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DESCRIPTION
FILTER UNIT, GAS SUPPLY DEVICE, INSIDE AIR CONDITINER, AND COOLING

DEVICE FOR CONTAINER

TECHNICAL FIELD
[0001]

The present disclosure relates to a filter ungaa supply device including the filter
unit and an air pump provided in a gas passagestimdlies gas to a target space, an inside air
control system that supplies a gas mixture gengriatehe gas supply device and having a
high nitrogen concentration and a low oxygen cotreéion to the target space, and a

container refrigeration apparatus equipped withins&le air control system.

BACKGROUND ART
[0002]

Container refrigeration apparatuses including &igerant circuit performing a
refrigeration cycle have been used to cool air ircomtainer for use in, e.g., marine
transportation (see, e.g., Patent Document 1). ddmgainer is loaded with plants such as
bananas and avocados, for example. Plants bregthebdorbing oxygen in the air and
releasing carbon dioxide even after they have bkarvested. The plants lose their
nourishment and moisture as they breathe. Thus,ddggee of freshness of the plants
decreases. Thus, the oxygen concentration in thiaicer is preferably lowered not 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 anlletep the plants fresh. This inside air
control system performs an adsorption operatiogeofding pressurized air using an air pump
into an adsorption column housing the adsorbeatltov the adsorbent to adsorb the nitrogen
component, and then performs a desorption operafi@ucking the air using the air pump
from the adsorption column to allow the adsorbemtdesorb the nitrogen component
adsorbed. As a result, the nitrogen-enriched girasluced.
[0004]

Components of the inside air control system argskd 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. A filter unibyided 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 membraifierf which is covered with a sheet metal
cover so that water is not directly applied ther@toe filter unit is mounted on a casing of a

container refrigeration apparatus.

CITATION LIST
PATENT DOCUMENT
[0005]

Patent Document 1: Japanese Unexamined Patentdidsl No. 2017-044445

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM
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[0006]

In the conventional inside air control systemlerf of the filter unit needs to be
replaced every voyage because of its short lifee Qfrpossible measures to allow the filter to
be used for a long period of time is increasing size of the filter to give the filter with a
larger dust holding capacity. However, this mayr@ase the size of the filter unit, making it
difficult to install the filter unit in the casingf the container refrigeration apparatus.

[0007]

The problem of the increase in size of the filleit is not limited to the inside air
control system of the container refrigeration app#s installed in a marine container, but may
also arise in a gas supply device having comporsril as a pump and a valve for feeding
the air through the filter into a warehouse orltke installed in a coastal area.

[0008]
An object of the present disclosure is to suppressease in size of the filter unit

even if the dust holding capacity of the filtemsde larger than before.

SOLUTION TO THE PROBLEM
[0009]

A first aspect of the present disclosure is preahisn a filter unit including a filter
box (90) and an air filter (76) housed in the filb®x (90).

[0010]

In this filter unit, the air filter (76) is arrapd to be spaced apart from wall surfaces
of the filter box (90), and an air intake port (88formed in an air intake surface (90a), which
is one of surfaces of the filter box (90). A spadeich is present between the air intake
surface (90a) provided with the air intake port)(88d an air inflow surface of the air filter

(76) corresponding to the air intake surface (99@) primary space (P) through which the air
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flows into the air filter (76), and a plurality spaces, each of which is present between one of
surfaces of the air filter (76) other than theiailow surface and an associated one of the wall
surfaces of the filter box (90) are secondary spd€y into each of which the air flows out
from the air filter (76).

[0011]

In the first aspect, the air flows from the primapace (P) into the air filter (76)
through the air intake port (93) formed in the iatake surface (90a) of the filter box (90),
and flows out from the air filter (76) into the sedary spaces (Q).

[0012]

A second aspect is an embodiment of the first cispe the second aspect, the air
intake port (93) is formed near a lower end of &lireintake surface (90a) of the filter box
(90).

[0013]

In the second aspect, the air flows into therfiliex (90) through the air intake port
(93) formed in the lower portion of the filter b@0).

[0014]

A third aspect is an embodiment of the second aspe the third aspect, the air
intake surface (90a) is provided with an intaket paver (94) covering the air intake port
(93). The intake port cover (94) includes a froover plate (94a) opposed to the air intake
surface (90a), and a peripheral cover plate (9dbhéd on a peripheral edge of the front
cover plate (94a). A ventilation hole (95) is fonie the peripheral cover plate (94b) below
the air intake port (93).

[0015]
A fourth aspect is an embodiment of the third asp@ the fourth aspect, the front

cover plate (94a) of the intake port cover (94)eistangular, and has a lower side inclined
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with respect to a horizontal line, and the ventlathole (95) is formed in a predetermined
range of a portion of the peripheral cover pla#gbj%ormed along the lower side of the front
cover plate (94a), the predetermined range beirag adower end of the peripheral cover
plate (94b).
[0016]

In the third and fourth aspects, the air flowsnirthe ventilation hole (95) of the
intake port cover (94) into the filter box (90)aligh the air intake port (93).

[0017]

A fifth aspect is an embodiment of any one of fin& to fourth aspects. In the fifth
aspect, the filter box (90) includes a front w&Df) forming the air intake surface (90a),
sidewalls (90s) positioned on the left and riglesiof the air filter (76), an upper wall (90u)
positioned above the air filter (76), and a bottwwall (90b) positioned below the air filter (76),
and at least one of the sidewalls (90s), the upymsl (90u), and the front wall (90f) is
provided with an air outflow port (85a) through whithe air is taken out from the secondary
spaces of the air filter (76).

[0018]

In the fifth aspect, the air flows into the filtbox (90) through the front wall (90f)
thereof, which is the air intake surface (90a), &meh flows out from the air outflow port
(85a) cut in the sidewall (90s), the upper wall@@nd the front wall (90f). Since the bottom
wall (90b) has no air outflow port (85a), wateradcumulated in the filter box (90), does not
flow into the air pump (31) and the target spade (S
[0019]

A sixth aspect is an embodiment of any one offitts¢ to fifth aspects. In the sixth
aspect, the filter box (90) includes a back wall)(fcing a back surface of the air filter (76),

and a spacer (96) is provided to form a commuraogpiassage (G) between the back surface
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of the air filter (76) and the back wall (91) ogtfilter box (90).
[0020]

In the sixth aspect, the plurality of secondargcgs (Q) around the air filter (76)
communicate with each other through the commuminagiassage (G) formed between the
back surface of the air filter (76) and the backl (&) of the filter box (90). The secondary
spaces (Q) communicate with each other even itlierance between the back surface of the
air filter (76) and the back wall (91) of the filtbox (90) is small to make the filter box (90)
thin. Thus, the air that has flowed out from the fdter (76) can flow from an arbitrary
position around the air filter (76) to the air pudd).

