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DESCRIPTION
Title of Invention: AIR COMPOSITION ADJUSTING DEVIE
Technical Field
[0001]

The present disclosure relates to an air composétdjusting device.
Background Art
[0002]

Examples of known air composition adjusting desitelude an internal air
adjusting device that adjusts the composition tdrimal air (for example, the oxygen
concentration and the carbon dioxide concentraifanternal air) of a warehouse or a
transport container that contains plants such aswyral products, in order to suppress
decrease of the freshness of the agricultural mtsdand the like.

[0003]

In PTL 1, a container including a device for atijug the composition of internal
air is disclosed. The device described in PTLjustd the composition of internal air by
using a gas separation membrane.

Citation List
Patent Literature
[0004]

PTL 1: International Publication No. 2007/033668
Summary of Invention
Technical Problem
[0005]

In a container having a device of this type, idesrto keep the freshness of plants

such as agricultural products for a long periochegally, the oxygen concentration of



-2 -

internal air is maintained at an oxygen concergraffor example 5 to 8%) lower than the
oxygen concentration of the atmosphere (about 2af@) the carbon dioxide
concentration of the internal air is maintained abncentration higher than that of the
atmosphere.

[0006]

If the oxygen concentration of the internal spaicthe container becomes too low,
a pump may be used to supply a high oxygen coratémirgas to the internal space. In
this case, however, carbon dioxide in the intespalce is discharged to the external space,
and it becomes difficult to maintain the carbonxtie concentration of the internal space
at a high concentration.

[0007]

With a configuration that does not use a pumpuppsy/ a gas to the internal space,
external air easily flows into a negative-presquad of the internal space, and it becomes
difficult to maintain the carbon dioxide conceniatof the internal space at a high
concentration because the carbon dioxide conceniraf external air is low.

[0008]

An object of the present disclosure is to endidéecarbon dioxide concentration of
air in a target space, whose composition is adjusyeusing an air composition adjusting
device, to be maintained at a high concentration.

Solution to Problem
[0009]

According to a first aspect of the present disalesan air composition adjusting
device for adjusting composition of air in a targpace (5) includes: a carbon dioxide
separator (41, 61) that separates carbon dioxahe &ir-to-be-treated to be supplied to the

target space (5p gas supply path (135) including a high concéotmagas supply path
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(136) through which the carbon dioxide separat@r 64) communicates with the target
space (5); and a controller (110) that performs a carbon dioxddacentration raising
operation of supplying a high carbon dioxide coniion gas, which has a higher carbon
dioxide concentration than air-to-be-treated befwimg treated by the carbon dioxide
separator (41, 61), to the target space (5) throliglmigh concentration gas supply path
(136).

[0010]

With the first aspect, the high carbon dioxideaamtration gas is generated when
air before being treated passes through the catioaide separator (41, 61), and the high
carbon dioxide concentration gas is supplied tddhget space (5) through the high
concentration gas supply path (136). Accordintjig, carbon dioxide concentration of
air in the target space (5), whose compositiomjssted by the air composition adjusting
device, can be made higher than the carbon diaadeentration of air before being
treated.

[0011]

According to a second aspect of the present disody in the first aspect, the
carbon dioxide separator (41, 61) is configuresetparate the air-to-be-treated into the
high carbon dioxide concentration gas and a lowaadioxide concentration gas, which
has a lower carbon dioxide concentration thanaald-treated before being treatéue
gas supply path (135) includes a low concentrag@smsupply path (137) that supplies the
low carbon dioxide concentration gas to the taspeice (5), and a switcher (76, 78) that
selectively supplies one of the high carbon dioxidecentration gas and the low carbon
dioxide concentration gas to the target space (5); and the controller (110) is configured to
be capable of supplying the high carbon dioxideceotration gas or the low carbon

dioxide concentration gas to the target spaceySwotching the switcher (76, 78).



[0012]

With the second aspect, the high carbon dioxideentration gas or the low
carbon dioxide concentration gas can be selectsgbyplied to the target space (5) by
switching the switcher (76, 78).

[0013]

According to a third aspect of the present disalesin the first or second aspect,
the carbon dioxide separator (41, 61) includesparstion membrane (85) that separates
carbon dioxide from the air-to-be-treated.

[0014]

With the third aspect, in the air composition atijug device configured by using
the separation membrane (85), the carbon dioxideasdration of air in the target space
(5) can be made higher than the carbon dioxideerdration in the atmosphere.

[0015]

According to a fourth aspect of the present dmate, in the third aspect, the air
composition adjusting device further includes asoaber (234, 235) that is provided with
an adsorbent, that separates nitrogen, oxygen;ahadn dioxide from internal air of the
target space (5), and that is capable of generatiog oxygen concentration gas and a
high oxygen concentration gas, the low oxygen comagon gas having a higher nitrogen
concentration, a lower oxygen concentration, almh@r carbon dioxide concentration
than the internal air, and the high oxygen conegioin gas having a lower nitrogen
concentration, a higher oxygen concentration, ahijlaer carbon dioxide concentration
than the internal air.

[0016]
With the fourth aspect, in a configuration sucht tine internal air adjusting device

includes the gas separation membrane (85) as thercdioxide separator (61) and
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further includes the adsorber (234, 235) providét whe adsorbent, as with the third
aspect, the carbon dioxide concentration of aihéntarget space (5) can be made higher
than the carbon dioxide concentration in the atrhespby using the separation
membrane (85).
Brief Description of Drawings
[0017]

[Fig. 1] Fig. 1 is a schematic sectional view dfansport container including an
internal air adjusting device according to an enitmecht.

[Fig. 2] Fig. 2 is a refrigerant circuit diagrattustrating the configuration of a
refrigerant circuit of a container refrigerator yied in the transport container.

[Fig. 3] Fig. 3 is a pipe system diagram illustigtthe configuration of the internal
air adjusting device according to the embodiment.

[Fig. 4] Fig. 4 is a schematic sectional view cfegoaration module provided in the
internal air adjusting device according to the editnent.

[Fig. 5] Fig. 5 is a block diagram illustrating arygen concentration reducing
operation performed by the internal air adjustiegide according to the embodiment.

[Fig. 6] Fig. 6 is a block diagram illustratingcarbon dioxide concentration
reducing operation performed by the internal ajustihg device according to the
embodiment.

[Fig. 7] Fig. 7 is a block diagram illustrating erygen concentration recovery
operation performed by the internal air adjustiegide according to the embodiment.

[Fig. 8] Fig. 8 is a block diagram illustratingather example of an oxygen
concentration recovery operation performed by tiernal air adjusting device according
to the embodiment.

[Fig. 9] Fig. 9 is a graph illustrating the changehe oxygen concentration and the
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carbon dioxide concentration of internal air.

[Fig. 10] Fig. 10 is a graph illustrating the chyarin the oxygen concentration and
the carbon dioxide concentration of internal aie doian oxygen concentration raising
operation according to the embodiment.

[Fig. 11] Fig. 11 is a graph illustrating the charin the oxygen concentration and
the carbon dioxide concentration of internal aie doia carbon dioxide concentration
raising operation according to the embodiment.

[Fig. 12] Fig. 12 is a pipe system diagram illasitig the configuration of an
internal air adjusting device according to a secamtbodiment.

[Fig. 13] Fig. 13 is a pipe system diagram ofititernal air adjusting device
according to the second embodiment, illustratisgase in which a first composition
adjusting unit is performing a first operation.

[Fig. 14] Fig. 14 is a pipe system diagram ofititernal air adjusting device
according to the second embodiment, illustratis¢age in which the first composition
adjusting unit is performing a second operation.

Description of Embodiments
[0018]

Embodiments will be described in detail with refece to the drawings.
[0019]

<<First Embodiment>>

An air composition adjusting device accordinghe present embodiment is an
internal air adjusting device (30) that is provided transport container (storage
chamber) (1) in order to perform so-called contrdlhtmosphere (CA) transportation.
The internal air adjusting device (30) adjustsabmposition of air in the internal space

(target space) of the transport container (1) tobee different from that of the
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atmosphere, which is air in the external spacé& oeturn the composition to that of the
atmosphere.
[0020]

As illustrated in Fig. 1, the transport contaifEy, which forms the storage
chamber, includes a container body (2) and a aoettaefrigerator (10). The transport
container (1) is a reefer container that is capabt®ntrolling the temperature of the
internal space. The internal air adjusting deY8® according to the present
embodiment is installed in the container refrigerdfl0). The transport container (1) is
used to transport, as freight (6), plants suchgaswatural products that perform
respiration by taking in oxygen gPand discharging carbon dioxide (O Examples of
plants include fruits such as bananas and avocadgstables, grains, bulbs, flowers, and
the like.

[0021]

The container body (2) has an elongated rectangalallelepiped-box shape.

One end surface of the container body (2) is oped,the container refrigerator (10) is
attached so as to close the open end. The intgpaak of the container body (2) serves
as a freight chamber (5) for storing the freight (6

[0022]

A floor board (3) for loading the freight (6) tle®n is disposed in a bottom portion
of the freight chamber (5). An underfloor pass@befor allowing air discharged by the
container refrigerator (10) to flow therethroughfarmed between the floor board (3) and
a bottom plate of the container body (2). The uihdler passage (4) extends in the
longitudinal direction of the container body (2pmd the bottom plate of the container
body (2). One end of the underfloor passage (ddpmnected to a blow-out opening (27)

of the container refrigerator (10), and the othmet ef the underfloor passage (4)
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communicates with a space above the floor boarl{dj is, a space in which the freight
(6) is contained).
[0023]

- Container Refrigerator -

As illustrated in Figs. 1 and 2, the containerigefrator (10) includes a casing (20),
a refrigerant circuit (11) that performs a refragon cycle, an external fan (16), and an
internal fan (17).

[0024]

The casing (20) includes an external wall (21)ird@rnal wall (22), a back plate
(24), and a partition plate (25). As describedbethe refrigerant circuit (11), the
external fan (16), and the internal fan (17) avjated in the casing (20).

[0025]

The external wall (21) is a plate-shaped membarithdisposed so as to cover the
open end of the container body (2). A lower pathe external wall (21) bulges inward
into the container body (2). The internal wall\&2a plate-shaped member that extends
along the external wall (21). The internal waR)2s disposed so as to cover the inner
surface of the external wall (21) of the containedy (2). The space between the
external wall (21) and the internal wall (22) ibefil with a heat insulator (23).

[0026]

A lower part of the casing (20) has a shape thegdessed inward into the
container body (2). The lower part of the casi2@) forms an external machine chamber
(28) that communicates with the external spacéettansport container (1). The
external fan (16) is disposed in the external maelchamber (28).

[0027]

The back plate (24) is a substantially rectangilgduplate-shaped member. The
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back plate (24) is disposed further inward in tbetainer body (2) than the internal wall
(22), and forms an internal air passage (29) bettlee back plate (24) and the internal
wall (22). The upper end of the internal air paesg9) serves as a suction opening (26)
of the casing (20), and the lower end of the irdkair passage (29) serves as the blow-out
opening (27) of the casing (20).

[0028]

The partition plate (25) is a plate-shaped merthegris disposed so as to partition
the internal air passage (29) into an upper paftaalower part. The partition plate (25)
is disposed in an upper region of the internapagsage (29). The partition plate (25)
partitions the internal air passage (29) into enpriy passage (29a) above the partition
plate (25) and a secondary passage (29b) belopattigion plate (25). The primary
passage (29a) communicates with the freight chagetia the suction opening (26).
The secondary passage (29b) communicates withnitherfloor passage (4) via the blow-
out opening (27). The internal fan (17) is attattethe partition plate (25). The
internal fan (17) is disposed so as to blow oytvelich is sucked from the primary
passage (29a), to the secondary passage (29b).

[0029]

As illustrated in Fig. 2, the refrigerant circ(dtl) is a closed circuit that is formed
by connecting a compressor (12), a condenser &h3xpansion valve (14), and an
evaporator (15) with pipes. When the compress®y i€lactivated, a refrigerant
circulates in the refrigerant circuit (11), andapur compression refrigeration cycle is
performed. As illustrated in Fig. 1, the conder(48) is disposed in the external
machine chamber (28) on the suction side of therpat fan (16), and the evaporator (15)
is disposed in the secondary passage (29b) ohtbmal air passage (29). Although

illustration is omitted in Fig. 1, the compressb?)(is disposed in the external machine
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chamber (28).
[0030]

- Internal Air Adjusting Device -

As illustrated in Figs. 1 and 3, the internaladjusting device (30) includes a main
unit (31), a sensor unit (90), a ventilation diggegpipe (100), and a controller (110).

The main unit (31) is installed in the external imae chamber (28) of the container
refrigerator (10). The sensor unit (90) is ingdlin the internal air passage (29) of the
transport container (1). The ventilation dischgoge (100) is installed in both of the
internal air passage (29) and the external madifiaenber (28) of the transport container
(). The controller (110) is provided in the mamit (31) and controls the constituent
equipment of the internal air adjusting device (30)

[0031]

As illustrated in Fig. 3, the main unit (31) oktmternal air adjusting device (30)
includes a first composition adjuster (40), a secommposition adjuster (60), a pump unit
(35), and a unit case (32). The unit case (32)dsx-shaped hermetically closed vessel.
The first composition adjuster (40), the second position adjuster (60), and the pump
unit (35) are disposed in the internal space otttiecase (32). Details of the first
composition adjuster (40), the second compositdjaster (60), and the pump unit (35)
will be described below. Each of the compositidjuaters (40, 60) includes a separator
that separates supply air (first external air, sdoexternal air, first internal air, and second
internal air, described below), which has an oxygemcentration and a carbon dioxide
concentration that differ from those of air-to-lbeated (external air, internal air), from the
air-to-be-treateghnd is configured to be capable of supplying the syl to the internal
space of the transport container (1).

