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supply to the temperature level changing system is stopped, the one or more
) RSNy thermally conductive passive temperature control devices reduce or slow a
(o S rate of temperature change within the main central volume of the storage
RS 17 ' chamber.

Fig. 1

1o insulated, closable storage chamber adapted to accommodate one or more
/ objects in a temperature controlled environment. The cabinet also comprises
or has associated therewith a system for changing a temperature level of said
storage chamber when the system is powered by a power supply. Provided
is a storage chamber liner. The storage chamber liner is preferably formed
from thin, sheet-form material arranged within the chamber adjacent one or
more sides of the chamber, but spaced from said one or more sides such
that said liner divides a volume of said storage chamber into a main central
volume for accommodating one or more objects in a temperature controlled
environment and a minor peripheral volume for receiving one or more ther-
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Mobile Storage Apparatus

Technical Field

The invention relates to a mobile storage apparatus including means adapted to
reduce or slow a rate of temperature change within a storage chamber when power to
an apparatus containing the storage chamber is stopped.

Background Art

Containers for maintaining contents at elevated or lowered temperatures are known.
One example of a container for holding contents at a lowered temperature is commonly
referred to as a “cool box™ or a “cold box”, although the container may not actually
comprise a box as such. For example, US patent number 6474095 discloses a cool box
comprising a collapsible container having a number of walls which are movable
relative to one another between a collapsed configuration in which at least a major
surface of at least two of the walls are in contact with each other, and an expanded con-
figuration in which the walls define a cavity adapted to receive contents.

Storage boxes can be employed for critical applications such as the transport of trans-
plantable human organs where maintaining the temperature of the organ to be
transplanted within a relatively narrow lowered temperature range is critical to the
health of the organ, or the storage of temperature sensitive vaccines or the like.

Storage boxes do, however, have limitations in usually being small in size to enable
them to be manually carried and in being formed of relatively lightweight materials
which restricts their ability to keep stored contents at a desired temperature level or
within a desired temperature range for long periods.

Objects of the Invention

An object of the invention is to mitigate or obviate to some degree one or more
problems associated with prior art storage or transport containers.

The above object is met by the combination of features of the main claims; the sub-
claims disclose further advantageous embodiments of the invention.

Another object of the invention is to provide an improved storage apparatus
employing passive means for reducing a rate of temperature change within a storage
chamber.

Another object of the invention is to provide an improved refrigeration apparatus.

One skilled in the art will derive from the following description other objects of the
invention. Therefore, the foregoing statements of object are not exhaustive and serve

merely to illustrate some of the many objects of the present invention.

Summary of Invention
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In a first main aspect, the invention provides a mobile storage apparatus comprising a
cabinet preferably having a wheeled base. Preferably, a plurality of wheels is mounted
to the base rendering the cabinet mobile, although the cabinet may be rendered mobile
by virtue of being of a size and weight that enables it to be manually carried on a
vehicle such in an automobile trunk or on a motorcycle rack. The cabinet comprises an
insulated, closable storage chamber adapted to accommodate one or more objects in a
temperature controlled environment. It may also have an associated power supply or a
power supply connection point for connecting to a power supply to power, at least pe-
riodically, a system for changing a temperature level of said storage chamber. Also
provided is a storage chamber liner. The storage chamber liner is preferably formed
from thin, sheet-form material. The liner is arranged within the chamber adjacent at
least one side, and preferably adjacent a plurality of sides, of the chamber, but spaced
from said one or more sides such that said liner divides a volume of said storage
chamber into a main central volume for accommodating one or more objects in a tem-
perature controlled environment and a minor peripheral volume for receiving one or
more thermally conductive passive temperature control devices. The arrangement is
such that, when a power supply to the temperature level change system is stopped, the
one or more thermally conductive passive temperature control devices reduce or slow a
rate of temperature change within the main central volume of the storage chamber.

In one embodiment, the mobile storage apparatus comprises a mobile refrigeration
apparatus; the storage chamber comprises a refrigeration chamber; the temperature
changing system comprises a refrigeration system for reducing a temperature level of
said refrigeration chamber when the refrigeration system is powered by a power
supply; the storage chamber liner comprises a refrigeration chamber liner; and the one
or more thermally conductive passive temperature control devices comprise one or
more thermally conductive passive cooling devices to control the temperature level of
the refrigeration chamber by reducing a rate of temperature rise within the main central
volume of the refrigeration chamber when the power supply to the refrigeration system
is stopped.

Preferably, the refrigeration system has an associated compressor, a condenser and an
expansion valve. The compressor, condenser and expansion valve may be integrated
with the refrigeration apparatus. Or, the compressor, condenser and expansion valve
may be formed as a stand-alone unit which is connected as required to the refrigeration
apparatus to cool or freeze the refrigeration chamber. Or, the compressor, condenser
and expansion valve may be formed as a detachable unit which is connected as
required to the refrigeration apparatus to cool or freeze the refrigeration chamber.

In another embodiment, the mobile storage apparatus comprises a mobile warming

apparatus; the storage chamber comprises a warming chamber; the temperature
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changing system comprises a heating system for raising a temperature level of said
warming chamber when the heating system is powered by a power supply; the storage
chamber liner comprises a warming chamber liner; and the one or more thermally
conductive passive temperature control devices comprise one or more thermally
conductive passive heating devices to control the temperature level of the warming
chamber by reducing a rate of temperature fall within the main central volume of the

warming chamber when the power supply to the heating system is stopped.
Preferably, the heating system has an associated heating element. The heating system

may be integrated with the warming apparatus. Or, the heating system may be formed
as a stand-alone unit which is connected as required to the warming apparatus to warm
up the storage chamber. Or, the heating system may be formed as a detachable unit
which is connected as required to the warming apparatus to warm up the storage
chamber.