[0021]

A seventh aspect is premised on a gas supply @ewicluding: a gas passage (40)
that supplies air 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).

[0022]

The filter unit is the filter unit (75) of any or# the first to sixth aspects of the
present disclosure.
[0023]

An eighth aspect is premised on an inside airrobsystem, 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).

[0024]

In this inside air control system, the gas sumsyice (30) is the gas supply device

(30) of the seventh aspect, and configured to suggpls generated by the gas mixture

generator (38) to the target space (S) using theuanp (31).
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A ninth aspect is premised on a container refatien apparatus, including: a casing
(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 configurec¢dol an internal space (S) of the container
(11), and supply a gas mixture to the internal sg&) of the container (11) using the inside
air control system (60).
[0026]

In this container refrigeration apparatus, thad@sair control system (60) is the

inside air control system (60) of the eighth aspect

ADVANTAGES OF THE INVENTION
[0027]

According to the first aspect, the air flows frahe primary space (P) into the air
filter (76) through the air intake port (93) formedthe air intake surface (90a) of the filter
box (90), and flows out from the air filter (76)tanthe secondary spaces (Q). In this aspect,
suppose one of the surfaces of the air filter {@6)ng the primary space (P) is a front surface,
the air flows out from the side surfaces, uppefasa, lower surface, or back surface of the
air filter (76). Thus, the air that has flowed oah flow in an arbitrary direction. Therefore, if
the filter box (90) is configured to allow the &ir flow into the filter box (90) through the
front surface and flow out from the filter box (9Myough the side surfaces, the air does not
flow toward the back side of the filter box (90)emf the air passage area of the air filter (76)
is increased to increase the dust holding capaEitis can make the filter box (90) thinner,
and can reduce the increase in size of the filiér(#5).

[0028]
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According to the second aspect, the air flows thmfilter box (90) through the air
intake port (93) formed in the lower portion of thker box (90). In this aspect, water, if
accumulated in the filter box (90), flows out frahe air intake port (93) opened in the lower
portion of the filter box (90). Thus, water does accumulate to the level above the air intake
port (93). This can reduce the increase in predsgeecaused by water that adheres to the air
filter (76). Moreover, this can also reduce thekhess of the filter box (90).

[0029]

According to the third aspect, the air flows frahe ventilation hole (95) of the
intake port cover (94) into the filter box (90) aligh the air intake port (93). In this aspect,
provision of the intake port cover (94) suppresbesflow of water into the filter box (90).
Further, in this aspect, water, if accumulatedhia filter box (90), flows from the air intake
port (93) opened in the lower portion of the filteox (90) and goes outside through the
ventilation hole (95) formed in the intake port eoy94). Thus, water does not accumulate to
the level above the air intake port (93). This padfuce the increase in pressure loss caused by
water that adheres to the air filter (76). Moreo\vhis can also reduce the thickness of the
filter box (90).

[0030]

According to the fourth aspect, the air flows frdhne ventilation hole (95) of the
intake port cover (94) into the filter box (90) aligh the air intake port (93). In this aspect,
provision of the intake port cover (94) suppresbesflow of water into the filter box (90).
Further, in this aspect, water, if accumulatedhia filter box (90), flows from the air intake
port (93) opened in the lower portion of the filteox (90) and goes outside through the
ventilation hole (95) formed in the inclined lowside of the intake port cover (94). Thus,
water does not accumulate to the level above théntke port (93). This can reduce the

increase in pressure loss caused by water thatesltethe air filter (76). Moreover, this can
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also reduce the thickness of the filter box (90).
[0031]

According to the fifth aspect, the air flows irttee filter box (90) through the front
wall (90f) thereof, which is the air intake surfa(@a), and then flows out from the air
outflow port (85a) cut in the sidewall (90s), thepar wall (90u), or the front wall (90f). Since
the bottom wall (90b) has no air outflow port (85apter, if accumulated in the filter box
(90), does not flow into the air pump (31) and thmet space (S). This can protect the air
pump (31) and the contents of the target spac&dB) damage caused by water.

[0032]

According to the sixth aspect, the air that haw#éd out of the air filter (76) can flow
from an arbitrary position around the air filte6]%o the air pump (31), and the filter box (90)
can be thinned down. Such a configuration can akzezl by merely providing a spacer (96)
between the back surface of the air filter (76) dreback wall (91) of the filter box (90).
[0033]

According to the seventh aspect, the gas suppljicele(30) can obtain the
advantages of the first to sixth aspects. Accordmthe eighth aspect, the inside air control
system (60) can obtain the advantages of thetbrsixth aspects. Further, according to the
ninth aspect, the container refrigeration apparaars obtain the advantages of the first to

sixth aspects.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034]

[FIG. 1] FIG. 1 is a perspective view illustratimgcontainer refrigeration apparatus
according to an embodiment as viewed from outside.

[FIG. 2] FIG. 2 is a sectional side view illustreg a general configuration of a
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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 illaing a configuration of a CA
system of the container refrigeration apparatugetteer with the flow of air during a first
operation.

[FIG. 5] FIG. 5 is a piping system diagram illaing a configuration of the CA
system of the container refrigeration apparatugetteer with the flow of air during a second
operation.

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

[FIG. 7] FIG. 7 is a perspective view illustratitfte 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 talaong line X-X shown in FIG. 9.

[FIG. 11] FIG. 11 is a cross-sectional view talkéong 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
[0035]

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 merety eéxample in nature, and is not intended
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to limit the scope, applications, or use of thespre disclosure.
[0036]

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 oxygen)(id the air and releasing carbon dioxide ¢CO
into the air, and examples of such plants (15)uiekel fruit like bananas and avocados,
vegetables, cereals, bulbous plants, and natoaéfks.

[0037]

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

[0038]

<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.

[0039]

The exterior wall (12a) is attached to the penphaf the opening of the container
(11) so as to close the open end of the contaitigr The exterior wall (12a) is formed such
that the lower part of the exterior wall (12a) puokes into the container (11).

[0040]
The interior wall (12b) is disposed to face théeewr wall (12a). The interior wall

(12b) protrudes into the container just like thedo part of the exterior wall (12a). A thermal
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insulator (12c) fills the space between the intesiod exterior walls (12b, 12a).
[0041]

As can be seen, the lower part of the casing {d4prmed to protrude into the
container (11). Thus, an external storage spacgig¢Sbrmed outside the container (11) and
in the lower part of the casing (12), and an iraéstorage space (S2) is formed inside the
container (11) and in the upper part of the caglizy.