[0032]
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The internal air adjusting device (30) includesupply pipe (120), an internal-side
suction pipe (75), and a measurement pipe (125he stipply pipe (120), the internal-
side suction pipe (75), and the measurement pip&) @re pipes for connecting the main
unit (31) to the internal air passage (29) of tbetainer refrigerator (10).

[0033]

The supply pipe (120) is a pipe for supplyingthte freight chamber (5), air flowed
out from the first composition adjuster (40) and #econd composition adjuster (60).

The inlet end of the supply pipe (120) is connedtetthe first composition adjuster (40)
and the second composition adjuster (60), andukleteend of the supply pipe (120)
opens in the secondary passage (29b) of the int@imaassage (29).

[0034]

The internal-side suction pipe (75) is a pipedopplying internal air in the freight
chamber (5) to the second composition adjuster. (6The inlet end of the internal-side
suction pipe (75) opens in the secondary pass&jg (& the internal air passage (29), and
the outlet end of the internal-side suction pipe) (8 connected to a second pump (37) of
the second composition adjuster (60) describedabeldn the secondary passage (29b) of
the internal air passage (29), the inlet end ofrtkernal-side suction pipe (75) is disposed
on the upstream side of the outlet end of the supiple (120).

[0035]

The measurement pipe (125) is a pipe for supplytimghe sensor unit (90), air that
flows in the supply pipe (120). The inlet end lné imeasurement pipe (125) is connected
the supply pipe (120), and the outlet end of theasueement pipe (125) is connected to
the sensor unit (90). A measurement on-off vah&6j, which is an electromagnetic
valve, is provided in the measurement pipe (129he measurement on-off valve (126)

is contained in the unit case (32) of the main (B1ij.
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[0036]

The ventilation discharge pipe (100), the supmbeg120), the internal-side
suction pipe (75), the measurement pipe (125) pgpes (51 to 55, 57, 59, 71 to 74, 77,
79, 95) provided in the composition adjusters @), described below, each may be a
rigid pipe, a flexible hose, or a combination gfipe and a hose.

[0037]

<Pump Unit>

As illustrated in Fig. 3, the pump unit (35) ind&s a first pump (36), the second
pump (37), and a driving motor (38).

[0038]

The first pump (36) and the second pump (37) ach @n air pump that sucks air
and discharges the air. The first pump (36) aeds#ttond pump (37) are each, for
example, a positive-displacement fluid machine. e fitst pump (36) and the second
pump (37) are integrated. The driving motor (38am electric motor coupled to the first
pump (36) and the second pump (37). The drivingpm@8) drives both of the first
pump (36) and the second pump (37).

[0039]

<First Composition Adjuster)

The first composition adjuster (40) is configutedseparate external air (untreated
external air) sucked from the outside of the tramspontainer (1) into first external air
(low oxygen concentration gas) and second extainghigh oxygen concentration gas).
The first composition adjuster (40) according te pinesent embodiment can supply the
first external air, which is supply air, to theiffiet chamber (5) and discharge the second
external air to the outside of the transport cor@a(l ); and can discharge the first

external air to the outside and supply the secatetal air to the freight chamber (5).
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[0040]

The first composition adjuster (40) includes arfilier (47), a first separation
module (first separator: an oxygen separator atatlaon dioxide separator that separate
oxygen and carbon dioxide from untreated air) (4Xf);st bypass valve (50), a first
pressure sensor (45), and a first control valve. (48 he first composition adjuster (40)
includes an external-side suction pipe (55), a iimet pipe (52), a first primary-side pipe
(53), a first secondary-side pipe (54), and a fisgiass pipe (51). The first pump (36) of
the pump unit (35) constitutes the first compositialjuster (40).

[0041]

The air filter (47) is a membrane filter for trapg dust and salt included in
external air. The air filter (47) is attachedte unit case (32) of the main unit (31).
The air filter (47) is connected to the suctionmipg of the first pump (36) via the
external-side suction pipe (55). In the internabdjusting device (30) according to the
present embodiment, the external-side suction @pemay be omitted, and the air filter
(47) and the first pump (36) may communicate wahreother via the internal space of
the unit case (32), which is a hermetically clogesisel.

[0042]

As will be described below in detail, the firspaeation module (41) includes a
first inlet (42), a first primary-side outlet (43nd a first secondary-side outlet (44). The
first inlet (42) is connected to the discharge apgof the first pump (36) via the first
inlet pipe (52). The first primary-side outlet J48 connected to the supply pipe (120)
via the first primary-side pipe (53). One endlw first secondary-side pipe (54) is
connected to the first secondary-side outlet (44)he first secondary-side pipe (54)
extends to the outside of the unit case (32). dther end of the first secondary-side

pipe (54) opens in the external machine chambégrd@28he suction side of the external
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fan (16).
[0043]

The first bypass valve (50) is a switching valeihg three ports and constitutes a
first bypass valve mechanism. The first bypassevéb0) is configured to be switched
between: a first state (shown by a solid line ig. Bj), in which the first port
communicates with the second port and is shutroffithe third port; and a second state
(shown by a broken line in Fig. 3), in which thesfiport communicates with the third port
and is shut off from the second port.

[0044]

The first bypass valve (50) is disposed in a naguirt of the first inlet pipe (52).
The first port of the first bypass valve (50) is'nected to the discharge opening of the
first pump (36), and the second port of the firgbdss valve (50) is connected to the first
inlet (42) of the first separation module (41). €eTihlet end of the first bypass pipe (51) is
connected to the third port of the first bypasy&db0). The outlet end of the first
bypass pipe (51) is connected to the first pringdg pipe (53). The first bypass pipe
(51) constitutes a first bypass passage.

[0045]

The first pressure sensor (45) and the first cdbneilve (46) are provided in the
first primary-side pipe (53). The first pressueasor (45) and the first control valve (46)
are disposed closer to the first separation mo@idgthan the other end of the first bypass
pipe (51) connected to the first primary-side gip&8). The first pressure sensor (45) is
disposed closer to the first separation module {ddn the first control valve (46).

[0046]
The first pressure sensor (45) measures the peegsiirst external air flowed out

from the first primary-side outlet (43) of the fiseparation module (41). The
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measurement value of the first pressure sensoiig4hibstantially equal to the pressure of
untreated external air that the first pump (36)pdies to the first separation module (41).
[0047]

The first control valve (46) is a motor-operatedve whose opening degree is
variable and constitutes a first valve mechanisivhen the opening degree of the first
control valve (46) is changed, the pressure ofeatéd external air that the first pump (36)
supplies to the first separation module (41) change
[0048]

The first separation module (41) constitutes st Beparator. As will be described
below in detail, the first separation module (41dlides gas separation membranes (85).
The first separation module (41) separates untleatternal air into first external air,
which has not permeated through the gas sepamagonbranes (85) (air that flows in the
first primary-side pipe (53)), and second extemalwhich has permeated through the gas
separation membranes (85) (air that flows in tret §econdary-side pipe (54)).

[0049]

First external air (low oxygen concentration ga&3 a higher nitrogen
concentration than untreated external air, ancaHas/er oxygen concentration than
untreated external air. Second external air (oixjygen concentration gas) has a lower
nitrogen concentration than untreated externahau, has a higher oxygen concentration
than untreated external air. Thus, the first exdkair and the second external air differ
from each other in the concentrations of constitgebstances thereof. In the present
specification, the term "concentration" means vaumatio.

[0050]
In the first composition adjuster (40), a firsinpary-side switching valve (56), a

first primary-side discharge pipe (57), a first@edary-side switching valve (58), and a
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first secondary-side supply pipe (59) are provided.
[0051]

The first primary-side switching valve (56) ane first secondary-side switching
valve (58) are each a switching valve having tipes. The first primary-side
switching valve (56) and the first secondary-sidéching valve (58) are each configured
to be switched between: a first state (shown byglid ine in Fig. 3), in which the first
port communicates with the second port and is afiditom the third port; and a second
state (shown by a broken line in Fig. 3), in whilel first port communicates with the
third port and is shut off from the second port.

[0052]

The first primary-side switching valve (56) isplised in a middle part of the first
primary-side pipe (53). In the first primary-sigipe (53), the first primary-side
switching valve (56) is disposed closer to the $ypppe (120) than the outlet end of the
first bypass pipe (51). The first port of the fipsimary-side switching valve (56) is
connected to the first control valve (46), andgbeond port of the first primary-side
switching valve (56) is connected to the supplhepip20). One end of the first primary-
side discharge pipe (57) is connected to the fhord of the first primary-side switching
valve (56). The other end of the first primaryesitischarge pipe (57) is connected to the
first secondary-side pipe (54).

[0053]

The first secondary-side switching valve (58)ispdsed in a middle part of the
first secondary-side pipe (54). In the first setamy-side pipe (54), the first secondary-
side switching valve (58) is disposed closer tofitst separation module (41) than the
other end of the first primary-side discharge fpé). The first port of the first

secondary-side switching valve (58) is connectethédirst secondary-side outlet (44) of
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the first separation module (41), and the secomtlgidhe first secondary-side switching
valve (58) communicates with the external machhemtber (28) of the transport
container (1) via the first secondary-side pipe.(540ne end of the first secondary-side
supply pipe (59) is connected to the third porthef first secondary-side switching valve
(58). The other end of the first secondary-sidgpsupipe (59) is connected to the
supply pipe (120).

[0054]

<Second Composition Adjuster)

The second composition adjuster (60) is configuoeseparate internal air
(untreated internal air) sucked from the intermalce of the transport container (1) into
first internal air (low oxygen concentration gasylcarbon dioxide concentration gas) and
second internal air (high oxygen concentration agh carbon dioxide concentration
gas). The second composition adjuster (60) acegridi the present embodiment can
supply the first internal air, which is supply do,the freight chamber (5) and discharge
the second internal air to the outside of the transport container (1); and can discharge the
first internal air to the outside and supply thea®l internal air to the freight chamber (5).
[0055]

The second composition adjuster (60) includescarskseparation module (second
separator: an oxygen separator and a carbon disgja@rator that separate oxygen and
carbon dioxide from air before being treated) (@13econd bypass valve (70), a second
pressure sensor (65), and a second control vaB)e (6Fhe second composition adjuster
(60) includes a second inlet pipe (72), a secoirdgy-side pipe (73), a second
secondary-side pipe (74), and a second bypasg7ilpe The second pump (37) of the
pump unit (35) constitutes the second compositajaster (60).

[0056]
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As will be described below in detail, the secoagasation module (61) includes a
second inlet (62), a second primary-side outle},(&8d a second secondary-side outlet
(64). The second inlet (62) is connected to tisettirge opening of the second pump
(37) via the second inlet pipe (72). The secomhany-side outlet (63) is connected to
the supply pipe (120) via the second primary-sige 73). One end of the second
secondary-side pipe (74) is connected to the sesecohdary-side outlet (64). The
second secondary-side pipe (74) extends to théeut$ the unit case (32). The other
end of the second secondary-side pipe (74) opetieiaxternal machine chamber (28) on
the suction side of the external fan (16). Thenmal-side suction pipe (75) is connected
to the suction opening of the second pump (37).

[0057]

The second bypass valve (70) is a switching vaaxang three ports and
constitutes a second bypass valve mechanism. é&dumg bypass valve (70) is
configured to be switched between: a first state\s by a solid line in Fig. 3), in which
the first port communicates with the second pod iarshut off fromthe third port; and a
second state (shown by a broken line in Fig. 3)vhirch the first port communicates with
the third port and is shut off from the second port
[0058]

The second bypass valve (70) is disposed in alejulttt of the second inlet pipe
(72). The first port of the second bypass val@® (3 connected to the discharge opening
of the second pump (37), and the second port od¢lend bypass valve (70) is connected
to the second inlet (62) of the second separatiodute (61). The inlet end of the
second bypass pipe (71) is connected to the tloirdgh the second bypass valve (70).

The outlet end of the second bypass pipe (71)naected to the second primary-side pipe

(73). The second bypass pipe (71) constitutes@nskebypass passage.
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[0059]

The second pressure sensor (65) and the secotrdloaive (66) are provided in
the second primary-side pipe (73). The secondspressensor (65) and the second
control valve (66) are disposed closer to the ses@paration module (61) than the other
end of the second bypass pipe (71) connected teettwnd primary-side pipe (73). The
second pressure sensor (65) is disposed closlee setond separation module (61) than
the second control valve (66).

[0060]

The second pressure sensor (65) measures thengressecond external air
flowed out from the second primary-side outlet (68)he second separation module (61).
The measurement value of the second pressure §@33as substantially equal to the
pressure of untreated internal air that the sepomap (37) supplies to the second
separation module (61).

[0061]

The second control valve (66) is a motor-operatdde whose opening degree is
variable and constitutes a second valve mechanisfthen the opening degree of the
second control valve (66) is changed, the pressiuatreated internal air that the second
pump (37) supplies to the second separation mdédlechanges.

[0062]

The second separation module (61) constitutes@sleseparator. As will be
described below in detail, the second separatiotubec(61) includes gas separation
membranes (85). The second separation moduleséfBrates untreated internal air into
first internal air, which has not permeated throtltgdhgas separation membranes (85) (air
that flows in the second primary-side pipe (73))d aecond internal air, which has

permeated through the gas separation membrane&{B#)at flows in the second
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secondary-side pipe (74)).
[0063]

First internal air (low oxygen concentration gasy carbon dioxide concentration
gas) has a higher nitrogen concentration than at@deinternal air, and has a lower
oxygen concentration and a lower carbon dioxidecentration than untreated internal air.
Second internal air (high oxygen concentration bag) carbon dioxide concentration
gas) has a lower nitrogen concentration than utetteiaternal air, and has a higher
oxygen concentration and a higher carbon dioxideentration than untreated internal
air. Thus, the first internal air and the secartérinal air differ from each other in the
concentrations of constituent substances thereof.

