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METHOD OF STACKING REFRIGERATED SHIPPING CONTAINERS

BACKGROUND

[0001] Exemplary embodiments pertain to the art of refrigerated shipping containers
and, more particularly, to a method of determining a stacked formation of refrigerated shipping
containers.

[0002] Shipping containers with a refrigeration system included, also referred to as
“reefers,” typically dissipate heat through a condenser. Air cooled reefers use ambient air to
cool condensers and discharge heated air back to the surroundings. When reefers are stacked
close to each other, some of the hot exhaust air from one reefer may enter the condensers of
reefers located nearby, leading to elevated air temperature entering condensers.

[0003] Air entering condensers at elevated temperatures may result in a higher
condensing pressure and more power consumption, refrigeration system trip-off with
continuous rising air temperature due to recirculation, and degradation of quality of cargo
stored inside the reefers due to interrupted operation. It would be desirable to mitigate the

amount of heated air entering reefer condensers to avoid the aforementioned unwanted effects.

BRIEF DESCRIPTION

[0004] Disclosed is a method of stacking refrigerated shipping containers. The method
includes categorizing a plurality of refrigerated shipping containers as a low temperature
container or a high temperature container, each of the refrigerated shipping containers having
a condenser. The method also includes disposing the plurality of refrigerated shipping
containers relative to each other based on the temperature categorization of the refrigerated
shipping containers.

[0005] In addition to one or more of the features described above, or as an alternative,
further embodiments may include determining a dominant wind direction of ambient air
surrounding the refrigerated shipping containers.

[0006] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that the refrigerated shipping containers categorized as high
temperature containers are disposed on top of the refrigerated shipping containers categorized
as low temperature containers if no dominant wind direction is determined.

[0007] In addition to one or more of the features described above, or as an alternative,

further embodiments may include that the refrigerated shipping containers categorized as high
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temperature containers are disposed on top of the refrigerated shipping containers categorized
as low temperature containers if no dominant wind direction is known.

[0008] In addition to one or more of the features described above, or as an alternative,
further embodiments may include disposing at least one refrigerated shipping container that
operates under continuous refrigeration on top of the refrigerated shipping containers
categorized as high temperature containers if no dominant wind direction is determined or if
no dominant wind direction is known.

[0009] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that the refrigerated shipping containers categorized as high
temperature containers are disposed down wind of the refrigerated shipping containers
categorized as low temperature containers based on the dominant wind direction determined.

[0010] In addition to one or more of the features described above, or as an alternative,
further embodiments may include disposing at least one refrigerated shipping container that
operates under continuous refrigeration down wind of the refrigerated shipping containers
categorized as high temperature containers based on the dominant wind direction determined.

[0011] Also disclosed is a method of stacking refrigerated shipping containers. The
method includes determining a flow profile of heated air exhausted from a plurality of
condensers of a plurality of refrigerated shipping containers. The method also includes
disposing the plurality of refrigerated shipping containers relative to each other based on the
locations of the plurality of condensers.

[0012] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that disposing the refrigerated shipping containers comprises
avoiding disposing two condensers in adjacent rows.

[0013] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that disposing the refrigerated shipping containers comprises
disposing two condensers in adjacent rows and at different stacked heights.

[0014] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that disposing the refrigerated shipping containers comprises
maximizing the spacing between the condensers in a width-wise direction.

[0015] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that disposing the refrigerated shipping containers comprises

maximizing the spacing between the condensers in a height-wise direction.
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[0016] In addition to one or more of the features described above, or as an alternative,
further embodiments may include disposing the refrigerated shipping containers in end rows
of a stacked formation.

[0017] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that the condensers are facing open air.

[0018] In addition to one or more of the features described above, or as an alternative,
further embodiments may include disposing the refrigerated shipping containers at a top
position of a stacked formation.

[0019] Further disclosed is a computer program product stored on a computer readable
storage medium for determining a stacked formation of refrigerated shipping containers. The
computer program product includes a medium for receiving an input regarding a container
temperature of a plurality of refrigerated shipping containers. The medium compares the input
to stored parameters to categorize the plurality of refrigerated shipping containers in a
temperature container category or a second temperature container category, each of the
refrigerated shipping containers having a condenser. The medium outputs a recommended
stacked formation of the refrigerated shipping containers based on the temperature
categorization of the refrigerated shipping containers.

[0020] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that the first temperature container category is a low
temperature container category.