[0042]

As shown in FIG. 1, the casing (12) includes twiress openings (14) for
maintenance arranged side by side in a width dimeadf the casing (12). The two access
openings (14) are closed respectively by first amcbnd access doors (16A, 16B) which are
openable and closable. Each of the first and seesodss doors (16A, 16B) includes, just
like the casing (12), an exterior wall, an intenaall, and a thermal insulator.

[0043]

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 theapk of a substantially rectangular plate
member, and stands upright so as to face the witleocasing (12) inside the container (11).
This partition plate (18) separates the internadagje space (S2) from the internal space (S) of
the container (11).

[0044]

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).

[0045]
The internal storage space (S2) is further pravisdth a partition wall (13)

extending in the horizontal direction. The partitizvall (13) is attached to an upper end
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portion of the partition plate (18), and has anrpg in which internal fans (26), which will
be described later, are disposed. This partitioh (&8) partitions the internal storage space
(S2) into a primary space (S21) on the suction sid&e internal fans (26), and a secondary
space (S22) on the blowout side of the internas f@®6). In this embodiment, the partition
wall (13) divides the internal storage space (S$@jlewise in two spaces such that the
primary space (S21) on the suction side is dispadede the secondary space (S22) on the
blowout side.
[0046]

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) isnfied between the floorboard (19) and the
bottom surface of the container (11). A gap is befiween the lower end of the partition plate
(18) and the bottom surface of the container (443 communicates with the underfloor path
(19a).

[0047]

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

[0048]

<Configuration and Arrangement of Refrigerant Girand Other Components>

As shown in FIG. 3, the refrigerant circuit (2@ & closed circuit in which a
compressor (21), a condenser (22), an expansiore (@3), and an evaporator (24) are
connected together in this order by a refrigergping (20a).

[0049]
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An external fan (25) is disposed near the conde(®®. The external fan (25) is
driven in rotation by an external fan motor (25g)ides the air in the external space of the
container (11) (i.e., outside air) into the extérstorage space (S1), and sends it to the
condenser (22). In the condenser (22), heat isasged between a refrigerant compressed in
the compressor (21) and flowing through the coneef®32) and the outside air sent to the
condenser (22) by the external fan (25). In thisbediment, the external fan (25) is
comprised of a propeller fan.

[0050]

Two internal fans (26) are disposed near the ewpo(24). The internal fans (26)
are driven in rotation by internal fan motors (26d#aw the air in the container (11) through
the suction port (18a), and blow the air toward ¢haporator (24). In the evaporator (24),
heat is exchanged between a refrigerant havingesspre dropped by the expansion valve
(23) and flowing through the evaporator (24) ané #ir in the container sent to the
evaporator (24) by the internal fans (26).

[0051]

As shown in FIG. 2, each of the internal fans (B@Judes a propeller fan (rotary
vane) (27a), a plurality of stationary vanes (2@ a fan housing (27c). The propeller fan
(27a) is coupled to the internal fan motor (26a)] ariven in rotation by the internal fan
motor (26a) about a rotation axis to blow the airan axial direction. The plurality of
stationary vanes (27b) are disposed on the blowioiet of the propeller fan (27a) to rectify
the flow of swirling air blown from the propellemard (27a). The fan housing (27c) is
comprised of a cylindrical member with the plusalif stationary vanes (27b) attached to its
inner peripheral surface, and extends to, and sods, the outer periphery of the propeller
fan (27a).

[0052]
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As shown in FIG. 1, the compressor (21) and thedeaser (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
inverter box (29) which houses a driver circuit @iiving the compressor (21) at a variable
velocity, and a gas supply device (30) of the Cateyn (60) are disposed. The external fan
(25) and an electric component box (17) are digpasehe second space (S12). The first
space (S11) is open toward the external space eofctimtainer (11). A plate member is
arranged to close the second space (S12) fromxtieenal space of the container such that
only a blowout port of the external fan (25) is npeward the external space of the container.
[0053]

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

[0054]

<CA System>

As shown in FIG. 4, the CA system (60) includes tfas supply device (30), an
exhaust portion (46), a sensor unit (50), a colergb5), and a filter unit (75), and controls
the oxygen concentration and carbon dioxide comagoh of the air in the container (11).
The term “concentration” to be used in the follogvimescription always indicates a
“volumetric concentration.”

[0055]
[Gas Supply Device]

—Configuration of Gas Supply Device—
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The gas supply device (30) sucks the air (gash ftiee 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 supplycde{B0) is configured by a VPSA
(Vacuum Pressure Swing Adsorption). Further, the gi#pply device (30) is disposed at a
lower left corner of the external storage spacé,(&ilshown in FIG. 1.

[0056]

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 ®6sing these components of the air circuit
(3). In this manner, the gas supply device (30jnfora single unit with these components
housed in the unit case (36), and is configureldetgetrofitted to the container refrigeration
apparatus (10).

[0057]

(Air Pump)

The air pump (31) is provided in the middle of asgpassage (40) including an
outside air passage (41), a discharge passage d4Q)ction passage (43), and a supply
passage (44). The filter unit (75), which will besdribed later, is provided at an inlet of the
gas passage (40).

[0058]

The air pump (31) is provided in the unit case),(36d includes a first pump
mechanism (a pressurizing portion) (31a) and arse@ump mechanism (a depressurizing
portion) (31b), each of which sucks and compres$isesair and discharges compressed air.
The first and second pump mechanisms (31a) and @&bconnected to a driving shaft of a

motor (31c), and are driven in rotation by the md¢8ic) to suck and compress the air, and
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discharge the compressed air.
[0059]

One end of the outside air passage (41) whichreémged to pass through the unit
case (36) from the interior to exterior of the waste (36) is connected to the inlet of the first
pump mechanism (31a). The filter unit (75) havinmga filter is provided at the other end of
the outside air passage (41). The outside air gasgdl) is made of a flexible tube. Although
not shown in the drawings, the other end of theidatair passage (41) where the filter unit
(75) is provided is arranged in the second spat2)(&f the external storage space (S1) above
the condenser (22). Due to this configuration, fird pump 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 (36ydigh 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 a discharge patd2y The other end (downstream end) of
the discharge passage (42) is divided into two dives, which are connected to the first the
second directional control valves (32) and (33pestively.

