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(57) Abrégé/Abstract:

Systems and methods to distribute airflow in an internal space of a transport unit are described. The airflow distribution system may
include an airflow distributor forming an airflow passage with a roof of the transport unit. The airflow distribution system may be also
configured to allow airflow to discharge from a gap between the airflow distributor and the roof. The gap may be provided by at
least one spacer between the airflow distributor and the roof. A back end of the airflow distribution system may be configured to
provide a back pressure to the airflow passage while allowing the airflow to discharge. In operation, a front end of the airflow
distribution system may be configured to receive airflow. The airflow can be distributed along the airflow passage and be
discharged from the gap and the back end.
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(57) Abstract: Systems and methods to distribute airflow in an internal space of a transport unit are described. The airtlow distribu -
tion system may include an airflow distributor forming an airflow passage with a roof of the transport unit. The airflow distribution
system may be also contigured to allow airflow to discharge from a gap between the airflow distributor and the roof. The gap may be
provided by at least one spacer between the airtlow distributor and the roof. A back end of the airflow distribution system may be
contigured to provide a back pressure to the airflow passage while allowing the airflow to discharge. In operation, a front end of the
airflow distribution system may be contigured to receive airflow. The airflow can be distributed along the airflow passage and be
discharged from the gap and the back end.
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SYSTEM AND METHOD OF DISTRIBUTING AIRFLOW IN A TRANSPORT
'~ REFRIGERATION UNIT

Field
The disclosure herein relates to a temperature controlled transport unit. More
particularly, the disclosure herein relates to systems and methods to distribute airflow

conditioned (e.g. cooled or heated) by a transport refrigeration unit (TRU) inside a transport unit.

Background
' Existing TRUs are configured to work with transport units, such as containers, trailers,
railway cars, trucks, airplanes, ships, and other transport units to control a temperature inside the
transport units. Conventionally, the TRU is generally installed on one side of the transport unit ‘

where conditioned air is blown into an internal space of the transport unit.

Summary

Methods and systems disclosed herein can help distribute airflow conditioned by a TRU
inside a temperature controlled transport unit. Generally, the embodiments disclosed herein can
help distribute the airflow to pass over a load surface(s) and also to the sides of the trailer, which
can help improve temperature homogeneity on the load surface(s), i.e. any outside surfaces of the
load when the load is positioned in the transport unit.

| In some embodiments, an airflow distribution systenﬁ may include an airflow distributor
configured to form an airflow passage with a roof of the transport unit. In some embodiments,
the airflow distributor may be configured to extend in a longitudinal direction toward a back

wall of the transport unit. In some embodiments, a first end of the airflow distribution system

may be configured (o receive an airflow conditioned by a TRU, and then direct and distribute the

airflow along the airflow passage.
In some embodiments, the airflow distribution system may be configured to allow airflow

to discharge from a gap between longitudinal sides of the airflow distributor and the roof of the
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{ransport unit. In some embodiments, the airflow distribution system may be configured to allow
the airflow to discharge from a back end of the airflow distribution system. In some
embodiments, the amount of the airflow discharged from the gap between the airflow distributor
and the roof of the transport unit and the amount of the airflow discharged by the back end can
be at a desired ratio. In some embodiments, the amount of the airflow discharged from the gap
and the amount of the airflow discharged from the back end may be about the same (i.e., in some
embodiments the ratio of the amount of the airflow discharged from the gap and the ratio of the
amount of the airflow discharged from the back end can be about 1:1).

In some embodiments, the gap can be provided by a spacer between the airflow
distributor and the roof of the transport unit. In some embodiments, the second end of the
airflow distribution system may be configured to provide a back pressure to the airflow passage,
While allowing airflow to discharge. In some embodiments, the second end of the airflow
distribution system may be configured to be covered by a mesh material.

In some embodiments, the first end of the airflow distribution system can be configured
to be coupled to an airflow exit of the TRU. In some embodiments, the first end of the airflow
distribution system may be configured to be coupled to the airflow exit through a mounting
bracket. In some embodiments, the mounting bracket may be configured to at least partially
surround the airflow exit. In some embodiments, the mounting bracket may have anchor points
for a reference line, which may provide a reference for ali gning the airflow distributor,

In some embodiments, an airflow distribution system can include an airflow distributor
extending in a longitudinal direction of the transport unit. In some embodiments, the airflow
distributor includes a first wing section, a second wing section, and a middle section in between
the first and second wing sections. When the airflow distribution system is installed in the
transport unit the middle section may be attached to a roof of the transport unit, and the first and
second wing sections may be configured to curve downwardly from the middle section, forming
areversed “U” shaped airflow distribution system. In some embodiments, thé first and second

wing sections and the middle section may span across a width of the transport unit. The reversed
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“U” shaped airflow distribution system can help distribute the airflow toward the back end of the
transport unit, as well as push the airflow downwardly to the sides of the transport unit.

In some embodiments, the airflow distributor may have a length in a longitudinal
direction of the transport unit, and the length of the airflow distributor can be about ¥4 of a length
of the transport unit in the longitudinal direction. In some embodiments, when the airflow
distribution system is installed in the transport unit, an area between the first and second wing
sections and the roof may be sealed.

In some embodiments, an airflow distribution system for a transport unit comprises: an
airflow distributor configured to form an airflow passage with a roof of a transport unit, the
airflow distributor extending in a longitudinal direction of the transport unit; a mesh material
covering a back end of the airflow distribution system; and a plurality of spacers, wherein
longitudinal sides of the airflow distributor are spaced away from the roof of the transport unit by
the plurality of spacers, the plurality of spacers configured to form gaps between the longitudinal
sides of the airflow distributor and the roof that allow airflow to be discharged from the airflow
passage.

