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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 aswyiral 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 PTLjlustd 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
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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]

To reduce the carbon dioxide concentration ofrigtkair of the container, carbon
dioxide is selectively removed from the air by penfing ventilation or by dissolving the
carbon dioxide in a liquid by using a scrubber. iff@ease the oxygen concentration,
generally, fresh air is taken into the containepbyforming ventilation.

[0007]

However, with the control described above, evermthe oxygen concentration
needs to be increased, it is not possible to iseréae oxygen concentration to such a
level that the sum of the oxygen concentrationthedcarbon dioxide concentration of
internal air exceeds 21%, which is shown by aAine Fig. 9 (to a level exceeding the
oxygen concentration in the atmosphere), becawseatlo of oxygen removal to carbon
dioxide generation due to respiration of plants:is
[0008]

An object of the present disclosure is to endisdedaxygen concentration of air in a
target space, whose composition is adjusted bywsinair composition adjusting device,
to be higher than the oxygen concentration in theaphere.

Solution to Problem
[0009]

According to a first aspect of the present disastesan air composition adjusting

device for adjusting composition of air in a targpace (5) includes: an oxygen separator

(41, 61) that separates oxygen from external air to be supplied to the target space (5); a gas
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supply path (135) including a high concentratios gapply path (136) for oxygen through
which the oxygen separator (41, 61) communicates with the target space (5); and a
controller (110) that performs an oxygen conceitrataising operation of supplying a
high oxygen concentration gas, which has a higkggen concentration than external air
before being treated by the oxygen separator (B t6 the target space (5) through the
high concentration gas supply path (136) for oxygen

[0010]

With the first aspect, the high oxygen concentratias is generated when air
before being treated passes through the oxygemagep&1, 61), and the high oxygen
concentration gas is supplied to the target spg)céihfough the high concentration gas
supply path (136) for oxygen. Accordingly, the gy concentration of air in the target
space (5), whose composition is adjusted by thecamposition adjusting device, can be
made higher than the oxygen concentration in thmsgphere.

[0011]

According to a second aspect of the present digotg in the first aspect, the
oxygen separator (41, 61) is configured to sepdhaexternal air into the high oxygen
concentration gas and a low oxygen concentratisnwhich has a lower oxygen
concentration than external air before being tikdatee gas supply path (135) includes a
low concentration gas supply path (137) for oxytieat supplies the low oxygen
concentration gas to the target space (5), andtelew (56, 58) that selectively supplies
one of the high oxygen concentration gas and theolkygen concentration gas to the
target space (5); and the controller (110) is configured to supply thghhoxygen
concentration gas or the low oxygen concentratamtg the target space (5) by switching
the switcher (56, 58).

[0012]
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With the second aspect, the high oxygen conceotrgas or the low oxygen
concentration gas can be selectively supplieddddlyet space (5) by switching the
switcher (56, 58).

[0013]

According to a third aspect of the present digaiesin the first or second aspect,
the oxygen separator (41, 61) includes a separatembrane (85) that separates oxygen
from the external air.

[0014]

With the third aspect, in the air composition atijug device configured by using
the separation membrane (85), the oxygen concantret air in the target space (5) can
be made higher than the oxygen concentration imtimesphere.

[0015]

According to a fourth aspect of the present dmale, in any one of the first to
third aspects, the air composition adjusting defucther includes: a carbon dioxide
separator (41, 61) that separates carbon dioxae &ir-to-be-treated to be supplied to the
target space (5ind a high concentration gas supply path (136) fob@ardioxide
through which the carbon dioxide separator (41,08@Mmunicates with the target space
(5); and the controller (110) is configured to be capalddgqrming, in addition to the
oxygen concentration raising operation, a carboride concentration raising operation
of supplying a high carbon dioxide concentratios,gehich has a higher carbon dioxide
concentration than air-to-be-treated before beaiegtéd by the carbon dioxide separator
(41, 61), to the target space (5) through the hicentration gas supply path (136) for
carbon dioxide.

[0016]

With the fourth aspect, the high carbon dioxidaaamtration gas is generated
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when air before being treated passes through thewrcaioxide separator (41, 61), and the
high carbon dioxide concentration gas is suppliethé¢ target space (5) through the high
concentration gas supply path (136) for carbonidmx Accordingly, the carbon dioxide
concentration of air in the target space (5), wramsaposition is adjusted by the air
composition adjusting device, can be made highear the carbon dioxide concentration
of air before being treated.

[0017]

According to a fifth aspect of the present disgtesin the fourth 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@ssupply path (137) for carbon
dioxide that supplies the low carbon dioxide coniion gas to the target space (5), and
a switcher (76, 78) that selectively supplies ofte high carbon dioxide concentration
gas and the low carbon dioxide concentration gas to the target space (5); and the controller
(110) is configured to be capable of supplyingtitgh carbon dioxide concentration gas
or the low carbon dioxide concentration gas tot#inget space (5) by switching the
switcher (76, 78).

[0018]

With the fifth aspect, the high carbon dioxide cemntration gas or the low carbon
dioxide concentration gas can be selectively sedpl the target space (5) by switching
the switcher (76, 78).

[0019]
According to a sixth aspect of the present disgiesin the third aspect, the air

composition adjusting device further includes asoaber (234, 235) that is provided with
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an adsorbent, that separates nitrogen, oxygencaon dioxide from internal air of the
target space, and that is capable of generatiog @kygen concentration gas and a high
oxygen concentration gas, the low oxygen conceaatrafas having a higher nitrogen
concentration, a lower oxygen concentration, almh@r carbon dioxide concentration
than the internal air, and the high oxygen coneioin gas having a lower nitrogen
concentration, a higher oxygen concentration, ahigjlaer carbon dioxide concentration
than the internal air.

[0020]

With the sixth aspect, in a configuration suclt tha internal air adjusting device
includes the gas separation membrane (85) as ffgen)separator (61) and further
includes the adsorber (234, 235) provided withatigorbent, as with the third aspect, the
oxygen concentration of air in the target space#b) be made higher than the oxygen
concentration in the atmosphere by using the sépammembrane (85).

Brief Description of Drawings
[0021]

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

[Fig. 2] Fig. 2 is a refrigerant circuit diagrattustrating the configuration of a
refrigerant circuit of a container refrigerator yiged 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 afegaration 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.
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[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 arygen 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
carbon dioxide concentration of internal air.

[Fig. 10] Fig. 10 is a graph illustrating the charin the oxygen concentration and
the carbon dioxide concentration of internal aie doan 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 illasitrg the configuration of an
internal air adjusting device according to a secemébodiment.

[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
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<<First Embodiment>>

Embodiments will be described in detail with refece to the drawings.
[0023]

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
atmosphere, which is air in the external spacéy oeturn the composition to that of the
atmosphere.

[0024]

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 refriger§l0). The transport container (1) is
used to transport, as freight (6), plants suchgaswtural products that perform
respiration by taking in oxygen gand discharging carbon dioxide (O Examples of
plants include fruits such as bananas and avocadgstables, grains, bulbs, flowers, and
the like.

