is desorbed. This produces nitrogen-enriched at titas had its nitrogen concentration
increased and oxygen concentration lowered by diectumore nitrogen component than the
outside air does. In this embodiment, the nitrogeriehed air of 92% nitrogen and 8% oxygen,
for example, is produced.
[0068]

The respective other ends of the first and se@mwbrption columns (34) and (35)
(functioning as outlets during pressurization) @anected to one end of an oxygen discharge

passage (45) through which the oxygen-enrichedhair has been produced in the first and
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second adsorption columns (34) and (35) from tepressed outside air supplied by the first
pump mechanism (31a) is guided toward the outsidleeocontainer (11). The one end of the
oxygen discharge passage (45) is divided into tvamdhes, which are connected to the other
ends of the first and second adsorption column} 84 (35), respectively. The other end of
the oxygen discharge passage (45) opens outsidgathsupply device (30), i.e., outside the
container (11). The branches of the oxygen disehpegsage (45) are connected to the other
ends of the first and second adsorption columnsdBd (35), respectively. Each of the junction
portions is provided with a check valve (61) whigkvents backflow of the air from the oxygen
discharge passage (45) toward the first and seadsorption columns (34) and (35).
[0069]

A check valve (62) and an orifice (63) are arrahgesome midpoints of the oxygen
discharge passage (45) so as to be sequentiadiggad from one end to the other end of the
oxygen discharge passage (45). The check valve gfi®)ents backflow of the nitrogen-
enriched air from an exhaust connection passagewnhich will be described later, toward the
first and second adsorption columns (34) and (Bbg. orifice (63) depressurizes the oxygen-
enriched air which has flowed out of the first asetond adsorption columns (34) and (35)
before the oxygen-enriched air is discharged tmthiside of the container.

[0070]

(Supply-Discharge Switching Mechanism)

The air circuit (3) is provided with a supply-disege switching mechanism (70) that
switches between a gas supply operation, whichbeilllescribed later (see FIGS. 4 and 5), of
supplying the produced nitrogen-enriched air iti® internal space (S) of the container (11),
and a gas discharge operation (not shown) of digcigathe produced nitrogen-enriched air to
the outside of the container. The supply-dischagéching mechanism (70) includes an

exhaust connection passage (71), an exhaust aalo# (72), and a supply on-off valve (73).
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[0071]

The exhaust connection passage (71) has one andated to the supply passage (44),
and the other end connected to the oxygen disclpasgage (45). The other end of the exhaust
connection passage (71) is connected to the oxgigeharge passage (45) so as to be located
further toward the outside of the container thandhfice (63).

[0072]

The exhaust on-off valve (72) is provided for éixbaust connection passage (71). The
exhaust on-off valve (72) is provided at a midpaifithe exhaust connection passage (71), and
is comprised of a solenoid valve which is switchetiveen an open state where the flow of the
nitrogen-enriched air from the supply passagei@dlowed, and a closed state where the flow
of the nitrogen-enriched air is suppressed. Thdroter (55) controls an opening/closing
operation of the exhaust on-off valve (72).

[0073]

The supply on-off valve (73) is provided for thgpply passage (44) so as to be located
further toward the other end (toward the insidehef container) than the junction where the
exhaust connection passage (71) is connected tsuiyaly passage (40). The supply on-off
valve (73), which is located further toward thadesof the container than the junction between
the supply passage (44) and the exhaust conngudissage (71), is comprised of a solenoid
valve which is switched between an open state whtiedlow of the nitrogen-enriched air
toward the inside of the container is allowed, arudosed state where the flow of the nitrogen-
enriched air toward the inside of the containesuppressed. The controller (55) controls an
opening/closing operation of the supply on-off \&a(v3).

[0074]
(Measurement Unit)

The air circuit (3) is provided with a measuremenit (80) for performing a supply
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air measurement operation (not shown) to measeredhcentration of the produced nitrogen-
enriched air using an oxygen sensor (51) of the@emnit (50), which will be described later,
provided in the internal space (S) of the conta{i¢). The measurement unit (80) includes a
branch pipe (a measurement passage) (81) and aireeeest on-off valve (82), and allows
part of the nitrogen-enriched air flowing througle supply passage (44) to be diverged toward
the oxygen sensor (51).
[0075]

