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WALL PANEL FOR CLIMATE CONTROLLED CARGO CONTAINER

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to climate controlled cargo
containers. More specifically, the subject matter disclosed herein relates to a wall panel(s)
used in a climate controlled cargo container.

[0002] A typical climate controlled cargo container, such as those utilized to transport
cargo via sea, rail or road, is a container modified to include a refrigeration unit. 'The
refrigeration unit includes a compressor, condenser, expansion valve and evaporator coil,
located at an end of the container. A volume of refrigerant circulates throughout the
refrigeration unit, and one or more evaporator fans of the refrigeration unit blows a flow of
air across the evaporator coil cooling the air and forcing it into the container.

[0003] As the cargo container is climate controlled, it is desirable to provide the
cargo container with insulated walls, ceiling and/or floor to retain thermal energy in the
container. Improvements in insulated wall panels for cargo containers would be well

received in the art.

BRIEF DESCRIPTION OF THE INVENTION

[0004] In one embodiment a climate controlled cargo container includes at least one
panel including: an outer layer; an inner layer; a foam positioned in between the inner layer
and the outer layer; and a plurality of fiber tubes embedded within the foam.

[0005] In another embodiment, a climate controlled cargo container includes at least
one panel including: an outer layer; an inner layer; a foam positioned in between the inner
layer and the outer layer; and a phase change material positioned between the inner layer and
the outer layer.

[0006] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The subject matter, which is regarded as the invention, is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0008] FIG. 1 is a cutaway view of an embodiment of a refrigerated cargo container;
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[0009] HIG. 2 is a cross-sectional view of an insulated panel in an embodiment;

[0010] FIG. 3 is a cross-sectional view of an insulated panel in an alternate
embodiment;

[0011] FIG. 4 is a cross-sectional view of an insulated panel in an alternate
embodiment;

[0012] FIG. 5 is a cross-sectional view of an insulated panel in an alternate
embodiment;

[0013] FIG. 6 depicts an exemplary system for evacuating an insulated panel;

[0014] FIG. 7 is a cross-sectional view of an insulated panel in an alternate
embodiment; and

[0015] FIG. 8 is a cross-sectional view of an insulated panel in an alternate

embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0016] Shown in FIG. 1 is an embodiment of a climate controlled cargo container 10.
In the embodiment of FIG. 1, the cargo container 10 is configured to maintain a cargo 12
located inside the cargo container 10 at a selected temperature through the use of a
refrigeration unit 14. Cargo container 10 is refrigerated, but may be heated by using a
heating unit instead of refrigeration unit 14. The cargo container 10 is mobile and is utilized
to transport cargo 12 via, for example, a truck, a train or a ship. The refrigeration unit 14
includes a compressor, a condenser, an expansion valve and an evaporator, located at, for
example, a first end 22 of the container 10. The container 10 further includes a second end 24
located opposite the first end 22, and two sidewalls 26, a floor 28 and a roof 30 located
between the first end 22 and the second end 24. Second end 24 typically includes doors for
accessing the interior of container 10. One or more of the sidewalls 26, floor 28, roof 30, first
end 22 and second end 24 of container 10 may be made using an insulated panel as described
herein.

[0017] FIG. 2 is a cross-sectional view of an insulated panel 50 in an embodiment.
Panel 50 includes an outer layer 52 which provides an exterior surface of container 10. In
exemplary embodiments, outer layer 52 is sheet metal, but outer layer 52 may be formed
from other materials. An inner layer 54 provides an interior surface of container 10. In
exemplary embodiments, inner layer 54 is sheet metal, but inner layer 54 may be formed

from other materials. Positioned within, and adjacent to, outer layer 52 and inner layer 54 is
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a first foam 56. In the embodiment of FIG. 2, first foam 56 is a closed cell foam. Foam 56
may be polyurethane, but it is understood that other types of closed cell foams may be used.

