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CARBON BIOXIDE INJECTION IN A TRANSPORT UNIT
FIELD

This disclosure relates generally to a controlled atmosphere system {CAS} and a method
for controlling the CAS. More specifically, the disclosure relates to a method for controlling an

atmospheric gas in a transport refrigeration system (TRS})
BACKGROUND

A controlled atmosphere system (CAS) ts generally used to control an atmospheric
parameter such as, but not limited to, a nitrogen content, an oxygen content, and/or a carbon
dioxide content within a storage space such as, but not limited to, a transport unit. Examples of a
transport unit include, but are not limited fo, a container on a flat car, an intermodal container, a
truck, a boxcar, or other simnilar transport unit. A transport unit is commounly used to transport
perishable cargo such as, but not limited to, produce, frozen foods, and/or meat products. By
controlling one or wore atmospheric parameters within the trapsport unit, the rate of, for

example, ripening of perishable cargo stored in the transport unit can be reduced.
SUMMARY

This disclosure relates generally to a controlled atmosphere system {CAS} and a method
for controlling the CAS. More specifically, the disclosure relates to a method for controlling an
atmospheric gas in a transport refrigeration system (TRS).

A systern and method for maintaining a desired carbon dioxide concentration within an
interior space of a transport unit during transport are disclosed. In some embodiments, the system
and method can be used while the transport unit is in transport. In some embodiments, the system
and method can be used while the transport unit is stationary {e.g., at a storage {acility, etc.}.

In some embodiments, a carbon dioxide injection system can be used to conirol a carbon
dioxide councentration within a transport unit. In some embodimeunts, the carbon dioxide mjection
system can be used to increase the carbon dioxide concentration within the transport unit. In
some embodiments, the carbon dioxide injection system can include a conventional CAS which
can be used to decrease the carbon dioxide and/or oxygen concentration within the transport unit.

In some embodiments, the carbon dioxide mjection syster can be used to identity a carbon
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dioxide leak rate of an intertor space of a transport unit. In some embodiments, identifying a
carbon dioxide leak rate of the interior space of the transport unit can provide an indication as to
whether a CAS will function properly. In some embodiments, identifving a carbon dioxide leak
rate of the interior space of the transport unit can be used to determine whether an injected
amount of carbon dioxide will be unreasonably high (e.g., too high of a concentration of the
carbon dioxide 1 the interior space of the transport vmit).

A wmethod for controlling a carbon dioxide concentration within an nterior space of a
transport unit is disclosed. The method inchudes determining the carbon dioxide concentration
within the interior space; enabling a carbon dioxide injection system when the carbon dioxide
concentration is not at a sct point value; and disabling the carbon dioxide injection system when
the carbon dioxide concentration is at the set point value.

A carbon dioxide injection system for controlling a carbon dioxide concentration within
an interior space of a transport unit during transport is disclosed. The system includes a carbon
dioxide source; a pressure control device; and a flow control device, the carbon dioxide source,
the pressure control device, and the flow control device being fluidly connected and in fluid
commuunication with the interior space of the transport unit. The systers further includes a
controller configured to selectively enable and/or disable flow from the carbon dioxide source to
the nterior space of the transport unit,

A transport unit 18 disclosed. The transport unit includes a transport refrigeration unit; and
a carbon dioxide injection system for controlling a carbon dioxide concentration within an
interior space of the transport unit during transport. The carbon dioxide injection system includes
a carbou dioxide source; a pressure control device; and a flow control device. The carbon dioxide
source, the pressure control device, and the flow control device are fluidly connected and in fluid
communication with the interior space of the transport unit. The carbon dioxide injection system
also includes a controller configured to selectively enable and/or disable flow from the carbon

dioxide source to the interior space of the transport unit.
BRIEF DESCRIPTION OF THE DRAWINGS

References are made to the accompanying drawings that form a part of this disclosure,
and which tllustrate the embodiments 1n which the systems and methods deseribed in this

specification can be practiced.
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Fig. 1 tllustrates a transport unit with which the embodiments described in this
specification can be practiced, according to some embodiments.

Fig. 2 illustrates a block diagram of a carbon dioxide injection system foruse in a
iransport unit, according to some embodiments.

Fig. 3 illustrates a block diagram of a controlled atmosphere system {CAS) foruse as a
carbon dioxide source in & carbon dioxide injection system, according to some embodiments.

Fig. 4 llustrates a flowchart for a wethod to control a carbon dioxide concentration
within a transport unit, according to some embodiments.

