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Description

FIELD OF INVENTION

[0001] The present invention relates to a refrigeration
device.

BACKGROUND

[0002] JP HO6 194025A discloses a cold storage tank

structure of a cold storage type refrigerator. JP H 06
194025 does not disclose at least one temperature sen-
sor positioned within a liquid-impermeable container be-
tween one or more walls of the container and a set of
evaporator coils, or a controller operably attached to at
least one active refrigeration unit and to the temperature
sensor, or acompressor attached to the set of evaporator
coils, wherein the controller is positioned between the
compressor and a wire connection to an electric source,
or that the controller is configured to send control signals
to the compressor in response to data received from the
temperature sensor. JP H08 240372A discloses a heat
storage type refrigerator which uses a heat storage ma-
terial to cool its interior. US4918936A discloses a refrig-
erating cycle including a cold-accumulation material to
be cooled. EP2549210A2 discloses a refrigerator with a
thermal storage device.

SUMMARY

[0003]
claims.

The invention is defined by the appended

BRIEF DESCRIPTION OF THE FIGURES
[0004]

FIG. 1 is a schematic of a refrigeration device.

FIG. 2 is a schematic of a refrigeration device.

FIG. 3 is a schematic of a refrigeration device.

FIG. 4 is a schematic of a refrigeration device.

FIG. 5 is a schematic of a refrigeration device.

FIG. 6 is a schematic of a region of a refrigeration
device.

FIG. 7 is a schematic of a refrigeration device.

FIG. 8 is a schematic of a region of a refrigeration
device.

DETAILED DESCRIPTION

[0005] In the following detailed description, reference
is made to the accompanying drawings, which form a
part hereof. In the drawings, similar symbols typically
identify similar components, unless context dictates oth-
erwise.

[0006] Refrigeration devices are described herein. For
example, refrigeration devices are of a size, shape and
configuration to be used as a domestic refrigerator de-
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vice. For example, refrigeration devices are of a size,
shape and configuration for use as a domestic refriger-
ator appliance. For example, refrigeration devices are of
a size, shape and configuration for use as a commercial
refrigerator device. For example, refrigeration devices
are of a size, shape and configuration for use as a medical
refrigerator device, such as in a clinic or health outpost
in a region with uncertain or intermittent power supply.
[0007] The refrigeration devices described herein are
configured to provide ongoing temperature control to at
least one storage region within each refrigeration device.
The refrigeration devices described herein are designed
to provide ongoing temperature control to at least one
storage region within the refrigeration devices even in
times when a refrigeration device is not able to operate
based on the usual power supply, for example during
power outages. In particular, it is envisioned that the re-
frigeration devices described herein will be useful in lo-
cations with intermittent or variable power supply to re-
frigeration devices. For example, refrigeration devices
can be configured to maintain the internal storage region
or regions within a predetermined temperature range in-
definitely while the refrigeration device has access to
electrical power approximately 10% of the time on aver-
age. For example, refrigeration devices can be config-
ured to maintain the internal storage region or regions
within a predetermined temperature range indefinitely
while the refrigeration device has access to electrical
power approximately 5% of the time on average. For ex-
ample, refrigeration devices can be configured to main-
tain the internal storage region or regions within a pre-
determined temperature range indefinitely while the re-
frigeration device has access to electrical power approx-
imately 1% of the time on average. For example, refrig-
eration devices can be configured to maintain the internal
storage region or regions within a predetermined tem-
perature range for at least 30 hours. For example, refrig-
eration devices can be configured to maintain the internal
storage region or regions within a predetermined tem-
perature range for at least 50 hours. For example, refrig-
eration devices can be configured to maintain the internal
storage region or regions within a predetermined tem-
perature range for at least 70 hours. For example, refrig-
eration devices can be configured to maintain the internal
storage region or regions within a predetermined tem-
perature range for at least 90 hours. For example, refrig-
eration devices can be configured to maintain the internal
storage region or regions within a predetermined tem-
perature range for at least 110 hours. For example, re-
frigeration devices can be configured to maintain the in-
ternal storage region or regions within a predetermined
temperature range for at least 130 hours. For example,
refrigeration devices can be configured to maintain the
internal storage region or regions within a predetermined
temperature range for at least 150 hours. For example,
refrigeration devices can be configured to maintain the
internal storage region or regions within a predetermined
temperature range for at least 170 hours.
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[0008] Items that are sensitive to temperature ex-
tremes can be stored within the storage region or regions
of refrigeration devices in order to maintain the items with-
in a predetermined temperature range for extended pe-
riods, even when power supply to the refrigeration device
is interrupted. For example, a refrigeration device that is
unable to obtain power is configured to maintain the tem-
perature of its internal storage region or regions within a
predetermined temperature range for an extended period
of time when the ambient external temperature is be-
tween -10°C and 43°C. For example, a refrigeration de-
vice that is unable to obtain power is configured to main-
tain the temperature of its internal storage region or re-
gions within a predetermined temperature range for a
period of time when the ambient external temperature is
between 25°C and 43°C. For example, a refrigeration
device that is unable to obtain power is configured to
maintain the temperature of its internal storage region or
regions within a predetermined temperature range for a
period of time when the ambient external temperature is
between 35°C and 43°C. For example, a refrigeration
device that is unable to obtain power is configured to
maintain the temperature of its internal storage region or
regions within a predetermined temperature range for at
least one week when the ambient external temperature
is between -35°C and 43°C. For example, a refrigeration
device that is unable to obtain power is configured to
maintain the temperature of its internal storage region or
regions within a predetermined temperature range for at
least two weeks when the ambient external temperature
is between -35°C and 43°C. For example, a refrigeration
device that is unable to obtain power is configured to
maintain the temperature of its internal storage region or
regions within a predetermined temperature range for at
least 30 days when the ambient external temperature is
between -35°C and 43°C. For example, a refrigeration
device that is unable to obtain power is configured to
maintain the temperature of its internal storage region or
regions within a predetermined temperature range for a
period of time when the ambient external temperature is
below -10°C.

[0009] As used herein, a "refrigeration device" refers
to a device with an internal storage region that utilizes
an external power source at least part of the time and is
configured to consistently store material at a temperature
below ambient temperature for a period of time. A refrig-
eration device can include two internal storage regions.
A refrigeration device can include more than two internal
storage regions. A refrigeration device can include two
or more internal storage regions, each of the storage re-
gions configured to maintain an internal temperature
within a different temperature range. Generally, refriger-
ation devices include an active refrigeration system. A
refrigeration device can be electrically powered from a
municipal power supply. A refrigeration device can be
powered from a solar power system. A refrigeration de-
vice can be powered from a battery. A refrigeration device
can be powered from a generator, such as a diesel power
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generator.