In some embodiments, an airflow distribution system for a transport unit comprises: an
airflow distributor extending in a longitudinal direction of the transport unit, the airflow
distributor including a first wing section, a second wing section, and a middle section in between
the first and second wing sections; when the airflow distribution system is installed in the
transport unit the middle section is configured to be attached to a roof of the transport unit, the
first and second wing sections are configured to curve downwardly from the middle section; and
the first and second wing sections and the middle section span across a width of the transport
unit forming a reversed “U” shape.

In some embodiments, an airflow distribution system for a transport unit comprises: an
airflow distributor configured to form an airflow passage with a roof of a transport unit, the
airflow distributor extending in a longitudinal direction of the transport unit; a mesh material;
and a plurality of spacers, wherein an end of the airflow distributor is defined by the mesh
material, and longitudinal sides of the airflow distributor are spaced away from the roof of the
transport unit by the plurality of spacers, the plurality of spacers configured to form gaps
between the longitudinal sides of the airflow distributor and the roof that allow airflow to be

discharged from the airflow passage.

Date regu/Date Received 2020-04-14
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In some embodiments, a method of distributing airflow in a transport unit comprises:
receiving airflow from a first end of the transport unit; directing the airflow in an airflow passage
formed by an airflow distributor and a roof of the transport unit along a longitudinal direction of
the transport unit toward a second end of the transport unit; discharging airflow from a gap along
a side of the airflow passage, the gap formed between a longitudinal side of the airflow
distributor and the roof; discharging airflow from an end of the airflow passage through a mesh
material; and providing, a back pressure to the airflow passage at the end of the airflow passage,
so that an amount of airflow discharged from the gap and an amount of airflow discharged from
the back end is at a desired ratio.

Other features and aspects will become apparent by consideration of the following

detailed description and accompanying drawings.

Brief Description of the Drawings

Reference is now made to the drawings in which like reference numbers represent
corresponding parts throughout.

FIG. 1 illustrates a temperature controlled transport unit equipped with a TRU and an
embodiment of an airflow distribution system.

FIG. 2 illustrates a rear perspective view of an internal space of a transport unit with an
airflow distributor system, according to one embodiment.

FIG. 3 illustrates a bottom view of an installed airflow distributor, according to one
embodiment.

FIG. 4 illustrates a partial explosion view of a portion of an airflow distribution system
according to one embodiment, including a spacer between an airflow distributor of the airflow
distribution system and a roof of a transport unit.

FIGS. 5A to 5C illustrate different embodiments of an end of an airflow distribution
system. FIG. 5A and 5B are back views. FIG. 5C is a side view.

FIGS. 6A and 6B illustrate an embodiment of a mounting bracket that is configured to
couple an airflow distributor of an airflow distribution system to an airflow exit of a TRU. FIG.
6A is a back view of a transport unit. FIG. 6B is a perspective view of a mounting bracket.

FIGS. 7A and 7B illustrate another embodiment of an airflow distribution system. FIG.

3a

Date regu/Date Received 2020-04-14
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7A is a perspective view of a transport unit housing a load. FIG. 7B is a back view of the
transport unit housing the load.

FIG. 8 illustrates a rear perspective view of an internal space of a transport unit with an
airflow distribution system. The airflow distribution system is configured similarly to the
airflow distribution system as illustrated in FIGS. 7A and 7B.

FIGS. 9A-1, 9A-2, 9B-1 and 9B-2 illustrate computer simulation analysis results of
airflow speeds and temperature distributions in a transport unit. FIG. 9A-1 illustrates a left-side
perspective view and FIG. 9A-2 illustrates a right-side perspective view of the computer
simulation analysis results in a transport unit without an airflow distribution system. FIG. 9B-1
illustrates a left-side perspective view and FIG 9B-2 illustrates a right-side perspective view of

the computer simulation analysis results in a transport unit with an airflow distribution system.

Detailed Description

A TRU can be installed on a transport unit, such as a container, a trailer, a railway car, a
truck, an airplane, a ship, and other transport units. The TRU can be configured to regulate a
space temperature of the transpdrt unit, which can help regulate a temperature on a load (e.g.,
food) in the transport unit. Generally, airflow can be circulated through a heat exchanger (e.g.,
an evaporator coil) of the TRU to exchange heat with the heat exchanger so as to condition (for
cxample, the temperature of) the airflow. The airflow can then be directed back to the space of
the transport unit to regulate the space temperature. The TRU generally is installed on one side
of the transport unit. The embodiments provided herein can help distribute the airflow exiting
the TRU more evenly in the space of the transport unit to, for example, avoid uneven
temperature distribution in the space, and/or save energy. The embodiments provided herein can
also help reduce hot spots on load surface(s) and help improve the temperature homogeneity on
the load surface(s). o

Embodiments of an airflow distribution system and methods of use are disclosed herein.
Generally, the embodiments as disclosed herein can help distribute airflow exiting a TRU to pass

over load surface(s) and also to the sides of the transport unit. In some embodiments, the airflow
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distribution system may have an airflow distributor that is configured to be a sheet-like material
extending along a roof of the transport unit. In some embodiments, the air flow distribution
system can have a “U” shape. In other embodiments, the airflow distributor can form a
reversed “U” shaped airflow passage with the roof of the transport unit.

The airflow passage can be configured to direct and distribute airflow along the airflow
passage. In some embodiments, the airflow distributor can be spaced away from the roof of the
transport unit so that the airflow can be discharged through a gap between the airflow distributor
and the roof of the transport unit. In some embodiments, a second end of the airflow distribution
system may be configured to be covered by a mesh material. The mesh material can allow the
airflow to discharge through the mesh material, but at the same time may provide some back
pressure to the airtlow passage.