Specifically, the branch pipe (81) has one encheoted to the supply passage (44),
and the other end coupled to an oxygen sensor3i&®),(which will be described later, of the
oxygen sensor (51). In this embodiment, the brgripk (81) is branched from the supply
passage (44) in the unit case (36) and extendstfiermterior to exterior of the unit case (36).
[0076]

The measurement on-off valve (82) is providedfierbranch pipe (81) in the unit case.
The measurement on-off valve (82) is comprised sdlanoid valve which switches between
an open state where the flow of the nitrogen-eeddhr in the branch pipe (81) is allowed, and
a closed state where the flow of the nitrogen-éwmdlcair in the branch pipe (81) is suppressed.
The controller (55) controls an opening/closingragien of the measurement on-off valve (82).
As will be described in detail later, the measunetan-off valve (82) is open only when a
supply air measurement operation to be descriliedimperformed, and is closed in the other
modes.

[0077]

[Exhaust Portion]

—Configuration of Exhaust Portion—

As shown in FIG. 2, the exhaust portion (46) idelsi an exhaust passage (46a)

connecting the internal storage space (S2) anéxtenal space of the container together, an
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exhaust valve (46b) connected to the exhaust pasgHin), and a membrane filter (46c)
provided at an inlet end (an end located insidectmainer) of the exhaust passage (46a). The
exhaust passage (46a) passes through the casinigofh2he interior to exterior of the casing
(12). The exhaust valve (46b) is provided adjat¢erdn internal end of the exhaust passage
(46a), and is comprised of a solenoid valve whickwitched between an open state where the
flow of the air in the exhaust passage (46a) maxadd, and a closed state where the flow of the
air in the exhaust passage (46a) is suppresseddrtmller (55) controls an opening/closing
operation of the exhaust valve (46b).
[0078]

—Operation of Exhaust Portion—

When the internal fans (26) are rotating, an eghaperation is performed. That is,
the controller (55) opens the exhaust valve (46lgischarge the air (inside air) in the internal
storage space (S2) communicating with the intespate (S) to the outside of the container.
[0079]

Specifically, when the internal fans (26) are tio@, the pressure of the secondary
space (S22) on the blowout side becomes highertiieapressure of the external space of the
container (i.e., the atmospheric pressure). Thiiemwthe exhaust valve (46b) is open, due to
the pressure difference between the ends of theustipassage (46a) (the pressure difference
between the external space of the container andgdbendary space (S22)), the air in the
internal storage space (S2) communicating withritternal space (S) (inside air) is discharged
to the outside of the container via the exhaustauges (46a).

[0080]
[Sensor Unit]
—Configuration of Sensor Unit—

As shown in FIG. 2, the sensor unit (50) is preddn the secondary space (S22) on
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the blowout side of the internal fans (26) in thiernal storage space (S2). The sensor unit (50)
includes an oxygen sensor (51), a carbon dioxidesme(52), a fixing member (53), a
membrane filter (54), a connection pipe (56), aneé@haust pipe (57).
[0081]

The oxygen sensor (51) has an oxygen sensor i@y flusing a galvanic-cell sensor
therein. The oxygen sensor (51) measures the ehlmeurrent flowing through an electrolytic
solution of the galvanic-cell sensor to measureottygen concentration of a gas in the oxygen
sensor box (51a). An outer surface of the oxygesaebox (51a) is fixed to the fixing member
(53). Another outer surface of the oxygen sensgr(bba) opposite from the outer surface fixed
to the fixing member (53) has an opening, to whiol membrane filter (54), which is air-
permeable and waterproof, is attached. One entleo€dnnection pipe (56) is coupled via a
connector to one of the side surfaces of the oxggeisor box (51a). Further, the branch pipe
(81) of the measurement unit (80) is coupled vim@nector (pipe joint) to a lower surface of
the oxygen sensor box (51a).

[0082]

The carbon dioxide sensor (52) has a carbon deog&hsor box (52a). The carbon
dioxide sensor (52) is a non-dispersive infrareDIR) sensor which radiates infrared rays to
the gas in the carbon dioxide sensor box (52a)gasure an absorption amount of infrared rays
having a wavelength specific to carbon dioxide,rebg measuring the carbon dioxide
concentration in the gas. The other end of the ection pipe (56) is coupled via a connector
to one side surface of the carbon dioxide senseoi(B2a). One end of the exhaust pipe (57) is
coupled via a connector to the other side surfatieeocarbon dioxide sensor box (52a).
[0083]

The fixing member (53) is fixed to the casing (&&h the oxygen sensor (51) and the

carbon dioxide sensor (52) attached thereto.
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[0084]

The connection pipe (56) is, as described abawgpled to the one side surface of the
oxygen sensor box (51a) and the one side surfatteeafarbon dioxide sensor box (52a), and
allows the internal space of the oxygen sensoi(bba) to communicate with the internal space
of the carbon dioxide sensor box (52a).