[0010] A refrigeration device can be a refrigerator. Re-
frigerators are generally calibrated to hold internally
stored items in a predetermined temperature range
above zero but less than potential ambient temperatures.
Refrigerators can, for example, be designed to maintain
internal temperatures between 1°C and 4°C. A refriger-
ation device can be a standard freezer. Freezers are gen-
erally calibrated to hold internally stored items in a tem-
perature range below zero but above cryogenic temper-
atures. Freezers can, for example, be designed to main-
tain internal temperatures between -23°C and -17°C, or
can, for example, be designed to maintain internal tem-
peratures between -18°C and -15°C. A refrigeration de-
vice can include both a refrigerator compartment and a
freezer compartment. For example, some refrigeration
devices include a first internal storage region that con-
sistently maintains refrigerator temperature ranges and
a second internal storage region that consistently main-
tains freezer temperature ranges.

[0011] A refrigeration device can be configured to
maintain the interior storage region of the refrigeration
device within a predetermined temperature range. A
"predetermined temperature range," as used herein, re-
fers to a range of temperatures that have been predeter-
mined to be desirable for an interior storage region of a
particular refrigeration device in use. A predetermined
temperature range is the stable temperature range that
an interior storage region of a refrigeration device main-
tains temperature within during use of the refrigeration
device. For example, a refrigeration device can be con-
figured to maintain an interior storage region of the re-
frigeration device within a predetermined temperature
range of approximately 2°C to 8°C. For example, a re-
frigeration device can be configured to maintain an inte-
rior storage region of the refrigeration device within a
predetermined temperature range of approximately 1°C
to 9°C. For example, a refrigeration device can be con-
figured to maintain an interior storage region of the re-
frigeration device within a predetermined temperature
range of approximately -15°C to -25°C. For example, a
refrigeration device can be configured to maintain an in-
terior storage region of the refrigeration device within a
predetermined temperature range of approximately -5°C
to - 10°C.

[0012] Forexample, arefrigeration device can be con-
figured to maintain an interior storage region of the re-
frigeration device within the predetermined temperature
range for at least 50 hours when power is unavailable to
the refrigeration device. For example, a refrigeration de-
vice can be configured to maintain an interior storage
region of the refrigeration device within the predeter-
mined temperature range for at least 100 hours when
power is unavailable to the refrigeration device. For ex-
ample, a refrigeration device can be configured to main-
tain an interior storage region of the refrigeration device
within the predetermined temperature range for at least
150 hours when power is unavailable to the refrigeration
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device. For example, a refrigeration device can be con-
figured to maintain an interior storage region of the re-
frigeration device within the predetermined temperature
range for at least 200 hours when power is unavailable
to the refrigeration device.

[0013] Arefrigeration device can be configured to pas-
sively maintain its interior storage region or regions within
a predetermined temperature range for an extended pe-
riod of time when power is unavailable to the refrigeration
device. A refrigeration device can be configured to main-
tain its interior storage region or regions within a prede-
termined temperature range for an extended period of
time when minimal electric power is available to the re-
frigeration device. A refrigeration device can be config-
ured to maintain its interior storage region or regions with-
in a predetermined temperature range for an extended
period of time when low-voltage electric power is avail-
able to the refrigeration device. A refrigeration device can
be configured to maintain its interior storage region or
regions within a predetermined temperature range for an
extended period of time when variable electric power is
available to the refrigeration device. For example, the
refrigeration device can include a variable power control
system. Forexample, the refrigeration device can include
a battery. The refrigeration device operates passively in
the absence of power, and does not include a battery.
[0014] With reference now to Figure 1, shown is an
example of a refrigeration device that may serve as a
context for introducing one or more processes and/or de-
vices described herein. Figure 1 depicts a refrigeration
device 100 that includes a single storage region internal
to the refrigeration device. A single door 120 substantially
opens the single storage region of the refrigeration device
to outside users of the device. A user of the device can
use a handle 125 to open the door 120. The refrigeration
device 100 is depicted with the front face of an exterior
wall of a shell 110 visible. There is a single door that
provides a user access to multiple storage regions within
the refrigeration device, such as a first storage region
maintained within a first temperature range and a second
storage region maintained within a second temperature
range. The refrigeration device 100 depicted in Figure 1
can include a top door 140 reversibly affixed to the upper
surface of the refrigeration device 100 with a latch 150.
A top door 140 can, for example, be configured to permit
access to a liquid-impermeable container located within
the refrigeration device 100, the liquid-impermeable con-
tainer positioned adj acent to an inner surface of the top
door 140. A refrigeration device can be configured to op-
erate from an electrical power supply, such as a municipal
power supply or solar electrical power system. For ex-
ample, the refrigeration device 100 shown in Figure 1
can include a power cord 130 to connect with the elec-
trical power supply.

[0015] A refrigeration device can include a shell form-
ing an exterior of the refrigeration device around the lig-
uid-impermeable container, the at least one set of evap-
orator coils, the thermal conductor and the storage re-
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gion. A refrigeration device can include a shell surround-
ing the liquid-impermeable container, the set of evapo-
rator coils, the one or more walls substantially forming a
storage region and the heat transfer system, and a door
within the shell, the door positioned to reversibly permit
a user to access the storage region. For example, as
shown in Figure 1, a shell 110 surrounds the exterior of
the visible components of the refrigeration device. A shell
can be fabricated from a rigid material, for example a
fiberglass material or a metal such as stainless steel or
aluminum.

[0016] Arefrigeration device caninclude insulation po-
sitioned within the shell. A refrigeration device can in-
clude insulation positioned adjacent to an exterior sur-
face of the storage region. The insulation can be of a size
and shape to reversibly mate with the external surfaces
of the walls of the liquid-impermeable container and the
exterior walls substantially forming a storage region. The
insulation is of sufficient thickness, quality and composi-
tion to reduce the heat leak from the storage region to
the level where it is substantially balanced by the heat
transfer through the heat transfer system and for the ex-
pected use scenarios. For example, the refrigeration de-
vice and insulation can have a heat leak of approximately
30 W. For example, the refrigeration device and insula-
tion can have a heat leak of approximately 25 W. For
example, the refrigeration device andinsulation can have
a heat leak of approximately 20 W. For example, the re-
frigeration device and insulation can have a heat leak of
approximately 15 W. For example, the refrigeration de-
vice and insulation can have a heat leak of approximately
10 W. For example, the insulation can be fabricated from
a foam insulation. For example, the insulation can be
fabricated from vacuum insulated panels ("VIP").
[0017] Figure 2 depicts a refrigeration device 100 that
can include dual storage regions internal to the refriger-
ation device. The refrigeration device 100is depicted with
the front face of an exterior wall 110 visible. A first door
120 can substantially open the first storage region of the
refrigeration device to outside users of the device. A user
of the device can use a handle 125 to open the first door
120. A first storage region can be configured to maintain
an internal temperature ten degrees or less above freez-
ing (i.e. 0 degrees Centigrade). A first storage region can
be configured to maintain, for example, an internal tem-
perature in a range between approximately 0 degrees
Centigrade and approximately 10 degrees Centigrade.
A first storage region can be configured to maintain, for
example, an internal temperature in arange between ap-
proximately 1 degree Centigrade and approximately 9
degrees Centigrade. A first storage region can be con-
figured to maintain, for example, an internal temperature
in a range between approximately 2 degrees Centigrade
and approximately 8 degrees Centigrade. The refrigera-
tion device shown in Figure 2 also includes a second
door 200 with a handle 210 to provide access to a user
to a second storage region interior to the refrigeration
device. A second storage region can be configured to