[0021] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that the second temperature container category is a high

temperature container category.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The following descriptions should not be considered limiting in any way. With
reference to the accompanying drawings, like elements are numbered alike:

[0023] FIG. 1 is a perspective view of a plurality of shipping containers disposed in
stacked formations;

[0024] FIG. 1A is an end view of a condenser of one of the stacked shipping containers;

[0025] FIG. 2 is a schematic representation of stacked shipping containers;

[0026] FIG. 3 is a schematic representation of stacked shipping containers with an

airflow velocity profile illustrated;
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[0027] FIG. 4 is a schematic representation of an end view of a stacked formation
having a single refrigerated container;

[0028] FIG. 5 is a schematic representation of an end view of a stacked formation
having refrigerated containers to be maintained at different temperatures;

[0029] FIG. 6 is a schematic representation of an end view of a stacked formation
having refrigerated containers maintained at different temperatures or with continuous
operation and located in an environment with a known dominant wind direction;

[0030] FIG. 7 is a schematic representation of an end view of a stacked formation
having refrigerated containers maintained at different temperatures or with continuous
operation and located in an environment without a known dominant wind direction;

[0031] FIG. 8 is a schematic representation of a top view of a stacked formation having
refrigerated containers maintained at similar temperatures; and

[0032] FIG. 9 is a schematic representation of a top view of a stacked formation having

refrigerated containers maintained at different temperatures or with continuous operation.

DETAILED DESCRIPTION

[0033] A detailed description of one or more embodiments of the disclosed apparatus
and method are presented herein by way of exemplification and not limitation with reference
to the Figures.

[0034] Referring to FIG. 1, a stacked formation of a plurality of shipping containers 10
is illustrated. The shipping containers 10 are utilized to store and transport various types of
cargo. The shipping containers 10 may be positioned in a stacked formation in a shipping yard
or on a shipping vessel. Based on the cargo contained within some of the shipping containers
10, some of the containers are refrigerated shipping containers 14, also referred to herein as
“reefers.” Each of the reefers 14 includes a condenser 16 (FIG. 1A) that is attached at an end
thereto.

[0035] Referring to FIGS. 2 and 3, with continued reference to FIG. 1A, the plurality
of shipping containers 10 are schematically represented with matrices. FIG. 2 depicts a single
reefer 14 that is represented with the condenser 16 disposed at an end thereof. The reefer 14
includes condenser air inlet apertures 18 that receive ambient air from a surrounding
atmosphere. The reefer 14 also includes a condenser air outlet 20 that exhausts air that has
been heated as a result of cooling the condenser 16. In other words, the condensers 16 use

ambient air for cooling and discharge the heated air back to the surrounding atmosphere.
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[0036] FIG. 3 includes a pair of adjacently disposed reefers 14 within the representation
of the stacked formation of shipping containers 10. An airflow velocity profile 22 is shown to
demonstrate how a flow path of heated exhaust air discharged from one condenser air outlet 20
may impact another condenser 16, as the adjacent condenser relies upon the ambient air,
including the heated exhaust air, for cooling operation. Various factors dictate the impact of
heated exhaust air discharged from one condenser. For example, a wind direction of the
surrounding environment, the physical tendency of heated air to rise, and proximity of the
condensers are illustrative factors that influence the impact of one condenser on another.

[0037] By way of analysis, it has been determined that condenser air recirculated from
a high temperature reefer to a low temperature reefer (relative to the high temperature reefer)
results in a larger temperature rise in the low temperature reefer condenser compared to
recirculation of condenser air from a low temperature reefer to a high temperature reefer. Large
enough temperature rises may undesirably lead to a unit shutdown. Additionally, condenser
air recirculated from a high temperature reefer to a low temperature reefer (relative to the high
temperature reefer) results in a higher power demand and a loss of capacity compared to
recirculation of condenser air from a low temperature reefer to a high temperature reefer.

[0038] Based on the general knowledge that heated condenser discharge air impacts
operation of other reefer condensers, as well as the specific analytical findings discussed above,
various container stacking guidelines based on locations of the condensers 16 are disclosed
herein. The guidelines improve energy efficiency and operation by adaptively stacking reefers
according to space available, temperature control set points or cargo types, and weather
conditions, for example. The guidelines disclosed herein may be used in combination or a
single guideline may be utilized depending upon the factors under consideration.