In a second main aspect, the invention provides a method of preparing a mobile
storage apparatus. The method may include providing a cabinet of said apparatus with
a wheeled base to render the cabinet mobile or forming said cabinet of a size and
weight that enables it to be manually carried, at least short distances. The method
includes arranging a storage chamber liner in an insulated, closable storage chamber of
said storage apparatus including arranging said liner within the chamber adjacent one
or more sides of the chamber, but spaced from said one or more sides such that said
liner divides a volume of said chamber into a main central volume for accommodating
one or more objects in a temperature controlled environment and a minor peripheral
volume for receiving one or more thermally conductive passive temperature control
devices. When a power supply to the temperature level change system is stopped, the
one or more thermally conductive passive temperature control devices reduce or slow a
rate of temperature change within the main central volume of the storage chamber.

In a third main aspect, the invention provides a method of storing objects in a storage
chamber of a storage apparatus according to the first aspect of the invention and
placing objects to be maintained in a temperature controlled environment within the
main central volume of the storage chamber.

The summary of the invention does not necessarily disclose all the features essential
for defining the invention; the invention may reside in a sub-combination of the
disclosed features.

Brief Description of Drawings

The foregoing and further features of the present invention will be apparent from the

following description of preferred embodiments which are provided by way of

example only in connection with the accompanying figures, of which:
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Figure 1 is a side view of a mobile storage apparatus in accordance with a first em-
bodiment of the invention;

Figure 2 is a side view of a mobile storage apparatus in accordance with a second
embodiment of the invention;

Figure 3 is a side view of a mobile storage apparatus in accordance with a third em-
bodiment of the invention;

Figure 4 is a top view looking inside the storage chamber of any of the embodiments
of Figs. 1 to 3;

Figure 5 is a perspective view of one embodiment of a liner for any of the em-
bodiments of Figs. 1 to 3; and

Figure 6 is a side view of a mobile storage apparatus in accordance with a fourth em-
bodiment of the invention.

The foregoing and further features of the present invention will be further apparent
from the following figures of test results, of which:

Figure 7 comprises the comparative results for a test conducted on a 201 litre re-
frigeration apparatus having a 152 litre part of its original chamber modified in ac-
cordance with the invention to thereby compare temperature profiles over time for an
unmodified part of the refrigeration apparatus chamber operating in a conventional
mode and for the refrigeration apparatus chamber part adapted according to the present
invention;

Figure 8 comprises the comparative results for another test conducted on a 201 litre
refrigeration apparatus having a 160 litre part of its original chamber modified in ac-
cordance with the invention to thereby compare temperature profiles over time for an
unmodified part of the refrigeration apparatus chamber operating in a conventional
mode and for the refrigeration apparatus chamber part adapted according to the present
invention;

Figure 9 comprises a second set of comparative results for the refrigeration apparatus
having a 160 litre chamber part modified according to the invention;

Figure 10 comprises a third set of comparative results for the refrigeration apparatus
having a 160 litre chamber part modified according to the invention;

Figure 11 comprises a fourth set of comparative results for the refrigeration apparatus
having a 160 litre chamber part modified according to the invention;

Figure 12 comprises a fifth set of comparative results for the refrigeration apparatus
having a 160 litre chamber part modified according to the invention; and

Figure 13 comprises a sixth set of comparative results for the refrigeration apparatus
having a 160 litre chamber part modified according to the invention.

Description of Preferred Embodiments

The following description is of preferred embodiments by way of example only and
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without limitation to the combination of features necessary for carrying the invention
into effect.

Reference in this specification to "one embodiment" or "an embodiment” means that
a particular feature, structure, or characteristic described in connection with the em-
bodiment is included in at least one embodiment of the invention. The appearances of
the phrase "in one embodiment" in various places in the specification are not nec-
essarily all referring to the same embodiment, nor are separate or alternative em-
bodiments mutually exclusive of other embodiments. Moreover, various features are
described which may be exhibited by some embodiments and not by others. Similarly,
various requirements are described which may be requirements for some embodiments,
but not other embodiments.

References to the term “mobile” in this specification may refer to embodiments in
which a cabinet of the storage apparatus has a wheeled based to render said cabinet
mobile and/or to a cabinet formed of a size and weight which enables it to be manually
carried or lifted, at least for short distances.

References to the term “refrigeration” also comprises references to “freezing”,
although not exclusively so.

References to the term “warming” comprise references to maintaining an elevated
temperature level.

References to the term “manually” refer to an activity carried out by a person without
the aid of tools.

Referring to Fig. 1, there is provided a mobile storage apparatus 10 comprising a
cabinet 12 having a wheeled base 14. Preferably, a plurality of wheels 16 is mounted to
the base 12 rendering the cabinet 12 mobile, i.e. the cabinet 12 can be manually pushed
from one location to another including loading it into a truck or the like for transport.
The wheels 16 are preferably ruggedised wheels.

Whilst the following description of this embodiment refers to a mobile refrigeration
apparatus 10, it will be understood that the apparatus 10 could equally be used as a
warming apparatus or heat retention apparatus where the refrigeration system 26 for
cooling the storage chamber 18 of the apparatus is replaced by a heating system for
raising a temperature level of the storage chamber 18.