7 EP 3 292 362 B1 8

maintain an internal temperature twenty degrees or more
below freezing. A second storage region can be config-
ured to maintain, for example, an internal temperature in
arange between approximately -15 degrees Centigrade
and approximately -20 degrees Centigrade. A second
storage region can be configured to maintain, for exam-
ple, an internal temperature in a range between approx-
imately -10 degrees Centigrade and approximately -5 de-
grees Centigrade. A second storage region can be con-
figured to maintain, for example, an internal temperature
of approximately 0 degrees Centigrade. A second stor-
age region can be configured for the storage and freezing
of one or more phase change material freezer containers,
such as medical-use ice packs. The refrigeration device
100 shown in Figure 2 can include a top door 140 revers-
ibly affixed to the upper surface of the refrigeration device
100 with a latch 150. The top door 140 can, for example,
be configured to allow a user to access a liquid-imper-
meable container within the refrigeration device 100, the
liquid-impermeable container located adjacent to an in-
ner surface of the top door 140. Some refrigeration de-
vices can be configured to operate from an electrical pow-
ersupply, such as amunicipal power supply or solar elec-
trical power system. Forexample, the refrigeration device
100 shown in Figure 2 includes a power cord 130 to con-
nect with the electrical power supply.

[0018] Figure 3 depicts a refrigeration device 100 in-
cluding a liquid-impermeable container 300 configured
to hold phase change material internal to the refrigeration
device 100 and a storage region 310. For illustration pur-
poses, features of the refrigeration device 100 such as
a shell, door(s) and/ or a cover (see, e.g. Figures 1 and
2) to the refrigeration device 100 are not depicted in Fig-
ure 3, however the refrigeration device can include these
and other features. A liquid-impermeable container can
also be vapor-impermeable. As illustrated in Figure 3,
the liquid-impermeable container 300 is positioned
above the storage region 310 within the refrigeration de-
vice 100. A liquid-impermeable container can include: an
aperture of a size, shape and position to permit the set
of evaporator coils to traverse the aperture; and a liquid-
impermeable seal between a surface of the aperture and
a surface of the set of evaporator coils. A liquid-imper-
meable container can include: an aperture of a size,
shape and position to permit the set of evaporator coils
to traverse the aperture; and a vapor-impermeable seal
between a surface of the aperture and a surface of the
set of evaporator coils.

[0019] One or more walls substantially form a liquid-
impermeable container, and the liquid-impermeable con-
tainer is configured to hold phase change material inter-
nalto arefrigeration device. The liquid-impermeable con-
tainer 300illustrated is fabricated from a plurality of planar
walls 320 forming a cuboid structure with solid walls and
a bottom, and an aperture at the topmost surface forming
an open top section. The plurality of planar walls 320 of
the liquid-impermeable container 300 are sealed at their
edges at approximately right angles with liquid-imperme-
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able seals. The one or more walls substantially forming
a liquid-impermeable container can include a plurality of
layers and the condenser is positioned adjacent to a sur-
face of at least one of the plurality of layers. The one or
more walls substantially forming the liquid-impermeable
container can include a plurality of layers wherein at least
one of the one or more layers includes non-planar regions
to form multiple sides of the liquid-impermeable contain-
er. The one or more walls substantially forming a liquid-
impermeable container can include an aperture of a po-
sition, size and shape to form an access opening. For
example, an access opening can be of a size, shape and
position to permit a user to inspect, refresh and/or renew
the interior of the liquid-impermeable container and its
contents. The one or more walls substantially forming a
liquid-impermeable container can include an aperture of
a position, size and shape to reversibly mate with a door.
Some refrigeration devices include an access lid within
a top surface of the liquid-impermeable container, the
access lid configured for a user to access an interior of
the liquid-impermeable container.

[0020] A phase change material is positioned within
the liquid-impermeable container. For example, as
shown in Figure 3, a phase change material can be in-
cluded within the liquid-impermeable container 300 in a
position 305 surrounding the set of refrigeration coils 330.
A "phase-change material," as used herein, is a material
with a high latent heat, which is capable of storing and
releasing heat energy while changing physical phase.
The selection of a phase change material depends on
considerations including the latent heat for the material,
the melting point for the material, the boiling point for the
material, the volume of material required to store a pre-
determined amount of heat energy, the toxicity of the
material, the cost of the material, and the flammability of
the material. A phase-change material can be a solid, a
liquid, a semi-solid or a gas during use. For example, a
phase-change material can include water, methanol, eth-
anol, a sodium polyacrylate/polysaccharide material or
a salt hydrate. For example, a phase change material
including a majority of the volume as pure water/ice is
preferred due to the physical property of pure water/ice
having a melting point of 0°C. For example, a phase
change material including a majority of the volume as
salt water/salt ice is preferred as the melting point of salt
ice can be calibrated to below 0°C based on the salt mo-
larity and content within the salt water/salt ice. For ex-
ample, a phase change material is configured to freeze
at below -20°C. For example, a phase change material
is configured to freeze at a point between 1°C and 3°C.
A phase change material can be in a liquid form at am-
bient temperatures (e.g. 25°C).

[0021] The refrigeration device 100 includes an active
refrigeration unit including a set of evaporator coils 330.
The set of evaporator coils 330 is positioned within an
interior of the liquid-impermeable container 300. A refrig-
eration device can include two active refrigeration units,
each including its own set of evaporator coils. Both sets
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of evaporator coils can, for example, be positioned within
a single liquid-impermeable container within the refriger-
ation device. Each set of evaporator coils can, for exam-
ple, be positioned within two liquid-impermeable contain-
ers within a single refrigeration device, and each set of
refrigeration coils can be independently controlled by a
single controller attached to each of the active refrigera-
tion units. A refrigeration device can include a single ac-
tive refrigeration unit including two sets of evaporator
coils. Each set of evaporator coils can, for example, be
positioned within two liquid-impermeable containers
within a single refrigeration device, and each set of re-
frigeration coils can be independently controlled, such
as with a reversibly controlled thermal control device,
such as avalve system. Arefrigeration device caninclude
an active refrigeration unit that includes an active refrig-
eration system. A refrigeration device can include an ac-
tive refrigeration unitthatincludes an electrically powered
compression system.