Like reference numbers represent like parts throughout,
DETAILED DESCRIPTION

Thus disclosure relates generally to a controlled atmosphere system (CAS) and a method
for controlling the CAS. More specifically, the disclosure relates to 2 method for controlling an
atmospheric gas in a transport refrigeration system {(TRS),

Perishable goods, such as fruits and vegetables, can consume oxygen and produce carbon
dioxide (e.g., due to a ripening offect of the perishable goods) when being stored or during
transportation. The ripening effect can reduce shelf life of the perishable goods. To help prolong
the shelif life of perishable goods, atmosphere in an interior space of, for example, a transport
unit can be controlled. Dhring the transportation, the ripening effect of the perishable goods can
continmuously cause the concentrations of oxygen and/or carbon dioxide in the atmosphere of the
interior space to change, which can cause undesivable effects on the shell fife of the perishabie
goods. it may be desired to control the atmosphere in the storage space during the transportation
and/or storage of the perishable goods.

A “controlled atmosphere system” (CAS) includes, for example, a controlled atmosphere
circuit for controlling one or more atmospheric parameters within an interior space of a transport
untt. Examples of atmospheric parameters within the juterior space inchude, but are not limited
to, a content of nitrogen, a content of oxygen, and/or a content of carbon dioxide in the air
countained withio the nterior space.

A “transport refrigeration system” (TRS) includes, for example, a refrigeration circuit for

controlling the refrigeration of an mterior space of a transport unit, The TRS may be a vapor-

>
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compression type refrigeration system, or any other suitable refrigeration system that can use
refrigerant, cold plate technology, or the ke,

A “transport unit” includes, for example, a container {e.g., a container on a flat car, an
intermodal container, etc.}, a truck, a hboxcar, or other similar transport unit,

A “CAS controller” includes, for example, an electronic device {e.g., a processor,
menmory, cte.) that is configured to manage, command, direct, and regulate the behavior of one or
raore components of a CAS (e.g., an air compressor, one or more flow valves, oue or more
sensors, ong or more switches, etc. ). In some embodiments, the CAS controller can be part of a
controller configured to manage, command, direct, and regulate the behavior of oue or more
components of a refrigeration circuit {¢.g., an cvaporator, a condenser, a coOmpressor, an
expansion valve (EXV), an electronic throttling valve (ETV), etc.), one or more components of
an power unit powering, for example, the CAS and a refrigeration circutt, ete.

Fig. | illustrates 4 transport unit 100 with which the emubodiments described 1n this
specification can be practiced, according to some embodiments. The transport unit 100 includes
a transport refrigeration unit (TRU) 10 and a carbon dioxide injection system 140, ftisto be
appreciated that the transport anit 100 can include one or more additional components. Iiis
further to be appreciated that the carbon dioxide injection system 140 can be incorporated within
the TRU 18, according to some embodiments. In other embodiments, the carbon dioxide
injection system 140 can be incorporated within an interior space of the transport unit 100,

The TRU 10 can generally be used to control one or more environmental conditions
within the tnterior space of the transport unit 160, Examples of the one or more environmental
conditions include, but are not limuted to, tfemperature, air quality, hurmdity, or the like, The
TRU 10 generally operates according to principles known in the art.

It is to be appreciated that the transport unit 100 can be a variety of other types of
transport units other than a container as illustrated. Exanples of alternative transport units
include, but are not limited to, a trailer, a boxcar, a truck with a cargo space, or other similar
storage cormpartment designed for trausporting cargo. The type of the transport unit 100 is not
intended to be limiting, though it is to be appreciated that the systems and methods described in
this specification may have varying levels of efficacy depending upon the type of the transport

unit 100,
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The carbon dioxide injection system 140 can be configured to control one or more
atmospheric pararseters (e.g., an oxygen content, a carbon dioxide content, a nitrogen content,
content of other gases (e.g., ethylene, ozone, etc.), or the like} within the interior space of the
transport unit 100. In particular, the carbon dioxide 1njection systern 140 can be configured to
add carbon dioxide to the atmosphere of the interior space in the transport unit 100, In some
cembodiments, the carbon dioxide mjection systern 140 can also be configured fo separate
nitrogen {rom, for example, ambient air and supply nitrogen to the interior space of the transport
unit 100. In some embodiments, the carbon dioxide injection system 140 is configured for
controlling the carbon dioxide concentration within the wterior space of the transport unit 100
while the transport unit 100 is in transit. In some embodiments, the carbon dioxide injection
system 140 is configured for controlling the carbon dioxide concentration within the interior
space of the transport unit 100 while the transport unit 100 is not in transtt {e.g., whilc at a
storage facility, ete.).

