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DESCRIPTION

STORAGE SYSTEM

TECHNICAL FIELD
[0001]

The present disclosure relates to a storage system.
BACKGROUND ART
[0002]

Some of known storage systems include a CA system provided in a storeroom to
adjust the oxygen concentration and carbon dioxide concentration of air in an internal space of
the storeroom (see, for example, Patent Document 1). The CA system typically performs control
to regulate the composition of air in the internal space using respective values detected by an
oxygen sensor and a carbon dioxide sensor. The oxygen sensor and carbon dioxide sensor are

installed in the internal space of the storeroom.

CITATION LIST
PATENT DOCUMENT
[0003]

Patent Document 1: Japanese Unexamined Patent Publication No. S55-165142

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0004]
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For example, if, while control is performed such that air in the internal space of the
storeroom is maintained at low oxygen concentration, an operator is about to enter the internal
space, an operation for maintaining the air in the internal space at low oxygen concentration
needs to be finished, and a determination needs to be made in advance that the oxygen
concentration in the internal space is equivalent to that in the atmosphere.

[0005]

However, if a failure of the oxygen sensor installed in the internal space causes an
indication error, the oxygen concentration in the internal space cannot be checked. This may
cause problems, such as a problem in which a door of the storeroom may be opened without
checking the oxygen concentration and a problem in which the operator may enter the internal
space to perform an operation, such as maintenance of the sensor, without checking the oxygen
concentration.

[0006]

It is an object of the present disclosure to provide a configuration including a CA

system that adjusts the composition of air in an internal space of a storeroom and solving the

problems caused by a failure of an oxygen sensor or a carbon dioxide sensor.

SOLUTION TO THE PROBLEM
[0007]

A first aspect of the present disclosure is directed to a storage system including: a
storeroom (10); and an inside air control system (20) that regulates a composition of inside air
in the storeroom (10). The inside air control system (20) includes a concentration sensor (33)
that detects a concentration of a component of the inside air.

[0008]
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The storage system according to the first aspect is characterized in that the
concentration sensor (33) is disposed outside the storeroom (10), and that the storage system
has an air passage (48, 54) that communicates with an internal space (S) of the storeroom (10)
and the concentration sensor (33).

[0009]

A second aspect of the present disclosure is an embodiment of the first aspect. In the
second aspect, the concentration sensor (33) include one or both of an oxygen sensor (33a) that
detects an oxygen concentration of the inside air and a carbon dioxide sensor (33b) that detects
a carbon dioxide concentration of the inside air.

[0010]

In the first and second aspects, the inside air in the storeroom (10) is supplied to the
concentration sensor (33) installed outside the storeroom (10). The oxygen concentration and
carbon dioxide concentration of the inside air are detected outside the storeroom (10). Thus, if
a failure of the concentration sensor (33) causes an indication error, the concentration sensor
(33) can undergo maintenance outside the storeroom. After the maintenance, the oxygen
concentration and carbon dioxide concentration in the internal space (S) can be checked. This
configuration allows reduction in problems, such as a problem in which the operator carelessly
opens the door of the storeroom (10) or carelessly enters the internal space (S).

[0011]

A third aspect of the present disclosure is an embodiment of the first or second aspect.
In the third aspect, the air passage (48) includes an introduction passage (47) through which the
inside air is introduced into the concentration sensor (33), and a return passage (46) through
which air is returned from the concentration sensor (33) to the internal space (S).

[0012]
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In the third aspect, even in a situation such as a situation where the inside air has a
low oxygen concentration or a high carbon dioxide concentration, the inside air supplied to the
concentration sensor (33) is returned through the return passage (46) into the storeroom, thereby
substantially preventing the operator from inhaling such inside air.

[0013]

A fourth aspect of the present disclosure is an embodiment of the third aspect. In the
fourth aspect, the return passage (46) is connected to a water discharge tube (74) through which
drain water is discharged to outside the storeroom.

[0014]

In the fourth aspect, if drain water is produced in the return passage (46), the drain
water is discharged through the return passage (46). This discharge allows reduction in
"clogging" of the return passage (46).

[0015]

A fifth aspect of the present disclosure is an embodiment of the third or fourth aspect.
In the fifth aspect, an internal fan (15) is provided in the internal space (S), an opening (47a) of
the introduction passage (47) inside the storeroom is disposed adjacent to an air blowout end of
the internal fan (15), and an opening (46a) of the return passage (46) inside the storeroom is
disposed adjacent to an air suction end of the internal fan (15).

[0016]

In the fifth aspect, the inside air is supplied from the air blowout end of the internal
fan (15) through the introduction passage (47) to the concentration sensor (33), and is returned
from the concentration sensor (33) through the return passage (46) to the air suction end of the
internal fan (15). This allows air to flow smoothly through the introduction passage (47) and

the return passage (46).
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[0017]

A sixth aspect of the present disclosure is an embodiment of the fifth aspect. In the
sixth aspect, the inside air control system (20) includes a control unit (31) that performs control
to regulate the composition of the inside air, and the control unit (31) performs control to
regulate the composition of the inside air based on a value detected by the concentration sensor
(33) and an associated target value. The value detected is obtained after a preset time period has
elapsed since activation of the internal fan (15).

[0018]

In the sixth aspect, the composition of the inside air is regulated using the value
detected by the concentration sensor (33) after a preset time period has elapsed since the
activation of the internal fan (15). Thus, the control is performed based on the value detected
while a determination is made that the oxygen concentration and carbon dioxide concentration
of the inside air have been uniformly distributed, thereby stabilizing operation of the inside air
control system (20).

[0019]

A seventh aspect of the present disclosure is an embodiment of the first or second
aspect. In the seventh aspect, the air passage (54) includes: an introduction passage (55) through
which the inside air is introduced into the concentration sensor (33); and a discharge passage
(56) through which air is discharged from the concentration sensor (33) to an external space
(0).