Where this embodiment comprises a mobile refrigeration apparatus 10, the cabinet
12 comprises an insulated, closable refrigeration chamber 18 adapted to accommodate
one or more objects (not shown) in a cool refrigerated environment provided within the
chamber 18. As shown, the surrounding walls of the chamber 18 are formed or filled
with an insulation material 20, denoted by dotted shading in Fig. 1. The chamber 18 is
closable by a lid 22 which is also insulated. The embodiment of a refrigeration

apparatus 10 shown in Fig. 1 is commonly referred to as a ‘chest’ freezer and/or fridge,
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but it will be understood from the following that the present invention is equally ap-
plicable to other forms of powered refrigeration apparatuses including those having
front-face opening doors.

The cabinet 12 also has a power supply connection point 24 for connecting to a
power supply to power, at least periodically, a refrigeration system 26 for cooling said
refrigeration chamber 18. Preferably, the power supply connection point 24 is adapted
to connect to a mains, AC 240 volt power supply or the like (not shown) to receive
power at a rate sufficient to power the refrigeration system 26 to cool the refrigeration
chamber 18. The refrigeration system 26 may be arranged to cool the chamber 18 to
freezing, e.g. 0 degrees celsius. In some embodiments, the refrigeration system 26 may
be arranged to cool the chamber 18 to considerably below freezing, e.g. in the range of
minus 18 to 20 degrees celsius. Preferably, the refrigeration system comprises a con-
ventional system including a compressor 28 mounted within the base 14, a condenser
30 mounted to a rear side of the cabinet 12 and an expansion valve 32 which may also
be mounted adjacent the rear side of the cabinet 12 or at any suitable location within
the apparatus 10.

A refrigeration chamber liner 34 is provided. Whilst the liner 34 is shown positioned
on both sides of the chamber 18 in Fig. 1, it will be understood that, in this em-
bodiment, the liner 34 is provided adjacent to each of the four vertical side walls of the
chamber 18 as better seen in Fig. 4. The refrigeration chamber liner 34 is preferably
formed from thin, sheet-form material. The liner 34 may be arranged within the
chamber 18 adjacent to only one side wall, but, as described above, it is preferably
arranged adjacent to a plurality of side walls of the chamber 18. In this embodiment,
the liner 34 is positioned adjacent to the four vertical side walls of the chamber 18 and
such that it is spaced from each of said side walls. As such, the liner 34 divides a
volume of said refrigeration chamber 18 into a main central volume 36 for accom-
modating one or more objects in a cool refrigerated environment and a minor pe-
ripheral volume 38 for receiving one or more thermally conductive passive cooling
devices 40. By ‘passive’ is meant that the cooling devices 40 are not powered cooling
devices, but are adapted to absorb thermal energy from their surroundings after having
been initially cooled. The arrangement of the refrigeration apparatus cabinet 12 is such
that, when a power supply to the refrigeration system 26 is stopped, the one or more
thermally conductive passive cooling devices 40 which have been cooled then absorb
thermal energy to thereby reduce or slow a rate of temperature rise within at least the
main central volume 36 of the refrigeration chamber 18.

The liner 34 is preferably formed of thermally conductive sheet-form material such
as, but not essentially, a metal based sheet-form material. The metal based sheet-form

material may comprise steel and preferably stainless steel, but in some embodiments
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the liner 34 may be formed from aluminium sheet material. The sheet material may be
meshed sheet material or non-meshed sheet material. The sheet material is preferably
less than 2mm in thickness and preferably not more than Imm in thickness.

As can be seen in Figs. 4 and 5, the liner 34 is formed from four thin vertical sheets
of material adjoined such that the liner 34 can be manually removed from and
manually inserted into the refrigeration chamber 18 of the apparatus 10. Manual
removable of the liner 34 from the chamber 18 affords easier cleaning of the chamber.
Furthermore, it will be understood that a liner 34 of the type described can be utilized
to quickly convert a conventional refrigeration and/or freezer apparatus into a mobile
refrigeration apparatus in accordance with the present invention. Such a conversion
may require the addition of wheels to the base of such conventional apparatus if no
wheels are provided or if the wheels provided are not sufficiently rugged.

Forming the liner 34 from a thermally conducting material has the benefit that it
enhances thermal energy intake by the passive cooling devices 40 when power to the
refrigeration system 26 is stopped.

The thermally conductive passive cooling devices 40 may comprise cooling blocks
comprising solid blocks of thermally conductive material such as a metal material, e.g.
steel, but preferably comprise liquid filled blocks. Liquid filled blocks for cooling are
known and are commonly referred to as ‘freezer blocks’. Such conventional blocks
which often comprise a high-density polyethylene (HDPE) container filled with a
freezable liquid are suitable as the thermally conductive passive cooling devices 40 for
the embodiments of the invention. Thus, the blocks can be bought off the shelf. In con-
sequence, a conversion kit for modifying a conventional refrigeration or freezer
apparatus into an embodiment of the invention requires only some thin sheet-form
material for forming a liner, one or more HDPE liquid filled freezer blocks and
possibly also some wheels.

The liner 34 is preferably arranged within the chamber 18 such that some or all of the
passive cooling blocks 40 are manually accessible and removable from the minor pe-
ripheral volume 38 formed between the side walls of the liner 34 and the side walls
defining the chamber 18.