[0064]

In the second composition adjuster (60), a seomdary-side switching valve
(76), a second primary-side discharge pipe (7ggc@nd secondary-side switching valve
(78), and a second secondary-side supply pipeaf&@provided.

[0065]

The second primary-side switching valve (76) dreldecond secondary-side
switching valve (78) are each a switching valveihgvthree ports. The second primary-
side switching valve (76) and the second seconsliaigswitching valve (78) are each
configured to be switched between: a first state\s by a solid line in Fig. 3), in which
the first port communicates with the second pod iarshut off fromthe third port; and a
second state (shown by a broken line in Fig. 3)vhirch the first port communicates with
the third port and is shut off from the second port
[0066]

The second primary-side switching valve (76) &pdsed in a middle part of the

second primary-side pipe (73). In the second piyrsade pipe (73), the second primary-
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side switching valve (76) is disposed closer tosingply pipe (120) than the outlet end of
the second bypass pipe (71). The first port ofsémond primary-side switching valve
(76) is connected to the second control valve (@69, the second port of the second
primary-side switching valve (76) is connectedhe supply pipe (120). One end of the
second primary-side discharge pipe (77) is conadect¢he third port of the second
primary-side switching valve (76). The other efidhe second primary-side discharge
pipe (77) is connected to the second secondarypgide(74).

[0067]

The second secondary-side switching valve (78)sigosed in a middle part of the
second secondary-side pipe (74). In the secormhdacy-side pipe (74), the second
secondary-side switching valve (78) is disposederito the second separation module
(61) than the other end of the second primary-digeharge pipe (77). The first port of
the second secondary-side switching valve (78pmnected to the second secondary-side
outlet (64) of the second separation module (61d,the second port of the second
secondary-side switching valve (78) communicateh tie external machine chamber
(28) of the transport container (1) via the secemtbndary-side pipe (74). One end of
the second secondary-side supply pipe (79) is @iadéo the third port of the second
secondary-side switching valve (78). The other@frtie second secondary-side supply
pipe (79) is connected to the supply pipe (120).

[0068]

<Separation Module>

Referring to Fig. 4, the structure of the firspamtion module (41) and the second
separation module (61) will be described. The Beparation module (41) and the
second separation module (61) have the same steuctu

[0069]
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Each of the separation modules (41, 61) inclusestabular case (80) and two
partition walls (81a, 81b). The tubular case (8@n elongated cylindrical vessel both
ends of which are closed. The partition walls (&lldb) are members for partitioning the
internal space of the tubular case (80) and areighed so as to extend across the internal
space of the tubular case (80). The partitionsv@lLa, 81b) are disposed respectively at
a position near one end and a position near ther etid of the internal space of the
tubular case (80). In Fig. 4, the internal spddb® tubular case (80) is partitioned into
an inlet chamber (82) that is positioned on thedefe of the left partition wall (81a), a
secondary-side outlet chamber (84) that is postidnetween the two partition walls (81a,
81b), and a primary-side outlet chamber (83) thatoisitioned on the right side of the
right partition wall (81b).

[0070]

Each of the separation modules (41, 61) includasge number of hollow-fiber
gas separation membranes (85) (each shaped likg/dhin tube having an outside
diameter of 1 mm or smaller). The hollow-fiber gaparation membranes (85) are
provided so as to extend from one of one partival (81a) to the other partition wall
(81b). One end portion of each gas separation maml(85) extends through the one
partition wall (81a) and opens in the inlet cham(82), and the other end portion of each
gas separation membrane (85) extends through liee partition wall (81b) and opens in
the primary-side outlet chamber (83). A part & ihiternal space of the tubular case (80)
that is interposed between the two partition w@lsa, 81b) and that is outside of the gas
separation membranes (85) constitutes the secosdasryoutlet chamber (84). In each
of the separation modules (41, 61), the inlet chem(®2) and the primary-side outlet
chamber (83) communicate with each other via thieWefiber gas separation

membranes (85), while the secondary-side outlehbtlea (84) does not communicate
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with the spaces inside of the gas separation merabr@5), the inlet chamber (82), and
the primary-side outlet chamber (83).
[0071]

In the tubular case (80), the inlet (42, 62),ghenary-side outlet (43, 63), and the
secondary-side outlet (44, 64) are provided. Tiet (42, 62) is disposed in a left end
portion of the tubular case (80) in Fig. 4, and owmicates with the inlet chamber (82).
The primary-side outlet (43, 63) is disposed ifgatrend portion of the tubular case (80)
in Fig. 4, and communicates with the primary-sidded chamber (83). The secondary-
side outlet (44, 64) is disposed in a middle pathe tubular case (80) in the longitudinal
direction, and communicates with the secondary-gidket chamber (84).

[0072]

Each gas separation membrane (85) is a porous rmamimade of a polymer.

The gas separation membrane (85) separates subsiankuded in a mixed gas by using
the difference in rate (permeation rate) at whiaiaoules of the substances permeate
through the gas separation membrane (85).

[0073]

In the internal air adjusting device (30) accogdio the present embodiment, the
same gas separation membranes (85) are providbd first separation module (41) and
the second separation module (61). The gas separmembranes (85) of each of the
separation modules (41, 61) have a property tleanhitinogen permeation rate is lower than
both of the oxygen permeation rate and the carlimxid® permeation rate. The large
number of hollow-fiber gas separation membrane} I{@88e substantially the same
membrane thickness. Accordingly, the gas separatembranes (85) provided in each
of the separation modules (41, 61) have a propkatythe nitrogen permeability is lower

than both of the oxygen permeability and the cartioride permeability.
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[0074]

In each of the separation modules (41, 61), awdid into the inlet chamber (82)
through the inlet (42, 62) flows in the spacesdaf the hollow-fiber gas separation
membranes (85) toward the primary-side outlet crean{@3). A part of air that flows in
the spaces inside of the gas separation membrabepdrmeates through the gas
separation membranes (85) and moves to the segesidaroutlet chamber (84), and the
remaining part of the air flows into the primargsioutlet chamber (83).

[0075]

The gas separation membranes (85) of each okfheation modules (41, 61)
have a nitrogen permeability lower than the oxygermeability and the carbon dioxide
permeability. That is, nitrogen does not easilgnpeEate through the gas separation
membrane (85) compared with oxygen and carbon dgoxi Therefore, as air that flows
in the inside of the hollow-fiber gas separatiommbeanes (85) approaches the primary-
side outlet chamber (83), the nitrogen concentnatioreases, and simultaneously the
oxygen concentration and the carbon dioxide comagah decrease. Oxygen and
carbon dioxide included in air that flows in thdlbw-fiber gas separation membranes
(85) permeate through the gas separation memb(&8Ggand move to the secondary-side
outlet chamber (84).

[0076]

As a result, air flowed into the primary-side etithamber (83) without
permeating through the gas separation membrang£&85 higher nitrogen
concentration than air in the inlet chamber (88} has a lower oxygen concentration and
a lower carbon dioxide concentration than air mitilet chamber (82). Air permeated
through the gas separation membranes (85) and novhd secondary-side outlet

chamber (84) has a lower nitrogen concentration #uain the inlet chamber (82), and has
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a higher oxygen concentration and a higher carlmxide concentration than air in the
inlet chamber (82).
[0077]

In the first separation module (41), untreatec el air flows from the first inlet
(42) into the inlet chamber (82), air flowed inb@tprimary-side outlet chamber (83)
without permeating through the gas separation mengs (85) flows out from the first
primary-side outlet (43) as first external air, aidpermeated through the gas separation
membranes (85) and flowed into the secondary-sidletacchamber (84) flows out from
the first secondary-side outlet (44) as secondreatair. In the second separation
module (61), untreated internal air flows from geeond inlet (62) into the inlet chamber
(82), air flowed into the primary-side outlet chani83) without permeating through the
gas separation membranes (85) flows out from thergkprimary-side outlet (63) as first
internal air, and air permeated through the gaarstipn membranes (85) and flowed into
the secondary-side outlet chamber (84) flows arnfthe second secondary-side outlet
(64) as second internal air.
[0078]

<Sensor Unit>

As illustrated in Figs. 1 and 3, the sensor M) (s disposed in the secondary
passage (29b) of the internal air passage (29eotdntainer refrigerator (10). As
illustrated in Fig. 3, the sensor unit (90) inclede oxygen sensor (91), a carbon dioxide
sensor (92), and a sensor case (93).
[0079]

The oxygen sensor (91) is a zirconia electricentrsensor that measures the
oxygen concentration of a mixed gas such as aihe carbon dioxide sensor (92) is a

non-dispersive infrared (NDIR) sensor that meastiresarbon dioxide concentration of a
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mixed gas such as air. The oxygen sensor (91)rendarbon dioxide sensor (92) are
contained in the sensor case (93).
[0080]

The sensor case (93) is a slightly elongated Ibapad member. The outlet end
of the measurement pipe (125) is connected to ndetthe sensor case (93) in the
longitudinal direction, and one end of an outlgtep{95) is connected to the other end of
the measurement pipe (125). The other end oftletipe (95) opens in the primary
passage (29a) of the internal air passage (29). aifiiter (94), for introducing internal
air that flows in the internal air passage (299 ittte internal space of the sensor case (93),
is attached to the sensor case (93). The air {84) is a membrane filter for trapping
dust and the like included in internal air.

[0081]

As described below, while the internal fan (179jp®rating, the air pressure of the
secondary passage (29b) is slightly higher thamitheressure of the primary passage
(29a). Therefore, when the measurement on-offevéll26) is in a closed state, internal
air of the secondary passage (29b) flows into émsar case (93) through the air filter
(94), and then flows into the primary passage (#9augh the outlet pipe (95). In this
state, the oxygen sensor (91) of the sensor udjtr(asures the oxygen concentration of
internal air, and the carbon dioxide sensor (92jhefsensor unit (90) measures the carbon
dioxide concentration of internal air.

[0082]

<Ventilation Discharge Pipe>

The ventilation discharge pipe (100) is a pipedonnecting the inside and the
outside of the transport container (1) to eachroth&he ventilation discharge pipe (100)

constitutes a ventilation discharge passage. |Astiated in Fig. 1, the ventilation
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discharge pipe (100) extends through the casingg®e container refrigerator (10).
One end of the ventilation discharge pipe (100)nspe the secondary passage (29b) of
the internal air passage (29). The other endef/éntilation discharge pipe (100) opens
in the external machine chamber (28) on the sudiid@ of the external fan (16).

[0083]

As illustrated in Fig. 3, an air filter (102) ig@ched to one end of the ventilation
discharge pipe (100). The air filter (102) is anmbeane filter for trapping dust and the
like included in internal air. A ventilation disatge valve (101) is provided in the
ventilation discharge pipe (100). The ventilatthscharge valve (101) is an
electromagnetic on-off valve.

[0084]

<Gas Supply Path>

In the present embodiment, a gas supply path (EBijgh concentration gas
supply path (136) and a low concentration gas supgth (137)) is constituted by the
external-side suction pipe (55), the first inlgigi52), the first primary-side pipe (53), the
internal-side suction pipe (75), the second inipeg72), the second primary-side pipe
(73), and the supply pipe (120). The gas supplly (E85) is a path through which the
first separation module (41) and the second separatodule (61), each of which is a
separator, and the freight chamber (5), whichtezget space, communicate with each
other. The high concentration gas supply pathir8udes a first high concentration
gas supply path (136a) and a second high conciemtigéas supply path (136b) that
respectively supply a high oxygen concentrationagaba high carbon dioxide
concentration gas to the internal space. The lmweentration gas supply path (137)
includes a first low concentration gas supply ga8va) and a second low concentration

gas supply path (137b) that respectively suppwadxygen concentration gas and a low
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carbon dioxide concentration gas to the internatsp
[0085]

The high concentration gas supply path (136) seagea high concentration gas
supply path (136) for oxygen when a high oxygencemntration gas flows therethrough,
and serves as a high concentration gas supply(pa@) for carbon dioxide when a high
carbon dioxide concentration gas flows therethroughlthough the same numerals are
used because these are the same passage, diffenees are used because different gasses
flow therethrough. The low concentration gas syjmaith (137) serves as a low
concentration gas supply path (137) for oxygen wdnéaw oxygen concentration gas
flows therethrough, and serves as a low conceatrgias supply path (137) for carbon
dioxide when a low carbon dioxide concentration fimss therethrough. Although the
same numerals are used because these are the assage different names are used
because different gasses flow therethrough.

[0086]

<Controller>

The controller (110) includes a CPU (111) thafqrens a control operation and a
memory (112) that stores data and the like thahaocessary for the control operation.
Measurement values of the oxygen sensor (91),aH®on dioxide sensor (92), the first
pressure sensor (45), and the second pressure $6Byare input to the controller (110).
The controller (110) performs a control operationdperating the pump unit (35), the
first control valve (46), the second control va(8é), the first bypass valve (50), the
second bypass valve (70), and the ventilation digghvalve (101). The CPU (111) also
functions as a concentration raising controllet geforms an oxygen concentration
raising operation (an oxygen concentration rapidtreasing operation) and a carbon

dioxide concentration raising operation for inciegghe oxygen concentration and the
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carbon dioxide concentration of the internal space.
[0087]

In the present embodiment, the first separator ¢éparates oxygen and carbon
dioxide from external air, which is air-to-be-tredtto be supplied to the internal space
that is a target space, and the second separafos€parates oxygen and carbon dioxide
from internal air, which is air-to-be-treated totb&en out from the internal space and
supplied (returned) to the external space. Théralber (110) is configured to be
capable of performing an oxygen concentration iasirey operation (an oxygen
concentration increasing operation and an oxygeeearration rapidly-increasing
operation (an oxygen concentration raising opemgliof supplying a high oxygen
concentration gas, which has a higher oxygen cdratén than external air before being
treated by the first separator (41), to the fredtamber (5) through the high
concentration gas supply path (136a); and a carbon dioxide concentration raising operation
of supplying a high carbon dioxide concentratios, ehich has a higher carbon dioxide
concentration than external air before being tibhiethe first separator (41), to the
freight chamber (5) through the high concentratas supply path (136a).