[0022] The refrigeration device includes an active re-
frigeration unit that includes a compressor. As shown in
Figure 3 a compressor 335 is operably attached to the
set of evaporator coils 330. The refrigeration device in-
cludes a controller. As illustrated in Figure 3 a controller
380 is positioned between the compressor 335 and a
wire connection 395 to an electric source. A controller
can include an electronic controller with circuitry config-
ured to send control signals to the compressor and/or
other features of the device. A controller can include an
electronic controller with circuitry configured to receive
signals from the compressor and/or other features of the
device such as sensors or monitors. A controller can in-
clude a wireless signal generator, such as a cellular radio
transmitter. A controller can include circuitry for data ac-
quisition, such as data from one or more sensors, and/or
apower monitor. A controller can include circuitry for tem-
perature control, such as by sending a control signal to
an operably attached compressor. A controller can in-
clude circuitry for temperature display, such as by send-
ing a control signal to an operably attached display unit.
A controller can include: circuitry for receiving data from
one or more sensors; circuitry for evaluating received
data for one or more predetermined set point values; cir-
cuitry to send a control signal in response to a detected
value that meets one or more predetermined set point
values; and circuitry to transmit the received data exter-
nally to the refrigeration device. For example, a controller
can be configured to: receive data from multiple temper-
ature sensors; to evaluate the received data relative to
predetermined maximum and/or minimum values; to
send a control signal in response to a detected maximum
and/or minimum value; and to send a signal including the
received data to a monitoring system.

[0023] A refrigeration device can be expected to be
used in locations with intermittent power availability, such
as due to periodic failure of a municipal power grid or
unavailability of solar power. A refrigeration device can
include, for example, a battery affixed to the at least one
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active refrigeration unit. A refrigeration device can be
configured to utilize battery power to run the active re-
frigeration unit conditionally, for example if there is a lack
of power for a predetermined period of time (e.g. 2 days,
3 days, or 4 days). A refrigeration device can be config-
ured to utilize battery power to run the active refrigeration
unit conditionally, for example if a temperature sensor
positioned within the refrigeration device detects a tem-
perature above a predetermined threshold level.

[0024] A refrigeration device can be expected to be
used in locations with variable power availability, such
as a power supply of varying voltages over time. A re-
frigeration device can include, for example, a variable
power control system attached to the at least one active
refrigeration unit. A variable power control system can
be designed to accept power from different sources, such
as 120, 230 VAC, and 12 to 24 VDC. A variable power
control system can include a power converter. The power
converter can, for example, be configured to convert AC
inputpowerto DC. The power converter can, forexample,
be configured to convert variable AC input power to 220
V AC. A variable power control system can include an
automatic voltage regulator. For example, a refrigeration
device configured for use in a location with a poorly func-
tioning electrical grid can be configured to accept power
in the range of 90 V AC to 250 V AC and covert the input
to a steady 220 V AC with an integral automatic voltage
regulator. A refrigeration device can include one or more
voltage and/or currentsensors positioned and configured
to detect the power supply to the refrigeration device.
The sensors can be attached to a controller, and/or a
transmitter unit, and/or a memory unit. A refrigeration de-
vice can include a voltage stabilizer. A refrigeration de-
vice can include a power conditioning unit. Some refrig-
eration devices are designed to be operational with or
without routine electricity from a power grid, such as a
municipal power grid. For example, a refrigeration device
can be configured to permit operation from a power grid
when such is available, and from an alternate power
source, such as a photovoltaic unit, at other times. For
example, a refrigeration device can be configured to per-
mit operation from a power grid in response to input from
a user, and from an alternate power source, such as a
photovoltaic unit, in response to other input, such as the
availability of solar energy. Some refrigeration devices,
forexample, include a photovoltaic unit configured to pro-
vide power to a battery. Some refrigeration devices, for
example, include a photovoltaic unit configured to pro-
vide power directly to a refrigeration device. Some refrig-
eration devices include a photovoltaic unit with a power
of 50 Watt (W) peak. Some refrigeration devices include
a photovoltaic unit with a power of 100 Watt (W) peak.
Some refrigeration devices include a photovoltaic unit
with a power of 150 Watt (W) peak. Some refrigeration
devices include a photovoltaic unit with a power of 200
Watt (W) peak. Some refrigeration devices are config-
ured to utilize energy from different sources, depending
on availability and the preferences of a user. For exam-
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ple, some refrigeration devices include circuitry to accept
power from a photovoltaic unit and a controller to direct
the accepted power to either the active refrigeration sys-
tem directly or to a battery. This selection can be directed
by a user through an interface, or controlled based on
predetermined criteria, such as the time of day, external
temperature, or temperature information from one or
more temperature sensors within the refrigeration de-
vice. Some refrigeration devices include a controller con-
figured to be responsive to the detected conditions of a
refrigeration device. Some refrigeration devices include
circuitry configured to direct power through a power in-
verter with a rating in the range of 1.5 to 2.0 KW from a
12 Volt (V) battery to start and power the existing active
refrigeration system of a refrigeration device. Some re-
frigeration devices are configured to power a thermoe-
lectric unit from the sealed battery under control of the
controller in response to information from the tempera-
ture sensor within a storage region. For refrigeration de-
vices wherein the interior storage region of the temper-
ature-controlled container is in the 15 liter (L) to 50 L
range, a 50 W peak photovoltaic unit should be able to
maintain a predetermined temperature range between
approximately 2°C to 8°C continually with one hour of
maximum output from the photovoltaic cell per 24 hour
period. The system can also include a charge monitor,
configured to ensure that the battery is not depleted be-
low a preset threshold, for example 80% of its charge, to
extend the life of the battery during use.