[0025]

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
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as a freight chamber (5) for storing the freight (6
[0026]

A floor board (3) for loading the freight (6) tieen 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 (2dmd 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)
communicates with a space above the floor boar¢tiaj is, a space in which the freight
(6) is contained).

[0027]

- 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).

[0028]

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

[0029]

The external wall (21) is a plate-shaped membarighdisposed 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\22a plate-shaped member that extends

along the external wall (21). The internal wal)2s disposed so as to cover the inner
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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).
[0030]

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).

[0031]

The back plate (24) is a substantially rectangilgguplate-shaped member. The
back plate (24) is disposed further inward in thetainer body (2) than the internal wall
(22), and forms an internal air passage (29) betwlee back plate (24) and the internal
wall (22). The upper end of the internal air pgss@9) 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).

[0032]

The partition plate (25) is a plate-shaped merthegris disposed so as to partition
the internal air passage (29) into an upper paftsalower part. The partition plate (25)
is disposed in an upper region of the internapassage (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) belopatftiéion plate (25). The primary
passage (29a) communicates with the freight cha@)etia the suction opening (26).

The secondary passage (29b) communicates withnitheriloor 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 oytveliich is sucked from the primary

passage (29a), to the secondary passage (29b).
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[0033]

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
chamber (28).

[0034]

- 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 diggesgpipe (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 dischapgee (100) is installed in both of the
internal air passage (29) and the external madatiaeber (28) of the transport container
(1). The controller (110) is provided in the maimt (31) and controls the constituent
equipment of the internal air adjusting device (30)

[0035]

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 (3a)kex-shaped hermetically closed vessel.

The first composition adjuster (40), the second position adjuster (60), and the pump
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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).

[0036]

The internal air adjusting device (30) includesupply pipe (120), an internal-side
suction pipe (75), and a measurement pipe (125he stpply 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 thetainer refrigerator (10).

[0037]

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 connedctethe first composition adjuster (40)
and the second composition adjuster (60), andahetend of the supply pipe (120)
opens in the secondary passage (29b) of the int@mgassage (29).

[0038]

The internal-side suction pipe (75) is a pipediopplying internal air in the freight
chamber (5) to the second composition adjuster. (60pe 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 pipge) (8 connected to a second pump (37) of

the second composition adjuster (60) describedabeldn the secondary passage (29b) of
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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).
[0039]

The measurement pipe (125) is a pipe for supplytimghe sensor unit (90), air that
flows in the supply pipe (120). The inlet end loé 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 (B1i).

[0040]

The ventilation discharge pipe (100), the supmbed120), the internal-side
suction pipe (75), the measurement pipe (125) pgmes (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.

[0041]

<Pump Unit>

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

[0042]

The first pump (36) and the second pump (37) aoh @n air pump that sucks air
and discharges the air. The first pump (36) ardstttond 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).
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[0043]

<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 container (1); and can discharge the first
external air to the outside and supply the secatetal air to the freight chamber (5).
[0044]

The first composition adjuster (40) includes arfidier (47), a first separation
module (first separator: an oxygen separator acatfaon dioxide separator that separate
oxygen and carbon dioxide from air before beingtt¥d) (41), a first bypass valve (50), a
first pressure sensor (45), and a first controv@d#6). The first composition adjuster
(40) includes an external-side suction pipe (53irstiinlet pipe (52), a first primary-side
pipe (53), a first secondary-side pipe (54), afidsabypass pipe (51). The first pump
(36) of the pump unit (35) constitutes the firstnawsition adjuster (40).

[0045]

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 wahbreother via the internal space of

the unit case (32), which is a hermetically clogesisel.
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[0046]

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@8he suction side of the external
fan (16).

[0047]

The first bypass valve (50) is a switching valeing three ports and constitutes a
first bypass valve mechanism. The first bypasse/é0) 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.

[0048]

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 fisgbdss 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.
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[0049]

The first pressure sensor (45) and the first cdbneilve (46) are provided in the
first primary-side pipe (53). The first pressuemsor (45) and the first control valve (46)
are disposed closer to the first separation mo@dgthan 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).

[0050]

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
measurement value of the first pressure sensorig4tjbstantially equal to the pressure of
untreated external air that the first pump (36)pdi@g to the first separation module (41).
[0051]

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
[0052]

The first separation module (41) constitutes s Beparator. As will be described
below in detail, the first separation module (4ilides gas separation membranes (85).
The first separation module (41) separates untleatternal air into first external air,
which has not permeated through the gas sepanatonbranes (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)).

[0053]

First external air (low oxygen concentration gaas a higher nitrogen
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concentration than untreated external air, ancaHas/er oxygen concentration than
untreated external air. Second external air (bixygen concentration gas) has a lower
nitrogen concentration than untreated externabail, 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.

[0054]

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
first secondary-side supply pipe (59) are provided.

[0055]

The first primary-side switching valve (56) ane first secondary-side switching
valve (58) are each a switching valve having thpes. 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 bglid ine in Fig. 3), in which the first
port communicates with the second port and is gfidtom the third port; and a second
state (shown by a broken line in Fig. 3), in whileé first port communicates with the
third port and is shut off from the second port.

[0056]

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 $yippe (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 supplyepip20). One end of the first primary-
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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).

[0057]

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
the first separation module (41), and the secomtigidhe first secondary-side switching
valve (58) communicates with the external machimenaber (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).

[0058]

<Second Composition Adjuster)

The second composition adjuster (60) is configuoeskeparate internal air
(untreated internal air) sucked from the intermqelce of the transport container (1) into
first internal air (low oxygen concentration gasylcarbon dioxide concentration gas) and
second internal air (high oxygen concentration bag) 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 theosel internal air to the freight chamber (5).
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[0059]

The second composition adjuster (60) includescarskseparation module (second
separator: an oxygen separator and a carbon disgjplerator 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 secomdagy-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).

[0060]

As will be described below in detail, the secoadaation 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 tiseldirge opening of the second pump
(37) via the second inlet pipe (72). The secormagny-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). Thernml-side suction pipe (75) is connected
to the suction opening of the second pump (37).

[0061]

The second bypass valve (70) is a switching vaxeng three ports and
constitutes a second bypass valve mechanism. éldomd 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. 3vhich the first port communicates with
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the third port and is shut off from the second port
[0062]

The second bypass valve (70) is disposed in almhtt 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 tloirdgd 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.

[0063]

The second pressure sensor (65) and the secotrdloglve (66) are provided in
the second primary-side pipe (73). The secondspressensor (65) and the second
control valve (66) are disposed closer to the se@@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).

[0064]

The second pressure sensor (65) measures thenggressecond 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 sepamadp (37) supplies to the second
separation module (61).

[0065]
The second control valve (66) is a motor-operatdde whose opening degree is

variable and constitutes a second valve mechanidifhen the opening degree of the
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second control valve (66) is changed, the pressiuatreated internal air that the second
pump (37) supplies to the second separation mdédlechanges.
[0066]

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 throtlgdhgas 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
secondary-side pipe (74)).