[0020]

In the seventh aspect, the inside air is supplied through the introduction passage (47)

to the concentration sensor (33), and the oxygen concentration or carbon dioxide concentration

of the supplied air are detected. Thereafter, the air is discharged through the discharge passage
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(46) to the outside of the storeroom. For example, if the internal space (S) has a higher pressure
than the external space (O), the inside air is pushed to the external space (O).
[0021]

An eighth aspect of the present disclosure is an embodiment of the seventh aspect. In
the eighth aspect, the system may further include: an external fan (57) disposed outside the
storeroom (10). An air outflow opening (56a) of the discharge passage (56) may be disposed
adjacent to an air suction end of the external fan (57).

[0022]

In the eighth aspect, rotation of the external fan (57) allows inside air to flow from
the internal space (S) to the external space (O). During this flow, the oxygen concentration or
carbon dioxide concentration is detected.

[0023]

A ninth aspect of the present disclosure is an embodiment of the seventh aspect. In
the ninth aspect, a sensor fan (58) that sends air to the concentration sensor (33) is disposed
proximate to the concentration sensor (33), and an air outflow opening (55a) of the introduction
passage (55) is disposed adjacent to an air suction end of the sensor fan (58).

[0024]

In the ninth aspect, rotation of the sensor fan (58) allows inside air to flow from the
internal space (S) through the vicinity of the concentration sensor (33) to the external space (O).
During this flow, the oxygen concentration or carbon dioxide concentration is detected.

[0025]

A tenth aspect of the present disclosure is an embodiment of the seventh aspect. In

the tenth aspect, the system further includes: an electric component box (30); and a ventilation

valve (24) for use to ventilate an internal space of the electric component box (30). The
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concentration sensor (33) is disposed inside the electric component box (30), and the
introduction passage (55) passes through the ventilation valve (24).
[0026]

In the tenth aspect, the pressure difference between the internal space (S) and the
external space (O) allows inside air to flow from the internal space (S) through the vicinity of
the concentration sensor (33) to the external space (O). During this flow, the oxygen
concentration or carbon dioxide concentration is detected.

[0027]

An eleventh aspect of the present disclosure is an embodiment of any one of the first
to ninth aspects. In the eleventh aspect, the system further includes: an electrical component
box (30). The concentration sensor (33) is disposed inside the electric component box (30).
[0028]

In the eleventh aspect, the electric component box (30) includes therein various
electronic components, and thus has a relatively high temperature. If the concentration sensor
(33) is installed inside the storeroom (10), the storeroom (10) having a low internal temperature
may cause problems, such as condensation on the concentration sensor (33). However, the
concentration sensor (33) installed in the electric component box (30) can reduce problems of
condensation.

[0029]

A twelfth aspect of the present disclosure is an embodiment of any one of the first to
eleventh aspects. In the twelfth aspect, the system further includes: a refrigerator (60) that cools
the internal space (S) of the storeroom (10).

[0030]

In the twelfth aspect, in a configuration in which the inside air in the storeroom (10)
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is cooled with the refrigerator (60), the oxygen concentration or carbon dioxide concentration
of the inside air can be detected outside the storeroom. This detection reduces the influence of
condensation and other phenomena.
[0031]

A thirteenth aspect of the present disclosure is an embodiment of any one of the first
to twelfth aspects. In the thirteenth aspect, the system further includes: a lock (50) fitted to a
door of the storeroom (10); and a locking-unlocking mechanism (51) that locks the door ifa
value detected by the concentration sensor (33) reaches a predetermined concentration of an
associated component of the inside air in which the door is locked, and that unlocks the door if
the value detected reaches a predetermined concentration of the associated component of the
inside air in which the door is unlocked.
[0032]

In the thirteenth aspect, if the inside air has an excessively low oxygen concentration
or an excessively high carbon dioxide concentration, the door is locked, whereas if the oxygen

concentration or carbon dioxide concentration is appropriate, the door can be unlocked.

BRIEF DESCRIPTION OF THE DRAWINGS
[0033]

[FIG. 1] FIG. 1 is a block diagram illustrating a configuration of a storage system
according to a first embodiment.

[FIG. 2] FIG. 2 is a block diagram illustrating a configuration of a storage system
according to a second embodiment.

[FIG. 3] FIG. 3 is a piping system diagram illustrating a configuration of a refrigerant

circuit of a refrigerator.
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[FIG. 4] FIG. 4 is a block diagram illustrating a configuration of a storage system
according to a third embodiment.

[FIG. 5] FIG. 5 is a block diagram illustrating a configuration of a storage system
according to a first variation of the third embodiment.

[FIG. 6] FIG. 6 is a block diagram illustrating a configuration of a storage system
according to a second variation of the third embodiment.

[FIG. 7] FIG. 7 is a block diagram illustrating a configuration of a storage system

according to a third variation of the third embodiment.

DESCRIPTION OF EMBODIMENTS
[0034]

«First Embodiment»

A first embodiment will be described below.
[0035]

This first embodiment relates to a storage system (1) capable of regulating the oxygen
concentration and carbon dioxide concentration of air in an internal space (S) of a storeroom
(10) formed by prefabricated panels assembled together. As shown in FIG. 1, the storage system
(1) includes the storeroom (10) and a controlled atmosphere (CA) system (inside air control
system) (20). The CA system (20) includes a pump unit (21) and an electric component box
(control box) (30). The storeroom (10) contains, for example, plants, such as vegetables, which
breathe by absorbing oxygen (O:) in the air and releasing carbon dioxide (CO2). The CA system
(20) regulates the composition of inside air in the storeroom so that air in the internal space (S)
of the storeroom (10) has a low oxygen concentration. This regulation reduces respiration of

the plants to keep them fresh.
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[0036]

The storeroom (10) is formed by prefabricated panels assembled together as
described above. These prefabricated panels include a front panel (11), a back panel (12), a
right-side panel (not illustrated), a left-side panel (not illustrated), a bottom panel (13), and a
top panel (14). The storeroom (10) may have assembled at a factory or any other site, or may
be formed by prefabricated panels assembled together on the spot. For example, the front panel
(11) of the storeroom (10) includes a single or double-leaf door (not illustrated) through which
vegetables and other plants are put in, and taken out of, the internal space (S).