[0085]

As described above, the exhaust pipe (57) hasmtheoupled to the other side surface
of the carbon dioxide sensor box (52a), and thero#imd open near the suction port of the
internal fans (26). That is, the exhaust pipe @IOws the internal space of the carbon dioxide
sensor box (52a) to communicate with the primagcep(S21) of the internal storage space
(S2).

[0086]

—Concentration Measurement Operation—

The secondary and primary spaces (S22) and (32hg anternal storage space (S2)
communicate with each other via an air passagef@8)ed by the membrane filter (54), the
internal space of the oxygen sensor box (51a)ctmaection pipe (56), the internal space of
the carbon dioxide sensor box (52a), and the ext@ps (57). Thus, when the internal fans
(26) are rotating, the pressure of the primary s&21) becomes lower than the pressure of
the secondary space (S22). Due to this pressuezalite, the air in the container flows from
the secondary space (S22) to the primary spacé (&1 air passage (58) to which the oxygen
sensor (51) and the carbon dioxide sensor (52yareected. Thus, the inside air sequentially
flows through the oxygen sensor (51) and the cadhoxide sensor (52), and then the oxygen
concentration of the air is measured by the oxygensor (51), and the carbon dioxide
concentration of the air is measured by the cadioxide sensor (52).

[0087]



10

15

20

25

26

[Controller]

The controller (55) is configured to perform a centration control operation for
controlling the oxygen concentration and carbonxidi® concentration of the air in the
container (11) to desired concentrations, respelgtiBpecifically, the controller (55) controls
the operation of the gas supply device (30) ance#aust portion (46) based on measurement
results obtained by the oxygen sensor (51) andat®on dioxide sensor (52) so that the oxygen
concentration and carbon dioxide concentratiomefdir in the container (11) are controlled to
desired target concentrations (e.g., 3% oxygerb&aaarbon dioxide).

[0088]

[Filter Unit]

As shown in FIGS. 1 and 6, the gas supply dew8€® is disposed at the lower left
corner of the external storage space (S1) (ataerl left end of the condenser (22)), and the
filter unit (75) is disposed at the left of the ethec component box (17) when the external
storage space (S1) is viewed from the front. Therfunit (75) is provided for taking air into
the gas supply device (30). Specifically, the filtait (75) is arranged on a left inner surface of
the external storage space (S1) of the casing TtB.air pump (31) in the unit case (36) is
connected to one end of an air tube (85) consiiutie outside air passage (41) for sucking
the air. The filter unit (75) is connected to thker end of the air tube (85).

[0089]

FIG. 7 is a perspective view of the filter unibf7attached to the casing (12) of the
container refrigeration apparatus (10). FIG. 8nsaploded perspective view of the filter unit
(75) of FIG. 7. FIG. 9 is a front view of the fiftenit (75). FIG. 10 is a cross-sectional view
taken along a line X-X in FIG. 9, FIG. 11 is a ga®ctional view taken along a line XI-XI in
FIG. 9, and FIG. 12 is a view illustrating a cregstional structure of an air filter.

[0090]
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The filter unit (75) is provided with a filter b@®0) and an air filter (76) housed in the
filter box (90). The air filter (76) is in the shapf a rectangular parallelepiped, and the filter
box (90) is a hollow member substantially in thaph of a hexahedron. One surface (76a) of
the six surfaces of the air filter (76) serves ms inflow surface, and the other surfaces air
outflow surfaces. The air filter (76) is arrangess that all surfaces are spaced apart from the
corresponding wall surfaces of the filter box (9@)addition, one of the surfaces of the filter
box (90) corresponding to the air inflow surfacettod air filter (76) constitutes an air intake
surface (90a), in which an air intake port (93fpisned.