[0060]

An inlet of the second pump mechanism (31b) isnected to one end of a suction
passage (43). The other end (upstream end) ofutt@s passage (43) is divided into two
branches, which are connected to the first andrebdoectional control valves (32) and (33),
respectively. An outlet of the second pump mechman(i31b) is connected to one end of the
supply passage (44). The other end of the suppgguee (44) opens in the secondary space
(S22) on the blowout side of the internal fans (26jhe internal storage space (S2) of the
container (11). The supply passage (44) is providitd 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 backflotiveodir.
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[0061]

In this embodiment, the discharge passage (42)tl@dsuction passage (43) are
connected via a bypass passage (47). The bypasagea$47) is provided with a bypass
on-off valve (48), an opening/closing operatiomwtiich is controlled by the controller (55).
[0062]

The first and second pump mechanisms (31a) and) (BfLlthe air pump (31) are
configured as oil-free pumps without lubricant diwo blower fans (49) are disposed on the
side of the air pump (31) to cool the air pump Byt blowing air toward the air pump (31).
[0063]

(Gas Mixture Generator (38))

In the present embodiment, a gas mixture gener@8) is comprised of the
following directional control valves (32, 33) andsarption columns (34, 35).

[0064]

(Directional Control Valve)

The first and second directional control valve®)(8nd (33) are provided in the air
circuit (3) between the air pump (31) and the fastl second adsorption columns (34) and
(35), and switches the connection between the ampp (31) and the first and second
adsorption columns (34) and (35) among three cdiorestates (first to third connection
states) which will be described later. The congmo{b5) controls the switching.

[0065]

Specifically, the first directional control valv@2) is connected to the discharge
passage (42) connected to the outlet of the fustgppmechanism (31a), the suction passage
(43) connected to the inlet of the second pump @@sm (31b), and one end portion of the
first adsorption column (34) (functioning as aneinlduring pressurization). The first

directional control valve (32) switches betweerrst State where the first adsorption column
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(34) is allowed to communicate with the outlet bé tfirst pump mechanism (31a) to be
blocked from the inlet of the second pump mechar(3hb) (the state shown in FIG. 4), and
a second state where the first adsorption columpig3allowed to communicate with the inlet
of the second pump mechanism (31b) to be blocketh fthe outlet of the first pump
mechanism (31a) (the state shown in FIG. 5).
[0066]

The second directional control valve (33) is carted 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 (31bji ane end portion of the second
adsorption column (35). The second directional mntalve (33) switches between a first
state where the second adsorption column (35)asvatl to communicate with the inlet of the
second pump mechanism (31b) to be blocked fronotiket of the first pump mechanism
(31a) (the state shown in FIG. 4), and a secortd sthere the second adsorption column (35)
is allowed to communicate with the outlet of thestfipump mechanism (31a) to be blocked
from the inlet of the second pump mechanism (3tt® ¢tate shown in FIG. 5).

[0067]

If the first and second directional control val(82) and (33) are set to be the first
state, the air circuit (3) is switched to a firehnection state where the outlet of the first pump
mechanism (31a) is connected to the first adsarg@umn (34), and the inlet of the second
pump mechanism (31b) is connected to the seconur@am column (35) (see FIG. 4). In
this state, an adsorption operation is performetherfirst adsorption column (34) to adsorb a
nitrogen component in the outside air onto the dmsd, and a desorption operation is
performed on the second adsorption column (35)esoib the nitrogen component adsorbed
onto the adsorbent.

[0068]
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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 secorm@ns column (35), and the inlet of
the second pump mechanism (31b) is connected thrshedsorption column (34) (see FIG.
5). In this state, the adsorption operation isqrened on the second adsorption column (35),
and the desorption operation is performed on tisé didsorption column (34).

[0069]

If the first directional control valve (32) is skt be the first state, and the second
directional control valve (33) is set to be thems®t state, the air circuit (3) is switched to a
third connection state where the outlet of thet fismp 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).his state, both of the first and second
adsorption columns (34) and (35) are connectedhéooutlet of the first pump mechanism
(31a), and compressed outside air is supplied tr@nfirst pump mechanism (31a) to both of
the first and second adsorption columns (34) abil (8 this state, the adsorption operation is
performed on both of the first and second adsamptmumns (34) and (35).

[0070]

(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 nitrogeiponent in a state where these adsorption
columns (34, 35) are depressurized.

[0071]

The adsorbent that fills the first and second gatgan columns (34) and (35) may be
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comprised of porous zeolite having pores with amdiger smaller than the diameter of
nitrogen molecules (3.0 angstrom) and larger then diameter of oxygen molecules (2.8
angstrom), for example. The nitrogen componenthin dir may be adsorbed using zeolite
having pores of such a diameter as the adsorbent.
[0072]

Cations exist in the pores of zeolite, and thuglactric field has been generated to
cause polarity. Therefore, zeolite has the propeftadsorbing polarity molecules such as
water molecules. As a result, the adsorbent madeealite and filling the first and second
adsorption columns (34) and (35) adsorbs not oittpgen but also moisture (vapor) in the
air. The moisture adsorbed onto the adsorbentssrtded from the adsorbent together with
the nitrogen component as a result of the desarptmperation. Consequently,
nitrogen-enriched air including moisture is supgplheto the internal space (S) of the container
(11), thus increasing the humidity in the intersphce (S). Furthermore, the adsorbent is
regenerated, which may extend the adsorbent’s life.

[0073]

In this configuration, if the air pump (31) sumdithe compressed outside air to the
first and second adsorption columns (34) and (89réssurize these columns (34) and (35),
the nitrogen component in the outside air is adstrbnto the adsorbent. This produces
oxygen-enriched air that has had its nitrogen cotmagon lowered and oxygen concentration
increased by including less nitrogen component tharoutside air does. On the other hand,
if the air pump (31) sucks the air from the firstdasecond adsorption columns (34) and (35)
to depressurize these columns (34) and (35), ttregein component adsorbed onto the
adsorbent is desorbed. This produces nitrogentesdicair that has had its nitrogen
concentration increased and oxygen concentratioverked by including more nitrogen

component than the outside air does. In this enmbenl, the nitrogen-enriched air of 92%
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nitrogen and 8% oxygen, for example, is produced.
[0074]

The respective other ends of the first and se@mwbrption columns (34) and (35)
(functioning as outlets during pressurization) @vanected to one end of an oxygen discharge
passage (45) through which the oxygen-enrichedhair has been produced in the first and
second adsorption columns (34) and (35) from tmepressed outside air supplied by the first
pump mechanism (31a) is guided toward the outsidieocontainer (11). The one end of the
oxygen discharge passage (45) is divided into tramd¢hes, which are connected to the other
ends of the first and second adsorption column} #8d (35), respectively. The other end of
the oxygen discharge passage (45) opens outsidgatheupply device (30), i.e., outside the
container (11). The branches of the oxygen diséhpagsage (45) are connected to the other
ends of the first and second adsorption columng &w (35), respectively. Each of the
junction portions is provided with a check valva)@vhich prevents backflow of the air from
the oxygen discharge passage (45) toward thedirdtsecond adsorption columns (34) and
(35).