[0067]

First internal air (low oxygen concentration gasy carbon dioxide concentration
gas) has a higher nitrogen concentration than at@denternal 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 secamérinal air differ from each other in the
concentrations of constituent substances thereof.

[0068]

In the second composition adjuster (60), a se@omdary-side switching valve
(76), a second primary-side discharge pipe (73gc@nd secondary-side switching valve
(78), and a second secondary-side supply pipeaf&@provided.

[0069]

The second primary-side switching valve (76) drelgecond secondary-side
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switching valve (78) are each a switching valveihgthree 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

[0070]

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-
side switching valve (76) is disposed closer tosineply pipe (120) than the outlet end of
the second bypass pipe (71). The first port ofs#@nd primary-side switching valve
(76) is connected to the second control valve (86§l 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 secondarypgite(74).

[0071]

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-gdiseharge pipe (77). The first port of
the second secondary-side switching valve (78piected to the second secondary-side
outlet (64) of the second separation module (61d,the second port of the second
secondary-side switching valve (78) communicatdh tiie external machine chamber

(28) of the transport container (1) via the seceecbndary-side pipe (74). One end of
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the second secondary-side supply pipe (79) is @iadéo the third port of the second
secondary-side switching valve (78). The other@fitie second secondary-side supply
pipe (79) is connected to the supply pipe (120).

[0072]

<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
[0073]

Each of the separation modules (41, 61) inclugestobular case (80) and two
partition walls (81a, 81b). The tubular case (83n elongated cylindrical vessel both
ends of which are closed. The partition walls (8ld) are members for partitioning the
internal space of the tubular case (80) and areiged 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 thedeefe of the left partition wall (81a), a
secondary-side outlet chamber (84) that is postidmetween the two partition walls (81a,
81b), and a primary-side outlet chamber (83) thgiositioned on the right side of the
right partition wall (81b).

[0074]

Each of the separation modules (41, 61) includasga number of hollow-fiber
gas separation membranes (85) (each shaped li&s/dhim 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 partivaii (81a) to the other partition wall
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(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
with the spaces inside of the gas separation memabr@5), the inlet chamber (82), and
the primary-side outlet chamber (83).

[0075]

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 imgatrend 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-sidket chamber (84).

[0076]

Each gas separation membrane (85) is a porous rmaminade 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).

[0077]
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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) respectively.e ges separation membranes (85) of
each of the separation modules (41, 61) have aprothat the nitrogen permeation rate
is lower than both of the oxygen permeation ratkthe carbon dioxide permeation rate.
The large number of hollow-fiber gas separation itm@mes (85) have substantially the
same membrane thickness. Accordingly, the gagama membranes (85) provided in
each of the separation modules (41, 61) have eprofhat the nitrogen permeability is
lower than both of the oxygen permeability anddasbon dioxide permeability.

[0078]

In each of the separation modules (41, 61), awdld into the inlet chamber (82)
through the inlet (42, 62) flows in the spacesdasif the hollow-fiber gas separation
membranes (85) toward the primary-side outlet chear(®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).

[0079]

The gas separation membranes (85) of each okfteeation 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 separatiomrbeanes (85) approaches the primary-
side outlet chamber (83), the nitrogen concentnatioreases, and simultaneously the
oxygen concentration and the carbon dioxide comatah decrease. Oxygen and

carbon dioxide included in air that flows in thdlbw-fiber gas separation membranes
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(85) permeate through the gas separation memb(&Ggand move to the secondary-side
outlet chamber (84).
[0080]

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 nowhd secondary-side outlet
chamber (84) has a lower nitrogen concentration #uain the inlet chamber (82), and has
a higher oxygen concentration and a higher carlbaxide concentration than air in the
inlet chamber (82).

[0081]

In the first separation module (41), untreatec 4l air flows from the first inlet
(42) into the inlet chamber (82), air flowed inh@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-sitletacchamber (84) flows out from
the first secondary-side outlet (44) as secondreatair. In the second separation
module (61), untreated internal air flows from #eeond 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 tbherskprimary-side outlet (63) as first
internal air, and air permeated through the gaarsg¢ipn membranes (85) and flowed into
the secondary-side outlet chamber (84) flows arnfthe second secondary-side outlet
(64) as second internal air.

[0082]
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<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).

[0083]

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
mixed gas such as air. The oxygen sensor (91)rendarbon dioxide sensor (92) are
contained in the sensor case (93).

[0084]

The sensor case (93) is a slightly elongated Ibaypasd 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). aiiNiiter (94), for introducing internal
air that flows in the internal air passage (299 itite internal space of the sensor case (93),
is attached to the sensor case (93). The air {(B4) is a membrane filter for trapping
dust and the like included in internal air.

[0085]

As described below, while the internal fan (179p®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
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(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 (92hefsensor unit (90) measures the carbon
dioxide concentration of internal air.

[0086]

<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
discharge pipe (100) extends through the casingdPe container refrigerator (10).
One end of the ventilation discharge pipe (100nspe 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 sudlide of the external fan (16).

[0087]

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.

[0088]

<Gas Supply Path>

In the present embodiment, a gas supply path (E3bigh concentration gas
supply path (136) and a low concentration gas supgth (137)) is constituted by the
external-side suction pipe (55), the first inlgigi(52), the first primary-side pipe (53), the

internal-side suction pipe (75), the second inipeg72), the second primary-side pipe



- 29 -

(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), whichteget 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 lmeentration gas supply path (137)
includes a first low concentration gas supply ga@va) and a second low concentration
gas supply path (137b) that respectively suppwadxygen concentration gas and a low
carbon dioxide concentration gas to the internatep

[0089]

The high concentration gas supply path (136) seagea high concentration gas
supply path (136) for oxygen when a high oxygenceottration 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 syaith (137) serves as a low
concentration gas supply path (137) for oxygen wdéw oxygen concentration gas
flows therethrough, and serves as a low conceotraas supply path (137) for carbon
dioxide when a low carbon dioxide concentration fimss therethrough. Although the
same numerals are used because these are the assagq different names are used
because different gasses flow therethrough.

[0090]
<Controller>

The controller (110) includes a CPU (111) thafqrens a control operation and a
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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 $8hsare 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
carbon dioxide concentration of the internal space.

[0091]

In the present embodiment, the first separatoy $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 oxygeceamration rapidly-increasing
operation (an oxygen concentration raising opemtiof 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 fretamber (5) through the high
concentration gas supply path (136a); and a carbon dioxide concentration raising operation
of supplying a high carbon dioxide concentratios, gehich has a higher carbon dioxide
concentration than external air before being tbaiethe first separator (41), to the

freight chamber (5) through the high concentragas supply path (136a).



- 31 -

[0092]

<Switcher>

The first separator (41) is configured to sepagaternal air, which is the air-to-be-
treated, into a high concentration gas, which hiaig/laer 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
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 freiglancher (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).