[0088]

<Switcher>

The first separator (41) is configured to sepaeaternal air, which is the air-to-be-
treated, into a high concentration gas, which hiaiglaer oxygen concentration and a
higher carbon dioxide concentration than exterivdbefore being treated, and a low
concentration gas, which has a lower oxygen conagom and a lower carbon dioxide
concentration than external air before being tkatdn the first composition adjuster
(40), the first primary-side switching valve (56)dathe first secondary-side switching

valve (58) are provided as a first switcher th#g¢c@sely supplies one of a high
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concentration gas (a high oxygen concentratioragdsa high carbon dioxide
concentration gas) and a low concentration gaswaokygen concentration gas and a low
carbon dioxide concentration gas) to the freiglansher (5). The controller (110) is
configured to be capable of supplying the high emtiation gas or the low concentration
gas to the target space by switching the firstveit (56, 58).

[0089]

The second separator (61) is configured to separtdrnal air, which is the air-to-
be-treated, into a high concentration gas, whicghéhhigher oxygen concentration and a
higher carbon dioxide concentration than intermabafore being treated, and a low
concentration gas, which has a lower oxygen conagoh and a lower carbon dioxide
concentration than internal air before being tréateln the second composition adjuster
(60), the second primary-side switching valve @6J the second secondary-side
switching valve (78) are provided as a second $witthat selectively supplies one of a
high concentration gas (a high oxygen concentraggasand a high carbon dioxide
concentration gas) and a low concentration gaswaokygen concentration gas and a low
carbon dioxide concentration gas) to the freiglansher (5). The controller (110) is
configured to be capable of supplying the high emtiation gas or the low concentration
gas to the target space by switching the seconttissvi(76, 78).

[0090]

- Driving Operation of Container Refrigerator -

The container refrigerator (10) performs a coolpgration of cooling internal air
of the transport container (1).

[0091]
In the cooling operation, the compressor (12hefrefrigerant circuit (11) is

activated, a refrigerant circulates in the refraggrcircuit (11), and thus a vapor
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compression refrigeration cycle is performed. Hhe tefrigerant circuit (11), a refrigerant
discharged from the compressor (12) passes thrihwggtondenser (13), the expansion
valve (14), and the evaporator (15) in order, d@mtis sucked into the compressor (12)
and compressed.

[0092]

In the cooling operation, the external fan (16J #me internal fan (17) are
activated. When the external fan (16) is activagedernal air outside of the transport
container (1) is sucked into the external machhemtber (28) and passes through the
condenser (13). Inthe condenser (13), the refigaeleases heat to the external air and
condensates. When the internal fan (17) is aetanternal air in the freight chamber
(5) of the transport container (1) is sucked it internal air passage (29) and passes
through the evaporator (15). In the evaporato}, (ttte refrigerant absorbs heat from the
internal air and evaporates.

[0093]

Flow of internal air will be described. Interraat that is present in the freight
chamber (5) flows into the primary passage (29dhefinternal air passage (29) through
the suction opening (26), and is blown out to #eosdary passage (29b) by the internal
fan (17). The internal air flowed into the secandaassage (29b) is cooled while
passing through the evaporator (15), then is bloifrom the blow-out opening (27) to
the underfloor passage (4), and flows into thegfrechamber (5) through the underfloor
passage (4).

[0094]

In the internal air passage (29), the primary pgeg29a) is positioned on the

suction side of the internal fan (17), and the sdeoy passage (29b) is positioned on the

blow-out side of the internal fan (17). Therefasbjle the internal fan (17) is operating,
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the air pressure in the secondary passage (29bglly higher than the air pressure in
the primary passage (29a).
[0095]

- Driving Operation of Internal Air Adjusting Dese -

The internal air adjusting device (30) performsgaeration for adjusting the
composition of internal air (in the present embaeiit the oxygen concentration and the
carbon dioxide concentration of internal air) ie fireight chamber (5) of the transport
container (1). Here, regarding the driving operatf the internal air adjusting device
(30) according to the present embodiment, a caseerthe target range of the oxygen
concentration of internal air is 5% * 1% and thrgeéarange of the carbon dioxide
concentration of internal air is 2% * 1% will besdebed as an example.

[0096]

<OQutline of Driving Operation of Internal Air Adgting Device>

The internal air adjusting device (30) accordimghte present embodiment
performs: an oxygen concentration reducing opendto reducing the oxygen
concentration of internal air in the freight chamber (5); a carbon dioxide concentration
reducing operation for reducing the carbon dioxidecentration of internal air in the
freight chamber (5); and an oxygen concentration increasing operationrforégasing the
oxygen concentration of internal air in the freighamber (5).

[0097]

At the time when loading of the freight (6) on thensport container (1) has been
finished, the composition of internal air that regent in the freight chamber (5) is
substantially the same as the composition of thegphere (nitrogen concentration: 78%,
oxygen concentration: 21%, carbon dioxide concéntra0.04%). Therefore, the

internal air adjusting device (30) performs an atygoncentration reducing operation for
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reducing the oxygen concentration of internal aWhen the oxygen concentration of
internal air reaches the upper limit value (6%h&f target range, the internal air adjusting
device (30) stops the oxygen concentration reducpegation.

[0098]

After the oxygen concentration of internal air heached 6% and the internal air
adjusting device (30) has stopped the oxygen cdrateon reducing operation, the
oxygen concentration of internal air gradually @eses and simultaneously the carbon
dioxide concentration of internal air graduallyreases due to respiration of plants that
are the freight (6).

[0099]

When the carbon dioxide concentration of intemafleaches the upper limit value
(3%) of the target range, the internal air adjustievice (30) performs a carbon dioxide
concentration reducing operation for reducing tidoon dioxide concentration of internal
air.  When the carbon dioxide concentration ofrima¢air reaches the lower limit value
(1%) of the target range, the internal air adjustievice (30) stops the carbon dioxide
concentration reducing operation.

[0100]

When the oxygen concentration of internal air hescthe lower limit value (4%)
of the target range, the internal air adjustingickeY30) performs an oxygen concentration
increasing operation for increasing the oxygen eatration of internal air. When the
oxygen concentration of internal air reaches thgeufimit value (6%) of the target range,
the internal air adjusting device (30) stops thggex concentration increasing operation.
[0101]

Thus, the internal air adjusting device (30) parf® an oxygen concentration

reducing operation to reduce the oxygen conceatratf internal air in the freight
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chamber (5) from 21% (the oxygen concentratiorhefatmosphere) to a level within the
target range. Moreover, the internal air adjustiegice (30) repeatedly performs, as
necessary, the carbon dioxide concentration redumperation and the oxygen
concentration increasing operation in order to @mthe oxygen concentration and the
carbon dioxide concentration of internal air in freaght chamber (5) respectively at
levels within their target ranges.

[0102]

<Oxygen Concentration Reducing Operation>

Referring to Figs. 3 to 5 as necessary, the oxygecentration reducing operation
of the internal air adjusting device (30) will besdribed. In the oxygen concentration
reducing operation, the first composition adjusd€) supplies first external air, which has
a low oxygerrconcentration, to the freight chamber (5); and the second composition
adjuster (60) supplies first internal air, whickstalow oxygen concentration, to the
freight chamber (5).

[0103]

In the oxygen concentration reducing operatioa,abntroller (110) sets each of
the first bypass valve (50) and the second bypals®\(70) to be in a first state (the state
shown by a solid line in Fig. 3), activates thstfjpump (36) and the second pump (37) by
energizing the driving motor (38) of the pump uB5), and sets the ventilation discharge
valve (101) to be in an open state. The first priyrside switching valve (56), the first
secondary-side switching valve (58), the seconagry-side switching valve (76), and
the second secondary-side switching valve (78akuset to be in the first state.

[0104]
First, when the first pump (36) is activated, exat air that is present outside of

the transport container (1) is sucked into the premp (36) through the air filter (47) and
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the external-side suction pipe (55). The first pui®6) compresses and discharges the
sucked external air. The pressure of externaliagharged by the first pump (36) is
about twice the atmospheric pressure. The extaindischarged from the first pump
(36) flows in the first inlet pipe (52), and flowso the first inlet (42) of the first
separation module (41) as untreated external air.

[0105]

In the first separation module (41), untreatee ! air flowed into the inlet
chamber (82) through the first inlet (42) flowsarthe hollow-fiber gas separation
membranes (85). A part of air that flows in theide of the hollow-fiber gas separation
membranes (85) permeates through the gas sepamatimiranes (85) and moves to the
secondary-side outlet chamber (84) as second ext@mand the remaining part of the air
flows into the primary-side outlet chamber (83fiest external air. As described above,
the gas separation membranes (85) have a chastictsrich that the nitrogen
permeability is lower than the oxygen permeabilitftherefore, as illustrated in Fig. 5,
the oxygen concentration of first external airawér than the oxygen concentration of
untreated external air, and the oxygen concentratiGecond external air is higher than
the oxygen concentration of untreated external air.

[0106]

First external air flowed out from the first prirgaside outlet (43) of the first
separation module (41) to the first primary-sideep{53) flows into the supply pipe (120).
Second external air flowed out from the first setany-side outlet (44) of the first
separation module (41) to the first secondary-pige (54) is discharged to the outside of
the transport container (1).

[0107]

Next, when the second pump (37) is activatedrmadeair that is present inside of
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the transport container (1) (to be specific, theseary passage (29b) of the container
refrigerator (10)) is sucked into the second puBiy) through the internal-side suction
pipe (75). The second pump (37) compresses antaiiges the sucked internal air.
The pressure of external air discharged by thersbpamp (37) is slightly higher than the
atmospheric pressure. Internal air discharged tf@rsecond pump (37) flows in the
second inlet pipe (72), and flows into the secaneti(62) of the second separation
module (61) as untreated internal air.

[0108]

In the second separation module (61), untreatiednial air flowed into the inlet
chamber (82) through the second inlet (62) flowts the hollow-fiber gas separation
membranes (85). A part of air that flows in theide of the hollow-fiber gas separation
membranes (85) permeates through the gas sepamagimiranes (85) and moves to the
secondary-side outlet chamber (84) as second aitain and the remaining part of the air
flows into the primary-side outlet chamber (83Yiest internal air. As described above,
the gas separation membranes (85) have a chasticterich that the nitrogen
permeability is lower than the oxygen permeabilitftherefore, as illustrated in Fig. 5,
the oxygen concentration of first internal airasver than the oxygen concentration of
untreated external air, and the oxygen concentratiGecond external air is higher than
the oxygen concentration of untreated external air.

[0109]

First internal air flowed out from the second painyrside outlet (63) of the second
separation module (61) to the second primary-siple (¥3) flows into the supply pipe
(120). Second internal air flowed out from themw®tsecondary-side outlet (64) of the
second separation module (61) to the second segeridke pipe (74) is discharged to the

outside of the transport container (1).
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[0110]

As described above, first external air flowed fam the first separation module
(41) and first internal air flowed out from the ead separation module (61) flow into the
supply pipe (120) (first external air and firstarrtal air each have a lower oxygen
concentration than air-to-be-treated before beaiegtéd). Then, mixed air of first
external air and first internal air that flows hretsupply pipe (120) flows into the
secondary passage (29b) of the container refrige(0), and is supplied to the freight
chamber (5) together with air that flows in the@wtary passage (29b).

[0111]

Usually, during the oxygen concentration redu@pgration, the flow rate Qol of
first external air supplied from the outside to th&ide of the transport container (1) is
higher than the flow rate Qi2 of second internaldecharged from the inside to the
outside of the transport container (1) (Qol > Qi) the air pressure in the transport
container (1) is a positive pressure (see Fig. 3hat is, the first composition adjuster
(40) supplies first external air to the inside lod transport container (1) so that the air
pressure in the transport container (1) becomessiiye pressure. Because the air
pressure in the transport container (1) is a p@spgressure, a part of internal air is
discharged to the outside of the transport contdibethrough the ventilation discharge
pipe (100).

[0112]

Thus, in the oxygen concentration reducing openatihe oxygen concentration of
internal air in the freight chamber (5) is redubgdsupplying first external air, which has
a lower oxygen concentration than the atmosphe sanultaneously discharging
internal air in the freight chamber (5) to the ddesof the transport container (1) through

the ventilation discharge pipe (100). Moreoverth@& oxygen concentration reducing
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operation, the oxygen concentration of internalrathe freight chamber (5) is reduced by
discharging second internal air, which has beearsépd from untreated internal air and
which has a high oxygen concentration, to the datsi the transport container (1).
[0113]

<Carbon Dioxide Concentration Reducing Operation>

Referring to Figs. 3, 4, and 6 as necessary,dhsa dioxide concentration
reducing operation of the internal air adjustingide (30) will be described. In the
carbon dioxide concentration reducing operatioe fitst composition adjuster (40)
supplies first external air, which has a low oxygencentration, to the freight chamber
(5); and the second composition adjuster (60) supplies first internal air, which has a low
carbon dioxide concentration, to the freight chan{bg
[0114]

In the carbon dioxide concentration reducing op@nathe controller (110) sets
each of the first bypass valve (50) and the sebypadss valve (70) to be in a first state
(the state shown by a solid line in Fig. 3), adegahe first pump (36) and the second
pump (37) by energizing the driving motor (38) loé fpump unit (35), sets the ventilation
discharge valve (101) to be in an open state, atgltse measurement on-off valve (126)
to be in a closed state. The first primary-sidéaving valve (56), the first secondary-
side switching valve (58), the second primary-sidéching valve (76), and the second
secondary-side switching valve (78) are all sdtean the first state. In each of the first
composition adjuster (40) and the second compositdjuster (60), air flows in the same
way as in the oxygen concentration reducing opanati However, in the carbon dioxide
concentration reducing operation, the pressuretefeal air discharged by the first pump
(36) and the pressure of internal air dischargethbysecond pump (37) are each slightly

higher than the atmospheric pressure.
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[0115]

In the first composition adjuster (40), untreagaternal air flowed into the first
separation module (41) is separated into: firsemel air, which has a higher nitrogen
concentration and a lower oxygen concentration than untreated external air; and second
external air, which has a lower nitrogen conceittneand a higher oxygen concentration
than untreated external air. Then, the first exdkair (supply air) is supplied to the
inside of the transport container (1), and the sdaxternal air (discharge air) is
discharged to the outside of the transport contdille The carbon dioxide
concentration of untreated external air is sub&iyithe same as the carbon dioxide
concentration of the atmosphere (0.04%). Theretbeecarbon dioxide concentration of
the first external air can be regarded as subsigntgero.