The TRU 10 and the carbon dioxide injection systern 140 can be configured to work
together in order to provide a desired atmospheric condition for the interior space that is suitable,
for example, for trapsporting perishable goods such as, but not lunited to, fruits and vegetables.

Fig. 2 illustrates a block diagram of the carbon dioxide injection system 140 (Fig. 1),
according to some embodiments. The carbou dioxide njection system 140 generally includes a
carbon dioxide source 150, a pressure control device 155, a flow control device 160, a controller
165, and a sensor 170 {¢.g., a carbon dioxide concentration sensor or the like that is disposed
within an interior space 105 of the transport unit 160).

The carbon dioxide source 150 can be any means for supplying carbon dioxide gas to the
interior space of the transport unit 100, In some embodiments, the carbon dioxide source 150 can
be a pressurized cylinder inchuding carbon dioxide. In some embodiments, the pressurized
cylinder can have a volume between about 10 and about 100 liters, In some embodiments, the
pressurized cylinder including carbon dioxide can be stored at about 50 bar. In some
embodiments the carbou dioxide 150 can be placed inside the interior space of the transport unit
1040, In other embodiments, the carbon dioxide source 158 can be placed outside the interior
space of the transport unit 100, In some embodiments, the carbon dioxide source 150 canbe a
high pressure storage container having a volume between about 30 and about 200 liters. In some

embodiments, the high-pressure storage container can store the carbon dioxide at about 50 bar
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and can be placed either in the interior space or outside the interior space of the transport unit
190, In sowe embodiments, the carbon dioxide source 150 mchudes a controlled atmosphere
system {CAS} such as CAS 200 shown and described in accordance with Fig. 3 below. ftisto be
appreciated that the carbon dioxide source 150 1s not intended to be limited to the above-
described embodiments and that other carbon dioxide sources may be implemented within the
scope of this disclosure. It is to be appreciated that this volume range s intended to be exemplary
and that the volume of the carbou dioxide source 150 can vary depending upon the embodimeut,
Further, the pressures are intended to be exemplary and can vary according to the principles
described herein,

The pressure control device 155 1s generally configured to reduce a pressure of the
carbon dioxude coming from the carbon dioxide source 155, As described above, the carbon
dioxide source 150 can include carbon dioxide stored under pressure. The pressure control
device 155 can reduce the pressure of the carbon dioxide. In some embodiruents, the carbon
dioxide can be reduced from a pressure of about 58 bar to a pressure of about 2 bar. In some
embodiments, the pressure can be reduced to about atmospheric pressure. The pressure reduction
can, for example, be based on a safety requirement. In some embodiments, the pressure reduction
can be selected such that the pressure control device 155 does not freeze due to the reduction in
pressure. The pressure control device 155 generally functions according to principles known in
the art.

The flow control device 160 can generally be contigured to allow flow of the carbon
dioxide to the interior space of the transport unit 100 or the prevent flow of the carbon dioxide to
the mnterior space of the transport unit 100, In some ermbodiments, the flow control device 160
can be a solenoid valve having a flow enabled position and a flow disabled position. In some
embodiments, the flow control device 160 can include a valve having a flow-enabled position, a
flow disabled position, and one or more intermediate positious o which a partial flow of carboun
dioxide 18 enabled. The flow control device 160 generally operates according to principles
known in the art. The controller 165 can countrol the state (e.g., flow enabled, flow disabled, ete.)
of the flow control device 160. A method for controlling the state of the flow control device 160
is discussed in additional detail in accordance with Fig, 4 below.,

The controller 165 can be, for example, an electronic device that is configured to manage,

command, direct, and regulate the behavior of one or more components (¢.g., the flow control
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device 160, etc.} of the carbon dioxide injection system 140, The controller 165 controls the
carboun dioxide ijection systern 140 to obtain an environmental coundition {¢.g., 4 concentration
of carbon dioxide} in the interior space of the transport unit 100. The controller 165 can be in
conmmunication with the flow countrol device 160 and the sensor 170, The controller 165 can be
powered by, for example, a battery {(not shown}.