[0093]

The second separator (61) is configured to separtdrnal air, which is the air-to-
be-treated, into a high concentration gas, whichahhigher oxygen concentration and a
higher carbon dioxide concentration than interirabefore being treated, and a low
concentration gas, which has a lower oxygen conagom and a lower carbon dioxide
concentration than internal air before being tréateln the second composition adjuster
(60), the second primary-side switching valve @&l the second secondary-side
switching valve (78) are provided as a second $witthat selectively supplies one of a
high concentration gas (a high oxygen concentraggamand a high carbon dioxide
concentration gas) and a low concentration gagwaokygen concentration gas and a low

carbon dioxide concentration gas) to the freiglancher (5). The controller (110) is
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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).
[0094]

- Driving Operation of Container Refrigerator -

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

[0095]

In the cooling operation, the compressor (12hefrefrigerant circuit (11) is
activated, a refrigerant circulates in the refraggrcircuit (11), and thus a vapor
compression refrigeration cycle is performed. He tefrigerant circuit (11), a refrigerant
discharged from the compressor (12) passes thringgtondenser (13), the expansion
valve (14), and the evaporator (15) in order, dshtis sucked into the compressor (12)
and compressed.

[0096]

In the cooling operation, the external fan (16J #re internal fan (17) are
activated. When the external fan (16) is activagedernal air outside of the transport
container (1) is sucked into the external machhreer (28) and passes through the
condenser (13). In the condenser (13), the rehigaeleases heat to the external air and
condensates. When the internal fan (17) is a@danternal 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 evaporatoj, (it refrigerant absorbs heat from the
internal air and evaporates.

[0097]
Flow of internal air will be described. Interrat that is present in the freight

chamber (5) flows into the primary passage (29dhefinternal air passage (29) through
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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 blotfrom the blow-out opening (27) to
the underfloor passage (4), and flows into thegfrechamber (5) through the underfloor
passage (4).

[0098]

In the internal air passage (29), the primary pgsg29a) 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,
the air pressure in the secondary passage (28byiely higher than the air pressure in
the primary passage (29a).

[0099]

- 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 freight chamber (5) of the transport
container (1). Here, regarding the driving operatf the internal air adjusting device
(30) according to the present embodiment, a casgenthe target range of the oxygen
concentration of internal air is 5% * 1% and thgeéarange of the carbon dioxide
concentration of internal air is 2% * 1% will besdebed as an example.

[0100]

<Outline of Driving Operation of Internal Air Adgting Device>

The internal air adjusting device (30) accordimghe present embodiment
performs: an oxygen concentration reducing opandto reducing the oxygen

concentration of internal air in the freight chamber (5); a carbon dioxide concentration
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reducing operation for reducing the carbon dioxidecentration of internal air in the
freight chamber (5); and an oxygen concentration increasing operationrforgasing the
oxygen concentration of internal air in the freightimber (5).

[0101]

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
reducing the oxygen concentration of internal aWWhen the oxygen concentration of
internal air reaches the upper limit value (6%)hef target range, the internal air adjusting
device (30) stops the oxygen concentration reducpegation.

[0102]

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 graduallyre&ses due to respiration of plants that
are the freight (6).

[0103]

When the carbon dioxide concentration of intemiateaches the upper limit value
(3%) of the target range, the internal air adjugtievice (30) performs a carbon dioxide
concentration reducing operation for reducing t#dan dioxide concentration of internal
air. When the carbon dioxide concentration ofrim& air reaches the lower limit value
(1%) of the target range, the internal air adjustievice (30) stops the carbon dioxide

concentration reducing operation.
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[0104]

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 theeufimit value (6%) of the target range,
the internal air adjusting device (30) stops thggex concentration increasing operation.
[0105]

Thus, the internal air adjusting device (30) parf® an oxygen concentration
reducing operation to reduce the oxygen conceatratf internal air in the freight
chamber (5) from 21% (the oxygen concentratiorhefatmosphere) to a level within the
target range. Moreover, the internal air adjustirgice (30) repeatedly performs, as
necessary, the carbon dioxide concentration redum@ration and the oxygen
concentration increasing operation in order to ma@nthe oxygen concentration and the
carbon dioxide concentration of internal air in tfreaght chamber (5) respectively at
levels within their target ranges.

[0106]

<Oxygen Concentration Reducing Operation>

Referring to Figs. 3 to 5 as necessary, the oxggacentration 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 oxygen concentration, to the freight chamber (5); and the second composition
adjuster (60) supplies first internal air, whiclsl@low oxygen concentration, to the
freight chamber (5).

[0107]

In the oxygen concentration reducing operatioa,dbntroller (110) sets each of



- 36 -

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 uB%), 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.

[0108]

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
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 flow#o the first inlet (42) of the first
separation module (41) as untreated external air.

[0109]

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 sepamagimiranes (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 (83Yiest external 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 external airawér than the oxygen concentration of

untreated external air, and the oxygen concentraticecond external air is higher than
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the oxygen concentration of untreated external air.
[0110]

First external air flowed out from the first prirgeside 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).

[0111]

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 aoHaiges the sucked internal air.
The pressure of external air discharged by thersepamp (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.

[0112]

In the second separation module (61), untreatednial air flowed into the inlet
chamber (82) through the second inlet (62) flots 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 sepamatimiranes (85) and moves to the
secondary-side outlet chamber (84) as second aitaimm 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 chastictsrich that the nitrogen

permeability is lower than the oxygen permeabilitf.herefore, as illustrated in Fig. 5,
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the oxygen concentration of first internal airasver than the oxygen concentration of
untreated external air, and the oxygen concentraticGecond external air is higher than
the oxygen concentration of untreated external air.

[0113]

First internal air flowed out from the second paiyrside 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).

[0114]

As described above, first external air flowed foamn 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 firstarmal 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 hlretsupply pipe (120) flows into the
secondary passage (29b) of the container refrige(d0), and is supplied to the freight
chamber (5) together with air that flows in thewetary passage (29b).

[0115]

Usually, during the oxygen concentration redu@pgration, the flow rate Qo1 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 internalkdéécharged from the inside to the
outside of the transport container (1) (Qol > Qa2)d 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) becomesstiye pressure. Because the air
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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).

[0116]

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 atmosphesanultaneously 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
operation, the oxygen concentration of internalrathe freight chamber (5) is reduced by
discharging second internal air, which has beears¢gd from untreated internal air and
which has a high oxygen concentration, to the datsi the transport container (1).
[0117]

<Carbon Dioxide Concentration Reducing Operation>

Referring to Figs. 3, 4, and 6 as necessary,dh@a dioxide concentration
reducing operation of the internal air adjustingide (30) will be described. In the
carbon dioxide concentration reducing operatioafitst 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
[0118]

In the carbon dioxide concentration reducing openathe controller (110) sets
each of the first bypass valve (50) and the sebypass valve (70) to be in a first state
(the state shown by a solid line in Fig. 3), adigahe first pump (36) and the second

pump (37) by energizing the driving motor (38) lné fpump unit (35), sets the ventilation
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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.

[0119]

In the first composition adjuster (40), untreagaternal air flowed into the first
separation module (41) is separated into: firstmel 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 conceittreand 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 contditie The carbon dioxide
concentration of untreated external air is sub&tiythe same as the carbon dioxide
concentration of the atmosphere (0.04%). Theretbeecarbon dioxide concentration of
the first external air can be regarded as subsignzero.