[0025] Some refrigeration devices caninclude a power
monitor operably connected to the refrigeration device.
Some refrigeration devices can include a power monitor
positioned between an electricity source and other com-
ponents of the refrigeration device. Some refrigeration
devices can include a power monitor positioned after a
voltage cutoff switch. Some refrigeration devices can in-
clude a power monitor positioned between a power sta-
bilizer and the compressor. For example, the refrigeration
device illustrated in Figure 3 can include a power monitor
390 operably connected to the wire connection 395 to an
electric source. Some refrigeration devices can include
a power monitor operably attached to the controller. For
example, Figure 3 depicts a refrigeration device including
a power monitor 390 operably connected with a wire con-
nector to the controller 380. A power monitor can include
a power sampling unit, for example a 1 kHz power sam-
pling unit. A power monitor can include a power sampling
unit, for example a 2 kHz power sampling unit. A power
monitor can include a power sampling unit, for example
a 3 kHz power sampling unit. A power monitor can include
a power sampling unit, for example a 4 kHz power sam-
pling unit. A power monitor can include a power sampling
unit, for example a 5 kHz power sampling unit. A power
monitor can include a surge protector, which can be con-
figured to operate in an expected surge situation depend-
ing on the expected geographic region of use of a refrig-
eration device. A power monitor can include a high volt-
age cutoff switch, such as a high voltage cutoff switch
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configured to activate at a predetermined maximum volt-
age for the refrigeration device. A power monitor can in-
clude a low voltage cutoff switch, such as a low voltage
cutoff switch configured to activate at a predetermined
minimum voltage for the refrigeration device. A power
monitor can include a voltage stabilizer. A power monitor
can include a battery. For example, a power monitor can
include a battery configured to provide sufficient power
to monitor a power outage and the return of power.
[0026] As illustrated in Figure 3, the refrigeration de-
vice 100 includes one or more walls 340 substantially
forming a storage region 310. The walls can be, for ex-
ample, substantially planar and affixed at approximate
right angles to each other. The storage region can form
a cuboid structure, such as illustrated in Figure 3. The
storage region can include an aperture, the aperture po-
sitioned and sized to reversibly mate with a door (see,
e.g. Figures 1 and 2). The storage region can include
internal shelving, racks, and similar features. The storage
region can be configured for medical storage, such as
storage for vaccine vials and/or medicinal packages.
[0027] The refrigerationdevice includes aheattransfer
system including a first group of vapor-impermeable
structures with a hollow interior connected to form a con-
denser in thermal contact with the one or more walls sub-
stantially forming a liquid-impermeable container, a sec-
ond group of vapor-impermeable structures with a hollow
interior connected to form an evaporator in thermal con-
tact with the one or more walls substantially forming a
storage region, and a connector with a hollow interior
affixed to both the condenser and the evaporator, the
connector forming a liquid and vapor flow path between
the hollow interior ofthe condenser and the hollow interior
of the evaporator. The liquid and vapor flow path formed
by the connector permits liquid to flow downwards and
vapor to flow upwards within a single connector. There
can be a single connector forming a bidirectional liquid
and vapor flow path between the hollow interior of the
evaporator and the hollow interior of the condenser.
There can be two or more connectors, each of which
independently form a bidirectional liquid and vapor flow
path between the hollow interior of the evaporator and
the hollow interior of the condenser. As illustrated in Fig-
ure 3, the refrigeration device includes a heat transfer
system including a first group of vapor-impermeable
structures connected to form a condenser 350 in thermal
contactwith the one or more walls 320 substantially form-
ing a liquid-impermeable container 300. Figure 3 also
illustrates a refrigeration device including a heat transfer
system including a second group of vapor-impermeable
structures connected to form an evaporator 360 in ther-
mal contact with the one or more walls 340 substantially
forming a storage region 310. The refrigeration device
shown in Figure 3 includes a connector 370 with a hollow
interior affixed to both the condenser 350 and the evap-
orator 360, the connector 370 forming a liquid and vapor
flow path between the hollow interior of the condenser
350 and the hollow interior of the evaporator 360. The
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heat transfer system can include a contiguous substan-
tially sealed hollow interior, and an evaporative liquid
sealed within the contiguous substantially sealed hollow
interior. As illustrated in Figure 3, the connector can be
a substantially linear structure positioned to be substan-
tially vertical when the refrigeration device is in a position
for use.

[0028] The evaporator and/or the condenser of the
heat transfer system can be connected to multiple walls
of the liquid-impermeable container and the storage re-
gion. See, e.g.

[0029] Figure 7. The first group of vapor-impermeable
structures connected to form a condenser can be con-
tiguous and in thermal contact with two or more walls of
the liquid-impermeable container. For example, the con-
denser can be fabricated from multiple hollow tubes
fused together and positioned in thermal contact with two
or more walls of the liquid-impermeable container. For
example, the condenser can be fabricated from a single
roll-bond fabricated structure that is bent and positioned
to form multiple walls of the liquid-impermeable contain-
er. The second group of vapor-impermeable structures
connected to form an evaporator can be contiguous and
in thermal contact with two or more walls of the storage
region. For example, the evaporator can be fabricated
from multiple hollow tubes fused together and positioned
in thermal contact with two or more walls of the storage
region. For example, the evaporator can be fabricated
from a single roll-bond fabricated structure that is bent
and positioned to form multiple walls of the storage re-
gion.

[0030] The heat transfer system can form a unidirec-
tional thermal conductor within the refrigeration device.
A "unidirectional thermal conductor," as used herein, re-
fers to a structure configured to permit thermal transfer
in one direction along its long axis, while substantially
inhibiting thermal transfer in the reverse direction along
the same long axis. A unidirectional thermal conductor
is designed and implemented to encourage the transmis-
sion of thermal energy (e.g. heat) in one direction along
the length of the unidirectional thermal conductor, while
substantially suppressing the transmission in the reverse
direction along the length of the unidirectional thermal
conductor. A unidirectional thermal conductor can in-
clude a linear heat pipe device. A unidirectional thermal
conductor can include a thermosyphon. A unidirectional
thermal conductor can include a thermal diode device.
For example, a unidirectional thermal conductor can in-
clude a hollow tube fabricated from a thermally conduc-
tive material, the hollow tube sealed at each end and
including an evaporative liquid in both a volatile liquid
form and in a gas form. For example, a unidirectional
thermal conductor can include a tubular structure with a
substantially sealed internal region, and an evaporative
fluid sealed within the substantially sealed internal re-
gion. A unidirectional thermal conductor can be config-
ured as a 2.54cm (Y2 inch) diameter copper pipe. A uni-
directional thermal conductor can be wholly or partially
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fabricated with a roll-bond technique. A unidirectional
thermal conductor can include an internal geometry po-
sitioned and configured to distribute evaporative liquid
along the interior surface of the unidirectional thermal
conductor. Forexample, a unidirectional thermal conduc-
tor can include an internal surface with grooves, chan-
nels, or similar structures of a size, shape and position
to distribute evaporative liquid along the internal surface.
Aunidirectional thermal conductor can include an interior
wick structure throughout the interior or at specific re-
gions of the interior. A unidirectional thermal conductor
can include an interior sintered structure throughout the
interior or at specific regions of the interior.

[0031] A unidirectional thermal conductor can include
multiple hollow branches, each in vapor connection with
each other, each including an evaporative liquid in both
avolatile liquid form and in a gas form. Some refrigeration
devices include multiple unidirectional thermal conduc-
tors. For example, some refrigeration device include mul-
tiple unidirectional thermal conductors arranged in par-
allel along a single axis. For example, some refrigeration
devices include multiple unidirectional thermal conduc-
tors utilized in different regions of the refrigeration device,
the multiple unidirectional thermal conductors acting in-
dependently of each other. Some refrigeration devices
include multiple unidirectional thermal conductors includ-
ing the same evaporative liquid. Some refrigeration de-
vices include multiple unidirectional thermal conductors
including different evaporative liquids, for example posi-
tioned in different regions of a refrigeration device.
[0032] Aunidirectional thermal conductoris configured
so that the liquid and gas form of the evaporative liquid
will be in thermal equilibrium. A unidirectional thermal
conductor is substantially evacuated during fabrication,
then sealed with a gas-impermeable seal, so that sub-
stantially all of the gas present within the unidirectional
thermal conductor is the gas form of the liquid present.
The vapor pressure within a unidirectional thermal con-
ductor is substantially entirely the vapor pressure of the
liquid, so that the total vapor pressure is substantially
equivalent to the partial pressure of the liquid. A unidi-
rectional thermal conductor includes an internal flow path
for both an evaporative liquid and its vapor. The unidi-
rectional thermal conductor can include an internal flow
path sufficient for two phase flow of the evaporative liquid
within the interior of the unidirectional thermal conductor.
For example, a connector can include a bidirectional in-
ternal flow path. For example, a connector can include
both a liquid and a vapor flow path. A unidirectional ther-
mal conductor can be configured to operate in a substan-
tially vertical position, with thermal transfer from the lower
end to the upper end carried out through vapor rising
within the unidirectional thermal conductor and condens-
ing at the upper end. The unidirectional thermal conduc-
tor can include an evaporative liquid wherein the expect-
ed surface level of the evaporative liquid is within a stor-
age region of a temperature-controlled container when
the unidirectional thermal conductor is in its expected
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position within the container.