The airflow distribution system as disclosed herein may help distribute airflow évenly
and uniformly in the space of the transport unit and help achieve uniform space temperature in
the transport unit. The airflow distribution may also help increase fuel efficiency of the TRU.
Because the second end of the airflow distribution system can be covered by the mesh material in
some embodiments, the airflow distribution system may also help avoid the second end of the
airflow distribution system to be caught by goods and/or loading machineries during the loading
process.

References are made to the accompanying drawings that form a part hereof, and in which
is shown by way of illustration of the embodiments in which the embodiments may be practiced.
The term “couple” is generally referred to as “connect to” and/or “physically attach to.” Itis to
be understood that the terms used herein are for the purpose of describing the figures and
embodiments and should not be regarding as limiting the scope of the present application.

Fig. 1 illustrates one embodiment of a transport unit 100 equipped with a TRU 110 and
an airflow distribution system 120, according to one embodiment. The airflow distribution
system 120 can help distribute airflow to pass over a load surface(s) and to the sides of the
transport unit 100. In the embodiment illustrated, the transport unit 100 is a truck trailer, with

the appreciation that the transport unit can be other suitable apparatuses, such as containers,
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railway cars, trucks, airplanes, ships, and other transport units. The airflow distribution system
120 can generally allow air to be discharged from a plurality of gaps 132 along a side of the
airflow distribution system 120 and a back end 126.

The TRU 110 is installed on a front wall 102 of the transport unit 100. An airflow exit
112 of the TRU 110 is configured to open to an internal space 104 of the transport unit 100. The
TRU 110 includes a heat exchanger and a blower (not shown), which are configured to help
exchange heat with airflow in the internal space 104 by directing the airflow through the heat
exchanger. The airflow, after exchanging heat with the heat exchanger, can be directed out of
the airflow exit 112,

The airflow distribution system 120 includes an airflow distributor 122, which extends in
a longitudinal direction defined by a length L1 of the transport unit 100. A front end 124 of the
airflow distributor 122 is configured to cover the airflow exit 112 of the TRU 110 so that the
front end 124 can receive airflow from the airflow exit 112.

The back end 126 of the airflow distributor 122 extends toward an end wall 106 of the
transport unit 100 along the longitudinal direction defined by the length L1. In the illustrated
embodiment, the back end 126 does not extend to the full length L1 of the transport unit 100;
with the notion that the back end 126 can be configured to extend to the full length L1 of the
transport unit 100. In some embodiments, the back end 126 is within about 5 feet from the end
wall 106 of the transport unit 100. It is to be appreciated that the location of the back end 126 in
the longitudinal direction .can be varied and can be optimized, for example, by using a computer
simulation analysis. That is, the back end of the airflow distributor 122 can vary based on, for
example, user requirements, the length L1 of the transport unit 100, results of optimization
analysis, etc.

The airflow distributor 122 is spaced away from a roof 108 of the transport unit 100 using
a plurality of spacers 130. The spacers 130 can help form the plurality of gaps 132 between the
airflow distributor 122 and the roof 108 in the longitudinal direction, which allows the airflow to
discharge from the gaps 132 into the internal space 104. The airflow distributor 122 can be

installed to the roof 108 of the transport unit 100 by using, for example, a plurality of drive rivets

6
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through the spacers 130. (See Fig. 4 for more details.)

The airflow distributor 122 and the roof 108 can form an airflow passage A (illustrated in
Fig. 1 by arrows) along the longitudinal direction defined by the length L1. In operation, the
airtlow passage A can be configured to direct and distribute airflow exiting the airflow exit 112
to flow from the front end 124 toward the back end 126 of the airflow distributor 122. The back
end 126 of the airflow distributor 122 may generally be configured to allow the airflow to
discharge from the back end 126. The plurality of gaps 132 can allow the airflow to discharge
from the gaps 132 when the airflow flowing along the airflow passage A. Discharging the
airflow from the gaps 132 and the back end 126 can help distribute the airflow evenly in the
space 104 of the transport unit 100.

Fig. 2 illustrates a rear perspective view of an internal spacé of a transport unit 200 with
an airflow distribution system 220. The airflow distribution system is configured similarly to the
airflow distribution system as shown in FIG.1, Referring to Fig. 2, the airflow distribution
system 220 is configured to have an airflow distributor 222 that forms an airflow passage A
(which is indicated in Fig. 2 by the long arrow) with a roof 208, a front end 224 configured to
receive an airflow from a TRU (such as the TRU 110 in Fig. 1), a back end 226 configured to
allow the airflow to discharge from the airflow passage A and/or to provide a back pressure to
the airflow passage A, and a plurality of gaps 232 along longitudinal sides 240 of the airflow
distributor 222 configured to allow the airflow to discharge from the airflow passage A. The
longitudinal sides 240 of the airflow distributor 222 are the sides that follow a longitudinal
direction that s defined by a length L2 of the airflow distributor 222. The term “back pressure”
is referred to a pressure created by, for example, the back end 226 when the airflow discharges
through the back end 226.

The short arrows in Fig. 2 generally indicate the airflow directions when the airflow is .
discharged from the airflow passage of the airflow distribution system 220. The airflow
distribution system 220 is configured to receive the airflow from the front end 224 (via e.g., the
TRU 110 in Fig. 1), then direct the airflow in the airflow passage A toward a back end 226 along
the longitudinal direction that is defined by the length L2 of the airflow distributor 222. The
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airflow can be discharged from the gaps 232 and the back end 226 of the airflow distribution
system 220, .

The material of the airflow distributor 222 can be made of plastic, vinyl, woven
materials, or other suitable materials. In some embodiments, the airflow distributor 222 can be a
sheet-like material made of a soft material such as a fabric, or a hard material such as a sheet
metal. The airflow distributor 222 can foﬁn a‘“u” s'haped airflow passage. When a soft material
is'used, the “U” shape can be formed due to the draping of the soft material by gravity.