[0091]

The filter box (90) includes a front wall (90f)rfoing the air intake surface (90a),
sidewalls (90s) positioned on the left and riglkesiof the air filter (76), an upper wall (90u)
positioned above the air filter (76), and a bottwail (90b) positioned below the air filter (76).
[0092]

A space between the air filter (76) and the fiiex (90) includes two types of spaces,
namely, a primary space (P) which is present betwee air intake surface (90a) provided with
the air intake port (93a) and the air inflow sueaxt the air filter (76) and through which the
air flows toward the air filter (76), and a plutglof secondary spaces (Q), each of which is
present between one of the other surfaces of tHidter (76) and an associated one of the wall
surfaces of the filter box (90) and into which #ieflows from the air filter (76). A seal packing
(79) which closely adheres to the air filter (7@)dathe filter box (90) is provided at the
peripheral edge of a front surface of the air ffi{fé6) to separate the primary space (P) from
the secondary spaces (Q).

[0093]
In one of the surfaces of the filter box (90) fammthe secondary spaces (Q), a tube

joint (85a) to which the other end of the air t(88) is connected is provided as an air outflow
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port. Specifically, the tube joint (85a) is provitifor the left side surface of the filter box (90)
in FIG. 9.
[0094]

The filter box (90) includes a base member (94dito the casing (12) of the container
refrigeration apparatus (10) with screws (91a), arltbx body (92) that houses the air filter
(76) therein and is fixed to the base member (9t) screws (92a). A packing (98) is provided
between the base member (91) and the box bodyq®2ep the internal space of the filter box
(90) airtight.

[0095]

The air intake port (93) of the filter box (90)f@med near the lower end of the air
intake surface (90a) of the filter box (90). Theiatake surface (90a) of the filter box (90) is
provided with an intake port cover (94) covering #ir intake port (93). The intake port cover
(94) includes a front cover plate (94a) opposetthécair intake surface (90a), and a peripheral
cover plate (94b) formed on a peripheral edge effthnt cover plate (94a). The peripheral
cover plate (94b) is partially cut out to form antikation hole (95) in the peripheral cover plate
(94b) below the air intake port (93).

[0096]

Specifically, the front cover plate (94a) of théake port cover (94) is rectangular, and
has a lower side inclined with respect to a horiabline. The ventilation hole (95) is formed
in a predetermined range of a portion of the penighcover plate (94b) corresponding to the
lower side of the front cover plate (94a).

[0097]

The filter box (90) includes the base member @i)a back wall facing the back

surface of the air filter (76). A spacer (96) fongia communication passage (G) is provided

between the back surface of the air filter (76) #melbase member (91) serving as the back
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wall of the filter box (90).
[0098]

As shown in FIG. 11, the air filter (76) is a gked filter having a plurality of pleats
(76a). The air filter (76) includes filter subs#&at(77a, 77b), each of which is made of a
membrane filter having waterproofness and air pabitigy, and fibrous coating layers (78a,
78b) respectively covering the surfaces of theffitubstrates (77a,77b). The membrane filter
is made of polytetrafluoroethylene (PTFE). Nonwofadric is used as the coating layers (78a,
78b). The air filter (76) is disposed such thatpheats (76a) extend in the vertical direction.
[0099]

The air filter (76) includes a stack of a plumaldf (two in this embodiment) filter
substrates (77a, 77b), and the coating layers (7&8a), are respectively formed on the filter
substrates (77a, 77b). The front and back surfaicéee stack of the filter substrates (77a, 77b)
are respectively covered with the coating laye&a(77/8b). The filter substrate (77a) may
include only a single layer, and in this case,cbating layer (78a) made of nonwoven fabric is
provided on the surface of the layer from whichdiras sucked.

[0100]

—Operation—

<Operation of Refrigerant Circuit>

In this embodiment, a unit controller (100) shownFIG. 3 performs a cooling
operation for cooling the air in the container (11)

[0101]

During the cooling operation, the unit control{@00) controls the operation of the
compressor (21), the expansion valve (23), thereatéan (25), and the internal fans (26) such
that the temperature of the air in the containaches a desired target temperature based on

measurement results provided by a temperature s@rscshown). In this case, the refrigerant



10

15

20

25

30

circuit (20) allows the refrigerant to circulate perform a vapor compression refrigeration
cycle. Then, the air in the container (11) guidethe internal storage space (S2) by the internal
fans (26) is cooled when passing through the ewpo(24) by the refrigerant flowing through
the evaporator (24). The air in the container abdig the evaporator (24) passes through the
underfloor path (19a), and is blown again intoititernal space (S) of the container (11) via
the blowout port (18b). Thus, the air in the comési(11) is cooled.
[0102]