[0018] Positioned interior to the first foam 56 is a second foam 58. Second foam 58
is an open cell foam, and may be polyurethane, or another type of open cell foam. Embedded
within the second foam 58 are fiber tubes 60. Fiber tubes 60 may have a variety dimensions.
Fiber tubes 60 have porous walls and gas flows freely through the pores on the membrane
walls. This allows a fast evacuation of the gases trapped in the cells of foam 58 adjacent to
the fiber tube outer walls. The porous wall of the fiber tubes 60 make fluid connections to
the cells of foam. The open cells of foam 58 and tubes 60 form channels that have much
higher resistance to heat flow.

[0019] In an exemplary embodiment, the fiber tubes 60 may be carbon fiber tubes.
The tube walls may have a porosity of about 30% to about 80%. The tube walls may have a
pore size of about 0.01 microns to about 0.4 microns. The tube wall thickness may be from
about 5 microns to about 150 microns. The tube inner diameter may be from about 5 microns
to about 100 microns.

[0020] The fiber tubes 60 provide evacuation channels within the second foam 58 by
interconnecting open cells within the second foam 58. 'The channels in second foam 58
improve the evacuation of the blowing agent for the second foam 58 under vacuum to
improve R value.

[0021] Insulated panel 50 may be manufactured by forming and curing sections of
first foam 56 and then assembling the first foam sections between the outer layer 52 and inner
layer 54. First foam 56 may be encased in an air-tight barrier (e.g., plastic film) to preserve a
vacuum in the panel. The second foam 58 is then blown into the cavity interior the first foam
56 sections through one or more ports 62. Fiber tubes 60 may be positioned in the cavity
prior to blowing the second foam 58 or the fiber tubes 60 may be intermixed with the second
foam 58 during the blowing procedure. Several areas of second foam 58 may be blown at the
same time through a plurality of ports 62 coupled to a header.

[0022] Once the second foam 58 has cured, a vacuum is applied to the second foam
58 to evacuate the blowing agent and form a vacuum in the open cells of second foam 58 and
in the channels formed by fiber tubes 60. The vacuum may be applied to the port 62 used to
blow in second foam 58. The port(s) 62 may be sealed to preserve the vacuum in second
foam 58. Alternatively, a low-cost vacuum system may continuously evacuate second foam
58 through ports 62. The vacuum may also be conditioned to run only at certain times (e.g.,

only when the compressor is running).
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[0023] FIG. 3 is a cross-sectional view of an insulated panel 66 in an alternate
embodiment. The embodiment of FIG. 3 is similar to that of FIG. 2, with the first foam 56
eliminated. The second foam 58 is blown between the outer layer 52 and inner layer 54, with
fiber tubes 60 embedded within the second foam 58. Structural members 64 (e.g., metal
brackets) are secured to the interior of outer layer 52 and inner layer 54 to provide enhanced
structural stability to panel 66.

[0024] Panel 66 is formed in a manner similar to panel 50. Outer layer 52 and inner
layer 54 are joined by structural members 64 at one or more locations and the second foam 58
is blown into the cavity between outer layer 52 and inner layer 54. The cavity may be lined
with an air-tight barrier (e.g., plastic film) to preserve a vacuum in the panel. Fiber tubes 60
may be positioned in the cavity prior to blowing the second foam 58 or the fiber tubes may be
intermixed with the second foam 58 during the blowing procedure. Several areas of second
foam 58 may be blown at the same time through a plurality of ports 62 coupled to a manifold,
described with reference to Figure 6. A vacuum is then applied to second foam 58 as
described above with reference to FIG. 2.

[0025] Panels 50 and 66 provide an improved R-value while still providing structure
for container 10. FEither of panels 50 and 66 may be used for walls, ceiling, floor, first end or
second end of container 10. At second end 24, either of panels 50 and 66 would be
incorporated into doors providing access to the interior of container 10.