The back end 226 1s generally configured to pfovide the back pressure while allowing the
airflow to discharge from the airflow passage A. For example, in the illustrated embodiment, the
back end 226 of the airflow distribution system 220 is configured to be covered by a mesh
material 227. The mesh material 227 can allow the airflow to discharge from gaps of the mesh; |
while at the same time the mesh material 227 can also provide the back pressure in the airflow
passage A at the same time. The back pressure provided by the mesh material 227 can be
regulated for example by controlling the mesh density, and/or the amount of mesh or mesh area.
Generally, the higher the mesh density is, the higher the back pressure. Generally, the higher the
back pressure is, more air can be discharged out of the gaps 232. It is noted that the back end
226 does not have to be covered by the mesh material in some embodiments. The back pressure
can be provided, for example, by shaping the back end 226 (such as reducing the size of the back
end by riveting to close off a portion of the back end 226). (See the description below for Figs.
5A to 5C for more examples.)

The airflow distribution of the airflow distribution system 220 may be set by a length of
the airflow distribution 222, a size of the gaps 232, and/or the mesh density of the back end 226
(or more generally the back pressure provided by the back end 226), with the appreciation that
other factors may also aftect the airflow distribution, such as, for example, a cross section area of
the air distribution system 220. In general, the airflow discharged from the gaps 232 is directed
toward sides of the transport unit 200 that is generally perpendicular relative to the longitudinal
direction defined by the length L2; and the airflow discharged from the back end 226 is directed
toward an end wall of the transport unit 200 (e.g., the end wall 106 of the transport unit 100 in

8
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Fig. 1, now shown in Fig. 2) of the transport unit 200 that is in the longitudinal direction defined
by the length L2.

In operation, the amount of the airflow discharged from the gaps 232 and the amount of
the airflow discharged from the back end 226 can be set at a desired ratio or in accordance with a
desired distribution. For example, the amount of the airflow discharged from the gaps 232 and
the amount of the airflow discharged from the back end 226 can be roughly the same (for
example the ratio can be aboup 1:1). Itis to be appreciated that the ratio can be varied or
optimized. Generally, increase the size of the gaps 232 (such as an increase in the height H4 as
shown in Fig. 4) can increase the amount of airflow discharged from the gaps 232, thus
increasing the airflow distributed to the sides of the transport unit 200. An increase in the back
pressure provided by the back end 226 (e.g. increasing the mesh density of the mesh material
227) can also increase the amount of airflow discharged from the gaps 232. Conversely,
decreasing the back pressure provided by the back end 226 (e.g. decreasing the mesh density of
the mesh material) can increase the amount of airflow discharged from the back end 226, thus
increasing the amount of the airflow distributed toward the end wall of the transport unit 200.
Therefore, by configuring the size of the gaps 232 and/or the back pressure provided by the back
end 226 (which affects the amount of airflow allowed by the back end 226), a desired ratio
between the amount of the airflow discharged by the gaps 232 and the back end 226 can be set.
In practice, a desired ratio can be determined for example in a laboratory setting or by a
computer simulation analysis. ,

It is to be appreciated that the embodiment as shown in Fig, 2 is one specific example of
an airflow distributor system that is configured to distribute airflow in a longitudinal direction of
the transport unit as well as toward the sides of the transport unit in the space of the transport
unit. The general structure of the airflow distributor system may include an airflow distributor
that is configured to receive airflow exiting a TRU and direct the airflow toward an end of the
transport unit. The longitudinal sides of the airflow distributor can be spaced away from a roof
of the transport unit so that the airflow can be distributed toward the sides of the transport unit

through the gaps between the longitudinal sides of the airflow distributor and the roof of the
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transport unit. In some embodiments, a back end of the airflow distribution system can have a
structure (e.g. a mesh) to provide a back pressure to the airflow distribution system while
allowing airflow to flow through therein.

Fig. 3 illustrates a bottom view of an airflow distributor 322 of an airflow distribution
system configured similarly to the airflow distribution system 120 as illustrated in Fig. 1. The
airflow distributor 322 includes a front end 324 that can be configured to be coupled to a TRU
(e.g. The TRU 110 in Fig. 1) and receive airflow conditioned by the TRU, and a back end 326.

The airflow distributor 322 also includes a plurality of mounting points 328 distributed
along longitudinal sides 329a and 329b of the airflow distributor 322. The mounting points 328
can be holes in the airflow distributor 322, through which an anchor can be installed. The
mounting points 328 can be used to mount the airflow distributor 322 to a roof of a transport unit
(e.g. the roof 108 in Fig. 1). The airflow distributor 322 can be configured to be made of a sheet-
like soft material such as a fabric, or a sheet-like hard material such as a sheet metal. The
material can be vinyl, plastié, woven fabrics, nylon, or other suitable materials.

Shapes of the airflow distributor 322 can vary. In the embodiment as illustrated in Fig. 3,
the shape of the airflow distributor 322 generally includes a tapered first section 351 and a
generally rectangular second section 352 with a length L3 and a width W3. The tapered first
section 351 is generally configured to receive the airflow released by the TRU and direct the
airflow toward the second section 352. The second section 352 is generally configured to direct
and distribute the airflow along a longitudinal direction defined by the length L3 of the second
section 352, In some embodiments, the length L3 is about 35 to 48 feet and the width W3 is
about 35 to 65 inches. In some embodiments, the tapered first section 351 may be configured to
have a tapering of 5 to 20 degrees. |

The width W3 refers to the width of the second section 352 of the airflow distributor 322.
Since the airflow distributor 322 may be configured to be made of soft materials that can drape
from a roof of the transport unit (see, for example, Fig. 2) to form a “U” shape, a width of the
material used to make the airflow distributor 322 may be different from (e.g. larger than) the

width W3 of the airflow distributor 322.
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It is to be noted that the second section 352 can be configured to have other shapes. For
example, the second section 352 can be configured to have a tapered shape along the longitudinal
direction defined by the length L3 toward the back end 352 (i.c. the width W3 decreases in the
longitudinal direction defined by the length L3 toward the back end 326) to, for example,
increase a back pressure from the back end 326 compared to a non-tapered shape. Or the second
section 326 can be configured to have a tapered shape along the longitudinal direction defined by
the length L3 toward the front end 324 (i.e. the width W3 increases along the longitudinal
direction defined by the length L3 toward the front end 324) to, for example, decrease a back
pressure from the back end 326 compared to a non-tapered shape.