[0039] Referring to FIGS. 4-9, various stacked formations of the plurality of shipping
containers 10, including reefers 14, are illustrated to represent stacked formations adhering to
the guidelines associated with a method of stacking the shipping containers. The boxes shown
without a letter designation are unrefrigerated containers or empty spots of a stacked formation.
Boxes designated with the letter L are low temperature reefers. Boxes designated with the
letter H are high temperature reefers. Boxes designated with the letter V are reefers with
ventilation and/or air modification and are continuously operated. Boxes designated with the
letter X depict any type of reefer (i.e., L-type, H-type or V-type).

[0040] The method of stacking refrigerated shipping containers includes guidelines
associated with their respective proximity to each other and/or their set point temperatures. In

particular, the method includes determining a flow profile of heated air exhausted from
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condensers of the refrigerated shipping containers and disposing the refrigerated shipping
containers relative to each other based on the locations of the condensers. Regarding the
temperature-based aspect of the disclosure, the method includes categorizing the refrigerated
shipping containers as a low temperature container or a high temperature container and
disposing the refrigerated shipping containers relative to each other based on the temperature
categorization of the refrigerated shipping containers. As described above, reefers may also be
categorized as continuously-operated reefers.

[0041] Referring to FIG. 8, the method includes avoiding length-wise adjacency to
minimize condenser airflow to other reefers. In other words, cross-aisle adjacency that includes
disposing reefers in adjacent rows is to be avoided. If possible, a dry container row or an empty
row is to be present between each of two reefer rows, as shown in FIG. 8. If other constraints
dictate that such adjacency cannot be avoided, misaligned patterns of reefers are utilized to
prevent direct blow of condenser exhaust air onto reefers across the aisle, as shown in FIG. 9.

[0042] FIGS. 8 and 9 are top views of multiple rows of shipping containers. The reefers
are to be disposed on top tiers of stacked formations and at the end of rows of each bay with
condensers facing open air, if possible. Additionally, the width-wise and height-wise distances
between adjacent reefers are to be maximized. These proximity-based guidelines provide
desirable mitigation of the impact of heated exhaust air on other reefers.

[0043] Referring to FIGS. 4-7, end views of stacked formations of the shipping
containers are provided. Low temperature reefers are to be disposed upstream of high
temperature reefers and reefers requiring continuous operation are disposed downstream of all
cycling reefers, regardless of whether the cycling reefers are categorized as high temperature
or low temperature. The downstream and upstream disposition of the reefers relates to a
dominant wind direction, if known, and the natural tendency of heated air to rise. Based on
these considerations, if no dominant wind direction is known, or if one is not present, all low
temperature reefers in a stacked formation are located below the high temperature refers and
the high temperature reefers are located below the continuous operation reefers, as shown in
FIGS. 5 and 7. The aforementioned rules for stacking of cycling reefers based on temperature
and wind direction also apply to reefers requiring continuous operation, but with different
temperature set points.

[0044] If a dominant wind direction is known, the high temperature reefers are disposed
down wind of the low temperature reefers and the continuous operation reefers are disposed

down wind of the high temperature reefers, as shown in FIG. 6. A dominant wind direction
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refers to a detected or forecasted wind vector that exceeds a predetermined threshold that is
sufficient to dominate the natural tendency of the heated exhaust air to rise.

[0045] A system in the form of a computer program product is provided. The system
is connected to client systems via a communications network. The client systems are accessible
by users. The server system and each of the client systems may be any suitable computer or
other data processing system, e.g. a PC, a workstation, a server computer, etc. It will be
appreciated that some or all of the client systems may be portable computers, such as laptop
computers, PDAs, and/or the like. It will further be appreciated that the server system may be
integrated with one of the client systems.

[0046] The communications network may include any network or combination of
networks suitable for data communications, e.g. a computer network, such as a wide area
network, an internet, a virtual private network, or the like. Further examples of
communications networks include telecommunications networks, such as wireless
telecommunications networks.

[0047] In one embodiment, the system is configured to perform the method of stacking
shipping containers that is described in detail above. For example, the computer program
product is stored on a computer readable storage medium for determining a stacked formation
of refrigerated shipping containers. The medium receives inputs regarding the cargo
temperature set-points of the refrigerated shipping containers and compares the inputs to stored
parameters to categorize the refrigerated shipping containers as a low temperature container or
a high temperature container. The medium outputs a recommended stacked formation of the
refrigerated shipping containers based on the temperature categorization of the refrigerated
shipping containers based on the guidelines discussed above, and which are programmed
therein.