<Basic Operation of Gas Supply Device>

The gas supply device (30) alternately repeatsstidperation (see FIG. 4) in which
the first adsorption column (34) is pressurized #mel second adsorption column (35) is
depressurized simultaneously, and a second opei@te FIG. 5) in which the first adsorption
column (34) is depressurized and the second adsoergiolumn (35) is pressurized
simultaneously,each for predetermined periodsoétfe.g., 14.5 seconds) so as to produce the
nitrogen-enriched air and the oxygen-enriched laithe present embodiment, the pressure
equalization operation (not shown) in which bothtw# first adsorption column (34) and the
second adsorption column (35) are pressurized r®npeed for a predetermined time (for
example, 1.5 seconds) between the first operatidritee second operation. The controller (55)
controls the first and second directional contrahes (32) and (33) to perform the switching
among these operations.
[0103]

<<First Operation>>

During the first operation, the controller (55)ihes the first and second directional
control valves (32) and (33) to the first statewshan FIG. 4. Thus, the air circuit (3) is set to
the first connection state in which the first agigimn column (34) communicates with the outlet

of the first pump mechanism (31a) and is blockedfthe inlet of the second pump mechanism
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(31b), and simultaneously, the second adsorptitumao (35) communicates with the inlet of
the second pump mechanism (31b) and is blocked tihenoutlet of the first pump mechanism
(31a).
[0104]

The first pump mechanism (31a) supplies the cosse@ outside air to the first
adsorption column (34). A nitrogen component corgdiin the air that has flowed into the first
adsorption column (34) is adsorbed on the adsoudifeht first adsorption column (34). Thus,
during the first operation, the first pump mechan{81a) supplies the compressed outside air
to the first adsorption column (34), in which thasarbent adsorbs the nitrogen component in
the outside air. As a result, oxygen-enriched aiiing a lower nitrogen concentration and a
higher oxygen concentration than the outside girigluced. The oxygen-enriched air flows
from the first adsorption column (34) to the oxygkscharge passage (45).

[0105]

On the other hand, the second pump mechanism gMdis the air from the second
adsorption column (35). Simultaneously, the secomehp mechanism (31b) also sucks the
nitrogen component that has been adsorbed onsw@bent in the second adsorption column
(35) together with the air, thereby allowing thesadbent to desorb the nitrogen component.
Thus, during the first operation, the second pungehmnism (31b) sucks the air out of the
second adsorption column (35) to allow the adsdribendesorb the nitrogen component
adsorbed thereon. This produces nitrogen-enricliedoataining the nitrogen component
desorbed from the adsorbent, and having a higlrgein concentration and a lower oxygen
concentration than the outside air. The nitrogemebad air is sucked into the second pump
mechanism (31b), compressed, and discharged tahamslipply passage (44).

[0106]

<<Second Operation>>
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During the second operation, the controller (5&jtches the first and second
directional control valves (32) and (33) to thes®tstate shown in FIG. 5. Thus, the air circuit
(3) is set to the second connection state in wiietiirst adsorption column (34) communicates
with the inlet of the second pump mechanism (31id) ia blocked from the outlet of the first
pump mechanism (31a), and simultaneously, the seadsorption column (35) communicates
with the outlet of the first pump mechanism (31l & blocked from the inlet of the second
pump mechanism (31b).

[0107]

The first pump mechanism (31a) supplies the cossae outside air to the second
adsorption column (35). A nitrogen component corddiin the air that has flowed into the
second adsorption column (35) is adsorbed on therhdnt of the second adsorption column
(35). Thus, during the second operation, the fpamp mechanism (31a) supplies the
compressed outside air to the second adsorptiameo(35), in which the adsorbent adsorbs
the nitrogen component in the outside air. As alltesxygen-enriched air having a lower
nitrogen concentration and a higher oxygen conagatr than the outside air is produced. The
oxygen-enriched air flows out from the second golsmn column (35) to the oxygen discharge
passage (45).