[0116]

In the second composition adjuster (60), untreatt=inal air flowed into the
second separation module (61) is separated img:ifiternal air, which has a higher
nitrogen concentration, a lower oxygen concentnatimd a lower carbon dioxide
concentration than untreated internal air; and second internal air, which has a lower
nitrogen concentration, a higher oxygen conceminatnd a higher carbon dioxide
concentration than untreated internal air.  Thiea first internal air (supply air) is
supplied to the inside of the transport contaidgr &nd the second internal air (discharge
air) is discharged to the outside of the transpontainer (1).

[0117]

Usually, during the carbon dioxide concentratieducing operation, as with the
oxygen concentration reducing operation, the flat Qo1 of first external air is higher
than the flow rate Qi2 of second internal air (@oQi2), and the air pressure in the

transport container (1) is a positive pressure Fsge6). That is, the first composition
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adjuster (40) supplies first external air to theide of the transport container (1) so that
the air pressure in the transport container (1pbexs a positive pressure. Because the
air pressure in the transport container (1) issitpp@ pressure, a part of internal air in the
freight chamber (5) is discharged to the outsidéheftransport container (1) through the
ventilation discharge pipe (100).

[0118]

Thus, in the carbon dioxide concentration reducipgration, the carbon dioxide
concentration of internal air in the freight cham{® is reduced by supplying first
external air, which has an extremely low carborxidie concentration, and simultaneously
discharging internal air to the outside of the $gort container (1) through the ventilation
discharge pipe (100). Moreover, in the carbon idi@xoncentration reducing operation,
the carbon dioxide concentration of internal aithia freight chamber (5) is reduced by
discharging second internal air, which has beearsépd from untreated internal air and
which has a high carbon dioxide concentrationh&odutside of the transport container
(2).

[0119]

<Oxygen Concentration Increasing operation (Oxyg@encentration Slowly-
Increasing Operation)>

Referring to Fig. 3, the oxygen concentration ésing operation of the internal
air adjusting device (30) will be described. Ie thxygen concentration increasing
operation, external air sucked by the first comgpmsiadjuster (40) from the outside of the
transport container (1) is supplied as it is toftegght chamber (5), and internal air
sucked by the second composition adjuster (60) ttarinside of the transport container
(1) is returned as it is to the freight chamber (5)

[0120]
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In the oxygen concentration increasing operatioacontroller (110) sets each of
the first bypass valve (50) and the second bypals®\(70) to be in a second state (the
state shown by a broken-line in Fig. 3), activakesfirst pump (36) and the second pump
(37) by energizing the driving motor (38) of thenmu unit (35), sets the ventilation
discharge valve (101) to be in an open state, atsdtke measurement on-off valve (126)
to be in a closed state. The first primary-sidéaving valve (56), the first secondary-
side switching valve (58), the second primary-sidéching valve (76), and the second
secondary-side switching valve (78) are all sdtetan the first state.

[0121]

In the first composition adjuster (40), externaldischarged from the first pump
(36) flows into the first bypass pipe (51), flowsa the first primary-side pipe (53) in a
state in which the nitrogen concentration and thyggen concentration thereof are
maintained, and then is supplied to the insiddefttansport container (1) through the
supply pipe (120). Inthe second composition adju&0), internal air sucked into the
second pump (37) is discharged from the second g@if)pflows into the second
primary-side pipe (73) through the second bypase (i1), and then returns to the inside
of the transport container (1) through the suppbe§120). A part of internal air in the
freight chamber (5) is discharged to the outsidineftransport container (1) through the
ventilation discharge pipe (100).

[0122]

Thus, in the oxygen concentration increasing dmerathe oxygen concentration
in the freight chamber (5) is increased by suppjyamternal air, which has a higher
oxygen concentration than internal air, to thedasif the transport container (1).

[0123]

- Control Operation of Controller -
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The controller (110) of the internal air adjustihevice (30) monitors the
measurement values of the oxygen sensor (91) anckitbon dioxide sensor (92). On
the basis of the measurement values the oxygens@iy and the carbon dioxide sensor
(92), the controller (110) controls the constituegtiipment of the internal air adjusting
device (30) so that the oxygen concentration aadténbon dioxide concentration of
internal air are maintained at levels within threispective target ranges as the internal air
adjusting device (30) performs the operations desdrabove.

[0124]

In the present embodiment, the controller (11@pisfigured to be capable of
performing: an oxygen concentration recovery openatf returning the oxygen
concentration in the freight chamber (5) to an @tygoncentration corresponding to that
of the atmosphere; an oxygen concentration rapidly-increasing operafoxygen
concentration raising operation) of increasingdRggen concentration at a rate higher
than that of the oxygen concentration increasirngann described above; and a carbon
dioxide concentration raising operation of incragghe carbon dioxide concentration in
the freight chamber (5).

[0125]

<Oxygen Concentration Recovery Operation>

To date, when taking out freight such as agricaltproducts transported or stored
in the container (1), before opening the door efdbntainer (1), ventilation is performed
in order to return the oxygen concentration ofrimé air to a concentration corresponding
to that of the atmosphere. However, it takes g kime to increase the oxygen
concentration of internal air to about 21%, whidnresponds to the oxygen concentration
of the atmosphere, only by ventilation. Therefdine, oxygen concentration recovery

operation is performed to reduce the time requioageturn internal air to correspond to
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the atmosphere.
[0126]

Referring to Figs. 3 and 7, the oxygen concermratecovery operation will be
described.
[0127]

In the oxygen concentration recovery operatioa,dbntroller (110) sets each of
the first bypass valve (50) and the second bypals®\(70) to be in a first state (the state
shown by a solid line in Fig. 3), activates thstfjpump (36) and the second pump (37) by
energizing the driving motor (38) of the pump uB5), and sets the ventilation discharge
valve (101) to be in an open state. The abovestak the same as those of the oxygen
concentration reducing operation. The first priyaside switching valve (56), the first
secondary-side switching valve (58), the seconthgny-side switching valve (76), and
the second secondary-side switching valve (78atuset to be in a second state.

[0128]

First, when the first pump (36) is activated, ex&t air that is present outside of
the transport container (1) is sucked into the fitsmp (36) through the air filter (47) and
the external-side suction pipe (55). The first pui36) compresses and discharges the
sucked external air. The pressure of externaliagharged by the first pump (36) is
about twice the atmospheric pressure. The extaindischarged from the first pump
(36) flows in the first inlet pipe (52), and flowso the first inlet (42) of the first
separation module (41) as untreated external air.

[0129]

In the first separation module (41), untreateec ! air flowed into the inlet

chamber (82) through the first inlet (42) flowsarthe hollow-fiber gas separation

membranes (85). A part of air that flows in theide of the hollow-fiber gas separation
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membranes (85) permeates through the gas sepamagimiranes (85) and moves to the
secondary-side outlet chamber (84) as second extaim(high oxygen concentration
gas) which has a higher oxygen concentration than untreated external air; and the
remaining part of the air flows into the primarygsioutlet chamber (83) as first external
air, which has a lower oxygen concentration thatneated external air.

[0130]

First external air flowed out from the first prirgeside outlet (43) of the first
separation module (41) to the first primary-sideep(53) flows out from the first primary-
side switching valve (56) to the first secondamespipe (54), and is discharged to the
outside of the transport container (1). Secondres air flowed out from the first
secondary-side outlet (44) of the first separatimdule (41) to the first secondary-side
pipe (54) flows from the first secondary-side swihg valve (58) into the supply pipe
(120) through the first secondary-side supply g§3.

[0131]

Next, when the second pump (37) is activatedrmadeair that is present inside of
the transport container (1) (to be specific, thmsdary passage (29b) of the container
refrigerator (10)) is sucked into the second puB¥) through the internal-side suction
pipe (75). The second pump (37) compresses aontaiiges the sucked internal air.
The pressure of external air discharged by thersbpamp (37) is slightly higher than the
atmospheric pressure. Internal air discharged tt@rsecond pump (37) flows in the
second inlet pipe (72), and flows into the secareti(62) of the second separation
module (61) as untreated internal air.

[0132]
In the second separation module (61), untreatednial air flowed into the inlet

chamber (82) through the second inlet (62) flowts the hollow-fiber gas separation
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membranes (85). A part of air that flows in theide of the hollow-fiber gas separation
membranes (85) permeates through the gas sepamatimiranes (85) and moves to the
secondary-side outlet chamber (84) as second aitam which has a higher oxygen
concentration than untreated external air; and the remaining part of the air flows into the
primary-side outlet chamber (83) as first interaial which has a lower oxygen
concentration than untreated external air.

[0133]

First internal air flowed out from the second painyrside outlet (63) of the second
separation module (61) to the second primary-siple (r3) flows out from the second
primary-side switching valve (76) to the secondoselary-side pipe (74), and is
discharged to the outside of the transport contditle Second internal air flowed out
from the second secondary-side outlet (64) of dw®id separation module (61) to the
second secondary-side pipe (74) flows from the sg@secondary-side switching valve
(78) into the supply pipe (120) through the secemcbndary-side supply pipe (79).
[0134]

As described above, second external air (haviniglaer oxygen concentration
than external air: see Fig. 7) flowed out from fing separation module (41) and second
internal air (having a higher oxygen concentratlam internal air: see Fig. 7) flowed out
from the second separation module (61) flow inegbpply pipe (120). Then, mixed air
of second external air and second internal air éahiair having a higher oxygen
concentration than the atmosphere) that flows enstipply pipe (120) flows into the
secondary passage (29b) of the container refrige¢a0), and is supplied to the freight
chamber (5) together with air that flows in the@wtary passage (29b).

[0135]

At this time, a part of internal air is dischargedhe outside of the transport
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container (1) through the ventilation dischargeef(ip00).
[0136]

Thus, in the oxygen concentration recovery openatihe oxygen concentration of
internal air in the freight chamber (5) is recovete an oxygen concentration
corresponding to that of the atmosphere by supglgectond external air, which has a
higher oxygen concentration than the atmospheepgrsimultaneously discharging
internal air in the freight chamber (5) to the ddesof the transport container (1) through
the ventilation discharge pipe (100).

[0137]

Then, the oxygen concentration in the freight chan{5) is detected by the
oxygen sensor (91), which is provided in the ind¢space, and the oxygen concentration
recovery operation is stopped when the oxygen curet#on reaches a target
concentration (oxygen concentration correspondinpat of the atmosphere). Because
the Industrial Safety and Health Act of Japan st#tat the reference value of oxygen
deficiency is 18% or lower, the target concentratieed not be 21%, and may be 18% or
higher.

[0138]

It is preferable that the door of the containgrq@ configured to be locked, for
example, until the oxygen concentration recovemgrapon is stopped. By configuring
the door to be locked when a start switch is tumredo start the oxygen concentration
recovery operation, it is possible to suppressaraiion error such that the door is
mistakenly opened during the oxygen concentragoovery operation.

[0139]
<Oxygen Concentration Rapidly-Increasing Operafi@rygen Concentration

Raising Operation)>
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The oxygen concentration raising operation is @eration that is performed to
rapidly increase the oxygen concentration to alleigher than 21%, when oxygen
concentration needs to be increased. This costvatt the oxygen concentration
increasing operation described above (slowly-ingirepoperation), with which it is not
possible to increase the oxygen concentration¢b adevel that the sum of the oxygen
concentration and the carbon dioxide concentragiaeeds the line of 21% (to a level
exceeding the oxygen concentration in the atmog)hleecause the ratio of oxygen
removal to carbon dioxide generation due to retipmaof plants is 1:1 as shown by a line
Ain Fig. 9. As can be seen from Fig. 9, with é&xig technology, the oxygen
concentration can be increased only up to 21%, edem carbon dioxide is selectively
removed from air by performing ventilation and bgswlving carbon dioxide in a liquid
by using a scrubber.

[0140]

In the oxygen concentration raising operationjdadly, valves are set in the same
way as in the oxygen concentration recovery opamatind flow of a high oxygen
concentration gas is similar to that of the oxygencentration recovery operation.
However, it is preferable that the second pump [&73topped and the discharge pressure
of the first pump (36) be set so that a gas haaihggher oxygen concentration can be
obtained in the separator (41).

[0141]

Flow of air in the oxygen concentration raisinggiion will be described.
[0142]

When the first pump (36) is activated, externatlzat is present outside of the
transport container (1) is sucked into the firanpu36) through the air filter (47) and the

external-side suction pipe (55). The externatl@charged from the first pump (36)
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flows in the first inlet pipe (52), flows into thigst inlet (42) of the first separation module
(41), which is an oxygen separator, as untreatéste air.
[0143]

In the first separation module (41), a part ofeiated external air flowed into the
inlet chamber (82) through the first inlet (42) peates through the gas separation
membranes (85) and moves to the secondary-sidet chthmber (84) as second external
air (high oxygen concentration gas), which hasghé oxygen concentration than
untreated external air; and the remaining part of the air flows into the primtaide outlet
chamber (83) as first external air, which has aeloexygen concentration than untreated
external air.