[0075]

A check valve (62) and an orifice (63) are arrahgesome midpoints of the oxygen
discharge passage (45) so as to be sequentiadiggd from one end to the other end of the
oxygen discharge passage (45). The check valve (@2vents backflow of the
nitrogen-enriched air from an exhaust connectissage (71), which will be described later,
toward the first and second adsorption columns &) (35). The orifice (63) depressurizes
the oxygen-enriched air which has flowed out offiret and second adsorption columns (34)
and (35) before the oxygen-enriched air is disab@itg the outside of the container.

[0076]

(Supply-Discharge Switching Mechanism)



10

15

20

25

23

The air circuit (3) is provided with a supply-disege switching mechanism (70) that
switches between a gas supply operation, whichbeillescribed later (see FIGS. 4 and 5), of
supplying the produced nitrogen-enriched air it® internal space (S) of the container (11),
and a gas discharge operation (not shown) of digeigathe produced nitrogen-enriched air
to the outside of the container. The supply-disghawitching mechanism (70) includes an
exhaust connection passage (71), an exhaust aalo# (72), and a supply on-off valve (73).
[0077]

The exhaust connection passage (71) has one emeéated to the supply passage
(44), and the other end connected to the oxygeashdige passage (45). The other end of the
exhaust connection passage (71) is connected taxtfgn discharge passage (45) so as to be
located further toward the outside of the contathan the orifice (63).

[0078]

The exhaust on-off valve (72) is provided at tk@awist connection passage (71).
The exhaust on-off valve (72) is provided at a midp of the exhaust connection passage
(71), and is comprised of a solenoid valve whickvigtiched between an open state where the
flow of the nitrogen-enriched air from the supplspage (44) is allowed, and a closed state
where the flow of the nitrogen-enriched air is Wed. The controller (55) controls an
opening/closing operation of the exhaust on-off/edl72).

[0079]

The supply on-off valve (73) is provided at theply passage (44) so as to be
located further toward the other end (toward theidie of the container) than the junction
where the exhaust connection passage (71) is ctathéc the supply passage (44). The
supply on-off valve (73), which is located furtiteward the inside of the container than the
junction between the supply passage (44) and theaust connection passage (71), is

comprised of a solenoid valve which is switchedMeein an open state where the flow of the
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nitrogen-enriched air toward the inside of the aordr is allowed, and a closed state where
the flow of the nitrogen-enriched air toward theside of the container is blocked. The
controller (55) controls an opening/closing openatf the supply on-off valve (73).
[0080]

(Measurement Unit)

The air circuit (3) is provided with a measuremenit (80) for performing a supply
air measurement operation (not shown) to measuee ctincentration of the produced
nitrogen-enriched air using an oxygen sensor (31bhe sensor unit (50), which will be
described later, provided in the internal spaceofShe container (11). The measurement unit
(80) includes a branch pipe (a measurement pas$dfjeand a measurement on-off valve
(82), and allows part of the nitrogen-enrichedflawing through the supply passage (44) to
be diverged toward the oxygen sensor (51).

[0081]

Specifically, the branch pipe (81) has one encheoted to the supply passage (44),
and the other end coupled to an oxygen sensordd®),(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 extends fhe@ninterior to exterior of the unit case
(36).

[0082]

The measurement on-off valve (82) is providedtfar branch pipe (81) in the unit
case. The measurement on-off valve (82) is comprafea solenoid valve which switches
between an open state where the flow of the nitraegeiched air in the branch pipe (81) is
allowed, and a closed state where the flow of ibbegen-enriched air in the branch pipe (81)
is blocked. The controller (55) controls an operafaging operation of the measurement

on-off valve (82). As will be described in detaaltér, the measurement on-off valve (82) is
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open only when a supply air measurement operatidire tdescribed later is performed, and is
closed in the other modes.
[0083]

[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
exhaust valve (46b) connected to the exhaust pas@Hin), and a membrane filter (46c)
provided at an inlet end (an end located insidecthrgainer) of the exhaust passage (46a).
The exhaust passage (46a) passes through the ¢a8nfyjom the interior to exterior of the
casing (12). The exhaust valve (46b) is providegaaht to an internal end of the exhaust
passage (46a), and is comprised of a solenoid weltveh is switched between an open state
where the flow of the air in the exhaust passaga)(& allowed, and a closed state where the
flow of the air in the exhaust passage (46a) ixk#d. The controller (55) controls an
opening/closing operation of the exhaust valve 46b
[0084]

—Operation of Exhaust Portion—

When the internal fans (26) are rotating, an eghaperation is performed. That is,
the controller (55) opens the exhaust valve (46lmischarge the air (inside air) in the internal
storage space (S2) communicating with the intespate (S) to the outside of the container.
[0085]

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). Thirgrvthe exhaust valve (46b) is open, due to

the pressure difference between the ends of thauskipassage (46a) (the pressure difference
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between the external space of the container andgdbendary space (S22)), the air in the
internal storage space (S2) communicating with itmernal space (S) (inside air) is
discharged to the outside of the container vieettteaust passage (46a).
[0086]

[Sensor Unit]

—Configuration of Sensor Unit—

As shown in FIG. 2, the sensor unit (50) is preddn the secondary space (S22) on
the blowout side of the internal fans (26) in th&ernal storage space (S2). The sensor unit
(50) includes an oxygen sensor (51), a carbon desensor (52), a fixing member (53), a
membrane filter (54), a connection pipe (56), anéxéhaust pipe (57).

[0087]

The oxygen sensor (51) has an oxygen sensor ht®) (gousing a galvanic-cell
sensor therein. The oxygen sensor (51) measuregathe of a current flowing through an
electrolytic solution of the galvanic-cell sensormeasure the oxygen concentration of a gas
in the oxygen sensor box (51a). An outer surfacthefoxygen sensor box (51a) is fixed to
the fixing member (53). Another outer surface & txygen sensor box (51a) opposite from
the outer surface fixed to the fixing member (53f lan opening, to which the membrane
filter (54), which is air-permeable and waterproisf,attached. In addition, one end of the
connection pipe (56) is coupled via a connectoorie of the side surfaces of the oxygen
sensor box (51a). Further, the branch pipe (8th@fmeasurement unit (80) is coupled via a
connector (pipe joint) to a lower surface of thggen sensor box (51a).