The sensor 170 15 disposed within the interior space of the transport unit 100, In some
embodiments, the sensor 170 can be a carbon dioxide sensor configured to determine a
concentration of carbon dioxide within the atmosphere of the interior space of the transport unit
100, The sensor 170 1s configured to determne the concentration of carbon dioxide in the
interior space of the transport unit 100 and provide the determined carbon dioxide concentration
to the controller 165, The controller 165 can use the determined carbon dioxide concentration to
control the flow control device 160 {e.g., flow enabled, flow disabled, etc., as discussed in
additional detail in accordance with Fig. 4 below),

Fig. 3 illustrates a controlled atmosphere system (CAS) 280 for a carbon dioxide source
{e.g., carbon dioxide source 150 of the carbon dioxide injection system 140 in Fig. 2} for a
transport unit 202, such as the transport unit 100 shown in Fig. 1.

The basic components of the CAS 200 include an air compressor 203, a particulate filter
210, a heat exchaunger 215, a nitrogen separation membrane 220, a system of metering valves
225, a plurality of gas sensors 230, and a CAS controlier 235.

The CAS 200 s configured to control the amount of oxygen and carbon dioxide inside
the transport unit 202 to change the rate of ripening of cargo (not shown} stored in the transport
unit 202, The CAS 200 can control the amount of oxygen (Oy) and carbon dioxide (CO;) by
introducing nitrogen (No) generated from the nitrogen separation membrane 220,

When the CAS 200 is running, ambient air 201 from outside the transport unit 202 enters
the air compressor 205 through a dust filter 240, In some embodiments, air from inside the
transport unit 202 can also be directed to the air compressor 205 through the dust filter 240 via
an iutake line 275. The atmospheric air is then compressed to a lgh pressure by the air
compressor 205, High pressure air from the particulate filter 210 passes to the heat exchanger
215 where 1t can be temperature conditioned {(e.g., heated or cooled) to an optimum operating
temperature. The CAS controller 235 receives temperature data from a heat exchanger

termperature sensor 217 and can control operation of a heat exchanger switch 219 to mamtain the
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temperature of compressed air leaving the heat exchanger 215, The high-pressure, temperature
conditioned atr is then filtered by the particulate filter 210 to remove moisture, divt, and/or other
air contaminants {e.g., oil, ozone, hydrocarbons, etc.) before passing to the membrane 220, In
some embodiments, the particulate filter 210 can include a plurality of particulate filters 210, A
normally opened drain valve 245 is provided on the particulate filter 218, It will be appreciated
that the drain valve 245 can alternatively be a normally closed drain valve. A normally opened
drain valve 245 can, for example, allow fluid to drain out in case of a power loss, which can
prevent freezing of the particulate filter 210 and/or the drain valve 245, In some embodiments,
the dran valve 245 can be an automated drain valve in which the drain valve 245 is adapted to
be opened and/or closed when instructed by the CAS controller 235, The CAS controller 235 can
be programmed to periodically open the drain valve 245, for a short time, to remove residue
which may build up in the particulate filter 210. In some embodiments, the drain valve 245 may
not be included 1f the particulate filter 210 includes an antomatic drain,

The temperature conditioned, high pressure air passing from the heat exchanger 215
enters the nitrogen separation membrane 220, where it can be separated into high purity nitrogen,
which passes from a nitrogen outlet 212, and oxygen/and other gases which are passed to an
oxygen outlet 214. The rate of separation occurring in the nitrogen separation membrane 220
depends on the flow of air through the vitrogen separation merabrane 220, This flow rate i
controlled by the pressure in the nitrogen outlet 212, The higher the pressure in the nitrogen
outiet 212, the higher the nitrogen purity generated, and the lower the flow rate of nitrogen. The
nitrogen separation membrane 220 can be capable of generating nitrogen purity levels greater
than, for example, about 99 percent. As the pressure in the nitrogen outlet 212 falls, the purity
level of the nitrogen falls, and the flow rate increases.

The nitrogen enriched gas passing from the nitrogen separation membrane 220 through
the nitrogen outlet 212 passes to the flow conirol valves 225, The oxygen/other gasses from the
oxygen outlet 214 are exhausted to the outside air,

The pressure on the nitrogen outlet 212 of the nitrogen separation membrane 220 is
regulated by the aforementioned flow control valves 225. To control the percentage of nitrogen
present in the transport unit 202, the CAS controller 235 can be programmed to cycle the flow

control valves 225 to increase or decrease the amount/purity of nitrogen in the transport unit 202
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as required. The CAS controlier 235 may also add carbon dioxide from an external carbon
dioxide source 250 if desired.

fn some embodiments {e.g., during a ventilation mode}, the temperature conditioned, high
pressure air passing from the heat exchanger 215 can bypass the nifrogen separation membrane
228 and pass directly to the transport unit 202 via a bypass line 270. Accordingly, the amount of
oxygen in the transport unit 202 can be incrcased and the amount of carbon dioxide in the
transport unit 202 can be decreased.