[0026] FIG. 4 is a cross-sectional view of an insulated panel 70 in an alternate
embodiment. Panel 70 includes an outer layer 52 which provides an exterior surface of
container 10. In exemplary embodiments, outer layer 52 is sheet metal, but outer layer 52
may be formed from other materials. An inner layer 54 provides an interior surface of
container 10. In exemplary embodiments, inner layer 54 is sheet metal, but inner layer 54
may be formed from other materials. Positioned within, and adjacent to, outer layer 52 and
inner layer 54 is a first foam 72. In the embodiment of FIG. 4, first foam 72 is a closed cell
foam. Foam 72 may be polyurethane, but it is understood that other types of closed cell
foams may be used. Foam 72 may include high R-value aerogels incorporated (e.g., in the
catalyst part) during the two part mixing of foam 72 or pre-formulated into one of the two
reactant parts of foam 72. Aerogels in foam 72 may be silica, carbon, alumina, or other
known aerogels.

[0027] Positioned interior to the first foam 72 is second foam 74. Second foam 74 is
an open cell foam, and may be polyurethane, or other type of open cell foam. FEmbedded

within the second foam 74 and/or first foam 72 are fiber tubes 60. Fiber tubes 60 may have a
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variety dimensions. In an exemplary embodiment, the fiber tubes 60 may be carbon fiber
tubes, having an inner diameter of 60 microns and an outer diameter of 100 microns, and
varying lengths. The fiber tubes 60 provide evacuation channels within the second foam 74
by interconnecting open cells within the second foam 58. The channels in second foam 74
improve the evacuation of the blowing agent for the second foam 74. Foam 74 may also
include high R-value aerogels incorporated during the two part mixing of foam 74 or pre-
formulated into one of the two reactant parts of foam 74. Aerogels in foam 74 may be silica,
carbon, alumina, or other known aerogels.

[0028] Insulated panel 70 may be manufactured by forming and curing the first foam
72 sections (with or without aerogels) and then assembling the first foam sections 72 between
the outer layer 52 and inner layer 54. First foam 72 may be encased in an air-tight barrier
(e.g., plastic film) to preserve a vacuum in the panel. The second foam 74 (with or without
aerogels) is then blown into the cavity interior the first foam 72 sections through one or more
ports 62. Fiber tubes 60 may be positioned in the cavity prior to blowing the second foam 74
or the fiber tubes may be intermixed with the second foam 74 during the blowing procedure.
Several areas of second foam 74 may be blown at the same time through a plurality of ports
62 coupled to a header.

[0029] Once the second foam 74 has cured, a vacuum is applied to the second foam
74 to evacuate the blowing agent and form a vacuum in the open cells of second foam 74 and
in the channels formed by fiber tubes 60. The vacuum may be applied to the ports 62 used to
blow in second foam 74. Aerogels in second foam 74 help to define additional channels due
to the open cell nature of aerogels. The panel 70 may be sealed to preserve the vacuum in
second foam 74 by sealing ports 62. Alternatively, a low-cost vacuum system may
continuously evacuate second foam 74 through the ports 62. The vacuum may also be
conditioned to run only at certain times, (e.g., only when the compressor is running).

[0030] FIG. 5 is a cross-sectional view of an insulated panel 80 in an alternate
embodiment. The embodiment of FIG. 5 is similar to that of FIG. 4, with the first foam 72
eliminated. The second foam 82 is blown between the outer layer 52 and inner layer 54, with
fiber tubes 60 embedded within the second foam 82. Foam 82 may include high R-value
aerogels incorporated during the two part mixing of foam 82 or pre-formulated into one of
the two reactant parts of foam 82. Aerogels in foam 82 may be silica, carbon, alumina, or
other known aerogels. Structural members 64 (e.g., metal brackets) are secured to the interior

of outer layer 52 and inner layer 54 to provide enhanced structural stability to panel.
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[0031] Outer layer 52 and inner layer 54 are joined by structural members 64 at one
more locations and the second foam 82 (with aerogels) is blown into the cavity between outer
layer 52 and inner layer 54. The cavity may be lined with an air-tight barrier (e.g., plastic
film) to preserve a vacuum in the panel. Fiber tubes 60 may be positioned in the cavity prior
to blowing the second foam 82 or the fiber tubes may be intermixed with the second foam 82
during the blowing procedure. Several areas of second foam 82 may be blown at the same
time through a plurality of ports 62 coupled to a manifold, described with reference to Figure
6. A vacuum is then applied to second foam 82 as described above with reference to FIG. 2.