[0037]

The CA system (20) adjusts the oxygen concentration and carbon dioxide
concentration of the inside air in the storeroom (10), although its features will not be described
in detail. The pump unit (21) of the CA system (20) includes an air circuit (not illustrated)
connected to an air pump. The air circuit is connected to a plurality of air flow paths, and
includes circuit components, such as an adsorbent for adsorbing a nitrogen component in the
air and a switching valve for switching the flow direction of the air in an associated one of the
air flow paths. The air circuit may include, instead of the adsorbent, a separation membrane
separating oxygen and carbon dioxide from the air.

[0038]

A control unit (31) of the electric component box (30) controls operation of the pump
unit (21). The control unit (31) controls the pump unit (21) to perform a concentration regulation
operation for regulating the oxygen concentration and carbon dioxide concentration of the
inside air in the storeroom (10) to desired concentrations, respectively. Specifically, the control
unit (31) controls the operation of the CA system (20) based on measurement results obtained

by concentration sensors (33) of a sensor unit (32) so that the composition (oxygen

10
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concentration and carbon dioxide concentration) of the inside air in the storeroom (10) are
controlled to a desired target composition (e.g., 5% oxygen and 5% carbon dioxide). The gas
generated in the CA system (20) is then supplied into the internal space (S) of the storeroom
(10).

[0039]

Specifically, the control unit (31) performs control to regulate the composition of the
inside air based on values detected by the concentration sensors (33) and their target values.
The detected values are obtained after a preset time period has elapsed since the activation of
an internal fan (15) described below and the oxygen concentration and carbon dioxide
concentration of the inside air have been uniformly distributed.

[0040]

The control unit (31) includes a microcomputer controlling various components of
the CA system (20), and a memory or a hard disk storing executable control programs. Note
that a detailed structure and algorithm of the control unit (31) may be comprised of a
combination of any kind of hardware and software that can implement the functions of the CA
system (20).

[0041]

The storage system (1) includes an oxygen sensor (33a) and a carbon dioxide sensor
(33Db) as the concentration sensors (33) each of which detects the concentration of a component
of the inside air. The oxygen sensor (33a) detects the oxygen concentration of the inside air.
The carbon dioxide sensor (33b) detects the carbon dioxide concentration of the inside air. The
oxygen sensor (33a) and the carbon dioxide sensor (33b) are housed in the single sensor unit
(32), and are installed inside the electric component box (30) disposed outside the storeroom

(10). The oxygen sensor (33a) may be, for example, a galvanic cell-type sensor. The carbon

11
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dioxide sensor (33b) may be, for example, a non-dispersive infrared sensor.
[0042]

A filter box (22) housing an air-permeable, waterproof membrane filter, for example,
is provided on an outer surface of the electric component box (30). The filter box (22) is
connected through an outside air supply tube (41) to a suction port of the air pump of the pump
unit (21). In this embodiment, the "tube" is not a rigid member (pipe), but a flexible tube.
[0043]

A first gas outflow port (21a) of the pump unit (21) is connected through a first gas
supply tube (42) to an air control valve (23). The air control valve (23) may be, for example, a
three-way valve. The air control valve (23) is connected to a gas release tube (43) opening into
the atmosphere and an air supply tube (44) that communicates with the internal space (S) of the
storeroom (10). A low-oxygen-concentration gas or any other gas which has flowed through
the first gas supply tube (42) into the air control valve (23) and which has had its composition
regulated flows out of the air control valve (23) to one or both of the gas release tube (43) and
the air supply tube (44) with the ratio between the flow rate of the gas through the gas release
tube (43) and the flow rate of the gas through the air supply tube (44) adjusted.

[0044]

A second gas outflow port (21b) of the pump unit (21) is connected to one end of a
second gas supply tube (45). The other end of the second gas supply tube (45) is connected
through a check valve (34) to an inflow port (32a) of the sensor unit (32) in the electric
component box (30). The check valve (34) allows a gas to flow from the pump unit (21) toward
the sensor unit (32), and disallows a gas to flow in the reverse direction. The sensor unit (32)
measures the oxygen concentration and carbon dioxide concentration of the gas supplied thereto.

[0045]

12
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An outflow port (32b) of the sensor unit (32) is connected to an inlet end of a return
tube (46) (return passage). The return tube (46) forms part of the second gas supply tube (45).
An outlet end (an opening inside the storeroom) (46a) of the return tube (46) is disposed in the
internal space (S) of the storeroom (10). A gas that has flowed out of the sensor unit (32) flows
through the return tube (46), and is then supplied into the internal space (S) of the storeroom
(10). The internal space (S) of the storeroom (10) includes the internal fan (15) proximate to
the outlet end of the return tube (46). Specifically, the outlet end of the return tube (46) is
disposed adjacent to an air suction end of the internal fan (15) (in a primary space of the internal
fan (15)).