[0120]

In the second composition adjuster (60), untreatestnal air flowed into the
second separation module (61) is separated img:ifiternal air, which has a higher
nitrogen concentration, a lower oxygen concentratémd a lower carbon dioxide

concentration than untreated internal air; and second internal air, which has a lower
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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 contaidg¢y &nd the second internal air (discharge
air) is discharged to the outside of the transpontainer (1).

[0121]

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
adjuster (40) supplies first external air to theide of the transport container (1) so that
the air pressure in the transport container (1ptress a positive pressure. Because the
air pressure in the transport container (1) issitwe pressure, 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 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 $ggort 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 beears¢gd from untreated internal air and
which has a high carbon dioxide concentrationh&odutside of the transport container
(1).

[0123]
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<Oxygen Concentration Increasing operation (Oxygencentration Slowly-
Increasing Operation)>

Referring to Fig. 3, the oxygen concentration éasing 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 tofteeght chamber (5), and internal air
sucked by the second composition adjuster (60) ttmrinside of the transport container
(1) is returned as it is to the freight chamber (5)

[0124]

In the oxygen concentration increasing operatioa.controller (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 thenpuunit (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 sdtdan the first state.

[0125]

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 thygen 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 f@@p flows into the second

primary-side pipe (73) through the second bypass (1), and then returns to the inside
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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).

[0126]

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

[0127]

- Control Operation of Controller -

The controller (110) of the internal air adjustoigyvice (30) monitors the
measurement values of the oxygen sensor (91) anchiivon dioxide sensor (92). On
the basis of the measurement values the oxygenis@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 aadcténbon dioxide concentration of
internal air are maintained at levels within threispective target ranges as the internal air
adjusting device (30) performs the operations desdrabove.

[0128]

In the present embodiment, the controller (11@pisfigured to be capable of
performing: an oxygen concentration recovery opematf 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 increasingdkggen concentration at a rate higher
thanthat of the oxygen concentration increasing operation described above; and a carbon
dioxide concentration raising operation of incraggihe carbon dioxide concentration in

the freight chamber (5).
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[0129]

<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 requioe@turn internal air to correspond to
the atmosphere.

[0130]

Referring to Figs. 3 and 7, the oxygen concermnatecovery operation will be
described.
[0131]

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 thetfpump (36) and the second pump (37) by
energizing the driving motor (38) of the pump uB®), and sets the ventilation discharge
valve (101) to be in an open state. The abovestat the same as those of the oxygen
concentration reducing operation. The first priyaside 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 a second state.

[0132]
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 pu@36) 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.

[0133]

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 ekt@im(high oxygen concentration
gas), which has a higher oxygen concentration tinaated external air; and the
remaining part of the air flows into the primargsioutlet chamber (83) as first external
air, which has a lower oxygen concentration thatneated external air.

[0134]

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 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 switgy valve (58) into the supply pipe
(120) through the first secondary-side supply g§%.

[0135]
Next, when the second pump (37) is activatedrmateair that is present inside of

the transport container (1) (to be specific, theseary passage (29b) of the container
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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 therskpamp (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.

[0136]

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
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 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.

[0137]

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 secondselary-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 go@sd separation module (61) to the
second secondary-side pipe (74) flows from thes@secondary-side switching valve
(78) into the supply pipe (120) through the secemcbndary-side supply pipe (79).
[0138]

As described above, second external air (havinigl@er oxygen concentration
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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 in@gbpply pipe (120). Then, mixed air
of second external air and second internal air éahiair having a higher oxygen
concentration than the atmosphere) that flows énstipply 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@®tary passage (29b).

[0139]

At this time, a part of internal air is dischargedhe outside of the transport
container (1) through the ventilation dischargeefip00).
[0140]

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

[0141]

Then, the oxygen concentration in the freight chent5) is detected by the
oxygen sensor (91), which is provided in the ind¢éspace, and the oxygen concentration
recovery operation is stopped when the oxygen curat#on reaches a target
concentration (oxygen concentration correspondiriat of the atmosphere). Because
the Industrial Safety and Health Act of Japan sttat the reference value of oxygen
deficiency is 18% or lower, the target concentratieed not be 21%, and may be 18% or

higher.
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[0142]

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

[0143]

<Oxygen Concentration Rapidly-Increasing Operafi@rygen Concentration
Raising Operation)>

The oxygen concentration raising operation is geration that is performed to
rapidly increase the oxygen concentration to allbigher than 21%, when oxygen
concentration needs to be increased. This costvagt the oxygen concentration
increasing operation described above (slowly-irgirgpoperation), 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 retipmaf plants is 1:1 as shown by a line
Ain Fig. 9. As can be seen from Fig. 9, with &rig technology, the oxygen
concentration can be increased only up to 21%, edam carbon dioxide is selectively
removed from air by performing ventilation and bgswlving carbon dioxide in a liquid
by using a scrubber.

[0144]

In the oxygen concentration raising operationjdadly, valves are set in the same

way as in the oxygen concentration recovery opamnatind flow of a high oxygen

concentration gas is similar to that of the oxygencentration recovery operation.
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However, it is preferable that the second pump [&73topped and the discharge pressure
of the first pump (36) be set so that a gas haaihgyher oxygen concentration can be
obtained in the separator (41).
[0145]

Flow of air in the oxygen concentration raisingegiion will be described.
[0146]

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)
flows in the first inlet pipe (52), flows into thigst inlet (42) of the first separation module
(41), which is an oxygen separator, as untreatéztexd air.

[0147]

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 oxygen concentration gas), which hasghé oxygen concentration than
untreated external air; and the remaining part of the air flows into the primyaide outlet
chamber (83) as first external air, which has aeloexygen concentration than untreated
external air.

[0148]

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 secondaespipe (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
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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&® of the container refrigerator (10),
and is supplied to the freight chamber (5) togettién air that flows in the secondary
passage (29b).

[0149]

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
exceeding the line A. Thus, it is possible to twem environment that is suitable for
plants (such as asparagus) for which it is preferetomake the internal space to be under
a high oxygen concentration condition during tramsgion.

[0150]

<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 tlggeaxconcentration 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 pumpps/

a gas to the internal space, external air easilydlinto 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 becauseattmn dioxide concentration of external

air is low.
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[0151]

In the carbon dioxide concentration raising operatbasically, valves are set in
the same way as in the oxygen concentration regmparation, and flow of a high
carbon dioxide concentration gas is similar to tifdhe 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).
[0152]

Flow of air in the carbon dioxide concentratiorsirag operation will be described.
[0153]

When the first pump (36) is activated, externatlzat is present outside of the
transport container (1) is sucked into the firsinpu36) 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 atek external air.

[0154]

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 ahthmber (84) as second external
air (high carbon dioxide concentration gas), wtiels 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.

[0155]
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-
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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.

[0156]

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
air. Internal air discharged from the second p(&m) flows in the second inlet pipe
(72), and flows into the second inlet (62) of tkeand separation module (61), which is a
carbon dioxide separator, as untreated internal air
[0157]

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 concentration than untreated external air; and the
remaining part of the air flows into the primargsioutlet chamber (83) as first internal
air, which has a lower carbon dioxide concentratian untreated external air.