Fig. 3 illustrates that the first section 351 has a tapered profile. This is exemplary. Itis to
be appreciated that the first section 351 can be configured to have a non-tapered shape. In some
embodiments, the second section 352 can be coupled to the TRU directly without using the first
section 351. In some embodiments, the second section 352 can be configured to receive at least
a portion of airflow exiting the TRU without physically coupled to the TRU. In some
embodiments, a width of the front end 324 can be the same as the width W3 of the back end 326.

Referring to Fig. 4, an embodiment of an airflow distribution system 420 showing an
explosion view of a portion of an airflow distributor 422 mounted to a roof 408 of a transport
unit is illustrated. The airflow distributor 422 is configured to have a plurality of mounting
points 428, which is a through hole in the illustrated embodiment. The roof 408 is configured to
have installation holes 401 matching the mounting points 428. Generally, a distance D1 between
the installation holes 401 is about the same as a distance D2/betwéen the mounting points 428,

.ln some embodiments, with the notion the distances D1 and D2 can be different,

During installation, a spacer 460 with a height H4 is positioned between the mounting
points 428 and the matching holes 401. The spacer 460 is configured to maintain a gap (e.g. the
gaps 132 in Fig. 1) between the roof 408 and the airflow distributor 422. The gaps allow airflow
to discharge from an airflow passage (the airflow passage A in Fig. 1). By changing the height
H4 of the spacer 460, the size of the gap can be changed, which may result in changing the
amount of airflow discharged from each gap. Generally, the higher the height H4 of the spacer
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460 is, the higher the amount of airflow discharged from each gap.

The spacer 460 can have various configurations. In Fig. 4, the space 460 has a cylinder
shape. It is to be appreciated that the shape of the spacer 460 can vary. Generally, the spacer
460 is configured to maintain a gap between the airflow distributor 422 and the roof 408.

A traditional airflow distributor is often mounted to the roof of the transport unit directly
by using, for example, mounting holes on the airflow distributor. When the airflow distributor is
made of, for example, a flexible fabric, the fabric can drape between two mounting holes.
However, the amount of draping between two mounting holes cannot be easily controlled,
causing inconsistencies in installing the airflow distributors to different transport units. By using
the spacer 460 to maintain the gaps between the airflow distributor 422 and the roof 408, the
fabric between two neighboring spacers 460 can be straightened to minimize draping. Therefore,
the configuration of the airflow distributor 422 can be better controlled, which can help improve
installation consistency.

The airflow distributor 422 is mounted to the roof 408 by inserting a mounting assembly
462 through the mounting point 428, the spacer 460 and the holes 401. The mounting assembly
462 can be, for example, an express nail. The mounting assembly 462 can be configured to
expand once installed into the installation hole to hold the mounting assembly 462 in place
relative to the roof 408. In some embodiments, the mounting assembly 462 may include one or
more Velcro tapes or other suitable apparatuses.

The height H4 may vary for the spacers 460 positioned at different mounting points 428

* of the airflow distributor 420. Howevef, using the same height H4 for all the spacers 460 can

save time and prevent errors during an installation process of the airflow distributor 422.
Generally, the distances D1 and D2 are configured to be roughly the same. As a result, the
airflow distributor 422 generally does not drape between the two neighboring mounting points
428, even when a soft material is used for the airflow distributor 422. Draping of the material
can cause material flopping in operation, which can be detrimental to airflow distribution.
Therefore, using the spacers 460 can help reduce the material flopping in operation, Using

spacers 460 may also help reduce variations of the gaps between the airflow distributor 422 and
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the roof 408, so that a desired configuration for the airflow distribution system 420 can be
maintained and repéated during installation.

Figs. 5A to 5C illustrate different embodiments of a back end 526a, 526b and 526¢ of an
airflow distributor 520a, 520b and 520c respectively. Figs. 5A and 5B are back views, and Fig.
SC is a side view. As illustrated in Figs. 5A and 5B, the back ends 526a and 526b can be
configured to be covered by a mesh material. A mesh density of the mesh material can be varied
to, for example, meet different requirements. For example, the mesh density can be selected so
that the back ends 526a, 526b and 526¢ can provide a desired back pressure in operation.

Fig. 5A illustrates that the back end 526a can be configured to conform to a natural
drape shape of an airflow distributor 520a. Fig. 5B illustrated that the back end 526b can be
configured to have a lifted middle point 527b, which may be attached to a roof of a transport
unit. The lifted middle point 527b may help prevent the back end 526b from being caught by
goods or loading machineries during a transport unit loading/unloading process.

As illustrated in Figs. 5SA and 5B, the back end 526a and 526b can be configured to be a
mesh material, which can provide a back pressure while allow airflow to discharge through |
therein.

Fig. 5C illustrates that the back end 526¢ can be configured to be oblique. In the
illustrated embodiment, the back end 526c is configured to be inclined from a roof 508¢ and
project away from an end wall 506¢ of a transport unit 500c. The inclined back end 526¢ may
help avoid the back end 526¢ from being caught by goods or loading machineries during a
transport unit loading/unloading process.

[t is to be noted that the configurations as illustrated in Figs. 5A to 5C are merely
exemplary. The back end can be configured to have other shapes or configurations.