[0046]

The first gas supply tube (45) is connected to one end (outlet end) of an introduction
tube (47) (introduction passage) through which inside air is introduced from the internal space
(S) into the sensor unit (32), between the sensor unit (32) and the check valve (34). The other
end of the introduction tube (47), i.e., an inlet end (47a) thereof (an opening inside the
storeroom), is disposed adjacent to an air blowout end of the internal fan (15) (a secondary
space of the internal fan (15)). The introduction tube (47) through which inside air is introduced
into the sensor unit (32) and the return tube (46) through which inside air is returned from the
sensor unit (32) into the internal space (S) form a concentration detection air passage (48)
communicating with the internal space (S) of the storeroom (10) and the concentration sensors
(33) (the oxygen sensor (33a) and the carbon dioxide sensor (33b)) of the sensor unit (32).
[0047]

A ventilation valve (24) is attached to the outer surface of the electric component box
(30). The ventilation valve (24) is connected to an intermediate portion of a ventilation tube

(49). The ventilation tube (49) has one end opening in the storeroom (10), and the other end
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opening into the atmosphere.
[0048]

The door of the storeroom (10) is provided with a lock (50) that prevents the door
from opening while air in the internal space (S) has a low oxygen concentration or in a similar
situation, and a locking-unlocking mechanism (50) that locks and unlocks the door. The
locking-unlocking mechanism (50) is connected to the control unit (31) of the electric
component box (30), and locks and unlocks the door through the control unit (31). Specifically,
if the values detected by the concentration sensors (33) are each reaches a predetermined
concentration of an associated component of the inside air in which the door is locked (e.g., an
oxygen concentration range of 17% or lower and a carbon dioxide concentration range of 3%
or higher), the door is locked. On the other hand, if the values detected by the concentration
sensors (33) are each within a predetermined concentration range of an associated component
of the inside air in which the door is unlocked (e.g., an oxygen concentration range of 19% or
higher and a carbon dioxide concentration range of 1% or lower), the door is unlocked.

[0049]

The storeroom (10) is provided with a water column gauge (16) to detect an abnormal
increase in the pressure of the internal space (S) of the storeroom (10).

[0050]

—Operation—

In the first embodiment, activation of the CA system allows outside air to pass
through the filter box (22) and to be taken into the pump unit (21). In the pump unit (21), a
supply gas that has its oxygen concentration and carbon dioxide concentration regulated is
produced through the adsorbent or the separation membrane. This gas is supplied through the

first gas supply tube (42) and the air supply tube (44) into the internal space (S) of the storeroom

14
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(10). Upon the activation or at any other timing, a gas may be supplied from the pump unit (21)
through the second gas supply tube (45) into the storeroom.
[0051]

The oxygen concentration and carbon dioxide concentration of the inside air are
respectively detected by the concentration sensors (33) of the sensor unit (32). At this timing,
the second gas outflow port (21b) is closed to block the gas flow from the pump unit (21) toward
the second gas supply tube (45). The inside air is supplied through the introduction tube (47) to
the concentration sensors (33) of the sensor unit (32), and the oxygen concentration and carbon
dioxide concentration of the inside air are detected outside the storeroom (10). The inside air
that has passed through the concentration sensors (33) is returned through the return passage
(46) into the internal space (S) of the storeroom (10). While the oxygen concentration and
carbon dioxide concentration of the inside air are detected in the foregoing manner, the pump
unit (21) is operated. The control unit (31) continues to control the pump unit (21) so that the
inside air has an intended composition.

[0052]

Unless the concentration sensors (33) are abnormal, the foregoing operation is
performed. However, if the concentration sensors (33) are abnormal, the concentrations may be
indicated in error, or may be prevented from being indicated. Thus, an operator or any other
person may be prevented from determining the oxygen concentration and carbon dioxide
concentration in the internal space (S). In such a case, the concentration sensors (33) installed
in the internal space (S) could prevent the oxygen concentration and carbon dioxide
concentration in the internal space (S) from being checked. As a result, the operator may open
the door of the storeroom, or may enter the internal space (S) to perform an operation, such as

maintenance of the sensors, without checking the oxygen concentration and carbon dioxide
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concentration. However, in this embodiment, the concentration sensors (33) are installed inside
the electric component box (30) outside the storeroom (10). Thus, the concentration sensors
(33) can undergo maintenance outside the storeroom (10). Thus, after the concentration sensors
(33) that have undergone maintenance operate normally, and the oxygen concentration and
carbon dioxide concentration in the internal space (S) are checked, the operator merely needs
to open the door of the storeroom (10).

[0053]

— Advantages of First Embodiment —

In this embodiment, the storage system includes the storeroom (10) and the inside air
control system (20) that regulates the composition of inside air in the storeroom (10). The inside
air control system (20) includes the concentration sensors (33) that detect the concentrations of
the associated components of the inside air. In this storage system, the oxygen sensor (33a) and
carbon dioxide sensor (33b), which are the concentration sensors (33), are disposed outside the
storeroom (10). The storage system has the concentration detection air passage (48)
communicating with the internal space (S) of the storeroom (10) and the concentration sensors
(33).

[0054]

In the configuration, the inside air in the storeroom (10) is supplied to the
concentration sensors (33) installed outside the storeroom (10), and the oxygen concentration
and carbon dioxide concentration of the inside air are detected outside the storeroom (10). Thus,
if a failure of the concentration sensors (33) causes an indication error, the concentration sensors
can undergo maintenance outside the storeroom (10). After the maintenance, the oxygen
concentration and carbon dioxide concentration in the internal space (S) can be checked. Thus,

this embodiment can reduce problems, such as a problem in which the operator carelessly opens
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the door of the storeroom (10) or carelessly enters the internal space (S).
[0055]

In this embodiment, the concentration detection air passage (48) includes the
introduction passage (47) through which inside air is introduced into the concentration sensors
(33), and the return passage (46) through which air is returned from the concentration sensors
(33) into the internal space (S). Thus, even in a situation such as a situation where the inside air
has a low oxygen concentration or a high carbon dioxide concentration (e.g., an oxygen
concentration of 17% or lower and a carbon dioxide concentration of 3% or higher), the inside
air supplied to the concentration sensors (33) is returned through the return passage (46) into
the storeroom. Thus, such inside air can be substantially prevented from being inhaled by the
operator.