[0158]

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 contdile Second internal air (high carbon

dioxide concentration gas) flowed out from the secsecondary-side outlet (64) of the
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second separation module (61) to the second segesiie pipe (74) flows from the
second secondary-side switching valve (78) intcstiygply pipe (120) through the second
secondary-side supply pipe (79).

[0159]

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
that flows in the secondary passage (29b).

[0160]

Thus, in the carbon dioxide concentration raisipgration, 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 prefdeato make the internal space to be
under a high carbon dioxide concentration conditioring transportation.

[0161]

The carbon dioxide concentration raising operatmay be performed by using

only the second pump (37) while stopping the fistnp (36).
[0162]
- Advantageous Effects of Embodiment -
The internal air adjusting device (air compositamjusting device) (30) according

to the present embodiment includes: the oxygenragpa41) that separates oxygen from



- 54 -

external air to be supplied 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) communicatewith the target space (5); and the controller (110) that performs an
oxygen concentration raising operation of supplartggh 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).

[0163]

Accordingly, with the present embodiment, the higlggen concentration gas is
generated when air before being treated passasgifithe gas separation membrane (85)
of the oxygen separator (41), and the high oxygemcentration gas is supplied to the
target space (5) through the high concentratiorsgpgply 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 (suchsparagus) for which it is preferable to
make the internal space to be under a high oxygeoentration condition during
transportation.

[0164]

In the present embodiment, the oxygen separalgrigtonfigured to separate the
external air into the high oxygen concentration @ad a low oxygen concentration gas,
which has a lower oxygen concentration than extexindbefore being treatethe gas

supply path (135) includes the low concentratios $ipply path (137) for oxygen that
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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).

[0165]

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
concentration and the operation of reducing thegeryconcentration of the freight
chamber (5), which is a target space, can be sedtch
[0166]

In the present embodiment, the carbon dioxiderséma(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 targetesf) are prvided; 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 migadon 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 sypgly (136) for carbon dioxide.
Moreover, the carbon dioxide separator (41, 61lunhes the gas separation membrane
(85).

[0167]

Accordingly, with the present embodiment, the heghbon dioxide concentration
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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)céihfough the high concentration gas
supply path (136) for carbon dioxide. Therefohe tarbon dioxide concentration of air
in the target space (5), whose composition is &eljulsy 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 carBioxide 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 aslkberry and strawberry) for which it is
preferable to make the internal space to be unéiegracarbon dioxide concentration
condition during transportation.

[0168]

In the present embodiment, the carbon dioxidersépa(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 carbonid®that supplies the low carbon
dioxide concentration gas to the target spaceaft,the switcher (76, 78) that selectively
supplies one of the high carbon dioxide concermnagias 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 cotregion gas or the low carbon dioxide
concentration gas to the target space (5) by simgctine switcher (76, 78).

[0169]
Accordingly, with the present embodiment, the highbon dioxide concentration

gas or the low carbon dioxide concentration gasbeaselectively supplied to the target
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space (5) by switching the switcher (76, 78), dngstthe operation of increasing the
carbon dioxide concentration and the operatioredficing the carbon dioxide
concentration of the freight chamber (5), which grget space, can be switched.
[0170]

Moreover, with the present embodiment, for exampleen the oxygen
concentration recovery operation is performed l@bpening the door of the container
(1), mixed air (high oxygen concentration gas)exfand external air and second internal
air, which has a higher oxygen concentration thanatmosphere, is supplied to the
internal space, in which the oxygen concentratolow. Accordingly, the rate of
increase of the oxygen concentration in the infespace of the container (1) becomes
higher than that of a case where only ventilat®opéerformed to introduce the atmosphere
into the internal space. Moreover, in the casera/kentilation is simply performed to
introduce the atmosphere, which has an oxygen cwrat®n of about 21%, to the
internal space, it takes a long time, which is dltloe 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 embauatinig introducing a high oxygen
concentration gas, which has a higher oxygen cdratésn than the atmosphere, into the
internal space, it is possible to reduce the tiongdturning the oxygen concentration in
the internal space to an oxygen concentration spording to that of the atmosphere as
compared with the existing technology.

[0171]

Moreover, with the present embodiment, a high exygoncentration gas is

supplied to the internal space of the transportainar (1) during the oxygen

concentration recovery operation by using: the Gimnposition adjuster (40) that
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generates a low oxygen concentration gas and adxggren concentration gas by
separating nitrogen and oxygen from the external air of the transport container (1); and the
second composition adjuster (60) that generatew akygen 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.
[0172]

<<Second Embodiment>>

An internal air adjusting device (30) accordingateecond embodiment will be
described. The internal air adjusting device adiogyrto 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 compgas 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 atiljigsdevice (30) according to the first
embodiment will be described.
[0173]

- Configuration of First Composition Adjuster -

The first composition adjuster (40) accordingtte present embodiment is
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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 finst 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

[0174]

As illustrated in Fig. 12, the first compositiodjaster (40) according to the present
embodiment includes an air pump (231), insteath@first 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 seqgumdp (37) and the driving motor (38)
but does not include the first pump (36). Thetfoemposition 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).

[0175]

<Air Pump>

The air pump (231) is disposed in the internatspa 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 (232alich is a compressing unit, and the

second pump mechanism (231b), which is a decomipgessit, are both connected to the
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drive shaft of a driving motor (231c). The firstrpp mechanism (231a) and the second
pump mechanism (231b) are each rotationally driwethe driving motor (231c) to suck
air from a suction opening, compresses the airdiszharges the compressed air from a
discharge opening.

[0176]

<External Air Pipe, Discharge Pipe, Filter Unit>

One end of an external air pipe (241), which foemsxternal 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
external air pipe (241), which is positioned outsid the unit case (32), is connected to a
filter unit (220).

[0177]

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 waterpnast 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 tie tdownstream side of the condenser (13) in
the external machine chamber (28).

[0178]

One end of a discharge pipe (242), which formsehdrge passage, is connected
to the discharge opening of the first pump mechar{f&31a). 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 vaka3y.
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[0179]

<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 (23Il)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).

[0180]

One end of a supply connection pipe (244), wharimk a supply passage, is
connected to the discharge opening of the seconghpnechanism (231b). The other
end of the supply connection pipe (244) is conreettieghe supply pipe (120).

[0181]

In the supply connection pipe (244), a check véR6t) 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.

[0182]

<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 shutroffifthe third pottand a second state,
in which the first port communicates with the thpdrt and is shut off from the second

port.
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[0183]

The first port of the first directional controllva (232) is connected to one end of
the first adsorption tube (234). A branch pipeéhaf 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).

[0184]

The first port of the second directional contralwe (233) is connected to one end
of the second adsorption tube (235). A branch pfgghe discharge pipe (242) is
connected to the second port of the second diredtimontrol valve (233), and a branch
pipe of the suction pipe (243) is connected tattivel 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 se@omlp mechanism (231b).