Referring to Figs, 6A and 6B, a front end, such as the front end 124 in Fig. 1, of the
airflow distributor 122 can be coupled to an airflow exit 612 of a TRU 610 through a mounting
bracket 670. Fig. 6A illustrates a back view of a transport unit 600 equipped with the TRU 610.
Fig. 6B illustrates a perspective view of the mounting bracket 670.

The mounting bracket 670 generally can be attached to the TRU 610 from inside of a
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transport unit 600. The mounting bracket 670 has a profile that can be configured to at least
partially surround the airflow exit 612. The front end of the airflow distribution system (such as
the front end 124 in Fig. 1) can be attached to the mounting bracket 670 following the profile of
the mounting bracket 670. The front end of the airflow distribution system can be attached to the
mounting bracket 670, for example, by one or more Velcro tapes, drive rivets, or other suitable
apparatuses. Since the profile of the mounting bracket 670 is configured to partially surround the
airflow exit 612, the front end of the airflow distributor can be braced around the airflow exit 612
and receive airtlow exiting the airflow exit 612 after being attached to the mounting bracket 670.
The mounting bracket 670 can be configured to have anchor points 672 conﬁgured to
receive reference lines 675. The reference lines 675 can provide references for installing an
airflow distribution system. Referring to Figs. 0A, 6B and 3, a distance D6 can be configured,

for example; to be about the same as the width W3 of the second section 352 as illustrated in Fig.

‘3. In some embodiments, the reference lines 675 can be a chalk marker line, which can be used

to mark a roof 608 with guiding markers 677.

When a soft material is used to make the airflow distribution system, the material may
drape. The distance D6 may be smaller than the width of the material used to make the airflow
distribution system because of the draping. The distance D6 and the width of the material used
can be varted to achieve a desired draping.

During installation, the mounting bracket 670 can be firstly mounted to the TRU 610.
Then reference lines 675 can be anchored to the anchor points 672 of the mdunting bracket. The
reference lines 675 can be extended from the anchor points 672 to an end wall of the transport
unit 600. The reference lines 675 can provide guiding markers 677 for installing the airflow
distributor. For example, a chalk line marker can be used as the reference lines 675 to mark the
roof 608 of the transport unit 600 with guideline markers 677 for the longitudinal sides 329a and
329b of the second section 352 of the airflow distributor 322. This may help align the airflow
distributor 322 during the installation of the airflow distributor 322.

The embodiments as disclosed herein can help even airflow distribution inside the

transport unit and facilitate the installation of the airflow distribution system. As disclosed, the
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airflow distribution system can be configured to discharge airflow from the sides and the end of
the airflow distribution system. The ratio of the airflow discharged from the sides and from the
end can be determined, for example, in a laboratory setting or by a computer simulation analysis.
The height of the spacers (such as H4 in Fig. 4) and the characteristics of the back end (such as
mesh density of a mesh material) can be set to achieve a preferred air distribution pattern, such as
a preferred ratio between the airflow distributed from the gaps and the airflow distributed by the
back end. The spacers and the mesh material can then be used for a production airflow

distribution system. During installation, the airflow distribution system can be coupled to an

| airflow exit of a TRU easily with the mounting bracket. The mounting bracket can also be

configured to have pre-positioned anchor points for attaching a reference line. The reference line

can provide an alignment guidance for installing the airflow distribution system. For example, a

chalk line marker can be used to mark a roof of a transport unit with a reference lines to be

aligned with longitudinal sides of the airflow distributor of the airflow distribution system. The
airflow distributor can therefore be easily mounted to the roof of the transport unit. The
reference line can also help reproduce the desired airflow distribution determined for example in
the laboratory in an operational transport unit installed with the airflow distribution system.

Figs. 7A and 7B illustrate another embodiment of an airflow distribution system 700 that
can help distribute airflow to pass over a surface(s) 735 of a load 750 and toward sides of the
load 750 in a transport unit 710.

Referring to Fig. 7A, the airflow distribution system 700 extends in a longitudinal
directioh that is defined by a length L7 of the transport unit 710, and has a front end 724 and a
back end 726. The front end 724 is positioned higher than an airflow exit 712 in the orientation
shown and can be positioned immediately adjacent to a front wall 705 of the transport unit. The
airflow distribution system 700 can direct the airflow exiting the airflow exit 712 toward the
back end 726 of the airflow distribution system 700,

Referring to Figs. 7A and 7B, the airflow distribution system 700 can include a first wing
702, a second Wing 704 and a middle section 703. The middle section 703 is generally a non-

curved flat section. The middle section 703 can be attached to a roof 708 of the transport unit
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710. The middle section 703 has a width W9. In some embodiments, the width W9 can be about
40 cm.

The first and second wings 702, 704 curve downwardly from the middle section 703
toward side walls 716, 718 of the transport unit 710, forming a reversed “U” shape. When the
transport unit 710 is housing the load 750, the reversed “U” shaped airflow distribution system
700 1s configured to be higher than a‘top 756 of the load 750. In some embodiments, the
reversed “U” shaped airflow distribution system 700 can have a height HY of about 25 cm.

As illustrated in the embodiments, when installed, the first and second wings 702, 704
and the middle section 703 can span across an entire width W7 of the transport unit 710 between
the two side walls 716, 718. In some embodiment, the width W7 is about 250 cm.

Referring to Fig. 7A, the airflow distribution system 700 extends in the longitudinal
direction of the transport unit 710 defined by the length L7 and has a length L.9. In some
embodiments, the length L9 can be about 4 of the length L7. In some embodiments, the length
L9 can be about 250 cm. It is appreciated that the length L9 can be varied based on user
requirements, the size of the transport unit 710, results of an optimization analysis via, for
cxample, a computer simulation analysis. »

Referring to Fig. 7B, an area 709 between the first and second wings 702, 704 and the
roof 708 of the transport unit 710 can be sealed so that airflow is prevented from passing over the
arca 709. Referring to Figs. 7A and 7B, when the load 750 is positioned in the transport unit
710, the first and second wings 702, 704 of the air distribution system 700 are configured to
overlap with at least a portion of the load 750 in the longitudinal direction.