[0056]

In this embodiment, the internal fan (15) is provided in the internal space (S), the
opening (47a) of the introduction passage (47) inside the storeroom is disposed adjacent to the
air blowout end of the internal fan (15), and the opening (46a) of the return passage (46) inside
the storeroom is disposed adjacent to the air suction end of the internal fan (15). Thus, the inside
air is supplied from the air blowout end of the internal fan (15) through the introduction passage
(47) to the concentration sensors (33), and is returned from the concentration sensors (33)
through the return passage (46) to the air suction end of the internal fan (15). This configuration
allows air to flow smoothly through the introduction passage (47) and the return passage (46).
Thus, even if the concentration sensors (33) are provided outside the storeroom (10), the
reduction in the detection accuracy can be avoided.

[0057]

In this embodiment, the control unit (31) of the inside air control system (20)

17
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performs control to regulate the composition of the inside air based on values detected by the
concentration sensors (33) and their target values. The detected values are obtained after a
preset time period has elapsed since the activation of the internal fan (15). Thus, this
embodiment allows control for regulating the composition of the inside air to be performed
based on the detected values obtained in a state where a determination is made that the oxygen
concentration and carbon dioxide concentration in the internal space (S) have been uniformly
distributed. This control stabilizes an operation of the inside air control system (20).

[0058]

In this embodiment, the concentration sensors (33) are disposed inside the electric
component box (30). The electric component box (30) includes therein various electronic
components, and thus has a relatively high temperature. If the concentration sensors (33) are
installed inside the storeroom (10), the storeroom (10) having a low internal temperature may
cause problems, such as condensation on the concentration sensors (33). However, in this
embodiment, the concentration sensors (33) installed in the electric component box (30) can
reduce problems of condensation.

[0059]

In this embodiment, the lock (50) is fitted to the door of the storeroom (10), and the
locking-unlocking mechanism (51) is provided. The locking-unlocking mechanism (51) locks
the door if the values detected by the concentration sensors (33) are each within a predetermined
concentration range of an associated component of the inside air in which the door is locked
(e.g., an oxygen concentration range of 17% or lower and a carbon dioxide concentration range
of 3% or higher), and unlocks the door if the values detected by the concentration sensors (33)
are each within a predetermined concentration range of an associated component of the inside

air in which the door is unlocked (e.g., an oxygen concentration range of 19% or higher and a
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carbon dioxide concentration range of 1% or lower). Thus, this embodiment prevents the door
from opening while the internal space (S) has a low oxygen concentration or a high carbon
dioxide concentration. This can reduce problems, such as a problem in which the operator
carelessly opens the door of the storeroom (10) or carelessly enters the internal space (S). Thus,
the door can be opened only when air in the internal space (S) has an appropriate concentration.
[0060]

«Second Embodiment»

A second embodiment shown in FIGS. 2 and 3 will be described below.
[0061]

The second embodiment is an example in which the storage system (1) according to
the first embodiment further includes a refrigerator (cooling unit) (60) that cools the internal
space (S) of the storeroom (10).

[0062]

The refrigerator (60) includes a refrigerant circuit (61) shown in FIG. 3. The
refrigerant circuit (61) is a closed circuit in which a compressor (62), a condenser (radiator)
(63), an expansion valve (64), and an evaporator (65) are connected together in this order
through refrigerant pipes.

[0063]

A condenser fan (66) is disposed proximate to the condenser (63). The condenser fan
(66) is driven in rotation by a first fan motor (66a), and sends the air outside the storeroom (10)
(i.e., outside air) to the condenser (63). In the condenser (63), heat is exchanged between a
refrigerant compressed in the compressor (62) and flowing through the condenser (63) and the
outside air sent to the condenser (63) by the external fan (66).

[0064]

19
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An evaporator fan (67) is disposed proximate to the evaporator (65). The evaporator
fan (26) is driven in rotation by a second fan motor (67a), and blows the inside air toward the
evaporator (65). In the evaporator (65), heat is exchanged between a refrigerant having a
pressure dropped by the expansion valve (64) and flowing through the evaporator (65) and the
inside air sent to the evaporator (65) by the evaporator fan (67). Thus, the inside air is cooled.
[0065]

The evaporator (65) and the evaporator fan (67) may be installed in a casing of the
refrigerator (60). The inside air in the storeroom (10) may be taken into the casing, cooled, and
then returned into the internal space (S). Alternatively, the evaporator (65) and the evaporator
fan (67) may be installed in the internal space (S) of the storeroom (10). The internal space (S)
may be cooled while the inside air is circulated through the evaporator (65).

[0066]

In this second embodiment, an air supply tube (44) has an open end (44a) inside the
internal space (S). The open end (44a) is disposed above a condensate container (71). The
bottom of the condensate container (71) is connected to one end of a condensate discharge tube
(72). The other end of the condensate discharge tube (72) is connected to a U-shaped drain tube
(73) disposed outside the storeroom (10). The condensate discharge tube (72) is connected
through a water discharge tube (74) to a portion of a return tube (46) extending inside the
internal space (S) to discharge drain water (condensate). A condensate discharging section (70)
is configured in the foregoing manner. This allows condensate produced, due to the low
temperature of the internal space (S), from a gas supplied into the internal space (S) or a gas
returned from the high-temperature electric component box (30) through the return tube (46) to
the internal space (S) to be discharged to the outside of the storeroom.

[0067]
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The other configurations are the same as, or similar to, those of the first embodiment.
[0068]

In this embodiment, the refrigerator (60) is operated to circulate a refrigerant through
the refrigerant circuit (61). During this circulation, the refrigerant dissipates heat to outside air
in the condenser (63), and absorbs heat from the inside air in the evaporator (65). Thus, the
internal space (S) is cooled.

[0069]

The CA system (20) performs an operation that is the same as, or similar to, that of
the first embodiment. Specifically, the CA system (20) maintains each of the oxygen
concentration and carbon dioxide concentration of the inside air within an associated
predetermined range around an associated desired concentration (e.g., 5% oxygen and 5%
carbon dioxide).