[0032] Panels 70 and 80 provide an improved R-value while still providing structure
for container 10. Panels 70 and 80 may be used for walls, ceiling, floor, first end or second
end of container 10. At second end 24, panels 70 and 80 would be incorporated into doors
providing access to the interior of container 10.

[0033] FIG. 6 depicts an exemplary system for evacuating an insulated panel such as
those shown in FIGs. 2-5. TIG. 6 depicts a panel, such as panel 66, with fiber tubes 60
embedded in the open cell foam 58 as described above. Fiber tubes 60 are connected to one
or more manifolds 81 that are in fluid communication with vacuum pump 83 through valves
85. Once open cell foam 58 has cured, vacuum pump 83 is activated to draw gas from the
open cell foam 58. Once a vacuum is established in the open cell foam 58, valves 85 may be
closed. Alternatively, the vacuum can run continuously or in synchronization with other
system components (e.g., compressor)

[0034] HFIG. 7 is a cross-sectional view of an insulated panel 90 in an embodiment.
Panel 90 includes an outer layer 52 which provides an exterior surface of container 10. In
exemplary embodiments, outer layer 52 is sheet metal, but outer layer 52 may be formed
from other materials. An inner layer 54 provides an interior surface of container 10. In
exemplary embodiments, inner layer 54 is sheet metal, but inner layer 54 may be formed
from other materials. Positioned within, and adjacent to, outer layer 52 and inner layer 54 is
a first foam 56. In the embodiment of FIG. 7, first foam 56 is a closed cell foam. Foam 56
may be polyurethane, but it is understood that other types of closed cell foams may be used.

[0035] Positioned interior to sections of the first foam 56 is a phase change material
panel 92. Phase change material panel 92 stores thermal energy to aid in maintaining cargo
12 at a desired temperature. Phase change material panel 92 may be made from a material
having a melting point defined relative to (e.g., approximately equal to or above) the desired
shipping temperature of cargo 12. As the temperature within container 10 increases, the

phase change material 92 will reach its melting point, and absorb heat in transitioning from a
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solid state to a liquid state. Panels 90 may be pre-cooled to place phase change material
panel 92 in a solid state prior to shipping container 10. This reduces the load on the
compressor of refrigeration unit 14 and provides an ability to absorb heat.

[0036] Insulated panel 90 may be manufactured by forming and curing the first foam
56 sections, placing encapsulated phase change material panel 92 in between the first foam
56 sections and then mounting the outer layer 52 and inner layer 54 to the first foam 56.
Alternatively, insulated panel 90 may be manufactured by forming and curing the first foam
56 sections and then assembling the first foam sections 56 between the outer layer 52 and
inner layer 54. The phase change material 92 is then pumped into the cavity interior the first
foam 56 sections through one or more ports 62. Ports 62 may then be sealed to hold the
phase change material panel 92 within panel 90.

[0037] FIG. 8 is a cross-sectional view of an insulated panel 100 in an alternate
embodiment. A second foam 102 is positioned between the outer layer 52 and inner layer 54.
Second foam 102 is an open cell foam (e.g., polyurethane) that includes phase change
material particles 104 (e.g., about 20 micron size). Structural members 64 (e.g., metal
brackets) are secured to the interior of outer layer 52 and inner layer 54 to provide enhanced
structural stability to panel 100.