The gas sensors 230 can include, for example, an oxygen concentration sensor, a carbon
dioxide concentration sensor, an ethylene concentration sensor, etc, Periodic calibration of the
gas sensors 230 to correct drifts with time and temperature can require samphling outside air via a
line 260. The gas scusors 230 can be provided at various locations within the transport unit 202,

The CAS controller 235 is configured to monitor the amount of oxygen and carbon
dioxide 1 the transport unit 202, using the gas sensors 230 via a samaple line 255, The oxygen
and carbon dioxide concentrations monitored by the CAS controller 235 can be stored in a data
recorder 280,

Fig. 4 illustrates a flowchart for a wethod 400 to control a carbon dioxide concentration
within a transport unit {¢.g., the transport unit 100 of Fig. 1}, according to some embodiments.

The method 400 generally is directed to detervmning a concentration of carbou dioxide n
an atmosphere of an interior space of the transport unit 100 and adding carbon dioxide {e.g.,
increasing 4 concentration of carbon dioxide) or ventilating the interior space {(¢.g., reducing &
concentration of carbon dioxide) for the transport unit 160

The method 400 begins at 405 when a controller {(¢.g., the controller 165 of Fig. 2}
determines a concentration of carbon dioxide in the interior space of the transport unit 100. The
controller 165 can determine the concentration of carbon dioxide in the interior space of the
transport unit 100 through a sensor {e.g., the sensor 170 of Fig. 2).

At 410 the controller determines whether the carbon dioxide concentration is about the
same as a carbon dioxide concentration set point value, The carbon dioxide set point value can
vary depending upon a variety of factors. For example, the carbon dioxide set point can vary
based on a cargo being transported within the interior space of the transport unit 100, a duration

of a trip, a user preference, or the like.
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If the carbon dioxide concentration is not at about the set point value in 410, a carbon
dioxide injection system {e.g., the carbon dioxide injection systern 140 of Figs, 1 —2) is enabled
at 415. Enabling the carbon dioxide injection system 140 can include enabling flow from a
carbon dioxide source {¢.g., the carbon dioxide source 130 of Fig. 2) by modifying a flow control
device {e.g., the flow control device 160 of Fig. 2} such that flow of the carbon dioxide s
enabled from the carbon dioxide source 150 to the interior space of the transport unit 100, Once
the carbon dioxide injection systern 140 is cnabled at 415, the wethod 400 returus to 405 and the
controller determines the concentration of carbon dioxide in the interior space of the transport
unit 100,

If the carbon dioxide concentration is about the same as the set point value, the carbon
dioxide injection system 140 1s disabled at 420, In some cmbodiments, disabling the carbon
dioxide injection system 140 can, for example, include modifying the flow control device 160
such that flow of carbon dioxide from the carbon dioxade source 150 to the interior space of the
transport unit 100 is prevented.

At 425 the carbon dioxide concentration in the interior space of the transport unit 100 is
determined again by the controller 165. At 430, the controller deterrnines whether the carbon
dioxide concentration is within a threshold range of the sct point value. For example, the
threshold range can be an acceptable deviation from the set point value (both above the set point
value and below the set point value). In some embodiments, the controller 165 determines the
carbon dioxide concentration from the sensor 170 disposed within the interior space of the
transport unit 100.

If the carbon dioxide concentration is within the threshold range, the method 400
continues to 425 and monitors the concentration of the carbon dioxide within the interior space
of the transport unit 100 until the carbon dioxide concentration is outside the threshold range.

If the carbon dioxide concentration is not within the threshold range, the controller
determines whether the carbon dioxide concentration is above the threshold range at 435, {f the
carbon dioxide concentration is above the threshold range at 435, the controller 165 will ventilate
the interior space of the transport unit 100 at 440. In some embodiments, veutilating the interior
space of the transport unit 100 can be accomplished by cnabling a CAS (¢.g., the CAS 200 of
Fig. 3). The method 400 then continues to 430 to monitor whether the carbon dioxide

concentration returns to within the threshold range of the set point value,

10
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If the carbon dioxide concentration is not within the threshold range and the carbon
dioxide concentration 1s not above the threshold range at 435 (e.g., the carbon dioxide
concentration in the interior space of the transport unit 100 is below the lower bound of the
threshold range of the set point value), the method continues to 415 and enables the carbon

dioxide injection system 140,

It is to be appreciated that aspects 1 — 6 can be combined with any one of aspects 7 — 11

or 12 — 15, Further, any one of aspecis 7 — 11 can be combined with any one of aspects 12 — 18,

Aspect |, A method for controlling a carbon dioxide concentration within an inferior
space of a transport unit, the method comprising:

determining the carbon dioxide concentration within the inferior space;

enabling a carbon dioxide injection system when the carbon dioxide concentration is not
at a set point value; and

disabling the carbon dioxide injection system when the carbou dioxide councentiration is at

the set point value.