[0185]

<Adsorption Tube>

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

[0186]

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

[0187]

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

[0188]

<Oxygen Discharge Pipe>

An oxygen discharge pipe (245), which forms angetydischarge passage,
branches into two branch pipes at one end there®he 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 véd®a) is provided in each branch pipe
of the oxygen discharge pipe (245). Each checkevé261) 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.

[0189]
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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 orift@3). 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.

[0190]

<Purge Pipe>

A purge pipe (250), which forms a purge passagepnnected to each branch pipe
of the oxygen discharge pipe (245). One end optlrge pipe (250) is connected to a
branch pipe connected to the first adsorption (@34), and the other end of the purge
pipe (250) is connected to a branch pipe conndotélie 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).

[0191]

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) ardst#tond adsorption tube (235). An
orifice (252) is provided on each of two sidesh# purge pipe (250) of the purge valve
(251).

[0192]

<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
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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 mexhg231b) 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).

[0193]

A discharge on-off valve (272) is provided in tlischarge connection pipe (271).
The discharge on-off valve (272) is an electrom#égron-off valve. The discharge on-
off valve (272) is opened when discharging air flats in the supply connection pipe
(244) to the external space.

[0194]

<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).

[0195]

One end of the measurement connection pipe (28drinected to the supply
connection pipe (244), and the other end of thesaresnent connection pipe (281) is
connected to the measurement pipe (125). Themhefehe measurement connection
pipe (281) is connected to a part of the supplynection 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
[0196]

A measurement on-off valve (282) is provided ia theasurement connection pipe
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(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).

[0197]

<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
(255) is connected to a part of the discharge (#g&) closer to the first pump mechanism
(231a) than the branching portion of the dischpige (242). The other end of the
bypass connection pipe (255) is connected to agbdine measurement connection pipe
(281) between one end of the measurement connaaipjer(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).

[0198]

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 mechanisnctianging the flow rate of external air
that flows into the bypass connection pipe (259)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 compoasitioereof.

[0199]
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<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 thiolrt and is shut off from the second
port.

[0200]

One end of a first discharge pipe (301) is coretkttd the other end of the oxygen
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 firsctarge pipe (301) is connected the first
port and the second port of the third directiormitool 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).

[0201]

The fourth directional control valve (292) is pided in a part of the supply
connection pipe (244) between the supply-side érnaife (273) and the supply pipe
(120). To be specific, the supply connection ({ip#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 oftipply 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 @id second discharge pipe (303) is

connected the third port of the fourth directiocaitrol valve (292). The other end of
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the second discharge pipe (303) is connected tbritelischarge pipe (301) at a position
inside of the unit case (32) of the main unit (31).
[0202]

- Driving Operation of First Composition Adjuster

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

[0203]

The first composition adjuster (40) accordinghe present embodiment separates
untreated external air into first external air @edond external air by alternately and
repeatedly performing a first operation and a sdaperation described below each for a
predetermined time (for example, 14.5 seconds). wilis the first composition adjuster
(40) according to the first embodiment, the firsiposition adjuster (40) according to the
present embodiment performs an operation of sépgrahtreated external air into first
external air and second external air in each obttygien concentration reducing operation
and the carbon dioxide concentration reducing deraf the internal air adjusting
device (30).

[0204]

<First Operation>

As illustrated in Fig. 13, in the first operatidhe 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 dischargeingef the first pump mechanism (231a)
is connected to the first adsorption tube (2349, #ue 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) iggd, and the remaining on-off valves

(251, 256, 272, 282) are closed. Then, in thé diperation, an adsorption operation
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targeted at the first adsorption tube (234) andsorption operation targeted at the second
adsorption tube (235) are performed.
[0205]

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 timdreated external air, is generated.
Second external air flows out from the first adsiomptube (234), flows in the oxygen
discharge pipe (245), and is discharged throughhilné directional control valve (291) to
the external space as discharged air.

[0206]

The second pump mechanism (231b) sucks air frensélbond 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 rgeea 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 pigéd3) and is sucked into the second pump
mechanism (231b). The second pump mechanism (2Z8hiresses the sucked first
external air, and discharges the sucked first pateair 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.

[0207]

<Second Operation>
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As illustrated in Fig. 14, in the second operatite first directional control valve
(232) is set to be in a second state, and the deioectional control valve (233) is set to
be in a first state. As a result, the dischargenopy of the first pump mechanism (231a)
is connected to the second adsorption tube (288)tlee 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 thersdoperation, a desorption operation
targeted at the first adsorption tube (234) anddsorption operation targeted at the
second adsorption tube (235) are performed.

[0208]

The first pump mechanism (231a) sucks untreatestead air from the external air
pipe (241), compresses the untreated externalradrsupplies 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 threated external air, is generated.
Second external air flows out from the second gutsmr tube (235), flows in the oxygen
discharge pipe (245), and is discharged througlthtiné directional control valve (291) to
the external space as discharged air.

[0209]

The second pump mechanism (231b) sucks air frenfitst 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 concéiatnaand a lower oxygen concentration

than untreated external air, is generated. Fxtsireal air flows from the first adsorption
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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 testhpply 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.

[0210]

<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
higher oxygen concentration than internal air) #olout from the second separation
module (61) flows into the supply pipe (120) frome second secondary-side pipe and the
second secondary-side supply pipe (79). Secormreattair that flows in the supply
pipe (120) flows into the secondary passage (2Bti)eocontainer refrigerator (10), and is
supplied to the freight chamber (5) together withtaat 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).

[0211]

Thus, in the oxygen concentration recovery openatihe 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(b}he outside of the transport container
(1) through the ventilation discharge pipe (100).

[0212]
<Carbon Dioxide Concentration Raising Operation>

The carbon dioxide concentration raising operaisgmerformed by the second
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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) i9gbis a gas having a higher carbon
dioxide concentration can be obtained in the sesapdration module (61).

[0213]

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
module (61) to the second primary-side pipe (718yy$ out to the second secondary-side
pipe (74) through a broken-line passage of therskpoimary-side switching valve (76),
and is discharged to the outside of the transyortainer (1).

[0214]

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 secondaryssigely pipe (79). Thus, in the
carbon dioxide concentration raising operationigh lsarbon dioxide concentration gas
flowed out from the second separation module (§ Bupplied from the supply pipe (120)
through the secondary passage (29b) of the comtafregerator (10) to the freight
chamber (5), and increases the carbon dioxide odraten of internal air in the freight
chamber (5). In particular, the carbon dioxideasniration in a small transport
container (1) rapidly increases.

[0215]

With the second embodiment, it is possible to sesgpdischarge of carbon dioxide
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due to forced ventilation when the gas is suppitethe internal space, and therefore it is
possible to suppress decrease of the carbon diorigeentration of the internal space.
[0216]

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.
[0217]

<<Other Embodiments>>

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

[0218]

- First Modification -

In the oxygen concentration recovery operatioroeting 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 #n®sd secondary-side switching valve
(78) to be in the second state in the oxygen cdraion 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-sdétching valve (58), the second
primary-side switching valve (76), and the secoexbadary-side switching valve (78) to
be in the second state in the carbon dioxide cdration reducing operation.