[0033] A unidirectional thermal conductor can include
an evaporative liquid that includes one or more alcohols.
A unidirectional thermal conductor can include an evap-
orative liquid that includes one or more liquids commonly
used as refrigerants. A unidirectional thermal conductor
caninclude water. A unidirectional thermal conductor can
include an evaporative liquid that includes: R-134A re-
frigerant, iso-butane, methanol, ammonia, acetone, wa-
ter, isobutene, pentane, or R-404 refrigerant.

[0034] Some refrigeration devices can include a unidi-
rectional thermal conductor that includes an elongated
structure. For example, a unidirectional thermal conduc-
tor can include a substantially tubular structure. A unidi-
rectional thermal conductor can be configured as a sub-
stantially linear structure. A unidirectional thermal con-
ductor can be configured as a substantially non-linear
structure. For example, unidirectional thermal conductor
can be configured as a non-linear tubular structure. One
or more thermal conduction units can be attached to an
exterior surface of a unidirectional thermal conductor. For
example, one or more planar structures, such as fin-like
structures, fabricated from a thermally-conductive mate-
rial can be attached to the exterior surface of a unidirec-
tional thermal conductor and positioned to promote ther-
mal transfer between the unidirectional thermal conduc-
tor and an adjacent region. A unidirectional thermal con-
ductor can be fabricated from a thermally-conductive
metal. For example, a unidirectional thermal conductor
can include copper, aluminum, silver or gold.

[0035] A unidirectional thermal conductor can include
a substantially elongated structure. For example, a uni-
directional thermal conductor can include a substantially
tubular structure. The substantially elongated structure
includes an evaporative liquid sealed within the structure
with gas-impermeable seals. For example, a unidirec-
tional thermal conductor can include welded or crimped
gas-impermeable seals. The evaporative liquid can in-
clude one or more of: water, ethanol, methanol, or bu-
tane. The selection of the evaporative liquid depends on
factors including the evaporation temperature of the
evaporative liquid in the particular unidirectional thermal
conductor structure, including the gas pressure within
the unidirectional thermal conductor. The interior of the
structure of the unidirectional thermal conductor includes
a gas pressure below the vapor pressure of the evapo-
rative liquid. When the unidirectional thermal conductor
is positioned within a temperature-controlled container
in a substantially vertical position, the evaporative liquid
evaporates from the lower portion of the unidirectional
thermal conductor, wherein the resulting vapor rises to
the upper portion of the unidirectional thermal conductor
and condenses, thus transferring thermal energy from
the lower portion of the unidirectional thermal conductor
to the upper portion. A unidirectional thermal conductor
can include a structure including an adiabatic region po-
sitioned between the condensing end and the evapora-
tive end, the adiabatic region positioned between the lig-
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uid-impermeable container and the storage region of the
refrigeration device.

[0036] Some refrigeration devices include a unidirec-
tional thermal conductor that is affixed to a thermally-
conductive coupling block and a heat pipe. The coupling
block and heat pipe can, for example, be positioned and
configured to moderate the thermal transfer along the
length of the unidirectional thermal conductor.

[0037] Thefirstgroup of vapor-impermeable structures
with the hollow interior connected to form the condenser
can form a branched structure. For example, Figure 3
illustrates a branching, zig-zag pattern of structures con-
nected to form the condenser 350. A zig-zag pattern can,
for example, be positioned and configured to distribute
an interior fluid evenly to create an active heat transfer
region. The first group of vapor-impermeable structures
with the hollow interior connected to form the condenser
can form a branched structure wherein each end of a
branch of the branched structure is the topmost region
of that branch. The first group of vapor-impermeable
structures with the hollow interior connected to form the
condenser can form a branched structure wherein the
branches connect at the top of the branching structure.
At least one wall of substantially forming the liquid-im-
permeable container can be fabricated from one or more
roll bonded plates. For example, one or more roll-bonded
plates can be fabricated to include a first group of vapor-
impermeable structures with a hollow interior that are
connected to form the condenser of the refrigeration de-
vice, and the one or more roll bonded plates can be in-
tegrated into the one or more walls substantially forming
the liquid-impermeable container. The first group of va-
por-impermeable structures with the hollow interior con-
nected to form the condenser can be integral to at least
one of the one or more walls of the liquid-impermeable
container. For example, the first group of vapor-imper-
meable structures can be part of a roll-bond structure
forming one or more walls of the liquid-impermeable con-
tainer. The first group of vapor-impermeable structures
with the hollow interior connected to form the condenser
can be in direct thermal contact with at least one of the
one or more walls of the liquid-impermeable container.
[0038] The second group of vapor-impermeable struc-
tures with the hollow interior can be connected to form
the evaporator form a branched structure. Figure 3, for
example, illustrates a branching, zig-zag pattern of struc-
tures connected to form the evaporator 360. A zig-zag
pattern can, for example, be positioned and configured
to distribute an interior fluid evenly to create an active
heat transfer region. The second group of vapor-imper-
meable structures with the hollow interior connected to
form the evaporator can form a branched structure
wherein each end of a branch of the branched structure
is the lowest region of that branch. The second group of
vapor-impermeable structures with the hollow interior
connected to form the evaporator can form a branched
structure wherein the branches connect at the bottom of
the branching structure. At least one wall substantially



17 EP 3 292 362 B1 18

forming the storage region can be fabricated from one or
more roll bonded plates. For example, one or more roll-
bonded plates can be fabricated to include a second
group of vapor-impermeable structures with a hollow in-
terior that are connected to form the evaporator of the
refrigeration device, and the one or more roll bonded
plates can be integrated into the one or more walls sub-
stantially forming the storage region. Roll-bond plates
can be fabricated as one unit which is then bent or flexed
to form walls of a storage region and/or a liquid-imper-
meable container. The second group of vapor-imperme-
able structures with the hollow interior connected to form
the evaporator can be integral to at least one of the one
or more walls of the storage region. The second group
of vapor-impermeable structures with the hollow interior
connected to form the evaporator are in direct thermal
contact with at least one of the one or more walls of the
storage region. For example, the second group of vapor-
impermeable structures can be part of a roll-bond struc-
ture forming one or more walls of the storage region.
[0039] Figure 4 depicts a refrigeration device 100 in-
cluding a sensor 410 positioned within the liquid-imper-
meable container 300 at a location between an interior
surface of the container walls 320 and the set of evapo-
rator coils 330. The sensoris a temperature sensor, such
as an electronic temperature sensor. The refrigeration
device includes: atleast one sensor positioned within the
liquid-impermeable container between the one or more
walls and the set of evaporator coils; and a controller
operably attached to the at least one active refrigeration
unit and to the sensor. A sensor can be operably con-
nected to a controller with a wireless connection. A sen-
sor can be operably connected to a controller with a wire
connector. A sensor can be configured to send signals
including sensed data to the controller at fixed time in-
tervals, such as every hour, every 2 hours, or every 3
hours. A sensor can be configured to send signals in-
cluding sensed data to the controller at fixed time inter-
vals, such as every minute, every 2 minutes, or every 3
minutes. A sensor can be configured to send signals in-
cluding sensed data to the controller at fixed time inter-
vals, such as every second, every 2 seconds, or every 3
seconds. A sensor can be configured to send signals
including sensed data to the controller when the sensed
parameter is outside of a particular preset range of val-
ues. For example, a temperature sensor can be config-
ured to send a signal to an attached controllerin response
to the temperature sensor detecting a temperature out-
side of a predetermined range of values, for example
above 3 degrees C or below 0 degrees C.