[0144]

First external air flowed out from the first prirgaside outlet (43) of the first
separation module (41) to the first primary-sideep(53) flows out from the first primary-
side switching valve (56) to the first secondaespipe (54), and is discharged to the
outside of the transport container (1). Secondrexs air flowed out from the first
secondary-side outlet (44) of the first separatimdule (41) to the first secondary-side
pipe (54) flows from the first secondary-side swihg valve (58) into the supply pipe
(120) through the first secondary-side supply g§#. Then, the high oxygen
concentration gas flows into the secondary pas&fj® of the container refrigerator (10),
and is supplied to the freight chamber (5) togettién air that flows in the secondary
passage (29b).

[0145]

Thus, in the oxygen concentration raising opematibe second external air, which

has a higher oxygen concentration than the atmospisesupplied. Accordingly, as

illustrated in Fig. 10, the oxygen concentration ba rapidly increased to a concentration
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exceeding the line A. Thus, it is possible to t¥emn environment that is suitable for
plants (such as asparagus) for which it is prefermbmake the internal space to be under
a high oxygen concentration condition during tramsation.
[0146]

<Carbon Dioxide Concentration Raising Operation>

The carbon dioxide raising operation is an openafior maintaining the carbon
dioxide concentration of the internal space ofdbetainer at a high concentration, which
is performed for the following reasons; if a pump is used to supply a high oxygen
concentration gas to the internal space when tiggesxconcentration of the internal
space becomes too low, carbon dioxide in the iatespace is discharged to the external
space, and it becomes difficult to maintain thdoardioxide concentration of the internal
space at a high concentration; and with a configuration that does not use a pumpufpy
a gas to the internal space, external air eagitydlinto a negative-pressure part of the
internal space, and it becomes difficult to maimthie carbon dioxide concentration of the
internal space at a high concentration becausesdttin dioxide concentration of external
air is low.
[0147]

In the carbon dioxide concentration raising operatbasically, valves are set in
the same way as in the oxygen concentration regaaration, and flow of a high
carbon dioxide concentration gas is similar to tifahe high oxygen concentration gas.
However, it is preferable that the discharge pmesstithe pump unit (35) be set so that a
gas having a higher carbon dioxide concentrationbeaobtained in the separator (41, 61).
[0148]

Flow of air in the carbon dioxide concentratioisirag operation will be described.

[0149]
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When the first pump (36) is activated, externallzt is present outside of the
transport container (1) is sucked into the firainpu(36) through the air filter (47) and the
external-side suction pipe (55). The externatl@charged from the first pump (36)
flows in the first inlet pipe (52), flows into thigst inlet (42) of the first separation module
(41), which is a carbon dioxide separator, as aiek external air.

[0150]

In the first separation module (41), a part ofeated external air flowed into the
inlet chamber (82) through the first inlet (42) peates through the gas separation
membranes (85) and moves to the secondary-sidet chthmber (84) as second external
air (high carbon dioxide concentration gas), whials a higher carbon dioxide
concentration than untreated external air; and the remaining part of the air flows into the
primary-side outlet chamber (83) as first exteaiglwhich has a lower carbon dioxide
concentration than untreated external air.

[0151]

First external air flowed out from the first prirgaside outlet (43) of the first
separation module (41) to the first primary-sideep(53) flows out from the first primary-
side switching valve (56) to the first secondamespipe (54), and is discharged to the
outside of the transport container (1). Secondres air flowed out from the first
secondary-side outlet (44) of the first separatimdule (41) to the first secondary-side
pipe (54) flows from the first secondary-side swihg valve (58) into the supply pipe
(120) through the first secondary-side supply g§3.

[0152]

When the second pump (37) is activated, interindhat is present inside of the

transport container (1) is sucked into the secamdp(37) through the internal-side

suction pipe (75). The second pump (37) compremseéslischarges the sucked internal
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air. Internal air discharged from the second p8%) flows in the second inlet pipe
(72), and flows into the second inlet (62) of tke@nd separation module (61), which is a
carbon dioxide separator, as untreated internal air

[0153]

In the second separation module (61), a part tveated internal air flowed into
the inlet chamber (82) through the second inle} (@meates through the gas separation
membranes (85) and moves to the secondary-sidet aghthmber (84) as second internal
air, which has a higher carbon dioxide concentratitan untreated extetiair; and the
remaining part of the air flows into the primargesioutlet chamber (83) as first internal
air, which has a lower carbon dioxide concentrati@n untreated external air.

[0154]

First internal air flowed out from the second panyrside outlet (63) of the second
separation module (61) to the second primary-siple {¥3) flows out from the second
primary-side switching valve (76) to the secondoselary-side pipe (74), and is
discharged to the outside of the transport contditle Second internal air (high carbon
dioxide concentration gas) flowed out from the secsecondary-side outlet (64) of the
second separation module (61) to the second segesidie pipe (74) flows from the
second secondary-side switching valve (78) intcstiygply pipe (120) through the second
secondary-side supply pipe (79).

[0155]

As described above, the high carbon dioxide cainaton gas flowed out from the
first separation module (41) and the high carbaxidie concentration gas flowed out
from the second separation module (61) flow inegbpply pipe (120). Then, the
mixed high carbon dioxide concentration gas flomis the secondary passage (29b) of

the container refrigerator (10), and is suppliethefreight chamber (5) together with air
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that flows in the secondary passage (29b).
[0156]

Thus, in the carbon dioxide concentration raigipgration, the second external air,
which has a higher carbon dioxide concentration tiabefore being treated, is supplied
to the internal space. Accordingly, as illustrateéig. 11, the carbon dioxide
concentration can be rapidly increased to a coragon exceeding the line A.

Therefore, it is possible to create an environntiesit is suitable for plants (such as
blackberry and strawberry) for which it is prefdeatp make the internal space to be
under a high carbon dioxide concentration conditiaring transportation.

[0157]

The carbon dioxide concentration raising operatnay be performed by using
only the second pump (37) while stopping the fistnp (36).

[0158]

- Advantageous Effects of Embodiment -

The internal air adjusting device (air compositaausting device) (30) according
to the present embodiment includes: the oxygenratpa41) that separates oxygen from
external air to beupplied to the target space (5); the gas supply path (135) including the
high concentration gas supply path (136) for oxytpeaugh which the oxygen separator
(41) communicates with the target space (5); and the controller (110) that performs an
oxygen concentration raising operation of supplyartggh oxygen concentration gas,
which has a higher oxygen concentration than eatexin before being treated by the
oxygen separator (41), to the target space (Sugirehe high concentration gas supply
path (136). Moreover, the oxygen separator (4dluges the gas separation membrane
(85).

[0159]
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Accordingly, with the present embodiment, the heglygen concentration gas is
generated when air before being treated passasgintbe gas separation membrane (85)
of the oxygen separator (41), and the high oxygertentration gas is supplied to the
target space (5) through the high concentratiorsgpply path (136). Accordingly, the
oxygen concentration of air in the target spacewBpse composition is adjusted by the
air composition adjusting device, can be made migten the oxygen concentration in the
atmosphere, and, in particular, the oxygen conagatr can be rapidly increased to a
concentration exceeding the line A as illustrate#ig. 10. Thus, it is possible to create
an environment that is suitable for plants (suchsgmragus) for which it is preferable to
make the internal space to be under a high oxygeoentration condition during
transportation.

[0160]

In the present embodiment, the oxygen separatdrig4onfigured to separate the
external air into the high oxygen concentration @ad a low oxygen concentration gas,
which has a lower oxygen concentration than external air before being treated; the gas
supply path (135) includes the low concentratios gigply path (137) for oxygen that
supplies the low oxygen concentration gas to thgetaspace (5), and the switcher (56, 58)
that selectively supplies one of the high oxygencemtration gas and the low oxygen
concentration gas to the target space (5); and the controller (110) is configured to supply
the high oxygen concentration gas or the low oxygmrcentration gas to the target space
(5) by switching the switcher (56, 58).

[0161]

Accordingly, with the present embodiment, the higlggen concentration gas or

the low oxygen concentration gas can be selectsabplied to the target space (5) by

switching the switcher (56, 58), and thus the of@nzof increasing the oxygen
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concentration and the operation of reducing thegeryconcentration of the freight
chamber (5), which is a target space, can be sedtch
[0162]

In the present embodiment, the carbon dioxiders¢éma(41, 61) that separates
carbon dioxide from air-to-be-treated to be sugpt@the target space (5), and the high
concentration gas supply path (136) for carbonidemhrough which the carbon dioxide
separator (41, 61) communicates with the target space (5) are provided; and the controller
(110) is configured to be capable performing, idiadn to the oxygen concentration
raising operation, a carbon dioxide concentratasimg operation of supplying a high
carbon dioxide concentration gas, which has a mighdbon dioxide concentration than
air-to-be-treated before being treated by the carhoxide separator (41, 61), to the target
space (5) through the high concentration gas supgtly (136) for carbon dioxide.
Moreover, the carbon dioxide separator (41, 61lunhes the gas separation membrane
(85).

[0163]

Accordingly, with the present embodiment, the highbon dioxide concentration
gas is generated when air before being treate@pdssough the gas separation
membrane (85) of the carbon dioxide separator§4),,and the high carbon dioxide
concentration gas is supplied to the target spg)ctanfough the high concentration gas
supply path (136) for carbon dioxide. Therefohe tarbon dioxide concentration of air
in the target space (5), whose composition is &eljlisy the air composition adjusting
device, can be made higher than the carbon diaadeentration of air before being
treated. Thus, as illustrated in Fig. 11, the carBlioxide concentration can be rapidly
increased to a concentration exceeding the lirend,thus it is possible to create an

environment that is suitable for plants (such askberry and strawberry) for which it is
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preferable to make the internal space to be untieghacarbon dioxide concentration
condition during transportation.
[0164]

In the present embodiment, the carbon dioxiders¢ma(41, 61) is configured to
separate the air-to-be-treated into the high cadioxide concentration gas and a low
carbon dioxide concentration gas, which has a lmadoon dioxide concentration than
air-to-be-treated before being treattdte gas supply path (135) includes the low
concentration gas supply path (137) for carbonidmxhat supplies the low carbon
dioxide concentration gas to the target spaceaft,the switcher (76, 78) that selectively
supplies one of the high carbon dioxide concermtragias and the low carbon dioxide
concentration gas to the target space (5); and the controller (110) is configured to be
capable of supplying the high carbon dioxide coftregion gas or the low carbon dioxide
concentration gas to the target space (5) by simtctine switcher (76, 78).

[0165]

Accordingly, with the present embodiment, the heghbon dioxide concentration
gas or the low carbon dioxide concentration gasbeaselectively supplied to the target
space (5) by switching the switcher (76, 78), dngstthe operation of increasing the
carbon dioxide concentration and the operatiorediicing the carbon dioxide
concentration of the freight chamber (5), which isrget space, can be switched.
[0166]

Moreover, with the present embodiment, for exampleen the oxygen
concentration recovery operation is performed l@tpening the door of the container
(1), mixed air (high oxygen concentration gas)aexfand external air and second internal
air, which has a higher oxygen concentration thanatmosphere, is supplied to the

internal space, in which the oxygen concentratiolow. Accordingly, the rate of
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increase of the oxygen concentration in the intespace of the container (1) becomes
higher than that of a case where only ventilatioparformed to introduce the atmosphere
into the internal space. Moreover, in the caser/kientilation is simply performed to
introduce the atmosphere, which has an oxygen otrat®n of about 21%, to the

internal space, it takes a long time, which is dltloet same time as that for replacing
substantially the entire air in the internal spadé the atmosphere, to return the oxygen
concentration in the internal space to an oxygerentration corresponding to that of the
atmosphere. In contrast, with the present embatinhy introducing a high oxygen
concentration gas, which has a higher oxygen cdratén than the atmosphere, into the
internal space, it is possible to reduce the tiangdturning the oxygen concentration in
the internal space to an oxygen concentration spording to that of the atmosphere as
compared with the existing technology.

[0167]

Moreover, with the present embodiment, a high exygoncentration gas is
supplied to the internal space of the transportaioar (1) during the oxygen
concentration recovery operation by using: the imnposition adjuster (40) that
generates a low oxygen concentration gas and adxiggren concentration gas by
separating nitrogen and oxygen from the extermadfahe transport container (1); and the
second composition adjuster (60) that generatew axygen concentration gas and a
high oxygen concentration gas by separating nitipgrygen, and carbon dioxide from
the internal air of the transport container (1).hefiefore, a configuration that can reduce
the time for returning the oxygen concentrationhaf internal space to an oxygen
concentration corresponding to that of the atmospben be easily realized by using the
gas separation membrane (85) of each of the gapasition adjusters (40, 60), and the

recovery of the oxygen concentration can be efiityeperformed.
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[0168]

<<Second Embodiment>>

An internal air adjusting device (30) accordingateecond embodiment will be
described. The internal air adjusting device adicgy to the present embodiment (30)
differs from the internal air adjusting device (2@cording to the first embodiment in the
first composition adjuster (40) and the contro{let0), and is the same as the first
embodiment in the configuration of the second casitfom adjuster (60). In the internal
air adjusting device (30), in addition to a firgtedtional control valve (232) and a second
directional control valve (233) of the first compims adjuster (40) described below, a
third directional control valve (291) and a foudinectional control valve (292) are
provided. Here, regarding the internal air adpgstievice (30) according to the second
embodiment, differences from the internal air atiijigsdevice (30) according to the first
embodiment will be described.