[0108]

On the other hand, the second pump mechanism @idiKs the air from the first
adsorption column (34). Simultaneously, the secomehp mechanism (31b) also sucks the
nitrogen component that has been adsorbed ontadé@rbent in the first adsorption column
(34) together with the air, thereby allowing thesadbent to desorb the nitrogen component.
Thus, during the second operation, the second pueghanism (31b) sucks the air out of the
first adsorption column (34) to allow the adsorbndesorb the nitrogen component adsorbed

thereon. This produces nitrogen-enriched air cairtgithe nitrogen component desorbed from
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the adsorbent, and having a higher nitrogen coratgort and a lower oxygen concentration
than the outside air. The nitrogen-enriched auiked into the second pump mechanism (31b),
compressed, and discharged toward the supply pa¢éay
[0109]

As mentioned above, during the first operatior finst adsorption column (34) is
pressurized by the first pump mechanism (31a) tbopa the adsorption operation, whereas
the second adsorption column (35) is depressubyeithe second pump mechanism (31b) to
perform the desorption operation. During the seagmetation, the second adsorption column
(35) is pressurized by the first pump mechanisna)3 perform the adsorption operation,
whereas the first adsorption column (34) is depmgzsd by the second pump mechanism (31b)
to perform the desorption operation. Thus, whenfitise operation is switched to the second
operation or the second operation is switched ® fitst operation without the pressure
equalization operation performed between the &rgt second operations, the pressure in the
adsorption column where the desorption operatiabteen performed before the switching is
remarkably low right after the switching. Thudaikes time until the pressure in this adsorption
column increases, and the adsorption operation oEestart soon.

[0110]

Thus, in this embodiment, the air circuit (3) wgitshed to the third connection state
when the first operation is switched to the secopération and when the second operation is
switched to the first operation, so that the fastl second adsorption columns (34) and (35)
communicate with each other via the first and sdatirectional control valves (32) and (33).
In this configuration, the internal pressures @ffiiist and second adsorption columns (34) and
(35) are immediately equalized (i.e., become in&sliate pressures between the respective
inner pressures). The pressure equalization operatimediately increases the pressure in the

adsorption column which has been depressurizedéyécond pump mechanism (31b) and
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performing the desorption operation before the aviilg. Thus, the adsorption operation is
performed immediately after the connection withfire pump mechanism (31a).
[0111]

In this manner, the gas supply device (30) altetpaepeats the first and second
operations, with the pressure equalization opargberformed between the first and second
operations, thereby producing the nitrogen-enriciiednd the oxygen-enriched air in the air
circuit (3).

[0112]

—Advantages of Embodiment—

According to the present embodiment, the fibraaatiog layers (78a, 78b) are formed
on the surfaces of the filter substrates (77a, @abh of which is made of the membrane filter.
Thus, even if sea salt particles adhere to thidteir (76) to cause a deliquescence phenomenon,
moisture does not form a water film on the surfamkethe fibrous coating layers (78a, 78b),
and is absorbed into the coating layers (78a, B8mapillarity. This cansuppress increase in
the pressure loss of the air filter (76). Furtisarce excessive increase in the pressure loss can
be suppressed, it is possible to suppress thedfomater from the space upstream of the air
filter (76) to the downstream space, and the dantagbe air pump (31) can be reduced.
According to the present embodiment, even whengte supply device is used under the
condition that salt damage may possibly be causede gas supply device, it is possible to
suppress shortening of the life of the air filté8) due to the deliquescence phenomenon caused
by the sea salt particles.

[0113]

According to the present embodiment, when th@amnp (31) supplies the gas to the

target space (S) via the filter unit (75), the gasses through a pleated filter having a large gas

passage area. The surfaces of the filter substfates 77b) of the pleated filter are covered
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with the fibrous coating layers (78a, 78b). Therefohe air filter (76) on which a water film is
less likely formed has a large gas passage ardaharpressure loss of the air filter (76) does
not easily increase. This can extend the life efaln filter (76).
[0114]

In addition, according to this embodiment, wheneradheres to the air filter (76) and
is not absorbed by the coating layers (78a, 78a)emgoes down along the pleats (76a) on the
surface of the air filter (76), and drips down frone air filter (76) when reaching the lower
end of the pleats (76a). Thus, it is possible fipseiss increase in the pressure loss due to water
adhered to the surface of the air filter (76). Tdas further extend the life of the air filter (76)
[0115]

Further, according to the present embodimentathi@ter (76) has a plurality of filter
substrates (77a, 77b). This can suppress entryatérvinto the air pump (31) and the target
space (S), and can protect the air pump (31) anddhtents of the target space (S) from damage
caused by water.