Aspect 2. The method according to aspect |, wherein determining the carbon
dioxide concentration includes determining a sensor reading from a sensor disposed within the

interior space of the transport unit.

Aspect 3. The method according to any one of aspects 1 — 2, wherein enabling the
carbon dioxide jection system inchudes positioning a flow control device such that flow from a

carbon dioxide source to the interior space of the transport vt is enabled.
Aspect 4. The method according to aspect 3, wherein disabling the carbon dioxide

injection system includes positioning the flow control device such that flow from the carbon

dioxide source to the mterior space of the transport unit is disabled.

it
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Aspect 5. The method according to any one of aspects | — 4, further comprising:
enabling the carboun dioxide mjection systern when the carbon dioxide concentration is

lower than a threshold range based on the set point value.

Aspect 6. The method according to any one of aspects 1 - 5, further comprising:
ventilating the interior space o decrease the carbon dioxide concentration when the

carboun dioxide coucentration is greater than a threshold range based on the set point value.

Aspect 7. A carbon dioxide mjection system for controlling a carbon dioxide
concentration within an interior space of a transport unit during fransport, the system comprising:

a carbon dioxide source;

a pressure control device;

a How control device, wherein the carbon dioxide source, the pressure control device, and
the flow control device are fluidly connected and i fluid communication with the interior space
of the transport unit; and

a controller configured to selectively enable and/or disable flow from the carbon dioxide

source to the interior space of the transport unit,

Aspect §. The system according o aspect 7, further comprising a carbon dioxide
sensor, wherein the carbon dioxide sensor is configured to be in clectronic communication with

the controller.

Aspect 9. The system according to any one of aspects 7 — &, wherein the controller is
configured to selectively enable the flow from the carbon dioxide source to the interior space of
the trausport unit in response to a councentration of carbon dioxide within the nterior space

falling below a threshold.

Aspect 0. The system according to any one of aspects 7 - 9, wherein the controller is
configured to selectively disable the flow from the carbon dioxide source to the interior space of
the transport unit in response to a concentration of carbon dioxide within the interior space being

above a threshold.
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Aspect 1. The system according to any one of aspects 7 — 10, wherein the carbon
dioxide source is one of a pressurized cylinder, a mgh pressure storage contaner, or a controlled

atmosphere systen.

Aspect 12, A transport unit, comprising:

a transport refrigeration vnit; and

a carbon dioxide 1njection system, the carbon dioxide wjection syster for controlling a
carbon dioxide concentration within an interior space of the transport unit during transport, the
systern including:

a carbon dioxide source;

a pressure control device;

a flow control device, wherein the carbon dioxide source, the pressure control
device, and the flow control device are fluidly connected and in fluid communication
with the interior space of the transport unit; and

a controlier configured to sciectively enable and/or disable flow from the carbon

dioxide source to the interior space of the transport unit.

Aspect 13. The transport undt according to aspect 12, further comprising a controlled
5 £

atmosphere system.

Aspect 14, The transport unit according to any one of aspects 12 — 13, wherein the
interior space of the transport unit mchudes a sensor configured to determine a carbon dioxide

concentration within the interior space.

Aspect 15, The transport unit according to any oue of aspects 12 — 14, wherein the

transport unit is one of a container on a flat car, an intermodal container, a truck, or a boxcar.

The terminology used in this specification is intended to describe particular embodiments
and 1s not mtended to be linuting. The terms “a,” “an,” and “the” mclude the plural forms as
well, unless clearly indicated otherwise. The terms “comprises” and/or “comprising,” when used

in this specification, specify the presence of the stated features, integers, stops, operations,

i3
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clements, and/or components, but do not preclude the presence or addition of one or more other
featares, wntegers, steps, operations, elernents, and/or components,

With regard to the preceding description, it is to be understood that changes may be made
in detail, especially in matters of the counstruction materials employed and the shape, size, and
arrangement of parts without departing from the scope of the present disclosure. This
specification and the embodiments described are exeraplary only, with the true scope and spirit

of the disclosure being indicated by the claims that follow,

i4
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CLAIMS
What is claimed is:
1. A method for controlling a carbon dioxide concentration within an interior space

of a transport unit, the method comprising:

determining the carbon dioxtde concentration within the interior space;

cnabling a carbon dioxide injection systern when the carbon dioxide concentration is not
at a set point value; and

disabling the carbon dioxide injection system when the carbon dioxide concentration is at

the set point value.