Referring to Figs. 7A and 7B, typically when the load 750 is situated in the transport unit
710, the outer surfaces 755 of the load are configured to be spaced away from the side walls 716,
718 and the roof 708. As illustrated, the outer surfaces 755 of the load 750 can form spaces
752a, 752b with the side walls 716, 718 respectively, and form a space 753 with the roof 708. In
operation, airflow can be distributed to the spaces 752a, 752b and 753 so as to regulate, for
example, a temperature of the outer surfaces 755.

The airflow distribution system 700 can be made of various materials, including for
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example, flexible fabric, hard plastic, metal, cardboard, or other suitable materials.

Referring to Fig. 8, an end perspective view of a transport unit 810 with a reversed “U”
shaped airflow distribution system 800 similar to the embodiments as shown in Figs. 7A and 7B
is illustrated. The airflow distribution system 800 includes a relatively non-curved flat middle
section 803 and first and second downwardly curved wing sections 801, 802.

In operation, airflow exiting an airflow exit 812 can be directed by the airflow
distribution system 800. The airtlow distribution system 800 can direct the airflow in a
longitudinal direction that is defined by a length L8 of the airflow distribution system 800 toward
an end of the transport unit 810. The downwardly curved wing sections 801, 802 of the airflow
distribution system 800 can also push the airflow downwardly. _

An area 809 between the wing sections 801, 802 and a roof 808 are sealed so that airflow
is prevent from entering the area 809. The area 809 provides some insulation between the roof
808 and the wing sections 801, 802, which can help reduce the effect of ambient temperature,

Referring back to Figs. 7A and 7B, when the transport unit 710 houses the load 750, thé
airflow distribution system 700 can direct airflow toward an end of the transport unit 710 in the
space 753 between the load 750 and the airflow distribution system 700. The downwardly
curved wing sections 702, 704 can also push the airflow downwardly, directing the airflow into
the spaces 752a andv752b between the side walls 716, 718 and the load 750. As a result, the
arrflow can be more evenly distributed compared to a transport unit without an airflow

distribution system.

Experimental Data
A computer simulation analysis was performed to compare a load surface airflow speeds
and temperature distributions in a transport unit without an airflow distribution system to a
transport unit with an airflow distribution system configured similarly to the embodiment as
disclosed in Figs. 7A and 7B.
Figs. 9A-1, 9A-2, 9B-1 and 9B-2 illustrate the computer simulation analysis results

analyzing airflow speeds and temperature distributions on load surfaces 955a, 955b in transport

17



10

20

CA 02899286 2015-07-24

WO 2014/115024 PCT/IB2014/000079

units 900a, 900b respectively, which house loads 950a, 950b respectively. Dashed lines and gray
shades represent the airflow speeds and the temperature distribution on load surfaces 955a, 955b.
As illustrated in Figs. 9A-1 and 9A-2, in the transport unit 900a that does not have an airflow
distribution system, a plurality of hot spots 960a (defined in these computer simulations as a

region with a temperature that is higher than, for example, about 4°C) can be detected 6n the load
surfaces 955a. As illustrated in Figs. 9B-1 and 9B-2, in the transport unit 900b that is equipped
with an airflow distribution system 910b, the load surfaces 955b generally do not have any hot

spots. ‘

The computer simulation analysis results also indicated that over 90% of the load
surfaces 955b in the transport unit 900b with the airflow distribution system 910b were within
the desired temperature band of about 0-4°C, compared to about 80% in the transport unit 900a
without the airflow distribution system.

The computer simulation analysis results support that the airflow distribution system

can help to evenly distribute airflow inside a transport unit.

Aspects
Any of aspects 1-8 can be combined with any of aspects 9-18. Any of aspects 9-11 can
be combined with any of aspects 12-18. Any of aspects 12-15 can be combined with any of
aspects 16-18. Any of aspects 16, 17 can be combined with aspect 18.

Aspect 1. An airflow distribution system for a transport unit, comprising:
an airflow distributor configured to form an airflow passage with a roof of a transport
unit, the airflow distributor extending in a longitudinal direction of the transport unit; and
| a plurality of spacing devices;
wherein longitudinal sides of the airflow distributor is spaced away from the roof of the

transport unit by the plurality of spacing devices.
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Aspect 2. The airflow distribution system of aspect 1, wherein an end of the airflow distributor

1s covered by a mesh material.

Aspect 3. The airflow distribution system of aspects 1-2, wherein an end of the airflow
distributor is configured to incline from a roof of the transport unit in a direction that is away
from a back end of the transport unit, when the airflow distribution system is installed to the

transport unit.

Aspect 4. The airflow distribution system of aspects 1-3, further comprising a mounting bracket;
wherein the mounting bracket is configured to couple an end of the airflow distribution

system to an airflow exit of a transport refrigeration unit.

Aspect 5. The airflow distribution system of aspect 4, wherein the mounting bracket includes at

least one reference line attaching point.

Aspect 6. The airflow distribution system of aspects 1-5, wherein the plurality of spacing

devices are a plurality of spacers.

Aspect 7. The airflow distribution system of aspects 2-6, wherein the mesh material is

configured to provide a desired back pressure to the airflow passage in operation.

Aspect 8. The airflow distribution system of aspects 2-7, wherein the mesh material is
configured so that an amount of airflow discharged from gaps along the longitudinal sides of the
airflow distributor and an amount of airflow discharged from the mesh material is about the

samece.