[0040] A controller can include circuitry for turning an
active refrigeration unit on and off in response to data
received from the sensor. For example, as shown in Fig-
ure 4, the refrigeration device is calibrated to work effi-
ciently when the set of evaporator coils 330 is positioned
within the liquid-impermeable container 300 and a phase
change material is located at a position 305 around the
set of evaporator coils 330. When the active refrigeration

10

15

20

25

30

35

40

45

50

55

10

unit is operating, the compressor 335 acts to cool the set
of refrigeration coils 330, which consequently cools the
phase change material located at a position 305 around
the set of evaporator coils 330. The refrigeration device
100 can be calibrated, for example, to operate efficiently
when the phase change material is cool enough to freeze
up to a location within the liquid-impermeable container
300, for example a freeze line 400. The temperature sen-
sor 410 can be positioned between the intended freeze
line 400 and a wall 320 of the liquid-impermeable con-
tainer 300 in direct contact with the condenser 350.
[0041] Some refrigeration devices can include a heat
transfer system that is calibrated to maintain an internal
temperature of the storage region within a predetermined
temperature range when a phase change material posi-
tioned within the liquid-impermeable container is main-
tained within a predetermined temperature range. For
example, a refrigeration device can include sufficient in-
sulation wherein at an expected ambient temperature
range the heat transfer system will remove heat from the
storage region at a rate equivalent to the heat leak from
the storage region, and therefore to passively maintain
the internal temperature of the storage region within a
preset temperature range. Factors included in the cali-
bration of a heat transfer system include the physical
properties, such as thermal conductive properties, of the
materials that are fabricated into the heat transfer sys-
tem, the evaporative liquid within the heat transfer sys-
tem, the position and configuration of the heat transfer
system relative to the storage region and the liquid-im-
permeable container, and the phase change material uti-
lized within the liquid-impermeable container.

[0042] The refrigeration device includes: at least one
sensor positioned within the liquid-impermeable contain-
er between the one or more walls and the set of evapo-
rator coils; and a controller operably attached to the at
least one active refrigeration unitand to the sensor. Some
refrigeration devices can include: at least one sensor po-
sitioned adjacent to an interior wall of the storage region;
and a controller operably attached to the at least one
active refrigeration unit and to the sensor. Some refrig-
eration devices can include: at least one sensor posi-
tioned adjacent to the evaporator of the heat transfer sys-
tem; and a controller operably attached to the at least
one active refrigeration unit and to the sensor. Some re-
frigeration devices can further include circuitry for turning
the at least one active refrigeration unit on and off in re-
sponse to data received from the sensor. The tempera-
ture sensor is positioned within the liquid-impermeable
container, and operably connected to a controller config-
ured to receive signals from the temperature sensor and
to send control signals, such as on/off control signals, to
the at least one active refrigeration unit in response to
the received signals from the temperature sensor. The
liquid-impermeable container can be configured to in-
clude water as a phase change material, and the tem-
perature sensor can be positioned and calibrated to de-
tect if the water is freezing or near freezing (e.g. in a
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temperature range between 2 degrees C and -1 degrees
C). The controller attached to the temperature sensor
can include circuitry configured to send a "off" control
signal to an active refrigeration unit when the received
data indicates a freezing temperature, for example 0 de-
grees C or below. The controller can further include cir-
cuitry configured to send an "on" control signal to an ac-
tive refrigeration unit when the received data indicates a
sufficiently warm temperature, for example 2 degrees C
or higher.

[0043] Some refrigeration devices can include a heat
transfer system that permits variable thermal flow from
the storage region to the liquid-impermeable container.
Some refrigeration devices include a heat transfer sys-
tem with at least one thermal control device connected
to the connector, the thermal control device positioned
and configured to reversibly control size of the hollow
interior of the connector. By reversibly controlling the size
ofthe hollow interior of the connector, the volume of liquid
and vapor flow of the evaporative liquid within the heat
transfer system can be altered, and consequently the
thermal flow.

[0044] A "thermal control device," as used herein, is a
device positioned and configured to regulate the flow of
evaporative liquid, in either liquid or vapor state, through
a heat transfer system between the evaporative end and
the condensing end. A thermal control device changes
configuration in response to a stimulus, and thereby al-
ters thermal transfer along the entirety of the attached
heat transfer system. A thermal control device can oper-
ate in a binary state, either opening or closing the flow
pathway within the heat transfer system. A thermal con-
trol device can operate in an analog manner, with multiple
possible states opening and closing the flow pathway
within the heat transfer system to varying levels. For ex-
ample, a thermal control device can include a valve with
multiple partially restricted configurations. For example,
a thermal control device can include a valve that can be
stably set to positions including 20% restricted flow
through the valve, 30% restricted flow through the valve,
40% restricted flow through the valve, 50% restricted flow
through the valve, 60% restricted flow through the valve,
70% restricted flow through the valve, and 80% restricted
flow through the valve. For example, a thermal control
device can include a valve that is a solenoid valve. A
thermal control device, through control of evaporative lig-
uid flow, can increase or decrease the thermal energy
transferred through a heat transfer system. A thermal
control device can, forexample, be configured toregulate
the flow of evaporative liquid, in either liquid or vapor
state, through a heat transfer system in response to a
temperature. A thermal control device can be a passive
device. For example a passive thermal control device
can include a bimetallic element configured to change
position in response to a change in temperature within
the heat transfer system. A thermal control device can
be an active device, such as requiring power to operate
and under the active control of a controller. For example,
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a thermal control device can include an electrically-op-
erable valve internal to the heat transfer system, such as
within the connector, the valve attached to a controller
and a power source external to the heat transfer system.
For example, a thermal control device can include a
valve, such as a globe valve, a motor operably connected
to the valve and a battery operably connected to the mo-
tor. A thermal control device can be entirely internal to
the regulated heat transfer system. A thermal control de-
vice can be partially internal to the regulated heat transfer
system and partially external to it, for example including
one or more power couplings or control features.
[0045] For example, Figure 5 depicts a refrigeration
device including a thermal control device 500 affixed to
the connector 370 of a heat transfer system according
to apreferred embodiment of the invention. Asillustrated,
the thermal control device 500 can include a valve posi-
tioned and affixed in a manner to reversibly control vapor
and fluid flow within the connector 370, thereby regulating
the thermal dynamics of the heat transfer system. The
valve can be operably connected to the controller, and
the controller includes circuitry configured to send control
signals to the valve. For example, the valve can be op-
erably connected to the controller with a wireless con-
nection. For example, the valve can be operably con-
nected to the controller with a wire connector. For exam-
ple, the controller can include circuitry configured to send
control signals to the valve in response to data received
by the controller from a sensor positioned within the lig-
uid-impermeable container. For example, the controller
can include circuitry configured to send control signals
to the valve in coordination with control signals sent by
the controller to the compressor. A thermal control device
can be a passive device, and is not operably connected
to the controller. For example, a thermal control device
can include a mechanism calibrated to open and close
a valve affixed to a connector in response to the temper-
ature of the connector.