[0088]

The carbon dioxide sensor (52) has a carbon deog@&hsor box (52a). The carbon

dioxide sensor (52) is a non-dispersive infrareDIfR) sensor which radiates infrared rays to

the gas in the carbon dioxide sensor box (52a)d¢asure an absorption amount of infrared
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rays having a wavelength specific to carbon dioxitiereby measuring the carbon dioxide
concentration in the gas. The other end of the ecdtion pipe (56) is coupled via a connector
to one side surface of the carbon dioxide sensar (b@a). Furthermore, one end of the
exhaust pipe (57) is coupled via a connector tootiher side surface of the carbon dioxide
sensor box (52a).
[0089]

The fixing member (53) is fixed to the casing (¥&dh the oxygen sensor (51) and
the carbon dioxide sensor (52) attached thereto.
[0090]

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

[0091]

As described above, the exhaust pipe (57) haseadecoupled to the other side
surface of the carbon dioxide sensor box (52a),thedther end open near the suction port of
the internal fans (26). That is, the exhaust pip# @llows the internal space of the carbon
dioxide sensor box (52a) to communicate with thenary space (S21) of the internal storage
space (S2).

[0092]

—Concentration Measurement Operation—

The secondary and primary spaces (S22) and (S2h¢ 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 extpps (57). Thus, when the internal fans
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(26) are rotating, the pressure of the primary s&21) becomes lower than the pressure of
the secondary space (S22). Due to this pressueratite, the air in the container flows from
the secondary space (S22) to the primary space) (82he air passage (58) to which the
oxygen sensor (51) and the carbon dioxide send)rdfe connected. Thus, the inside air
sequentially flows through the oxygen sensor (51 the carbon dioxide sensor (52), and
then the oxygen concentration of the air is meakime the oxygen sensor (51), and the
carbon dioxide concentration of the air is measimethe carbon dioxide sensor (52).
[0093]

[Controller]

The controller (55) is configured to perform a cemtration 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) and e¢kbaust portion (46) based on
measurement results obtained by the oxygen seb$pafd the carbon dioxide sensor (52) so
that the oxygen concentration and carbon dioxideentration of the air in the container (11)
are controlled to desired target concentratiorgs,(8% oxygen and 5% carbon dioxide).
[0094]

[Filter Unit]

As shown in FIGS. 1 and 6, the gas supply dew3€® 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) for taking air into the gas supptievice (30) is disposed at the left of the
electric component box (17) when the external g@rspace (S1) is viewed from the front.
Specifically, the filter unit (75) is arranged oteé inner surface of the external storage space
(S1) of the casing (11). The air pump (31) in thé gase (36) is connected to one end of an

air tube (85) constituting the outside air pasgdd¢ for sucking the air. The filter unit (75) is
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connected to the other end of the air tube (85).
[0095]

FIG. 7 is a perspective view of the filter unibj7attached to the casing (12) of the
container refrigeration apparatus (10). FIG. 8n®aploded 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 line X-X in FIG. 9, FIG. 11 is a crasstional view taken along line XI-XI in
FIG. 9, and FIG. 12 is a view illustrating a cresstional structure of an air filter.

[0096]

The filter unit (75) is provided with a filter bd®0) and an air filter (76) housed in
the filter box (90). The air filter (76) is in thehape of a rectangular parallelepiped, and the
filter box (90) is a hollow member substantiallythre shape of a hexahedron. One surface
(76a) of the six surfaces of the air filter (76)v&s as an air inflow surface, and the other
surfaces air outflow surfaces. The air filter (T6)arranged such that all surfaces are spaced
apart from the corresponding wall surfaces of titerfbox (90). In addition, one of the
surfaces of the filter box (90) corresponding te #ir inflow surface of the air filter (76)
constitutes an air intake surface (90a), in whicka@m intake port (93) is formed.

[0097]

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 bottaadl (90b) positioned below the air filter
(76).

[0098]
A space between the air filter (76) and the filiex (90) includes two types of spaces,
namely, a primary space (P) which is present betwke air intake surface (90a) provided

with the air intake port (93a) and the air inflowrfeice of the air filter (76) and through which
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the air flows toward the air filter (76), and a nallity of secondary spaces (Q), each of which
is present between one of the other surfaces ddithfdter (76) and an associated one of the
wall surfaces of the filter box (90) and into whitte air flows from the air filter (76). A seal
packing (79) which closely adheres to the air ffi{i&5) and the filter box (90) is provided at
the peripheral edge of a front surface of the itterf(76) to separate the primary space (P)
from the secondary spaces (Q).
[0099]

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 tu@@®) is connected is provided as an air
outflow port. Specifically, the tube joint (85a)psovided for the left side surface of the filter
box (90) in FIG. 9.

[0100]

The filter box (90) includes a base member (94¢dito the casing (12) of the
container refrigeration apparatus (10) with scré®ds), and a box body (92) that houses the
air filter (76) therein and is fixed to the basemter (91) with screws (92a). A packing (98) is
provided between the base member (91) and the bdx (92) to keep the internal space of
the filter box (90) airtight.

[0101]

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 efftont cover plate (94a). The peripheral
cover plate (94b) is partially cut out to form antiation hole (95) in the peripheral cover

plate (94b) below the air intake port (93).
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[0102]

Specifically, the front cover plate (94a) of tmtake port cover (94) is rectangular,
and has a lower side inclined with respect to azbatal line. The ventilation hole (95) is
formed in a predetermined range of a portion ofp@epheral cover plate (94b) formed along
the lower side of the front cover plate (94a), pnedetermined range being near a lower end
of the peripheral cover plate (94b).

[0103]

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
wall of the filter box (90).

[0104]

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&sat(77a, 77b), each of which is made of a
membrane filter having waterproofness and air pabitigy, and fibrous coating layers (78a,
78Db) respectively covering the surfaces of theffitubstrates (77a,77b). The membrane filter
is made of polytetrafluoroethylene (PTFE). Nonwovahric is used as the coating layers
(78a, 78b). The air filter (76) is disposed sucattthe pleats (76a) extend in the vertical
direction.

[0105]

The air filter (76) includes a stack of a plumaldf (two in this embodiment) filter
substrates (77a, 77b), and the coating layers (78a), are respectively formed on the filter
substrates (77a, 77b). The front and back surfatéise stack of the filter substrates (77a,
77b) are respectively covered with the coating ri&y&8a, 78b). The filter substrate (77a)

may include only a single layer, and in this cake, coating layer (78a) made of nonwoven
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fabric is provided on the surface of the layer fratrich the air is sucked.
[0106]

—Operation—

<Operation of Refrigerant Circuit>

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

[0107]

During the cooling operation, the unit control{&00) controls the operation of the
compressor (21), the expansion valve (23), thereatdan (25), and the internal fans (26)
such that the temperature of the air in the coptaieaches a desired target temperature based
on measurement results provided by a temperatursosgnot shown). In this case, the
refrigerant circuit (20) allows the refrigerant ¢aculate to perform a vapor compression
refrigeration cycle. Then, the air in the contai(fel) guided to the internal storage space (S2)
by the internal fans (26) is cooled when passimgufh the evaporator (24) by the refrigerant
flowing through the evaporator (24). The air in tentainer cooled by the evaporator (24)
passes through the underfloor path (19a), andisrbbagain into the internal space (S) of the
container (11) via the blowout port (18b). Thu® #ir in the container (11) is cooled.