[0169]

- Configuration of First Composition Adjuster -

The first composition adjuster (40) accordinghte present embodiment is
configured to separate external air, which is sddkem the outside of the transport
container (1) (untreated external air), into festernal air and second external air, as with
the first composition adjuster (40) according te tinst embodiment. The first
composition adjuster (40) according to the presemodiment is configured to separate
untreated external air into first external air @edond external air by using a so-called
pressure swing adsorption (PSA) method, and differa the first composition adjuster
(40) according to the first embodiment in this extp
[0170]

As illustrated in Fig. 12, the first compositiodjaster (40) according to the present
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embodiment includes an air pump (231), insteadh®fitst pump (36) of the pump unit
(35). Thatis, in the internal air adjusting dev{80) according to the present
embodiment, the pump unit (35) includes the seqamdp (37) and the driving motor (38)
but does not include the first pump (36). Thetfa@mposition adjuster (40) according to
the present embodiment includes the first direei@ontrol valve (232), the second
directional control valve (233), a first adsorptioie (234), and a second adsorption tube
(235). As described below, an adsorbent that adsuitrogen in air is provided in each
of the adsorption tubes (234, 235).
[0171]

<Air Pump>

The air pump (231) is disposed in the internatepz the unit case (32). The air
pump (231) includes a first pump mechanism (23hd)aasecond pump mechanism
(231b) each of which sucks, compresses, and digebair. The first pump mechanism
(231a) and the second pump mechanism (231b) atessipumps that do not use
lubricating oil. The first pump mechanism (232ahich is a compressing unit, and the
second pump mechanism (231b), which is a decomipgessit, are both connected to the
drive shaft of a driving motor (231c). The firsirpp mechanism (231a) and the second
pump mechanism (231b) are each rotationally driwethe driving motor (231c) to suck
air from a suction opening, compresses the airdistharges the compressed air from a
discharge opening.
[0172]

<External Air Pipe, Discharge Pipe, Filter Unit>

One end of an external air pipe (241), which foensxternal air passage, is
connected to the suction opening of the first pungzhanism (231a). The external air

pipe (241) is provided so as to extend througtutiiecase (32). The other end of the
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external air pipe (241), which is positioned outsad the unit case (32), is connected to a
filter unit (220).
[0173]

The filter unit (220) includes an air filter (47).The air filter (47) is a filter for
trapping dust, salt, and the like included in exé¢mir. In the present embodiment, a
membrane filter having breathability and waterpnass is used as the air filter (47).

The filter unit (220) is a box-shaped member anbduces air (external air) that has
passed through the air filter (47) into the exteamapipe (241). Although not

illustrated, the filter unit (220) is disposed twe downstream side of the condenser (13) in
the external machine chamber (28).

[0174]

One end of a discharge pipe (242), which formsehdrge passage, is connected
to the discharge opening of the first pump mechar{d31a). The discharge pipe (242)
branches into two branch pipes at the other engdfie One of the branch pipes is
connected to the first directional control valv82), and the other branch pipe is
connected to the second directional control vahas3J.

[0175]

<Suction Pipe, Supply Pipe>

One end of a suction pipe (243), which forms disngassage, is connected to the
suction opening of the second pump mechanism (23IB)e suction pipe (243) branches
into two branch pipes at the other end thereof. e Gfithe branch pipes is connected to
the first directional control valve (232), and titber branch pipe is connected to the
second directional control valve (233).

[0176]

One end of a supply connection pipe (244), wharink a supply passage, is
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connected to the discharge opening of the secomgp pnechanism (231b). The other
end of the supply connection pipe (244) is conrtttdehe supply pipe (120).
[0177]

In the supply connection pipe (244), a check vgR&) and a supply-side on-off
valve (273) are provided, in order from one enthwother end thereof. The check
valve (264) allows flow of air only in a directidrom the one end to the other end of the
supply connection pipe (244), and prevents flowiofn the opposite direction. The
supply-side on-off valve (273) is an electromagneti-off valve.

[0178]

<First and Second Directional Control Valves>

The first directional control valve (232) and gexond directional control valve
(233) are each a switching valve having three porihe directional control valves (232,
233) are each configured to be switched betweérstastate, in which the first port
communicates with the second port and is shutroffithe third port; and a second state,
in which the first port communicates with the tholrt and is shut off from the second
port.

[0179]

The first port of the first directional controllva (232) is connected to one end of
the first adsorption tube (234). A branch pipe¢hef discharge pipe (242) is connected to
the second port of the first directional controivea(232), and a branch pipe of the suction
pipe (243) is connected to the third port of thstfdirectional control valve (232). The
first directional control valve (232) switches fiimst adsorption tube (234) between a state
in which the first adsorption tube (234) commurgsatvith the first pump mechanism
(231a) and a state in which the first adsorptidret(234) communicates with the second

pump mechanism (231b).
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[0180]

The first port of the second directional contralwe (233) is connected to one end
of the second adsorption tube (235). A branch pfggbe discharge pipe (242) is
connected to the second port of the second diredtmontrol valve (233), and a branch
pipe of the suction pipe (243) is connected tathivel port of the second directional
control valve (233). The second directional contadve (233) switches the second
adsorption tube (235) between a state in whiclséitend adsorption tube (235)
communicates with the first pump mechanism (23hd)astate in which the second
adsorption tube (235) communicates with the sepaumdp mechanism (231b).

[0181]

<Adsorption Tube>

The first adsorption tube (234) and the secondrgtisn tube (235) are each a
member that includes a cylindrical vessel, bothsesfdvhich are closed, and an
adsorbent, with which the vessel is filled.

[0182]

The adsorbent, with which the adsorption tubed (235) are filled, has a property
that the adsorbent adsorbs a nitrogen componentampressed state in which the
pressure is higher than the atmospheric pressoderedeases the nitrogen component in a
decompressed state in which the pressure is Idvaerthe atmospheric pressure. In the
present embodiment, as the adsorbent, for examgbdite, which is a porous material that
has pores each having a diameter smaller than dheciar diameter of a nitrogen
molecule (3.0 angstrom) and larger than the moteaibmeter of an oxygen molecule
(2.8 angstrom), is used.

[0183]

In the first composition adjuster (40) accordinghe present embodiment, the first
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adsorption tube (234) and the second adsorptica (2®6) constitute a first separator
(41). The two adsorption tubes (234, 235), whighstitute the first separator (41),
separates untreated external air into: first exesir, which has a higher nitrogen
concentration and aWer oxygen concentration than untreated external air; and second
external air, which has a lower nitrogen conceittnreand a higher oxygen concentration
than untreated external air.

[0184]

<Oxygen Discharge Pipe>

An oxygen discharge pipe (245), which forms angexydischarge passage,
branches into two branch pipes at one end theredhe of the branch pipes is connected
to the other end of the first adsorption tube (2a4Q the other branch pipe is connected
to the second adsorption tube (235). A check vé26&) is provided in each branch pipe
of the oxygen discharge pipe (245). Each checkevi61) allows flow of air in a
direction such that the air flows out from a cop@sding one of the adsorption tubes
(234, 235) and blocks flow of air in the oppositedtion.

[0185]

A check valve (262) and an orifice (263) are pded in a joined portion of the
oxygen discharge pipe (245). The check valve (Z68)sposed closer to the other end
of the oxygen discharge pipe (245) than the orif8). The check valve (262) allows
flow of air in a direction toward the other endtlbé oxygen discharge pipe (245) and
blocks flow of air in the opposite direction.

[0186]
<Purge Pipe>
A purge pipe (250), which forms a purge passageonnected to each branch pipe

of the oxygen discharge pipe (245). One end optlrge pipe (250) is connected to a
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branch pipe connected to the first adsorption (@34), and the other end of the purge
pipe (250) is connected to a branch pipe conndotéte second adsorption tube (235).
The one end of the purge pipe (250) is connectedposition between the first adsorption
tube (234) and the check valve (261). The othdradrthe purge pipe (250) is connected
to a position between the second adsorption tuB®) @nd the check valve (261).

[0187]

A purge valve (251) is provided in the purge pip80). The purge valve (251) is
an electromagnetic on-off valve. The purge vaR&l] is opened when equalizing the
pressures in the first adsorption tube (234) ardsétond adsorption tube (235). An
orifice (252) is provided on each of two sidesh# purge pipe (250) of the purge valve
(251).

[0188]

<Discharge Connection Pipe>

A discharge connection pipe (271), which formsatilation connection passage,
is connected to the supply connection pipe (249ne end of the discharge connection
pipe (271) is connected to the supply connectipe 244), and the other end of the
discharge connection pipe (271) is connected t@xlygen discharge pipe (245). The
one end of the discharge connection pipe (2719msected to a part of the supply
connection pipe (244) between the second pump mesrhg231b) and the check valve
(264). The other end of the discharge connectipe (271) is connected to a part of the
oxygen discharge pipe (245) further outward thanctieck valve (262).

[0189]

A discharge on-off valve (272) is provided in tlischarge connection pipe (271).

The discharge on-off valve (272) is an electrom#égrom-off valve. The discharge on-

off valve (272) is opened when discharging air flats in the supply connection pipe
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(244) to the external space.
[0190]

<Measurement Connection Pipe>

A measurement connection pipe (281), which formeeasurement passage, is
connected to the supply connection pipe (244). mbkasurement connection pipe (281)
is a pipe for connecting the first composition @t (40) to the sensor unit (90).

[0191]

One end of the measurement connection pipe (384Jrinected to the supply
connection pipe (244), and the other end of thesoreanent connection pipe (281) is
connected to the measurement pipe (125). Themhefehe measurement connection
pipe (281) is connected to a part of the supplyneation pipe (244) between the check
valve (264) and the supply-side on-off valve (273Jhe other end of the measurement
connection pipe (281) is connected to a part ohtleasurement pipe (125) between the
measurement on-off valve (126) and the sensor(80)t
[0192]

A measurement on-off valve (282) is provided ia theasurement connection pipe
(281). The measurement on-off valve (282) is astebmagnetic on-off valve. The
measurement on-off valve (282) is opened when figgdir that flows in the supply
connection pipe (244) to the sensor unit (90).

[0193]

<Bypass Pipe>

A bypass connection pipe (255), which forms a Bggeassage, is connected to the
discharge pipe (242). One end of the bypass ctiongaipe (255) is connected to the
discharge pipe (242), and the other end of the ¢g/pannection pipe (255) is connected

to the measurement connection pipe (281). Thesodeof the bypass connection pipe
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(255) is connected to a part of the discharge (#4&) closer to the first pump mechanism
(231a) than the branching portion of the dischaige (242). The other end of the
bypass connection pipe (255) is connected to agbdine measurement connection pipe
(281) between one end of the measurement conngupen(281) and the measurement
on-off valve (282). The bypass connection pipeb§Zbrms a first bypass passage for
supplying external air to the internal space ofttaasport container (1) in such a way that
the external air bypasses the first adsorption (@Bd) and the second adsorption tube
(235).

[0194]

A bypass on-off valve (256) is provided in the agp connection pipe (255). The
bypass on-off valve (256) is an electromagnetioffivalve. The bypass on-off valve
(256) constitutes a first bypass valve mechanignelianging the flow rate of external air
that flows into the bypass connection pipe (255)he bypass on-off valve (256) is
opened when supplying external air discharged byfitat pump mechanism (231a) to the
freight chamber (5) without changing the compositioereof.

[0195]

<Third and Fourth Directional Control Valves>

The third directional control valve (291) and tharth directional control valve
(292) are each a switching valve having three porEach of the directional control
valves (291, 292) is configured to be switched leetw a first state, in which the first port
communicates with the second port and is shutroffithe third port; and a second state,
in which the first port communicates with the tholrt and is shut off from the second
port.

[0196]

One end of a first discharge pipe (301) is coretttd the other end of the oxygen
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discharge pipe (245) and the other end of the digghconnection pipe (271), which are
joined. The third directional control valve (294)connected to a middle part of the first
discharge pipe (301). To be specific, the firscarge pipe (301) is connected the first
port and the second port of the third directioritool valve (291). The first discharge
pipe (301) is provided to extend through the uagec(32). The other end of the first
discharge pipe (301) opens in the external spatgeafansport container (1).

[0197]

The fourth directional control valve (292) is pided in a part of the supply
connection pipe (244) between the supply-side énadve (273) and the supply pipe
(120). To be specific, the supply connection {p#4) is connected to the first port and
the second port of the fourth directional contralve (292). One end of a supply branch
connection pipe (302) is connected to a part ostigply connection pipe (244) between
the second port of the fourth directional contralve (292) and the supply pipe (120).
The other end of the supply branch connection (80&) is connected to the third port of
the third directional control valve (291). One aid second discharge pipe (303) is
connected the third port of the fourth directiooaihtrol valve (292). The other end of
the second discharge pipe (303) is connected tbritelischarge pipe (301) at a position
inside of the unit case (32) of the main unit (31).

[0198]

- Driving Operation of First Composition Adjuster

A driving operation of the first composition adjeis(40) according to the present
embodiment will be described.

[0199]
The first composition adjuster (40) accordinghe present embodiment separates

untreated external air into first external air @edond external air by alternately and
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repeatedly performing a first operation and a séageration described below each for a
predetermined time (for example, 14.5 seconds). wifs the first composition adjuster
(40) according to the first embodiment, the firstnposition adjuster (40) according to the
present embodiment performs an operation of sépgrahtreated external air into first
external air and second external air in each ob#tygien concentration reducing operation
and the carbon dioxide concentration reducing deraf the internal air adjusting

device (30).

[0200]

<First Operation>

As illustrated in Fig. 13, in the first operatidhg first directional control valve
(232) is set to be in a first state, and the sedw&ttional control valve (233) is set to be
in a second state. As a result, the dischargeioger the first pump mechanism (231a)
is connected to the first adsorption tube (2349, e second adsorption tube (235) is
connected to the suction opening of the second pueghanism (231b). In the first
operation, the supply-side on-off valve (273) igogd, and the remaining on-off valves
(251, 256, 272, 282) are closed. Then, in theé diperation, an adsorption operation
targeted at the first adsorption tube (234) andsorption operation targeted at the second
adsorption tube (235) are performed.