[0048] Advantageously, the guidelines associated with the method of stacking the
shipping containers based on the locations of the condensers, as well as the computer program
product, described herein reduce or eliminate the impact of condenser air recirculation on
energy and operation by appropriate reefer stacking. Simulations and analysis showed that
appropriate allocation of reefers with different set points or cargo type would reduce power
consumption of the refrigeration system by 10%-15%, or more. System trip-offs due to rising
condensing temperature with recirculated air will also be reduced or avoided.

[0049] The term “about” is intended to include the degree of error associated with

measurement of the particular quantity based upon the equipment available at the time of filing
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the application. For example, “about” can include a range of + 8% or 5%, or 2% of a given
value.

[0050] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the present disclosure. As used herein,
the singular forms “a”, “an” and “the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps, operations, element components, and/or
groups thereof.

[0051] While the present disclosure has been described with reference to an exemplary
embodiment or embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof without
departing from the scope of the present disclosure. In addition, many modifications may be
made to adapt a particular situation or material to the teachings of the present disclosure without
departing from the essential scope thereof. Therefore, it is intended that the present disclosure
not be limited to the particular embodiment disclosed as the best mode contemplated for

carrying out this present disclosure, but that the present disclosure will include all embodiments

falling within the scope of the claims.



Claims

1. A method of stacking refrigerated shipping containers comprising:

categorizing a plurality of refrigerated shipping containers as a low temperature
container or a high temperature container, each of the refrigerated shipping containers having
a condenser; and

disposing the plurality of refrigerated shipping containers relative to each other based
on the temperature categorization of the refrigerated shipping containers and based on the
locations of the plurality of condensers.

2. The method of claim 1, further comprising determining a dominant wind
direction of ambient air surrounding the refrigerated shipping containers.

3. The method of claim 2, wherein the refrigerated shipping containers
categorized as high temperature containers are disposed on top of the refrigerated shipping
containers categorized as low temperature containers if no dominant wind direction is
determined.

4. The method of claim 1, wherein the refrigerated shipping containers
categorized as high temperature containers are disposed on top of the refrigerated shipping
containers categorized as low temperature containers if no dominant wind direction is known.

5. The method of any of the preceding claims, further comprising disposing at
least one refrigerated shipping container that operates under continuous refrigeration on top
of the refrigerated shipping containers categorized as high temperature containers if no
dominant wind direction is determined or if no dominant wind direction is known.

6. The method of claim 2, wherein the refrigerated shipping containers
categorized as high temperature containers are disposed down wind of the refrigerated
shipping containers categorized as low temperature containers based on the dominant wind
direction determined.

7. The method of claim 6, further comprising disposing at least one refrigerated
shipping container that operates under continuous refrigeration down wind of the refrigerated
shipping containers categorized as high temperature containers based on the dominant wind
direction determined.

8. A method of stacking refrigerated shipping containers comprising:

determining a flow profile of heated air exhausted from a plurality of condensers of a
plurality of refrigerated shipping containers; and

disposing the plurality of refrigerated shipping containers relative to each other based

on the locations of the plurality of condensers.



9. The method of claim 8, wherein disposing the refrigerated shipping containers
comprises avoiding disposing two condensers in adjacent rows.

10. The method of claim 8, wherein disposing the refrigerated shipping containers
comprises disposing two condensers in adjacent rows and at different stacked heights.

11.  The method of claim 8, wherein disposing the refrigerated shipping containers
comprises maximizing the spacing between the condensers in a width-wise direction.

12. The method of claim 8, wherein disposing the refrigerated shipping containers
comprises maximizing the spacing between the condensers in a height-wise direction.

13. The method of any of claims 8-12, further comprising disposing the
refrigerated shipping containers in end rows of a stacked formation.

14.  The method of claim 13, wherein the condensers are facing open air.

15. The method of any of claims 8-14, further comprising disposing the
refrigerated shipping containers at a top position of a stacked formation.

16. A computer program product stored on a computer readable storage medium
for determining a stacked formation of refrigerated shipping containers comprising:

a medium for receiving an input regarding a container temperature of a plurality of
refrigerated shipping containers;

the medium comparing the input to stored parameters to categorize the plurality of
refrigerated shipping containers in a first temperature container category or a second
temperature container category, each of the refrigerated shipping containers having a
condenser; and

the medium outputting a recommended stacked formation of the refrigerated shipping
containers based on the temperature categorization of the refrigerated shipping containers and
based on the locations of the plurality of condensers.

17. The computer program product of claim 16, wherein the first temperature
container category is a low temperature container category.

18. The computer program product of claim 17, wherein the second temperature

container category is a high temperature container category.
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