2. The method according to claim 1, wherein determining the carbon dioxade
concentration includes determining a sensor reading from a sensor disposed within the interior
space of the transport umt.

3. The method according to claim 1, wherein cuabling the carbon dioxide mjection
system inclades positioning a flow control device such that flow from a carbon dioxide source to

the interior space of the transport unit is cnabled.

4. The method according to claim 3, wherein disabling the carbon dioxide injection
system inchudes positioning the flow control device such that flow {rom the carbon dioxade

source to the interior space of the transport untt is disabled.

5. The method according to claim 1, further comprising:
cnabling the carbon dioxide mjection system when the carbon dioxide concentration is

iower than a threshold range based on the set point value.

6. The method according to claim 1, further comprising:
ventilating the interior space to decrease the carbon dioxide concentration when the

carbon dioxide concentration is greater than a threshold range based on the set pount value.
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7. A carbon dioxide injection system for controlling a carbon dioxide concentration
within an ioterior space of a transport unit duting transport, the system comprisiog:

a carbon dioxide source;

a pressure control device;

a flow control device, wherein the carbon dioxide source, the pressure control device, and
the flow control device are fluidly connected and in fluid communication with the mterior space
of the transport unit; and

a controller configured to selectively enable and/or disable flow from the carbon dioxide

source to the 1terior space of the transport unit.

8. The system according to claim 7, further comprising a carbon dioxide sensor,
wherein the carbon dioxide sensor is configured to be in electronic communication with the

controller,

8. The system according to claim 7, wherein the controlier is configured to
selectively enable the flow from the carbon dioxide source to the nterior space of the trapsport
unit in response 1o a concentration of carbon dioxide within the interior space falling below a

ihreshold,

10, The system according to claim 7, wherein the controller 18 configured to
selectively disable the flow from the carbon dioxide source to the interior space of the transport
unit 1n response to a concentration of carbon dioxide within the interior space being above a

threshold.

11, The system according to claim 7, wherein the carbou dioxide source is one of a

pressurized cylinder, a high pressure storage container, or a controlled atmosphere systenm.
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12. A transport unit, comprising:

a transport refrigeration umi; and

a carbon dioxide injection systen, the carbon dioxide injection system for controlling a
carbon dioxide concentration within an interior space of the transport unit during transport, the
system inchuding:

a carbon dioxide source;

a pressure control device;

a flow control device, wherein the carbon dioxide source, the pressure control
device, and the flow conirol device are fluidly connected and in flud commumnication
with the interior space of the transport unit; and

a controlier configured to selectively cnable and/or disable flow from the carbon

dioxide source to the interior space of the transport unit.

13, The transport unit according to claim 12, further comprising a controlled

atmosphere system.

14. The transport unit according to claim 12, wherein the interior space of the
transport unit includes a sensor configured to determune a carbon dioxide concentration within

the interior space.

15, The transport unit according to claim 12, wherein the transport unit is one of a

container on a flat car, an intermodal container, a truck, or a boxear,

[
~3



PCT/US2015/035372

WO 2016/108951

R

1/4

SINTVRVEVEPVTITIRY

LECURVEVERY




PCT/US2015/035372

WO 2016/108951

274

¢ DI

OL1

HOBNES
HOVdS JORE LN

¢l
FETIOULINOD

091
HIIAHA
JORENGD MO

59
HoIALA
TOYLNGS HOSSHYd

0ct
HOUN0N
HAXOIA NOEMY D

v/ci



PCT/US2015/035372

WO 2016/108951

¢ Dlid

707 4cz MY
v \ INAIENY
{TYNOLLIO)
«— FJUN0S - YHQEODTY VLV
NQQ / :
,_- 087
5¢T _ _
SHOSNAS < R LASYO | LAS 9D
) /
AATVA $ET
NIV
A
- / ﬁ.&\ L1T a 617
AT 4 NS EY A \
’ \.w%mw‘mmw uz, I — BERRIE] dOSNIS | HOLIMS | HOSSTEINOD
X oo o ALVINOLENYd HADNVHIXA AV
AR E| ) o A
X J bz LYHH /
iz 0z \ $07
© 01z 517
KEN
v ) vz —| WELTd ISNd
00 YO AV IdSIA A x
AV IASIA e
sz~
MY
he e A
3 e LNATENY



WO 2016/108951
4/4

DETERMINE CARBON DIOXIDE

PCT/US2015/035372

)

CONCENTRATION

IS THE
CONCENTRATION
AT THE SET POINT
VALUE?