[0108]

<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 operdsiee FIG. 5) in which the first
adsorption column (34) is depressurized and thergkadsorption column (35) is pressurized
simultaneously, each for predetermined periodsnoé {e.g., 14.5 seconds) so as to produce

the nitrogen-enriched air and the oxygen-enriched la this embodiment, a pressure
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equalization operation (not shown) in which thetfend second adsorption columns (34) and
(35) are both pressurized for a predetermined {jeng., 1.5 seconds) during the intervals
between the first and second operations. The dbetr(s5) controls the first and second
directional control valves (32) and (33) to perfdaime switching among these operations.
[0109]

«First Operation»

During the first operation, the controller (55)itles 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 agsion column (34) communicates with the
outlet of the first pump mechanism (31a) and ickdéol from the inlet of the second pump
mechanism (31b), and simultaneously, the seconarpiisn column (35) communicates with
the inlet of the second pump mechanism (31b) abtbrked from the outlet of the first pump
mechanism (31a).

[0110]

The first pump mechanism (31a) supplies the cosge@ 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 theodunt of the first adsorption column (34).
Thus, during the first operation, the first pumpchmnism (31a) supplies the compressed
outside air to the first adsorption column (34)which the adsorbent adsorbs the nitrogen
component in the outside air. As a result, oxygemebed air having a lower nitrogen
concentration and a higher oxygen concentratiom tthee outside air is produced. The
oxygen-enriched air flows from the first adsorptioolumn (34) to the oxygen discharge
passage (45).

[0111]

On the other hand, the second pump mechanism gMdis the air from the second
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adsorption column (35). Simultaneously, the secpachp mechanism (31b) also sucks the
nitrogen component that has been adsorbed ontadierbent in the second adsorption
column (35) together with the air, thereby allowitige adsorbent to desorb the nitrogen
component. Thus, during the first operation, th@sd pump mechanism (31b) sucks the air
out of the second adsorption column (35) to alltne adsorbent to desorb the nitrogen
component adsorbed thereon. This produces nitregenhed air containing the nitrogen
component desorbed from the adsorbent, and havimgher nitrogen concentration and a
lower oxygen concentration than the outside aie mhrogen-enriched air is sucked into the
second pump mechanism (31b), compressed, and dischtoward the supply passage (44).
[0112]

«Second Operation»

During the second operation, the controller (5%jtches the first and second
directional control valves (32) and (33) to them®t state shown in FIG. 5. Thus, the air
circuit (3) is set to the second connection statere the first adsorption column (34)
communicates with the inlet of the second pump raeism (31b) and is blocked from the
outlet of the first pump mechanism (31a), and siamdously, the second adsorption column
(35) communicates with the outlet of the first pumgchanism (31a) and is blocked from the
inlet of the second pump mechanism (31b).

[0113]

The first pump mechanism (31a) supplies the cossee outside air to the second
adsorption column (35). A nitrogen component corddiin the air which has flowed into the
second adsorption column (35) is adsorbed on teerhdnt of the second adsorption column
(35). Thus, during the second operation, the fpstmp mechanism (31a) supplies the
compressed outside air to the second adsorptiameo(35), in which the adsorbent adsorbs

the nitrogen component in the outside air, therpiducing oxygen-enriched air having a
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lower nitrogen concentration and a higher oxygenceatration than the outside air. The
oxygen-enriched air flows from the second adsomptiolumn (35) to the oxygen exhaust
passage (45).
[0114]

On the other hand, the second pump mechanism @ids the air from the first
adsorption column (34). Simultaneously, the secomehp mechanism (31b) also sucks the
nitrogen component that has been adsorbed ontads@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 adsorbentlesorb a nitrogen component adsorbed
thereon. This produces nitrogen-enriched air caimgi the nitrogen component desorbed
from the adsorbent, and having a higher nitrogencentration and a lower oxygen
concentration than the outside air. The nitrogemebad air is sucked into the second pump
mechanism (31b), compressed, and discharged tahaslipply passage (44).

[0115]

As mentioned above, in the first operation, thestfiadsorption column (34) is
pressurized by the first pump mechanism (31a) téopa 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)3t perform the adsorption operation,
whereas the first adsorption column (34) is depmeasd by the second pump mechanism
(31b) to perform the desorption operation. Thusemvthe first operation is switched to the
second operation or the second operation is switdbethe first operation without the
pressure equalization operation performed betwden first and second operations, the

pressure in the adsorption column where the ddasarpperation has been performed before
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the switching is remarkably low right after the &kliing. Thus, it takes time until the pressure
in this adsorption column increases, and the atisorpperation does not start soon.
[0116]

Thus, in this embodiment, the air circuit (3) wgitshed to the third connection state
when the first operation is switched to the secoperation 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 a flist and second adsorption columns (34)
and (35) are immediately equalized (i.e., becomrimediate pressures between the
respective inner pressures). The pressure equatizaperation immediately increases the
pressure in the adsorption column which has beeredsurized by the second pump
mechanism (31b) and performing the desorption djperdefore the switching. Thus, the
adsorption operation is performed immediately attes connection with the first pump
mechanism (31a).

[0117]

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

[0118]

—Advantages of Embodiment—

According to the present embodiment, the air flétesn the primary space (P) into
the air filter (76) shaped in a rectangular patafigped through the air intake port (93) formed
in the air intake surface (90a) of the filter b@0), and flows out from the air filter (76) into

the secondary spaces (Q). In this embodiment, sgppoe of the surfaces of the air filter (76)
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facing the primary space (P) is a front surface,a flows out from the side surfaces, upper
surface, lower surface, or back surface of thdilaar (76). Thus, the air that has flowed out
can flow in an arbitrary direction. Therefore, inist embodiment, the filter box (90) is
configured to allow the air to flow into the filt&ox (90) through the front surface and flow
out from the filter box (90) through the side sudsg, so that the air does not flow toward the
back side of the filter box (90). This can make fitter box (90) thinner, and can reduce the
increase in size of the filter unit (75), even hitair passage area of the air filter (76) is
increased to increase the dust holding capacity.
[0119]

Further, according to the present embodimentath#iows from the ventilation hole
(95) of the intake port cover (94) into the filtbox (90) through the air intake port (93)
formed in the lower portion of the filter box (9®). this embodiment, provision of the intake
port cover (94) suppresses the flow of water irte filter box (90). Further, in this
embodiment, water, if accumulated in the filter {6R), flows from the air intake port (93)
opened in the lower portion of the filter box (20)d goes outside through the ventilation hole
(95) formed in the inclined lower side of the intagort cover (94). Thus, water does not
accumulate to the level above the air intake @8}.(This can reduce the increase in pressure
loss caused by water that adheres to the air {iit6). Moreover, this can also reduce the
thickness of the filter box (90).