[0201]

The first pump mechanism (231a) sucks untreatestead air from the external air
pipe (241), compresses the untreated externaradrsupplies the compressed untreated
external air to the first adsorption tube (234)n the first adsorption tube (234), nitrogen
included in the supplied untreated external aadsorbed to an adsorbent. As a result, in
the first adsorption tube (234), second exterrrabgiich has a lower nitrogen

concentration and a higher oxygen concentration timreated external air, is generated.
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Second external air flows out from the first adsiorptube (234), flows in the oxygen
discharge pipe (245), and is discharged througlthtiné directional control valve (291) to
the external space as discharged air.
[0202]

The second pump mechanism (231b) sucks air frenséloond adsorption tube
(235). Inthe second adsorption tube (235), tlessure of the inside thereof decreases,
and nitrogen is desorbed from the adsorbent. rswat, in the second adsorption tube
(235), first external air, which has a higher rgea concentration and a lower oxygen
concentration than untreated external air, is gegedr First external air flows from the
first adsorption tube (234) into the suction pigd3) and is sucked into the second pump
mechanism (231b). The second pump mechanism (2Z8hiresses the sucked first
external air, and discharges the sucked first rateir to the supply connection pipe
(244). First external air flows in the supply cention pipe (244) as supply air, joins air
that flows through the supply pipe (120), and tisesupplied to the internal space.
[0203]

<Second Operation>

As illustrated in Fig. 14, in the second operatite first directional control valve
(232) is set to be in a second state, and the deiogctional control valve (233) is set to
be in a first state. As a result, the dischargenom of the first pump mechanism (231a)
is connected to the second adsorption tube (288)itee first adsorption tube (234) is
connected to the suction opening of the second pueghanism (231b). In the second
operation, the supply-side on-off valve (273) igogd, and the remaining on-off valves
(251, 256, 272, 282) are closed. Then, in thersgoperation, a desorption operation
targeted at the first adsorption tube (234) anddsorption operation targeted at the

second adsorption tube (235) are performed.
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[0204]

The first pump mechanism (231a) sucks untreateztread air from the external air
pipe (241), compresses the untreated externaradrsupplies the compressed untreated
external air to the second adsorption tube (23%).the second adsorption tube (235),
nitrogen included in the supplied untreated extegiras adsorbed to an adsorbent. As a
result, in the second adsorption tube (235), seeatelnal air, which has a lower nitrogen
concentration and a higher oxygen concentration tireated external air, is generated.
Second external air flows out from the second gatgor tube (235), flows in the oxygen
discharge pipe (245), and is discharged throughhilné directional control valve (291) to
the external space as discharged air.

[0205]

The second pump mechanism (231b) sucks air frenfirt adsorption tube (234).
In the first adsorption tube (234), the pressurthefinside thereof decreases, and nitrogen
is desorbed from the adsorbent. As a result,erfitet adsorption tube (234), first
external air, which has a higher nitrogen concéioineand a lower oxygen concentration
than untreated external air, is generated. Futstreal air flows from the first adsorption
tube (234) into the suction pipe (243) and is sddkéo the second pump mechanism
(231b). The second pump mechanism (231b) comd¢issesucked first external air,
and discharges the sucked first external air tstipply connection pipe (244). First
external air flows in the supply connection pipd4Ras supply air, joins air that flows
through the supply pipe (120), and then is supphetthe internal space.

[0206]
<Oxygen Concentration Raising Operation>
In the second embodiment, the oxygen concentrasisimg operation is performed

by the second composition adjuster (60). At timeet second internal air (air having a
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higher oxygen concentration than internal air) #obout from the second separation
module (61) flows into the supply pipe (120) frame second secondary-side pipe and the
second secondary-side supply pipe (79). Secoratreltair that flows in the supply

pipe (120) flows into the secondary passage (2Bth)eocontainer refrigerator (10), and is
supplied to the freight chamber (5) together withtfaat flows in the secondary passage
(29b). A part of internal air is discharged to theside of the transport container (1)
through the ventilation discharge pipe (100).

[0207]

Thus, in the oxygen concentration recovery opemnatihe oxygen concentration of
internal air in the freight chamber (5) is increhbg supplying second internal air, which
has a high oxygen concentration, to the freightrdier (5), and simultaneously
discharging internal air in the freight chambert()he outside of the transport container
(2) through the ventilation discharge pipe (100).

[0208]

<Carbon Dioxide Concentration Raising Operation>

The carbon dioxide concentration raising operaisgmerformed by the second
composition adjuster (60). In the carbon dioxidaaentration raising operation, with a
valve setting that is the same as that of the axygacentration raising operation, the
discharge pressure of the second pump (37) iogbias a gas having a higher carbon
dioxide concentration can be obtained in the sesapdration module (61).

[0209]

In the carbon dioxide concentration raising operatinternal air is sucked into the
second pump (37) through the internal-side sugtipe (75) and discharged, and flows
into the second separation module (61). Firstivaleair, which has a lower carbon

dioxide concentration than untreated externalflawys out from the second separation
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module (61) to the second primary-side pipe (78)y$ out to the second secondary-side
pipe (74) through a broken-line passage of thersgpoimary-side switching valve (76),
and is discharged to the outside of the transmrtainer (1).

[0210]

Second internal air (high carbon dioxide concdittnagas) flowed out to the
second secondary-side pipe (74) from the secoratatpn module (61) flows through a
broken-line passage of the second secondary-sidiehsvg valve (78), and flows into the
supply pipe (120) through the second secondarysaigely pipe (79). Thus, in the
carbon dioxide concentration raising operationigh lcarbon dioxide concentration gas
flowed out from the second separation module (§kupplied from the supply pipe (120)
through the secondary passage (29b) of the comtafregerator (10) to the freight
chamber (5), and increases the carbon dioxide otraten of internal air in the freight
chamber (5). In particular, the carbon dioxideamriration in a small transport
container (1) rapidly increases.

[0211]

With the second embodiment, it is possible to seggpdischarge of carbon dioxide
due to forced ventilation when the gas is suppitethe internal space, and therefore it is
possible to suppress decrease of the carbon dioriggentration of the internal space.
[0212]

Moreover, with the present embodiment, it is palssio realize a configuration
that performs reduction of the oxygen concentratibtine internal space by using an
adsorbent and that uses a gas separation memhbrarearbon dioxide discharging unit.
[0213]

<<Other Embodiments>>

The internal air adjusting device (30) in eactihaf embodiments described above
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may be modified as follows.
[0214]

- First Modification -

In the oxygen concentration recovery operatioroating to the first embodiment
described above as an example, the oxygen contientracovery operation (first oxygen
concentration recovery operation) illustrated ig.Fi is performed by setting all of the
first primary-side switching valve (56), the fisstcondary-side switching valve (58), the
second primary-side switching valve (76), and #®oad secondary-side switching valve
(78) to be in the second state in the oxygen cdneeon reducing operation. However,
it is possible to perform an oxygen concentratecorery operation (second oxygen
concentration recovery operation) illustrated ig.F by setting all of the first primary-
side switching valve (56), the first secondary-sdatching valve (58), the second
primary-side switching valve (76), and the secoexbsadary-side switching valve (78) to
be in the second state in the carbon dioxide cdration reducing operation.

[0215]

In the first embodiment, in each of the first ogpgconcentration recovery
operation shown in Fig. 7 and the second oxygegcemnation recovery operation shown
in Fig. 8, the second pump (37) is operated tametecond internal air, which has a
higher oxygen concentration than internal airh®inside of the container (1).

However, because the second internal air has @hatygen concentration than that of
internal air but has a lower oxygen concentrati@ntthe atmosphere in this example, it is
possible to perform the oxygen recovery operatipojerating the second pump (37)
halfway through the operation (for example, uritéd bxygen concentration of the internal
space becomes 18%) and thereafter operating oalffiréh pump, or it is possible to

perform the oxygen concentration recovery operatypnsing only the first pump (36)
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while stopping the second pump (37) from the bagimn However, because the
Industrial Safety and Health Act states that thedard value of oxygen deficiency is 18%
or lower, there is no problem in using both of setexternal air and second internal air
that satisfy this standard from the start to the @nthe oxygen concentration recovery
operation. By doing so, the oxygen concentratemovery time can be reduced
compared with a case where the second pump (37)pped halfway through the
operation.

[0216]

In each of the first oxygen concentration recovegrgration and the second oxygen
concentration recovery operation according to its¢ @mbodiment, the oxygen
concentration of internal space may be made ctos@ bxygen concentration
corresponding to that of the atmosphere by supglgirieast second external air, among
second external air and second internal air, tortside of the container (1) and
simultaneously performing ventilation. By thusfpeming ventilation simultaneously
with the oxygen concentration recovery operatiomio the atmosphere into a part of air
supplied to the internal space, it is possibleatcesenergy compared with a case where a
gas generated by the gas composition adjuste6(0s used as all of the gas to be
supplied to the internal space.

[0217]

The oxygen concentration of a high oxygen conegioin gas used in the oxygen
concentration recovery operation in the first emiymoht and the first modification is an
example. By adjusting the opening degrees ofiteedontrol valve (46) and the second
control valve (66), the pressures of external ad imternal air that pass through the gas
separation membrane (85) can be adjusted, andasepaperformance can be adjusted.

Therefore, for example, a high oxygen concentragias having a higher oxygen
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concentration may be generated and supplied tmtémal space, so that the operation
time of the oxygen concentration recovery operatiam be further reduced.
[0218]

- Second Modification -

In the internal air adjusting device (30) accogdia the first embodiment, the gas
separation membranes (85) of the first separatiodute (41) and the gas separation
membranes (85) of the second separation moduleniég)have characteristics that differ
from each other.

[0219]

- Third Modification -

In the internal air adjusting device (30) accogdia the first embodiment, the first
bypass valve (50) may be configured to be capdidaging, in a stepwise manner or in a
continuous manner, the ratio of the flow rate dfeated external air that flows into the
first separation module (41) to the flow rate ofreated external air that flows into the
first bypass pipe (51). The second bypass valOgriy be configured to be capable
changing, in a stepwise manner or in a continucaisnar, the ratio of the flow rate of
untreated internal air that flows into the secosplasation module (61) to the flow rate of
untreated external air that flows into the secoyyphiss pipe (71).

[0220]

- Fourth Modification -

In the internal air adjusting device (30) accogdia the first embodiment, a driving
motor may be coupled to each of the first pump €8®) the second pump (37). With the
present modification, it is possible to activate afi the first pump (36) and the second
pump (37) and to stop the other.

[0221]
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- Fifth Modification -

In the internal air adjusting device (30) accogdia the first embodiment, each of
the first composition adjuster (40) and the seammdposition adjuster (60) may be
configured to separate sucked air into two typesipfvhose compositions differ from
each other, by using a so-called pressure swingrptilsn (PSA) method. The second
embodiment is an example in which a configuratibthe PSA method is used for the
second composition adjuster (60). With a configjarain which the PSA method is used
for each of the first composition adjuster (40) #mel second composition adjuster (60),
each of the composition adjusters (40, 60) altetyatnd repeatedly perform: a step of
generating air that has a low nitrogen concentna@ohigh oxygen concentration, and a
high carbon dioxide concentration by causing ngrogcluded in sucked air to be
adsorbed to an adsorbent; and a step generating air that has a high nitrogecemnation,

a low oxygen concentration, a low carbon dioxidecemtration by causing nitrogen to be
desorbed from the adsorbent.
[0222]

- Sixth Modification -

The internal air adjusting device (30) accordimgny of the embodiments
described above may be provided in a stationangeghtor or a stationary freezer. The
internal air adjusting device (30) according to afthe embodiments described above
may be provided in a refrigerator/freezer contafoefand transportation, which is
transported by a truck or a railway. The intemialadjusting device (30) according to
any of the embodiments described above may begedun a refrigerator/freezer truck in
which a box body that forms a freight chamber tegnated with a chassis. In each of
the embodiments described above, an internal aistidg device has been described.

However, the application of the present disclossimt limited to an air composition
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adjusting device for an internal space of a coetaan the like, as long as the device is
capable of adjusting the composition of air inrgea space.
[0223]

The embodiments and modifications described abwawebe modified in design
and detail in various ways without departing frdra spirit and scope of the claims. The
embodiments and modifications described above reagoimbined or replaced as
appropriate as long as they do not impair the fonaf the object of the present
disclosure.

Industrial Applicability
[0224]

As described above, the present disclosure isilafan internal air adjusting
device.

Reference Signs List
[0225]

5 freight chamber (target space)

30 air composition adjusting device

41 first separation module (oxygen separatohaadioxide separator)

56 first primary-side switching valve (switcher)

58 first secondary-side switching valve (switgher

61 first separation module (carbon dioxide sejpaya

76 second primary-side switching valve (switcher)

78 second secondary-side switching valve (swijche

85 gas separation membrane

110 controller

136 high concentration gas supply path
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137 low concentration gas supply path
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CLAIMS

1. An air composition adjusting device for adjusting composition of air in
a target space (5), comprising:

a first carbon dioxide separator (41) that separates carbon dioxide from air-to-
be-treated that is external air outside the target space (5) to generate high carbon dioxide
concentration gas having a higher carbon dioxide concentration than the air-to-be-
treated;

a second carbon dioxide separator (61) that separates carbon dioxide from air-
to-be-treated that is internal air inside the target space (5) to generate high carbon
dioxide concentration gas having a higher carbon dioxide concentration than the air-to-
be-treated;

a gas supply path (135) including a high concentration gas supply path (136)
through which the first and second carbon dioxide separators (41, 61) communicate
with the target space (5); and

a controller (110) that performs a carbon dioxide concentration raising
operation of supplying both of the high carbon dioxide concentration gas generated in
the first carbon dioxide separator (41) and the high carbon dioxide concentration gas
generated in the second carbon dioxide separator (61), to the target space (5) through

the high concentration gas supply path (136).

2. The air composition adjusting device according to Claim 1,
wherein the first and second carbon dioxide separators (41, 61) include a

separation membrane (85) that separates carbon dioxide from the air-to-be-treated.