[0116]

«Other Embodiments>»>

The foregoing embodiment may be modified as falow
[0117]

For example, in the embodiment described aboesgals supply device (30) sucks the
air from the filter unit (75), and feeds the nitemgenriched air into the internal space (S), which
is the target space (S), of the container (11). &l the target space (S) is not necessarily the
internal space (S) of the container (11), and @ tg be fed is not necessarily the nitrogen-
enriched air. For example, the gas supply devicg lmeza device for supplying outside air into
a storehouse in a coastal area.

[0118]
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In the filter box (90) of the embodiment, the tybimt (85a), which is an air outflow
port through which the air is taken out of the setay spaces of the air filter (76), is not
necessarily provided on the sidewall (90s) of itierfbox (90), but may be provided on the
upper wall (90u) or front wall (90f) of the filtérox (90), for example.

[0119]

In the above-described embodiment, the air f{{#&) having the membrane filter is
disposed in the gas passage (40) of the air ci(8uib which the adsorption columns (34, 35)
each provided with the adsorbent for adsorbingitttegen component in the air are connected,
so that the air that has passed through the tar {if6) flows into the adsorption columns (34,
35). However, the gas supply device (30) to whighair filter (76) is applied is not limited to
the one using the absorption columns (34, 35)mmayt be the one using a separation film that
separates oxygen or carbon dioxide from the aiotdrol the concentration of the components
of the air in the container. Although the specdircuit configuration of such a device is not
shown in the drawings, an air filter (76) havinmambrane filter is provided on the side of the
separation film from which the air is sucked infdis configuration can suppress shortening
of the life of the air filter (76) due to a deliqgeence phenomenon caused by sea salt particles,

and can also suppress entry of water into the agparfilm.

INDUSTRIAL APPLICABILITY
[0120]

As can be seen in the foregoing, the presentatisot is useful for a gas supply device
including a gas passage that supplies gas to attspgce, a filter unit provided at an inlet of
the gas passage, and an air pump provided in thélenf the gas passage, an inside air control
system that supplies a gas mixture having a snoalenit of oxygen and a large content of

nitrogen to the target space, and a containergesfition apparatus including the inside air
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control system.

DESCRIPTION OF REFERENCE CHARACTERS

[0121]

10 Container Refrigeration Apparatus
11 Container

12 Casing

20 Refrigerant Circuit

30 Gas Supply Device

31 Air Pump

38 Gas Mixture Generator
40 Gas Passage

60 Inside Air Control System
75 Filter Unit

76 Air Filter

76a Pleat

77a Filter Substrate

77b Filter Substrate

78a Coating Layer

78b Coating Layer

90 Filter Box

S Internal Space (Target Space)
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CLAIMS

1. A container refrigeration apparatus, comprising:

a casing (12) mounted on a container (11) for use in marine transportation; components
of a refrigerant circuit (20) attached to the casing (12); and an inside air control system (60)
attached to the casing (12), wherein

the container refrigeration apparatus is configured to cool an internal space (S) of the
container (11), and supply a gas mixture to the internal space (S) of the container (11) using the
inside air control system (60), and

the inside air control system (60) includes: a gas supply device (30); and a gas mixture
generator (38) that generates a gas mixture having a higher nitrogen concentration and a lower
oxygen concentration than air sucked through a filter unit (75) of the gas supply device (30),

the gas supply device (30) includes: a gas passage (40) that supplies gas to an indoor
space (S); a filter unit (75) provided at an inlet of the gas passage (40); and an air pump provided
in the middle of the gas passage (40) and configured to supply gas generated by the gas mixture
generator (38) to the indoor space (S),

the filter unit (75) includes a filter box (90) and an air filter (76) housed in the filter
box (90), and

the air filter (76) includes a filter substrate (77a,77b) made of a membrane filter having
waterproofness and air permeability, and a fibrous coating layer (78a,78b) covering a surface

of the filter substrate (77a,77b) through which air is sucked and absorbing water.

2. The container refrigeration apparatus of claim 1, wherein

the air filter (76) 1s a pleated filter having a plurality of pleats (76a).

3. The container refrigeration apparatus of claim 2, wherein

the air filter (76) is arranged so that the pleats (76a) extend in a vertical direction.

4. The container refrigeration apparatus of claim 1 any one of claims 1 to 3,
wherein

the air filter (76) includes a stack of a plurality of filter substrates (77a, 77b).