[0120]

According to the present embodiment, the air flomie the filter box (90) through
the front wall (90f) thereof, which is the air ikasurface (90a), and then flows out from the
air outflow port (85a) cut in the sidewall (90d)etupper wall (90u), or the front wall (90f).
Since the bottom wall (90b) has no air outflow p@%a), water, if accumulated in the filter

box (90), does not flow into the air pump (31) dinel target space (S). This can protect the air
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pump (31) and the contents of the target spac&dB) damage caused by water.
[0121]

According to the above-described embodiment, tler foox (90) can be thinned
down by merely providing a spacer (96) betweerbtek surface of the air filter (76) and the
back wall (91) of the filter box (90).

[0122]

«Other Embodiments>>

The foregoing embodiment may be modified as falow
[0123]

For example, in the embodiment described aboweg#s supply device (30) sucks
the air from the filter unit (75), and feeds th&ogen-enriched air into the internal space (S),
which is the target space (S), of the containe).(Hbwever, the target space (S) is not
necessarily the internal space (S) of the contditi; and the gas to be fed is not necessarily
the nitrogen-enriched air. For example, the gaplsugevice may be a device for supplying
outside air into a storehouse in a coastal area.

[0124]

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 selary spaces of the air filter (76), is not
necessarily provided on the sidewall (90s) of ilierfbox (90), but may be provided on the
upper wall (90u) or front wall (90f) of the filtéwox (90), for example.

[0125]

The filter (76) is not limited to have a rectargyubarallelepiped shape, and may have
other shapes than the rectangular parallelepipapestuch as a polyhedral shape, or the filter
box (90) may be in a different shape. All the scefa of the filter (76) are not necessarily

spaced apart from the corresponding wall surfatésedilter box (90) as long as the primary
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space (P) and the secondary spaces (Q) are formbd filter box (90) and the air flows from

the primary space (P) to the secondary spaces (Q).

INDUSTRIAL APPLICABILITY
[0126]

As can be seen in the foregoing, the presentatiged is useful for a filter unit, a gas
supply device including the filter unit, an insidie control system that supplies a gas mixture
having a small content of oxygen and a large canbémitrogen to a target space, and a

container refrigeration apparatus including thédesir control system.

DESCRIPTION OF REFERENCE CHARACTERS

[0127]

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
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77b

78a

78b

85a

90

90a

90f

90s

90u

90b

91

93

94

94a

94b

95

96

40
Filter Substrate
Coating Layer
Coating Layer
Tube Joint (Air Outflow Port)
Filter Box
Air Intake Surface
Front Wall
Sidewall
Upper Wall
Bottom Wall
Base Member (Back Wall)
Air Intake Port
Intake Port Cover
Front Cover Plate
Peripheral Cover Plate
Ventilation Hole
Spacer
Communication Passage
Primary Space
Secondary Space

Internal Space (Target Space)
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CLAIMS

1. A filter unit, comprising:

a filter box (90); and

an air filter (76) housed in the filter box (9@)herein

the air filter (76) is arranged to be spaced afvarh wall surfaces of the filter box
(90),

an air intake port (93) is formed in an air intakerface (90a), which is one of
surfaces of the filter box (90), and

a space which is present between the air intakfacgi(90a) provided with the air
intake port (93) and an air inflow surface of thefidter (76) corresponding to the air intake
surface (90a) is a primary space (P) through wthiehair flows into the air filter (76), and a
plurality of spaces, each of which is present betwene of surfaces of the air filter (76) other
than the air inflow surface and an associated dmieeowall surfaces of the filter box (90), are

secondary spaces (Q) into each of which the awdlout from the air filter (76).

2. The filter unit of claim 1, wherein
the air intake port (93) is formed near a lowed efthe air intake surface (90a) of

the filter box (90).

3. The filter unit of claim 2, wherein

the air intake surface (90a) is provided with atiake port cover (94) covering the air
intake port (93),

the intake port cover (94) includes a front coviate (94a) opposed to the air intake
surface (90a), and a peripheral cover plate (9dbnéd on a peripheral edge of the front

cover plate (94a), and
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a ventilation hole (95) is formed in the peripHazaver plate (94b) below the air

intake port (93).

4, The filter unit of claim 3, wherein

the front cover plate (94a) of the intake port @o{94) is rectangular, and has a
lower side inclined with respect to a horizontakli and

the ventilation hole (95) is formed in a predeted range of a portion of the
peripheral cover plate (94b) formed along the loside of the front cover plate (94a), the

predetermined range being near a lower end ofehieheral cover plate (94b).

5. The filter unit of any one of claims 1 to 4, evlin

the filter box (90) includes a front wall (90f)rfaing the air intake surface (90a),
sidewalls (90s) positioned on the left and riglesi of the air filter (76), an upper wall (90u)
positioned above the air filter (76), and a botwall (90b) positioned below the air filter (76),
and

at least one of the sidewalls (90s), the uppet (@8lu), and the front wall (90f) is
provided with an air outflow port (85a) through whithe air is taken out from the secondary

spaces of the air filter (76).

6. The filter unit of any one of claims 1 to 5, evlin

the filter box (90) includes a back wall (91) fagia back surface of the air filter (76),
and

a spacer (96) is provided to form a communicapassage (G) between the back

surface of the air filter (76) and the back wall)®f the filter box (90).
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7. A gas supply device, comprising:
a gas passage (40) that supplies air 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 gassage (40), wherein

5 the filter unit (75) is the filter unit (75) of swone of claims 1 to 6.

8. An inside air control system, comprising:
a gas supply device (30); and
a gas mixture generator (38) that generates angesire having a higher nitrogen
10 concentration and a lower oxygen concentration tiarsucked through a filter unit (75) of
the gas supply device (30), wherein
the gas supply device (30) is the gas supply eéefdb) of claim 7, and
gas generated by the gas mixture generator (38jpislied to a target space (S) using

the air pump (31).

15
9. A container refrigeration apparatus, comprising
a casing (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 toctmng (12), wherein
20 the container refrigeration apparatus is configumecool an internal space (S) of the

container (11), and supply a gas mixture to therivdl space (S) of the container (11) using
the inside air control system (60), and

the inside air control system (60) is the insistecantrol system (60) of claim 8.
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