[0219]

In the first embodiment, in each of the first ogpgconcentration recovery
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operation shown in Fig. 7 and the second oxygecemnation recovery operation shown
in Fig. 8, the second pump (37) is operated tametecond internal air, which has a
higher oxygen concentration than internal airhminside 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 operatipojterating the second pump (37)
halfway through the operation (for example, uritéd bxygen concentration of the internal
space becomes 18%) and thereafter operating oalffirét pump, or it is possible to
perform the oxygen concentration recovery operatpnsing only the first pump (36)
while stopping the second pump (37) from the begmn 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 (3f)pped halfway through the
operation.

[0220]

In each of the first oxygen concentration recovagration and the second oxygen
concentration recovery operation according to tfs¢ €mbodiment, the oxygen
concentration of internal space may be made ctos@ bxygen concentration
corresponding to that of the atmosphere by supglgiieast second external air, among
second external air and second internal air, torisiele of the container (1) and
simultaneously performing ventilation. By thusfpeming ventilation simultaneously
with the oxygen concentration recovery operatiomiv the atmosphere into a part of air

supplied to the internal space, it is possibleatcesenergy compared with a case where a



- 75 -

gas generated by the gas composition adjuste6(0s used as all of the gas to be
supplied to the internal space.
[0221]

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
concentration may be generated and supplied tmtbmal space, so that the operation
time of the oxygen concentration recovery operatiam be further reduced.

[0222]

- 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.

[0223]

- Third Modification -

In the internal air adjusting device (30) accogdia the first embodiment, the first
bypass valve (50) may be configured to be capdideging, in a stepwise manner or in a
continuous manner, the ratio of the flow rate dfesated 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 val@grtiay be configured to be capable

changing, in a stepwise manner or in a continuoaisnar, the ratio of the flow rate of
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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).
[0224]

- 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.

[0225]

- Fifth Modification -

In the internal air adjusting device (30) accogdia the first embodiment, each of
the first composition adjuster (40) and the seamrdposition adjuster (60) may be
configured to separate sucked air into two typesimpfvhose compositions differ from
each other, by using a so-called pressure swingrptisn (PSA) method. The second
embodiment is an example in which a configuratibthe PSA method is used for the
second composition adjuster (60). With a configjaraein 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) altetpatnd repeatedly perform: a step of
generating air that has a low nitrogen concentnatchigh 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 nitrogeceamnation,

a low oxygen concentration, a low carbon dioxideaamtration by causing nitrogen to be
desorbed from the adsorbent.
[0226]

- Sixth Modification -
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The internal air adjusting device (30) accordim@ny of the embodiments
described above may be provided in a stationangeghtor or a stationary freezer. The
internal air adjusting device (30) according to ahthe 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 disclossirt limited to an air composition
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.

[0227]

The embodiments and modifications described abwe be 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 fonatf the object of the present
disclosure.

Industrial Applicability
[0228]
As described above, the present disclosure isilgefan internal air adjusting
device.
Reference Signs List
[0229]
5 freight chamber (target space)

30 air composition adjusting device
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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

137 low concentration gas supply path
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CLAIMS

[Claim 1]

An air composition adjusting device for adjusting composition of air in atarget
space, comprising:

an oxygen separator that separates oxygen from air-to-be-treated to be supplied to
the target space;

agas supply path including a high concentration gas supply path for oxygen
through which the oxygen separator communicates with the target space;

a pump compressing and discharging sucked air; and

acontroller that performs an oxygen concentration increasing operation and an
oxygen concentration raising operation,

wherein the oxygen concentration increasing operation is an operation of supplying
external air compressed by the pump into the target space, bypassing the oxygen separator;
and

the oxygen concentration raising operation is an operation generating, by the
oxygen separator, a high oxygen concentration gas that has a higher oxygen concentration
than before being treated by the oxygen separator, and supplying the high oxygen
concentration gas to the target space through the high concentration gas supply path for
oxygen.
[Claim 2]

An air composition adjusting device for adjusting composition of air in atarget
Space, comprising:

an oxygen separator that separates oxygen from air-to-be-treated to be supplied to
the target space;

agas supply path including a high concentration gas supply path for oxygen



- 80 -

through which the oxygen separator communicates with the target space; and

acontroller that performs an oxygen concentration raising operation of supplying a
high oxygen concentration gas, which has a higher oxygen concentration than air-to-be-
treated before being treated by the oxygen separator, to the target space through the high
concentration gas supply path for oxygen,

wherein the oxygen separator is configured to separate the air-to-be-treated into the
high oxygen concentration gas and alow oxygen concentration gas, which has alower
oxygen concentration than external air before being treated,

wherein the gas supply path includes alow concentration gas supply path for
oxygen that supplies the low oxygen concentration gas to the target space, and a switcher
that selectively supplies one of the high oxygen concentration gas and the low oxygen
concentration gas to the target space, and

wherein the controller is configured to supply the high oxygen concentration gas or
the low oxygen concentration gas to the target space by switching the switcher.
[Claim 3]

The air composition adjusting device according to Claim 1 or 2,

wherein the oxygen separator includes a separation membrane that separates
oxygen from the air-to-be-treated.
[Claim 4]

The air composition adjusting device according to any one of Claims 1 to 3, further
comprising:

a carbon dioxide separator that separates carbon dioxide from air-to-be-treated to
be supplied to the target space; and a high concentration gas supply path for carbon
dioxide through which the carbon dioxide separator communicates with the target space,

wherein the controller is configured to be capable performing, in addition to the
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oxygen concentration raising operation, a carbon dioxide concentration raising operation
of supplying a high carbon dioxide concentration gas, which has a higher carbon dioxide
concentration than before being treated by the carbon dioxide separator, the high carbon
dioxide concentration gas being generated by the carbon dioxide separator from air-to-be-
treated, to the target space through the high concentration gas supply path for carbon
dioxide.
[Claim 5]

The air composition adjusting device according to Claim 4,

wherein the carbon dioxide separator is configured to separate the air-to-be-treated
into the high carbon dioxide concentration gas and alow carbon dioxide concentration
gas, which has alower carbon dioxide concentration than air-to-be-treated before being
treated,

wherein the gas supply path includes alow concentration gas supply path for
carbon dioxide that supplies the low carbon dioxide concentration gas to the target space,
and a switcher that selectively supplies one of the high carbon dioxide concentration gas
and the low carbon dioxide concentration gas to the target space, and

wherein the controller is configured to be capable of supplying the high carbon
dioxide concentration gas or the low carbon dioxide concentration gas to the target space
by switching the switcher.
[Claim 6]

The air composition adjusting device according to Claim 3, further comprising:

an adsorber that is provided with an adsorbent, that separates nitrogen, oxygen, and
carbon dioxide from air-to-be-treated, and that is capable of generating alow oxygen
concentration gas and a high oxygen concentration gas, the low oxygen concentration gas

having a higher nitrogen concentration, alower oxygen concentration, and alower carbon
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dioxide concentration than before treatment, and the high oxygen concentration gas
having a lower nitrogen concentration, a higher oxygen concentration, and a higher carbon

dioxide concentration than before treatment.