Where the embodiment of Fig. 1 comprises a mobile warming apparatus 10 having
generally the structure shown in Fig. 1 except for replacing the refrigeration system 26
comprising the compressor 28, the condenser 30 and the expansion valve 32 by a tem-
perature changing system comprising a heating system (which is denoted by only
box28 in Fig. 1) for raising a temperature level of said warming chamber 18 when the
heating system is powered by a power supply, the storage chamber comprises a
warming chamber 18; the storage chamber liner comprises a warming chamber liner

34; and the one or more thermally conductive passive temperature control devices
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comprise one or more thermally conductive passive heating devices 40 to control the
temperature level of the warming chamber 18 by reducing a rate of temperature fall
within the main central volume of the warming chamber 18 when the power supply to
the heating system is stopped. The one or more thermally conductive passive heating
devices 40 may each comprise a solid block of thermally conductive material which,
when heated, slowly releases heat energy or a liquid filled block containing a liquid
which, when heated, also slowly releases heat energy to its surrounding environment.
The heating system may have an associated heating element of conventional type. The
heating system may be integrated with the warming apparatus 10. Or, the heating
system may be formed as a stand-alone unit which is connected as required to the
warming apparatus 10 to warm up the storage chamber 18. Or, the heating system may
be formed as a detachable unit which is connected as required to the warming
apparatus 10 to warm up the storage chamber 18.

Fig. 2 shows a second embodiment of the storage apparatus 10 according to the
invention.

Whilst the following description of this embodiment refers to a mobile refrigeration
apparatus 10, it will be understood that the apparatus 10 could equally be used as a
warming apparatus or heat retention apparatus where the refrigeration system 26 for
cooling the storage chamber 18 of the apparatus is replaced by a heating system for
raising a temperature level of the storage chamber 18.

In the following description, like numerals to those used with respect to Fig. 1 will be
used to denote like parts.

The embodiment of Fig. 2 differs from the embodiment of Fig. 1 in that the em-
bodiment of Fig. 2 includes a bottom sheet-form wall 34A of the liner 34 which
slightly reduces further the size of the main central volume 36 of the chamber 18, but
increases the minor peripheral volume 38 to allow an increase in the number of passive
cooling blocks 40 to be inserted into the chamber 18. It will be appreciated that the ad-
ditional blocks 40 placed on the floor of the chamber 18 ae placed in position before
the liner 34 is inserted.

The embodiment of the storage apparatus shown in Fig. 2 may comprise a mobile
warming apparatus 10 having generally the structure shown in Fig. 2 save for replacing
the refrigeration system 26 by a temperature changing system comprising a heating
system for raising a temperature level of said warming chamber 18 when the heating
system is powered by a power supply.

Fig. 3 shows a third embodiment of the storage apparatus 10 according to the
invention.

Whilst the following description of this embodiment refers to a mobile refrigeration

apparatus 10, it will be understood that the apparatus 10 could equally be used as a
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warming apparatus or heat retention apparatus where the refrigeration system 26 for
cooling the storage chamber 18 of the apparatus is replaced by a heating system for
raising a temperature level of the storage chamber 18.

In the following description, like numerals to those used with respect to Fig. 1 will be
used to denote like parts. The embodiment of Fig. 3 differs from the embodiment of
Fig. 1 in that the embodiment of Fig. 3 includes a top sheet-form wall 34B of the liner
34 attached to an underside of the lid 22 to provide a part of the minor peripheral
volume 38 for receiving one or more thermally conductive passive cooling blocks 40
between said top sheet-form wall 34B and said underside of the lid 22. The top sheet-
form wall 34B of the liner 34 slightly reduces further the size of the main central
volume 36 of the chamber 18, but increases the minor peripheral volume 38 to allow
an increase in the number of passive cooling blocks 40 to be inserted into the chamber
18. It will be appreciated that the top wall 34B may be separately attached to the
underside of the lid 22 and that additional blocks 40 may be placed in the space
between the top wall 34B and the underside of the lid 22 from a front opening 44 in the
space formed between the top sheet-form wall 34B and the underside of the lid 22.

The embodiment of the storage apparatus shown in Fig. 3 may comprise a mobile
warming apparatus 10 having generally the structure shown in Fig. 3 save for replacing
the refrigeration system 26 by a temperature changing system comprising a heating
system for raising a temperature level of said warming chamber 18 when the heating
system is powered by a power supply.

It will be understood that the alternative arrangements of Figs. 2 and 3 may be
combined into a single embodiment such that all six walls of the chamber 18 are lined
by walls of the liner 34.

Fig. 4 shows a top view looking inside the storage chamber 18 of any of the em-
bodiments of Figs. 1 to 3. Fig. 5 shows a perspective view of one embodiment of the
liner 34 or a part of the liner 34 for any of the embodiments of Figs. 1 to 3.

Fig. 6 shows a fourth embodiment of the storage apparatus 10 according to the
invention.

Whilst the following description of this embodiment refers to a mobile refrigeration
apparatus 10, it will be understood that the apparatus 10 could equally be used as a
warming apparatus or heat retention apparatus where the refrigeration system 26A,B
for cooling the storage chamber 18 of the apparatus is replaced by a detachable or
stand-alone heating unit for raising a temperature level of the storage chamber 18.

In the following description, like numerals to those used with respect to Fig. 1 will be
used to denote like parts. In the embodiments of Figs. 1 to 4, the refrigeration system
26 comprises an integral part of the refrigeration apparatus 10. In the embodiment of

Fig. 6, the refrigeration system 26 may comprise a detachable unit 26A which is
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manually attachably received into and manually detachably removable from a cavity
27 or the like in the refrigeration apparatus base. In use, the detachable refrigeration
system unit 26A may be received in the cavity 27 whereby it connects to fluid lines 29
or the like which enable it to cool or freeze the refrigeration chamber environment and
any contents. Alternatively, where the refrigeration system comprises a stand-alone
unit 26B (shown by dashed lines in Fig. 6), the stand-alone unit 26B may be attached
by its own fluid lines 25 to the fluid lines 29 of the refrigeration apparatus 10 to cool or
freeze the refrigeration chamber 18 environment and any contents. It will be un-
derstood that use of a detachable or stand-alone refrigeration system unit may be
utilized in any of the embodiments of Figs. 1 to 4.