[0070]

If the concentration sensors (33) are abnormal, the concentrations may be indicated
in error, or may be prevented from being indicated. Thus, an operator or any other person may
be prevented from determining the oxygen concentration and carbon dioxide concentration in
the internal space (S). However, in this embodiment, the concentration sensors (33) are installed
inside the electric component box (30) outside the storeroom (10). Thus, the concentration
sensors (33) can undergo maintenance outside the storeroom (10). The concentration sensors
(33) operating normally allow the oxygen concentration and carbon dioxide concentration in
the internal space (S) to be checked. Thus, the operator merely needs to open the door after this
check.

[0071]

- Advantages of Second Embodiment -
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This second embodiment exhibits the following advantages in addition to those
described in the first embodiment.
[0072]

In the second embodiment, the condensate container (71) is provided below the open
end (44a) of the air supply tube (44) in the storeroom (10), and condensate accumulated in the
condensate container can be discharged through the condensate discharge tube (72) to the
outside of the storeroom. This discharge can prevent the humidity of the internal space (S) from
increasing excessively. The water discharge tube (74) through which drain water (condensate)
is discharged to the outside of the storeroom has two ends respectively connected to the return
tube (46) and the condensate discharge tube (72). This connection allows reduction in
"clogging" of the return tube (46).

[0073]

In particular, this second embodiment is directed to a system in which the refrigerator
(60) provided for the storeroom (10) cools the internal space (S). Air supplied from the CA
system (20) through the air supply tube (44) into the internal space (S) and air circulating
through the concentration detection air passage (48) between the internal space (S) and the
sensor unit (32) are cooled to facilitate condensation. However, condensate can be
spontaneously discharged. Also in this second embodiment, the oxygen concentration and
carbon dioxide concentration of the inside air can be detected outside the storeroom. This
reduces the influence of condensation on the concentration sensors (33).

[0074]
«Third Embodiment
A third embodiment shown in FIG. 4 will be described below.

[0075]
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The third embodiment is an example in which a channel for air passing from an
internal space (S) of a storeroom (10) through a sensor unit (32) has a different configuration
from that of the first embodiment.

[0076]

An air passage (54) according to the third embodiment is configured as an
introduction passage (55) through which inside air is introduced into concentration sensors (33).
A storage system (1) according to this third embodiment further includes a discharge passage
(56) through which air is discharged from the concentration sensors (33) to an external space
(O). The "external space" as used herein refers to a space outside both of the storeroom (10)
and a CA system (20). The introduction passage (55) has one end opening in the internal space
(S) of the storeroom (10), and the other end connected to a second gas supply tube (45) between
the sensor unit (32) and a check valve (34). In this third embodiment, the introduction tube (47)
according to the first embodiment is not provided.

[0077]

The discharge passage (56) has one end connected to the sensor unit, and the other
end opening into the external space (O). The other end of the discharge passage (56) is an air
outflow opening, which is disposed adjacent to an air suction end of an external fan (57)

disposed outside the storeroom (10).

[0078]

The other components of this third embodiment are configured just like the first
embodiment.
[0079]

The CA system (20) according to this third embodiment performs an operation

substantially similar to that of the first embodiment. Specifically, a pump unit (21) of the CA
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system (20) produces a supply gas that has its oxygen concentration and carbon dioxide
concentration regulated. This gas is supplied through the second gas supply tube (45) into the
internal space (S) of the storeroom (10). This supply allows each of the oxygen concentration
and carbon dioxide concentration of the inside air to be maintained within an associated
predetermined range around an associated desired concentration (e.g., 5% oxygen and 5%
carbon dioxide).

[0080]

The oxygen concentration and carbon dioxide concentration of the inside air are
detected by the concentration sensors (33) in the sensor unit (32) while the external fan (57)
rotates to allow the inside air to flow through the introduction passage (55), the sensor unit (32),
and the discharge passage (56).

[0081]

If the concentration sensors (33) are abnormal, the concentrations may be indicated
in error, or may be prevented from being indicated. Thus, an operator or any other person may
be prevented from determining the oxygen concentration and carbon dioxide concentration in
the internal space (S). However, also in this third embodiment, the concentration sensors (33)
are installed inside the electric component box (30) in the external space (O) outside the
storeroom (10). Thus, the concentration sensors (33) can undergo maintenance outside the
storeroom (10). The concentration sensors (33) operating normally after the maintenance allow
the oxygen concentration and carbon dioxide concentration in the internal space (S) to be
checked. Thus, the operator merely needs to open the door after this check.

[0082]
In this third embodiment, the storage system (1) includes the introduction passage

(55) through which the inside air is introduced into the concentration sensors (33) outside the
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storeroom, and the discharge passage (56) through which air is discharged from the
concentration sensors (33) to the external space (O). Thus, the concentration sensors (33) can
undergo maintenance outside the storeroom, and even if the concentration sensors (33) are
provided outside the storeroom (10), the reduction in the detection accuracy can be avoided.
Such advantages similar to those of the first embodiment are exhibited.

[0083]

— Variation of Third Embodiment —

<First Variation»

A first variation of the third embodiment shown in FIG. 5 is an example in which an
introduction passage (55) and a discharge passage (56) are configured to be different from those
of the third embodiment shown in FIG. 4.

[0084]

In this first variation, a casing of a sensor unit (32) includes therein a sensor fan (58).
The introduction passage (55) has one end opening in an internal space (S) of a storeroom (10),
and the other end (air outflow opening) disposed adjacent to an air suction end of the sensor fan
(58) provided in the sensor unit (32). The discharge passage (56) has one end connected to a
casing of the sensor unit (32), and the other end opening into an external space (0O), i.c., a space
outside both of the storeroom (10) and a CA system (20).