DISABLE THE CARBON

20 DIOXIDE INJECTION SYSTEM

y

DETERMINE CARBON DIOXIDE
CONCENTRATION

INTHE
CONCENTRATHON
WITHIN A
THRESHOLD
RANGE?

THE
CONCENTRATION

ENABLE THE

NO—»| CARBON DIOXIDE

INJECTION SYSTEM

/ A

415

NO

ABOVE THE
THRESHOLD
RANGE?

YES

VENTILATE THE INTERIOR
SPACE

| —
440




International application No.

A A AR
INTERNATIONAL SEARCH REPORT PCT/US2015/035372

A. CLASSIFICATION OF SUBJECT MATTER
F25B 1/00(2006.01)i, F25B 29/00(2006.01)i, B60P 3/20(2006.01)i, B65D 88/74(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
F25B 1/00; B60H 1/32; F24F 3/16;, B65B 31/04; F17C 7/02; F25B 29/00; B60P 3/20; B65D 88/74

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: transport unit, carbon dioxide, sensor, concentration, pressure

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See column 4, line 55 - column 7,

line 14 and figures 1-5.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5125237 A (SAIA, III et al.) 30 June 1992 1-15
See column 5, line 45 - column 9, line 20, claims 4-27, and figures 1-11.
A US 7089751 B2 (FLEMING, JR. et al.) 15 August 2006 1-15
See column 2, line 60 - column 3, line 5 and figures 1, 2.
A WO 96-12645 A1 (CORNELIUSSEN, CHRISTIAN) 02 May 1996 1-15
See page 6, line 29 - page 7, line 7 and figure 2.
A US 4399658 A (NIELSEN, DEAN M.) 23 August 1983 1-15
See column 2, lines 27-58 and figures 1, 2.
A US 5715685 A (TAKASUGI, MITSUO) 10 February 1998 1-15

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
17 September 2015 (17.09.2015)

Date of mailing of the international search report

18 September 2015 (18.09.2015)

Name and mailing address of the [SA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-10, Seo-gu, Daejeon Metropolitan City, 35208,
Republic of Korea

Facsimile No, +82-42-472-7140

N

Authorized officer

LEE, Chang Ho

Telephone No. +82-42-481-8398

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/035372
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5125237 A 30/06/1992 AU 1995-25432 B2 27/05/1999
EP 0475933 Al 25/03/1992
EP 0475933 A4 31/03/1993
EP 0475933 B1 11/09/1996
EP 0751878 Al 28/11/2001
JP 09-511325 A 11/11/1997
KR 10-1997-0702469 A 13/05/1997
US 4825666 A 02/05/1989
US 4922729 A 08/05/1990
US 4991402 A 12/02/1991
US 5337579 A 16/08/1994
US 5473908 A 12/12/1995
US 5819550 A 13/10/1998
WO 90-12991 Al 01/11/1990
WO 90-13778 Al 15/11/1990
WO 95-26888 Al 12/10/1995
US 7089751 B2 15/08/2006 CN 1973165 A 30/05/2007
CN 1973165 B 08/09/2010
DK 1756479 T3 26/05/2014
EP 1756479 A2 28/02/2007
EP 1756479 A4 28/10/2009
EP 1756479 Bl 07/05/2014
HK 1106817 Al 21/04/2011
JP 2007-533952 A 22/11/2007
US 2005-0235658 Al 27/10/2005
WO 2005-108872 A2 17/11/2005
WO 2005-108872 A3 16/03/2006
WO 96-12645 Al 02/05/1996 AU 3817895 A 15/05/1996
NO 943964 DO 19/10/1994
WO 96-12645 Al 02/05/1996
US 4399658 A 23/08/1983 None
US 5715685 A 10/02/1998 CN 1083095 C 17/04/2002
CN 1131625 A 25/09/1996
EP 0717246 Al 19/06/1996
EP 0717246 Bl 27/03/2002
JP 02867116 B2 08/03/1999
JP 08-164979 A 25/06/1996
KR 10-0171962 Bl 30/03/1999

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report