In this embodiment, the refrigeration apparatus 10 does not comprise a closable lid,
but has a closable door 42A at a front thereof. It will be understood that the liner 34 for
the refrigeration chamber 18 will be adapted from that shown in Fig. 4 to ac-
commodate the fact that the apparatus 10 has a closable front door 42A rather than a
closable lid. The liner 34 may be fixed within the refrigeration chamber 18 or may be
manually removable. It will be understood that any of the embodiments of Figs. 1 to 4
may employ a front door rather than a top lid and may also have a fixedly attached
liner within the chamber.

Also, in this embodiment, the base of the cabinet has no wheels, but the cabinet 12
may be rendered mobile by being made a size and weight that enables it to be manually
carried for at least short distances such that said apparatus 10 may be mounted into the
trunk of an automobile or onto a rack of a motorcycle, for example. By making the re-
frigeration system 26 a stand-alone unit 26B or a detachable unit 26A reduces the
weight of the apparatus 10 thereby assisting its ability to be manually carried or lifted
for loading into a vehicle or onto a trolley or the like. It will be understood that, even
for the embodiments of Figs. 1 to 4 which do include a wheeled base, these em-
bodiments may also be of a sufficiently small enough size and weight as to be able to
be manually carried by a single person and/or able to be manually lifted into a vehicle
or onto a trolley or the like.

The detachable refrigeration system unit 26A or the stand-alone refrigeration system
unit 26B may be provided at ‘cooling’ stations whereby a refrigeration apparatus 10
not having an integrated refrigeration system may be connected to such a station as
required to lower the temperature of its refrigeration chamber. As such, a single
cooling station could be used for a plurality of refrigeration apparatuses 10 thereby
reducing the number of detachable or stand-alone refrigeration system units 26A,B
required for a set number of refrigeration apparatuses 10.

The embodiment of the storage apparatus shown in Fig. 6 may comprise a mobile

warming apparatus 10 having generally the structure shown in Fig. 6 save for replacing

10
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the detachable or stand-alone refrigeration unit 26A,B by a temperature changing
system comprising a detachable or stand-alone heating unit for raising a temperature
level of said warming chamber 18 when the heating unit is powered by a power supply.

It will be understood that, for any of the embodiments of the invention, the storage
apparatus when comprising a refrigeration apparatus 10 may be employed as a freezer
apparatus operating at temperatures below freezing point, or as a cooling apparatus
operating at low temperatures above freezing point, or even as an apparatus operating
at low temperatures spanning the freezing point dependent on the applications/services
for which the apparatuses 10 are utilised.

A series of comparative tests were conducted to demonstrate the unexpected benefits
of the present invention. Whilst these tests were conducted on a refrigeration
apparatus, it will be understood that results showing a similar degree of effect in
respect of retarding a rate of temperature level reduction in the storage chamber could
be expected for a warming apparatus as defined herein.

In the test results presented herein, a reference to a “chilling panel” is a reference to a
HDPE liquid filled cooling or freezer block as hereinbefore described and a reference
to a “bonnet” is a reference to the lid of the refrigeration apparatus. In the tests, a
chamber of a conventional refrigeration/freezer apparatus was divided into two parts,
one part modified to contain the liner and chilling panels in accordance with the
invention and a remaining part of the chamber not modified, but maintained and
operated in its original form. The temperature profiles of the two parts of the chamber
— original vs modified — were measured to determine the effect of the modification in
accordance with the invention.

A first comparative test was conducted on a 201 litre freezer apparatus having the
following specification:

Construction Data

[Table 1]
Modified Chamber Part |(Original Freezer Chamber
Dimension 54 x 44 x 64cm 60 x 50 x 67cm
Litre capacity 152 Litre 201 Litre
Cubic meter 0.152 cbm 0.201 cbm

Capacity difference for build-in of chilling panels/blocks x 14 pcs.
[Table 2]

Litre capacity : 49 Litre Cubic meter : 0.049 cbm

In this case, the original chamber was divided to provide a first part of 49 litres
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capacity in unmodified form alongside al52 lite capacity part modified according to
the invention.

Construction Data of chilling panels/blocks

[Table 3]

Material: HDPE
Measurement: 385 x 240 x 20mm
Net Weight: 335 grams (+/- 5g)
Liquid Fill: 1415ml (+/- 4ml)
Gross Weight: 1750 grams (+/- 10g)
Extruder: 125mm

Total dimension of chilling panels x 14 pieces

Cubic meter : 0.001848 x 14 pieces = 0.025872 cbm

Fig. 7 comprises the comparative results for the test conducted on the 201 litre re-
frigeration apparatus having a 152 litre part of its original chamber modified in ac-
cordance with the invention to thereby compare temperature profiles over time for an
unmodified part of the refrigeration apparatus chamber operating in a conventional
mode and for the refrigeration apparatus chamber part adapted according to the present
invention.

In this case, the testing conditions or protocol are as indicated in Fig. 7.

Fig. 7 shows that a refrigeration apparatus 10 modified according to one or more of
the embodiments of the invention provides a temperature profile 100 over time which
is lower than the temperature profile 110 for the refrigeration/freezer apparatus
operated in a conventional manner.

A second series of comparative tests was conducted on the 201 litre freezer apparatus
having the following specification:

Construction Data

[Table 4]
Modified Chamber Part |(Original Freezer Chamber
Dimension 54 x 44 x 67cm 60 x 50 x 67cm
Litre capacity 160 Litre 201 Litre
Cubic meter 0.160 cbm 0.201 cbm

Capacity difference for build-in chilling panels/blocks x 12 pcs.