[0085]

The other configurations are the same as, or similar to, those of the third embodiment

shown in FIG. 4.
[0086]
In this first variation, rotation of the sensor fan (58) allows inside air to be sucked

into the sensor unit (32). The oxygen concentration and carbon dioxide concentration of the
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inside air sucked are detected. Thereafter, the air is discharged through the discharge passage
(58) to the external space (O).
[0087]

Even with such a configuration of this first variation, advantages similar to those of
the third embodiment shown in FIG. 4 are exhibited.
[0088]

«Second Variation

A second variation of the third embodiment shown in FIG. 6 is an example in which
an air channel including an introduction passage (55) and a discharge passage (56) is configured
to be different from that of the first variation shown in FIG. 5.

[0089]

In this second variation, sending air from a pump unit (21) into an internal space (S)
of a storeroom (10) allows the pressure of the internal space (S) to be controlled to a positive
pressure. Thus, the internal space (S) has a higher pressure than an external space (O). This
creates a pressure difference between the internal space (S) and each of the external space (O)
and a space in a sensor unit (32) communicating with the external space (O). However, the
sensor fan (58) shown in FIG. 5 is not provided. An air outflow opening of the introduction
passage (55) is disposed proximate to the concentration sensors (33).

[0090]

The other configurations including the discharge passage (56) are the same as, or

similar to, those of the first variation shown in FIG. 5.
[0091]
In this second variation, the internal space (S) has a higher pressure than the external

space (O). Thus, inside air is pushed through the introduction passage (55) to the sensor unit
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(32), and is then discharged to the external space (O). During such flow of the inside air, the
oxygen concentration and carbon dioxide concentration of the inside air are detected in the
sensor unit (32).

[0092]

Even with such a configuration of this second variation, advantages similar to those
of each of the third embodiment shown in FIG. 4 and the first variation shown in FIG. 5 are
exhibited using the pressure difference between the internal space (S) and the external space
(O) without using the sensor fan (58).

[0093]

<Third Variation»

A third variation of the third embodiment shown in FIG. 7 is an example in which an
introduction passage (55) and a discharge passage (56) are configured to be different from those
of the third embodiment shown in FIG. 4.

[0094]

In this third variation, one end of the introduction passage (55) is opening into an
internal space (S) of a storeroom (10). The other end of the introduction passage (55) is
connected to a sensor unit (32) disposed inside an electric component box (30) and including
concentration sensors (33). The introduction passage (55) passes through a ventilation valve
(24) that is fitted to the electric component box (30) to ventilate the internal space of the electric
component box (30), and allows air to flow therethrough while the ventilation valve (24) is
open. The discharge passage (56) has one end connected to a casing of the sensor unit (32), and
the other end opening into an external space (O). Also in this third variation, the pressure of the
internal space (S) of the storeroom (10) is controlled to a positive pressure. Thus, the internal

space (S) has a higher pressure than each of the external space (O) and a space in the sensor
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unit (32) communicating with the external space (O).
[0095]

In this third variation, the internal space (S) has a higher pressure than the space in
the sensor unit (32) including the concentration sensors (33). Thus, while the ventilation valve
(24) is open, the inside air is pushed through the introduction passage (55) to the space in the
sensor unit (32). The oxygen concentration and carbon dioxide concentration of the inside air
are detected in the sensor unit (32). The air in the sensor unit (32) is then discharged to the
outside of the storeroom.

[0096]

Also in this third variation, advantages similar to those of the second variation shown
in FIG. 6 are exhibited using the pressure difference between the internal space (S) and the
external space (O).

[0097]

<Fourth Variation»

The air passage (54) according to each of the third embodiment and the first to third
variations thereof is an altered version of the air passage (48) of the first embodiment. The air
passage (48) of the second embodiment may be replaced with the air passage (54) according to
each of the third embodiment and the first to third variations thereof.

[0098]
«Other Embodiments)»
The foregoing embodiments may also be configured as follows.
[0099]
In the foregoing embodiments, a storage system used for a stationary storeroom (10)

formed by prefabricated panels has been described. However, the model of the storeroom
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according to each of the foregoing embodiments is merely an example. This storage system
may be used for a container (movable storeroom) for use in, for example, overland transport
and marine transport.

[0100]

In the foregoing embodiments, both the oxygen sensor (33a) that detects the oxygen
concentration of the inside air and the carbon dioxide sensor (33b) that detects the carbon
dioxide concentration of the inside air are used as the concentration sensors (33). However, any
one of them may be used. A concentration sensor (33) except the oxygen sensor (33a) and the
carbon dioxide sensor (33b) may be used depending on a target stored in the storeroom (10)
and other factors.

[0101]

The concentration sensors (33) do not always need to be provided in the electric
component box (30), and merely need to be installed outside the storeroom (10). In the second
embodiment, if the concentration sensors (33) are installed in the electric component box (30),
the electric component box (30) may contain electric components of the refrigerator (60).
[0102]

In the foregoing embodiments, the return passage (46) from the sensor unit (32) is
allowed to communicate with the internal space (S) of the storeroom (10) to return a gas whose
concentration has been detected to the internal space (S). However, controlling the pressure of
the internal space (S) to a positive pressure may allow the gas returned to the internal space (S)
to be released to the outside of the storeroom.

[0103]
In the first embodiment, the opening (47a) of the introduction tube (47) inside the

storeroom is disposed adjacent to the air blowout end of the internal fan (15), and the opening
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(46a) of the return tube (46) inside the storeroom is disposed adjacent to the air suction end of
the internal fan (15). However, the arrangement of these tubes may be modified.
[0104]

For example, in the second embodiment, the water discharge tube (74) through which
condensate is discharged to the outside may be configured to allow condensate to be directly
discharged to the outside of the storeroom without being connected to the condensate discharge
tube (72).

[0105]

The control unit (31) performs control to regulate the composition of the inside air
based on values detected by the concentration sensors (33) and their target values. The detected
values are obtained after a preset time period has elapsed since the activation of the internal fan
(15) and the concentration distribution has become stable. However, this control may be altered
as appropriate.