[0038] Phase change material particles 104 store thermal energy to aid in maintaining
cargo 12 at a desired temperature. Phase change material particles 104 may be made from a
material having a melting point defined relative to (e.g., approximately equal to or above) the
desired shipping temperature of cargo 12. As the temperature within container 10 increases,
the phase change material particles 104 will reach a melting point, and absorb heat in
transitioning from a solid state to a liquid state. Panels 100 may be pre-cooled to place phase
change material particles 104 in a solid state prior to shipping container 10. This reduces the
load on the compressor of refrigeration unit 14.

[0039] Outer layer 52 and inner layer 54 are joined by structural members 64 at one
more locations and the second foam 102 is blown into the cavity between outer layer 52 and
inner layer 54. Several areas of second foam 102 may be blown at the same time through a
plurality of ports 62 coupled to a header.

[0040] Panels 90 and 100 provide an improved R-value while still providing structure
for container 10. Increased overall insulation performance (higher effective R value) is due
to the combined effect of the capacity of thermal energy storage provided by the phase
change materials and a pre-defined phase change temperature. Further, peak heat flux of

panels 90 and 100 is reduced due to the energy storage of the phase change material. Panels
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90 and 100 may be used for walls, ceiling, floor, first end or second end of container 10. At
second end 24, panels 90 and 100 would be incorporated into doors providing access to the
interior of container 10.

[0041] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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CLAIMS:
1. A climate controlled cargo container comprising:
at least one panel including:
an outer layer;
an inner layer;
a foam positioned in between the inner layer and the outer layer; and
a plurality of fiber tubes embedded within the foam.
2. The climate controlled cargo container of claim 1 wherein:
the foam is an open cell foam.
3. The climate controlled cargo container of claim 1 further comprising:
an other foam, the other foam being positioned between the outer layer and the foam
and the other foam being positioned between the inner layer and the foam.
4. The climate controlled cargo container of claim 3 wherein:
the other foam is a closed cell foam.
5. The climate controlled cargo container of claim 1 wherein:
the fiber tubes are hollow fiber membrane tubes.
6. The climate controlled cargo container of claim 1 further comprising:
a vacuum applied to the foam.
7. The climate controlled cargo container of claim 1 wherein:
the fibers tubes are embedded in the foam upon blowing the foam between the inner
layer and the outer layer.
8. The climate controlled cargo container of claim 1 wherein:
the fibers tubes are positioned between the inner layer and the outer layer prior to
blowing the foam between the inner layer and the outer layer.
9. The climate controlled cargo container of claim 1 wherein:
the foam includes an aerogel.
10. The climate controlled cargo container of claim 3 wherein:
the other foam includes an aerogel.
11. The climate controlled cargo container of claim 1 further comprising:
a manifold coupled to the fiber tubes, the manifold for coupling with a vacuum pump.
12. A climate controlled cargo container comprising:
at least one panel including:
an outer layer;

an inner layer;
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a foam positioned in between the inner layer and the outer layer; and
a phase change material positioned between the inner layer and the outer layer.
13. The climate controlled cargo container of claim 12 wherein:
the foam is a closed cell foam.
14. The climate controlled cargo container of claim 12 wherein:
the phase change material is a phase change material panel positioned between
sections of the foam.
15. The climate controlled cargo container of claim 13 wherein:
the phase change material panel is an encapsulated phase change material panel
placed between the sections of the foam.
16. The climate controlled cargo container of claim 13 wherein:
the phase change material panel is pumped between the sections of the foam.
17. The climate controlled cargo container of claim 12 wherein:
the foam is an open cell foam.
18. The climate controlled cargo container of claim 17 wherein:
the phase change material is phase change material particles embedded in the open
cell foam.
19. The climate controlled cargo container of claim 12 wherein:
a melting point of the phase change material is pre-determined in response to a
desired shipping temperature of the cargo container.
20. The climate controlled cargo container of claim 12 further comprising:
a refrigeration unit including a compressor, a condenser, an expansion valve and an

evaporator.
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