[Table 5]

Litre capacity :

41 Litre

Cubic meter :

0.041 cbm

12
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In this case, the original chamber was divided to provide a first part of 41 litres
capacity in unmodified form alongside al60 lite capacity part modified according to
the invention.

Construction Data of chilling panels/blocks

[Table 6]

Material: HDPE
Measurement: 385 x 240 x 20mm
Net Weight: 335 grams (+/- 5g)
Liquid Fill: 1415ml (+/- 4ml)
Gross Weight: 1750 grams (+/- 10g)
Extruder: 125mm

Total dimension of chilling panels x 12 pieces

Cubic meter : 0.001848 x 12 pieces = 0.022176 cbm

Fig. 8 comprises the comparative results for the first test conducted on the 201 litre
refrigeration apparatus having a 160 litre part of its original chamber modified in ac-
cordance with the invention to thereby compare temperature profiles over time for an
unmodified part of the refrigeration apparatus chamber operating in a conventional
mode and for the refrigeration apparatus chamber part adapted according to the present
invention.

In this case, the testing conditions or protocol are as indicated in Fig. 8.

Fig. 8 shows that a refrigeration apparatus 10 modified according to one or more of
the embodiments of the invention provides a temperature profile 100 over time which
is consistently lower than the temperature profile 110 for the refrigeration/freezer
apparatus operated in a conventional manner.

Fig. 9 comprises the comparative results for the second test conducted on the 201
litre refrigeration apparatus having a 160 litre part of its original chamber modified in
accordance with the invention. A different testing protocol to that for Fig. 8 was used.
The different testing protocol is as indicated in Fig. 9.

Fig. 9 also shows that a refrigeration apparatus 10 modified according to one or more
of the embodiments of the invention provides a temperature profile 100 over time
which is consistently lower than the temperature profile 110 for the refrigeration/
freezer apparatus operated in a conventional manner.

Fig. 10 comprises the comparative results for the third test conducted on the 201 litre
refrigeration apparatus having a 160 litre part of its original chamber modified in ac-
cordance with the invention. A different testing protocol to that for Fig. 8 or Fig. 9 was

used. The different testing protocol is as indicated in Fig. 10.
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Fig. 10 further shows that a refrigeration apparatus 10 modified according to one or
more of the embodiments of the invention provides a temperature profile 100 over time
which is consistently lower than the temperature profile 110 for the refrigeration/
freezer apparatus operated in a conventional manner.

Fig. 11 comprises the comparative results for the fourth test conducted on the 201
litre refrigeration apparatus having a 160 litre part of its original chamber modified in
accordance with the invention. Yet a different testing protocol to that for any of Figs 8
to 10 was used. The different testing protocol is as indicated in Fig. 11.

Fig. 11 also demonstrates that a refrigeration apparatus 10 modified according to one
or more of the embodiments of the invention provides a temperature profile 100 over
time which is consistently lower than the temperature profile 110 for the refrigeration/
freezer apparatus operated in a conventional manner and which is less susceptible to
fluctuations in temperature profile when the refrigeration apparatus power is switched
on for a period of time and then off.

Fig. 12 comprises the comparative results for the fourth test conducted on the 201
litre refrigeration apparatus having a 160 litre part of its original chamber modified in
accordance with the invention. Yet a different testing protocol to that for any of Figs 8
to 11 was used. The different testing protocol is as indicated in Fig. 12.

Fig. 12 also demonstrates that a refrigeration apparatus 10 modified according to one
or more of the embodiments of the invention provides a temperature profile 100 (series
1) over time which is consistently lower than the temperature profile 110 (series 2) for
the refrigeration/freezer apparatus operated in a conventional manner. By way of a
further comparison, a temperature profile 120 (series 3) was obtained for the freezer
compartment when the whole of the refrigeration apparatus chamber was operated in a
conventional manner, i.e. no part of the chamber was modified in accordance with the
invention.

Fig. 13 comprises the comparative results for the fourth test conducted on the 201
litre refrigeration apparatus having a 160 litre part of its original chamber modified in
accordance with the invention. Yet a different testing protocol to that for any of Figs 8
to 12 was used. The different testing protocol is as indicated in Fig. 13.

Fig. 13 also demonstrates that a refrigeration apparatus 10 modified according to one
or more of the embodiments of the invention provides a temperature profile 100 (series
1) over time which is consistently lower than the temperature profile 110 (series 2) for
the refrigeration/freezer apparatus operated in a conventional manner. By way of a
further comparison, a temperature profile 120 (series 3) was obtained for the freezer
compartment when the whole of the refrigeration apparatus chamber was operated in a
conventional manner, i.e. no part of the chamber was modified in accordance with the

invention.
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Based on the test results, it is determined that a preferred ratio of the main central
volume to the minor peripheral volume of the refrigeration chamber modified
according to the invention is in the range from 4:1 to 10:1, optionally in the range from
5:1 to 8:1 and preferably in the range from 5.8:1 to 7.2:1. Furthermore, it is determined
that a preferred modified volume of the refrigeration chamber is in the range from 100
to 200 litres, optionally in the range from 140 to 170 litres, and preferably in the range
from 150 to 160 litres.