Aspect 9. An airflow distribution system for a transport unit, comprising:

19



10

15

20

25

CA 02899286 2015-07-24

WO 2014/115024 PCT/1IB2014/000079

an airflow distributor extending in a longitudinal direction of the transport unit, the
airflow distributor including a ﬁrst wing section, a second wing section, and a middle section in '
between the first and second wing sections;

when the airflow distribution system is installed in the transport unit the middle section is
configured to be attached to a roof of the transport unit, the first and second wing sections are
configured to curve downwardly from the middle section; and

the first and second wing sections and the middle section span across a width of the

transport unit,

Aspect 10. The airflow distribution system of aspect 9, wherein the airflow distributor has a
length in a longitudinal direction of the transport unit, and the length of the airflow distributor is

% of a length of the transport unit in the longitudinal direction.

Aspect 11. The airflow distribution system of aspects 9-10, wherein when the airflow
distribution system is installed in the transport unit, an area between the first and second wing

sections and the roof are sealed.

Aspect 13. An airflow distribution system for a tranéport unit, comprising:
an airflow distributor configured to form an airflow passage with a roof of a transport
unit, the airflow distributor extending in a longitudinal direction of the transport unit; and
a mesh material;

wherein an end of the airflow distributor is defined by the mesh material.

Aspect 14, The airflow distribution system of aspect 13, wherein the mesh material has a lifted

center portion.
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Aspect 1S. The airflow distribution system of aspects 13-14, wherein the mesh material is
configured to incline from a roof of the transport unit in a direction that is away from a back end

of the transport unit, when the airflow distribution system is installed to the transport unit.

Aspect 16. A transport unit, comprising:

a roof;

an air distribution system including a first wing section, a second wing section and a
middle section between the first and second wing sections, the first wing section , the second
wing sections and the middle section extending in a longitudinal direction of the transport unit;

wherein the middle section is attached to the roof of the transport unit, the first wing
section and the second wing section span across a width of the transport unit and form a reversed

“U” shapc from the roof of the transport unit.

Aspect 17. The transport unit of aspect 16, wherein the transport unit has a first length and the
air distribution system has a second length in the longitudinal direction of the transport unit, and

the second length is about % of the first léngth.

Aspect 18. A method of distributing airflow in a transport unit, comprising;

receiving airflow from a first end of the transport unit;

directing the airflow in an airflow passage formed by an airflow distributor and a roof of
the transport unit along a longitudinal direction of the transport unit toward a second end of the
transport unit;

discharging airflow from a gap along a side of the airflow passage;

discharging airflow from an end of the airflow passage; and _

providing a back pressure to the airflow passage at the end of the airflow passage, so that
an amount of airflow discharged from the gap and an amount of airflow discharged from the

back end is at a desired ratio.
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With regard to the foregoing description, it is to be understood that changes may be made
in detail, without departing from the scope of the present invention, It is intended that the
specification and depicted embodiments are to be considered exemplary only, with a true scope

and spirit of the invention being indicated by the broad meaning of the claims.
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What is claimed is:

1. An airflow distribution system for a transport unit, comprising:

an airflow distributor configured to form an airflow passage with a roof of a transport
unit, the airflow distributor extending in a longitudinal direction of the transport unit;

a mesh material covering a back end of the airflow distribution system; and

a plurality of spacers,

wherein longitudinal sides of the airflow distributor arc spaced away from the roof of
the transport unit by the plurality of spacers, the plurality of spacers configured to form gaps
between the longitudinal sides of the airflow distributor and the roof that allow airflow to be

discharged from the airflow passage.

2. The airflow distribution system of claim 1, wherein an end of the airflow distributor is
configured to incline from the roof of the transport unit in a direction that is away from a
back end of the transport unit, when the airflow distribution system is installed to the

transport unit.

3. The airflow distribution system of claim 1 or 2, further comprising a mounting
bracket, wherein the mounting bracket is configured to couple a front end of the airflow

distribution system to an airflow exit of a transport refrigeration unit.

4. The airflow distribution system of claim 3, wherein the mounting bracket includes at

least one reference line attaching point.

5. The airflow distribution system of any one of claims 1 to 4, wherein the mesh material

is configured to provide a desired back pressure to the airflow passage in operation.
6. The airflow distribution system of any one of claims 1 to 4, wherein the mesh material
is configured so that an amount of airflow discharged from the gaps along the longitudinal

sides of the airflow distributor and an amount of airflow discharged from the mesh material is

about the same.
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7. An airflow distribution system for a transport unit, comprising:

an airflow distributor configured to form an airflow passage with a roof of a transport
unit, the airflow distributor extending in a longitudinal direction of the transport unit;

a mesh material; and

a plurality of spacers,

wherein an end of the airflow distributor is defined by the mesh material, and
longitudinal sides of the airflow distributor are spaced away from the roof of the transport
unit by the plurality of spacers, the plurality of spacers configured to form gaps between the
longitudinal sides of the airflow distributor and the roof that allow airflow to be discharged

from the airflow passage.

8. The airflow distribution system of claim 7, wherein the mesh material has a lifted
middle portion.
9. The airflow distribution system of claim 7, wherein the mesh material is configured to

incline [rom the roof of the transport unit in a direction that is away {rom a back end of the

transport unit, when the airflow distribution system is installed to the transport umit.

10. A method of distributing airflow in a transport unit, comprising:

receiving airflow from a first end of the transport unit;

directing the airflow in an airflow passage formed by an airflow distributor and a roof
of the transport unit along a longitudinal direction of the transport unit toward a second end
of the transport unit;

discharging airflow from a gap along a side of the airflow passage, the gap formed
between a longitudinal side of the airflow distributor and the roof;

discharging airflow from an end of the airflow passage through a mesh material; and

providing, a back pressure to the airflow passage at the end of the airflow passage, so
that an amount of airflow discharged from the gap and an amount of airflow discharged from

the back end is at a desired ratio.
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