[0106]

In the foregoing embodiments, the concentration sensors (33) are disposed inside the
electric component box (30). However, the arrangement of these sensors may be modified.
[0107]

In the foregoing embodiments, the locking-unlocking mechanism (50) is provided.
The locking-unlocking mechanism (50) is configured such that if the values detected by the
concentration sensors (33) are each within the predetermined concentration range of an
associated component of the inside air in which the door is locked, the door is locked, whereas
if the values detected by the concentration sensors (33) are each within the predetermined
concentration range of an associated component of the inside air in which the door is unlocked,

the door is unlocked. However, a concentration display or a warning device may inform the
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operator that the oxygen concentration of the inside air is within the associated concentration
range in which the door is locked or within the associated concentration range in which the door
may be unlocked. This may avoid the locking-unlocking mechanism (50) from being provided.
[0108]

While the embodiments and variations thereof have been described above, various
changes in form and details may be made without departing from the spirit and scope of the
claims. The foregoing embodiments and variations may be appropriately combined or replaced

unless the function of the target of the present disclosure is impaired.

INDUSTRIAL APPLICABILITY
[0109]
As can be seen from the foregoing description, the present disclosure is useful for a

storage system.

DESCRIPTION OF REFERENCE CHARACTERS

[0110]
1 Storage System
10 Storeroom
15 Internal Fan
20 Inside Air Control System
30 Electric Component Box
31 Control Unit
33 Concentration Sensor

33a Oxygen Sensor
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33b Carbon Dioxide Sensor

34 Ventilation Valve

46 Return Tube (Return Passage)

46a Outlet End (Opening Inside storeroom)
47 Introduction Tube (Introduction Passage)
47a Inlet End (Opening Inside storeroom)

48 Air Passage

50 Lock

51 Locking-Unlocking Mechanism

54 Air Passage

55 Introduction Passage

55a Air Outflow Opening
56 Discharge Passage

S56a Air Outflow Opening

57 External Fan

58 Sensor Fan

60 Refrigerator

74 Water Discharge Tube
0 External Space

S Internal Space
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CLAIMS

1. A storage system comprising:

a storeroom (10); and an inside air control system (20) that regulates a
composition of inside air in the storeroom (10),

the inside air control system (20) including a concentration sensor (33) that
detects a concentration of a component of the inside air, wherein

the concentration sensor (33) is disposed outside the storeroom (10), and that the
storage system has an air passage (48, 54) that communicates with an internal space (S) of
the storeroom (10) and the concentration sensor (33), and

the air passage (48) includes an introduction passage (47) through which the
inside air is introduced into the concentration sensor (33), and a return passage (46)
through which air is returned from the concentration sensor (33) to the internal space (S).

2. The storage system of claim 1, wherein

the concentration sensor (33) is connected through a second gas supply tube (45)
to a pump unit (21) having an air circuit that adjusts oxygen and carbon dioxide
concentrations in the air.

3. The storage system of claim 1 or 2, wherein

the concentration sensor (33) includes one or both of an oxygen sensor (33a) that
detects an oxygen concentration of the inside air and a carbon dioxide sensor (33b) that
detects a carbon dioxide concentration of the inside air.

4. The storage system of any one of claims 1 to 3, wherein
the return passage (46) is connected to a water discharge tube (74) through which
drain water is discharged to outside the storeroom.

5. The storage system of any one of claims 1 to 4, wherein

an internal fan (15) is provided in the internal space (S),

an opening (47a) of the introduction passage (47) inside the internal space is
disposed adjacent to an air blowout end of the internal fan (15), and

an opening (46a) of the return passage (46) inside the internal space is disposed
adjacent to an air suction end of the internal fan (15).

6. The storage system of claim 5, wherein
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the inside air control system (20) includes a control unit (31) that performs
control to regulate the composition of the inside air, and

the control unit (31) performs control to regulate the composition of the inside
air based on a value detected by the concentration sensor (33) and an associated target
value, the value detected being obtained after a preset time period has elapsed since
activation of the internal fan (15).

7. The storage system of any one of claims 1 to 3, wherein

the air passage (54) includes: an introduction passage (55) through which the
inside air is introduced into the concentration sensor (33); and

a discharge passage (56) through which air is discharged from the concentration
sensor (33) to an external space (O).

8. The storage system of claim 7, wherein

an external fan (57) disposed outside the storeroom (10), wherein

an air outflow opening (56a) of the discharge passage (56) is disposed adjacent
to an air suction end of the external fan (57).

9. The storage system of claim 7, wherein

a sensor fan (58) that sends air to the concentration sensor (33) is disposed
proximate to the concentration sensor (33), and

an air outflow opening (55a) of the introduction passage (55) is disposed
adjacent to an air suction end of the sensor fan (58).

10. The storage system of claim 7, further comprising:

an electric component box (30); and a ventilation valve (24) for use to ventilate
an internal space of the electric component box (30), wherein

the concentration sensor (33) is disposed inside the electric component box (30),
and

the introduction passage (55) passes through the ventilation valve (24).

11. The storage system of any one of claims 1 to 9, further comprising:
an electric component box (30), wherein

the concentration sensor (33) is disposed inside the electric component box (30).

12. The storage system of any one of claims 1 to 11, further comprising:
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a refrigerator (60) that cools the internal space (S) of the storeroom (10).

13. The storage system of any one of claims 1 to 12, further comprising:

a lock (50) fitted to a door of the storeroom (10); and

a locking-unlocking mechanism (51) that locks the door if a value detected by
the concentration sensor (33) is within a predetermined concentration range of an
associated component of the inside air in which the door is locked, and that unlocks the
door if the value detected is within a predetermined concentration range of the associated

component of the inside air in which the door is unlocked.
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