In general, the invention provides a mobile storage apparatus comprising a cabinet
preferably having a wheeled base whereby a plurality of wheels mounted to the base
enable the cabinet to be manually moved, i.e. pushed or pulled by one or more persons.
The cabinet comprises an insulated, closable storage chamber adapted to accommodate
one or more objects in a temperature controlled environment. The cabinet may also
comprise a power supply or have a connection point for connecting to a power supply.
Also provided is a system for changing a temperature level of said storage chamber
when the temperature system system is powered by the power supply. Provided is a
storage chamber liner. The storage chamber liner is preferably formed from thin, sheet-
form material arranged within the chamber adjacent one or more sides of the chamber,
but spaced from said one or more sides such that said liner divides a volume of said
storage chamber into a main central volume for accommodating one or more objects in
a temperature controlled environment and a minor peripheral volume for receiving one
or more thermally conductive passive temperature control devices. In use, when a
power supply to the temperature level change system is stopped, the one or more
thermally conductive passive temperature control devices reduce or slow a rate of tem-
perature change within the main central volume of the storage chamber.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, the same is to be considered as illustrative and not restrictive in
character, it being understood that only exemplary embodiments have been shown and
described and do not limit the scope of the invention in any manner. It can be ap-
preciated that any of the features described herein may be used with any embodiment.
The illustrative embodiments are not exclusive of each other or of other embodiments
not recited herein. Accordingly, the invention also provides embodiments that
comprise combinations of one or more of the illustrative embodiments described
above. Modifications and variations of the invention as herein set forth can be made
without departing from the spirit and scope thereof, and, therefore, only such lim-
itations should be imposed as are indicated by the appended claims.

In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary implication,

the word “comprise” or variations such as “comprises” or “comprising” is used in an
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[0111]

inclusive sense, i.e. to specify the presence of the stated features but not to preclude the
presence or addition of further features in various embodiments of the invention.

It is to be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the

common general knowledge in the art.
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Claims

A mobile storage apparatus comprising:

a cabinet comprising:

an insulated, closable storage chamber adapted to accommodate one or
more objects in a temperature controlled environment;

a system for changing a temperature level of said storage chamber
when the system is connected to a power supply; and

a storage chamber liner, wherein said storage chamber liner is formed
from thin, thermally conductive sheet-form material arranged within
the chamber adjacent one or more sides of the chamber, but spaced
from said one or more sides such that said liner divides a volume of
said storage chamber into a main central volume for accommodating
one or more objects in a temperature controlled environment and a
minor peripheral volume for receiving one or more thermally
conductive passive temperature control devices whereby, when the
power supply to the system is stopped, the one or more thermally
conductive passive temperature control devices control the temperature
of the storage chamber by reducing a rate of temperature change within
the main central volume of the storage chamber.

The mobile storage apparatus of claim 1, wherein: the mobile storage
apparatus comprises a mobile refrigeration apparatus; the storage
chamber comprises a refrigeration chamber; the temperature changing
system comprises a refrigeration system for reducing a temperature
level of said refrigeration chamber when the refrigeration system is
powered by a power supply; the storage chamber liner comprises a re-
frigeration chamber liner; and the one or more thermally conductive
passive temperature control devices comprise one or more thermally
conductive passive cooling devices to control the temperature level of
the refrigeration chamber by reducing a rate of temperature rise within
the main central volume of the refrigeration chamber when the power
supply to the refrigeration system is stopped.

The mobile storage apparatus of claim 1, wherein: the mobile storage
apparatus comprises a mobile warming apparatus; the storage chamber
comprises a warming chamber; the temperature changing system
comprises a heating system for raising a temperature level of said
warming chamber when the heating system is powered by a power

supply; the storage chamber liner comprises a warming chamber liner;
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and the one or more thermally conductive passive temperature control
devices comprise one or more thermally conductive passive heating
devices to control the temperature level of the warming chamber by
reducing a rate of temperature fall within the main central volume of
the warming chamber when the power supply to the heating system is
stopped.

The mobile storage apparatus of claim 2, wherein the refrigeration
system comprises one of: a refrigeration system forming an integral
part of the mobile storage apparatus; a detachable refrigeration system
for the mobile storage apparatus; or a stand-alone refrigeration system
for the mobile storage apparatus.

The mobile storage apparatus of claim 3, wherein the heating system
comprises one of: a heating system forming an integral part of the
mobile storage apparatus; a detachable heating system for the mobile
storage apparatus; or a stand-alone heating system for the mobile
storage apparatus.

The mobile storage apparatus of any one of the preceding claims,
wherein the cabinet has a wheeled base.

The mobile storage apparatus of any one of the preceding claims,
wherein the liner is formed of a non-meshed sheet-form material.

The mobile storage apparatus of any one of the preceding claims,
wherein the liner is formed of a meshed sheet-form material.

The mobile storage apparatus of any one of the preceding claims,
wherein the liner is formed from steel, stainless steel or aluminium
sheet-form material.

The mobile storage apparatus of any one of the preceding claims,
wherein the storage chamber has an upper opening closable by an
insulated lid and the liner is arranged around all vertical sides of said
chamber.

The mobile storage apparatus of claim 10, wherein the liner includes a
bottom sheet-form wall spaced above a floor of the chamber to provide
a part of the minor peripheral volume for receiving one or more
thermally conductive passive temperature control devices between said
bottom sheet-form wall and the floor of the chamber.

The mobile storage apparatus of claim 11 or claim 12, wherein the liner
includes a top sheet-form wall attached to an underside of the lid to
provide a part of the minor peripheral volume for receiving one or more

thermally conductive passive temperature control devices between said
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top sheet-form wall and the underside of the lid.

The mobile storage apparatus of any one of the preceding claims,
wherein the sheet-form material forming the liner is less than 2mm in
thickness and preferably not more than Imm in thickness.

The mobile storage apparatus of any one of the preceding claims,
wherein the liner is manually removable from and manually insertable
into the storage chamber or the liner is fixedly attached within the
storage chamber.

The mobile storage apparatus of any one of the preceding claims,
wherein the power supply comprises a mains AC power supply.

The mobile storage apparatus of any one of the preceding claims,
wherein the one or more thermally conductive passive temperature
control devices comprise one or more blocks.

The mobile storage apparatus of claim 16, wherein each of the one or
more blocks comprises a solid block of thermally conductive material.
The mobile storage apparatus of claim 16, wherein each of the one or
more blocks comprises a liquid filled block.

The mobile storage apparatus of any one of claims 16 to 18, wherein at
least some of the one or more thermally conductive passive temperature
control devices are manually removable from the minor peripheral
volume in the storage chamber.

The mobile storage apparatus of any one of the preceding claims,
wherein a ratio of the main central volume to the minor peripheral
volume of the storage chamber is in the range from 4:1 to 10:1, op-
tionally in the range from 5:1 to 8:1 and preferably in the range from
5.8:1to 7.2:1.

The mobile storage apparatus of any one of the preceding claims,
wherein the volume of the storage chamber is in the range from 100 to
200 litres, optionally in the range from 140 to 170 litres, and preferably
in the range from 150 to 160 litres.

A method of preparing a mobile storage apparatus, the method
comprising:

providing a cabinet having an insulated, closable storage chamber; and
arranging a chamber liner in said insulated, closable storage chamber of
said mobile storage apparatus, said chamber liner being formed from
thin, thermally conductive sheet-form material, the method including
arranging said liner within the chamber adjacent one or more sides of

the chamber, but spaced from said one or more sides such that said
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liner divides a volume of said storage chamber into a main central
volume for accommodating one or more objects in a temperature
controlled environment and a minor peripheral volume for receiving
one or more thermally conductive passive temperature control devices;
providing a system for changing a temperature level of the refrigeration
chamber when said system is powered by a power supply;

whereby, when the power supply to the temperature changing system is
stopped, the one or more thermally conductive passive temperature
control devices reduce a rate of temperature change within the main
central volume of the storage chamber.

A method of storing objects in a storage chamber of a mobile storage
apparatus, the method comprising:

providing a mobile storage apparatus according to any one of claims 1
to 22; and;

placing objects to be maintained in a temperature controlled en-
vironment within the main central volume of the storage chamber.

A mobile refrigeration apparatus comprising:

a cabinet comprising:

an insulated, refrigeration chamber adapted to accommodate one or
more objects;

a refrigeration system for cooling said refrigeration chamber when the
refrigeration system is connected to be powered by a power supply; and
a thermally conductive refrigeration chamber liner, wherein said re-
frigeration chamber liner is arranged within the chamber adjacent one
or more sides of the chamber, but spaced from said one or more sides
such that said liner divides a volume of said refrigeration chamber into
a main central volume for accommodating one or more objects and a
minor peripheral volume for receiving one or more thermally
conductive passive cooling devices whereby, when the power supply to
the refrigeration system is stopped, the one or more thermally
conductive passive cooling devices reduce or slow a rate of temperature
rise within the main central volume of the refrigeration chamber.

A mobile refrigeration apparatus comprising:

a cabinet comprising:

an insulated, closable refrigeration chamber adapted to accommodate
one or more objects in a cooled refrigerated environment, said cabinet
being connectable to a refrigeration system for reducing a temperature

of said refrigeration chamber; and
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a refrigeration chamber liner, wherein said refrigeration chamber liner
is formed from thin, thermally conductive sheet-form material arranged
within the chamber adjacent one or more sides of the chamber, but
spaced from said one or more sides such that said liner divides a
volume of said refrigeration chamber into a main central volume for ac-
commodating one or more objects in a cool refrigerated environment
and a minor peripheral volume for receiving one or more thermally
conductive passive cooling devices whereby, when the refrigeration
system is disconnected from the cabinet, the one or more thermally
conductive passive cooling devices reduce a rate of temperature rise

within at least the main central volume of the refrigeration chamber.
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2018/073165

A. CLASSIFICATION OF SUBJECT MATTER

B65D 81/18(2006.01)i; B65D 81/38(2006.01)1

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B65D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT, CNKI, EPODOC, WPI, IEEE: cabinet, case, chamber, liner, temperature, refrigerator, cool, thermal, insulate, metal,

liquid, passive

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2014054297 A1 (PELICAN BIOPHARMA, LLC.) 27 February 2014 (2014-02-27) 1-25
description, paragraphs [0002]-[0010], [0045]-[0062], [0083], and figures 1-4

A US 2012305435 A1 (MATTA, AUSTON R. ET AL.) 06 December 2012 (2012-12-06) 1-25
the whole document

A US 2011248038 A1 (MINNESOTA THERMAL SCIENCE, LLC.) 13 October 2011 1-25

(2011-10-13)

the whole document

A US 2008164265 A1 (CONFORTI, CARL J.) 10 July 2008 (2008-07-10) 1-25
the whole document

D Further documents are listed in the continuation of Box C.

See patent family annex.

*  Special categories of cited documents:

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

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

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

“0” document referring to an oral disclosure, use, exhibition or other
means

“p” document published prior to the international filing date but later than
the priority date claimed

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

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

«y” document of particular rele\_/ance;_the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

08 March 2018 28 March 2018
Name and mailing address of the ISA/CN Authorized officer
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6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing SONG,Chao

100088
China

Facsimile No. (86-10)62019451

Telephone No. (86-10)53961349
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