[0046] Some refrigeration devices can include a heat-
ing element positioned adjacent to the condenser of the
heattransfer system, wherein the heating elementis con-
figured to reversibly and controllably provide heat to the
condenser to prevent cooling of the condenser below a
predetermined minimum temperature. For example, a
heating element could include an electric heating ele-
ment, the heating element operably connected to a con-
troller and configured to be responsive to control signals
sent from the controller. The controller can be configured
to receive signals from atemperature sensor, and to send
control signals to the heating element in response to the
data of the temperature sensor. For example, a refriger-
ation device caninclude a temperature sensor positioned
adjacent to an evaporator, wherein the temperature sen-
sor sends data to a controller and the controller sends
control signals to the heating element in response to the
data received from the temperature sensor. A controller
can be configured to receive data from an active refrig-
eration unit, and to send control signals to a heating el-
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ement positioned adjacent to a condenser of a heattrans-
fer system in response to received data from the active
refrigeration unit. For example, a controller can be con-
figured to turn on a heating element after an active re-
frigeration unit has been operating for a length of time,
such as 6 hours, 8 hours, 12 hours, or 24 hours.

[0047] Arefrigerationdevice caninclude asecond stor-
age region, the second storage region positioned and
configured to maintain its interior within a second tem-
perature range. For example, a second temperature
range can be below freezing (e.g. less than 0 degrees
C). A second temperature range can be between -5 de-
grees C and -15 degrees C. A second temperature range
can be between -15 degrees C and -25 degrees C. A
refrigeration device can be configured, for example, with
a second door positioned for a user to access the second
storage region (e.g., see Figure 2). Some refrigeration
devices further include: a frame affixed to an exterior sur-
face of the one or more walls substantially forming the
liquid-impermeable container at a position distal to the
condenser, the frame of a size and shape to enclose one
or more containers for frozen phase change material;
and at least one tensioner within the frame, the tensioner
oriented to press the one or more containers against the
one or more walls. The frame can include at least one
positioning element, the positioning element oriented to
assist in positioning the one or more containers for frozen
phase change material adjacent to the exterior surface
of the one or more walls. The set of evaporator coils can
include an exterior section positioned adjacentto a frame
on the exterior of the liquid-impermeable container, and
an interior section positioned within the interior of the
liquid-impermeable container. Some refrigeration devic-
esinclude two or more sets of evaporator coils independ-
ently attached to a compressor, wherein a first set of
evaporator coils are positioned within the interior of the
liquid-impermeable container, and a second set of evap-
orator coils are positioned adjacent to the exterior of the
liquid-impermeable container.

[0048] For example, Figure 6 depicts a refrigeration
device wherein a frame 600 can be affixed to an exterior
surface of a wall 320 of the liquid-impermeable container
300. The liquid-impermeable container includes an inte-
rior position 305 that would include phase-change mate-
rial surrounding a set of evaporator coils when the refrig-
eration device is in use; for illustration purposes the set
of evaporator coils is not shown in Figure 6. The frame
is positioned and oriented to hold containers 610 for fro-
zen phase change material adjacent to a section 640 of
the exterior surface of a wall 320 of the liquid-imperme-
able container 300. For example, a container for holding
frozen phase change material can include a WHO-stand-
ard ice pack for medical outreach. The frame 600 shown
in Figure 6 includes a substantially planar exterior section
650 which is oriented to position the containers 610 for
frozen phase change material adjacentto the section 640
of the exterior surface of the wall 320. A positioning ele-
ment 620 including two substantially planar opposing sur-
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faces can be located between the interior face of the sub-
stantially planar exterior section 650 of the frame and a
substantially planar outer wall of a container 610 for fro-
zen phase change material. As shown in Figure 6, the
frame 600 can include two distinct positioning elements
620. Each of the positioning elements can include a tab
625 at one end, the tab 625 of a size and shape to assist
a user to reversibly slide the positioning element relative
to the frame 600, thereby assisting in the removal of the
adjacent container 610. The substantially planar exterior
section 650 of the frame 600 can include guides 630, the
guides of a size and shape to position one or more tabs
of each positioning element 620, thereby maintaining the
relative orientation of the positioning element 620 to the
frame 600. Some refrigeration devices can include one
or more tension elements within a frame, the tension el-
ements oriented and configured to hold one or more con-
tainers for frozen phase change material in direct contact
with the exterior surface of the wall of a liquid-imperme-
able container. For example, a frame can include an in-
terior torsional spring. For example, a frame can include
a semi-elliptical spring positioned and oriented to hold a
container.

[0049] Some refrigeration devices can include a frame
affixed to an exterior surface of the one or more walls
substantially forming the liquid-impermeable container
at a position distal to the condenser, the frame of a size
and shape to enclose one or more containers for frozen
phase change material, wherein the frame is positioned
within a second liquid-impermeable container. The frame
can be positioned and configured to maintain a position
of one or more containers for frozen phase change ma-
terial in thermal contact with the second liquid-imperme-
able container. The second liquid-impermeable contain-
er can be configured to contain a material with thermal
characteristics sufficient to freeze and maintain the fro-
zen state of one or more containers for frozen phase
change material which are in thermal contact with the
second liquid-impermeable container. The second liquid-
impermeable container can be configured to contain a
phase change material. The second liquid-impermeable
container can be configured to contain a second phase
change material with a lower freezing temperature than
the first phase change material. The second liquid-im-
permeable container can be configured to contain a sec-
ond phase change material with a higher melting point
than the first phase change material. For example where
the first liquid-impermeable container includes water as
aphase change material, the second liquid-impermeable
container can include salt water, which has a freezing
temperature below (non-salt) water. For example where
the first liquid-impermeable container includes water as
aphase change material, the second liquid-impermeable
container can include a phase change material with a
freezing temperature of -10 degrees C. For example
where the firstliquid-impermeable containerincludes wa-
ter as a phase change material, the second liquid-imper-
meable container can include a phase change material
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with a freezing temperature of -20 degrees C.

[0050] Some refrigeration devices can include: one or
more walls substantially forming a liquid-impermeable
container, the container configured to hold phase change
material internal to a refrigeration device, wherein the
one or more walls integrally include a first group of vapor-
impermeable structures with a hollow interior connected
to form a condenser; at least one active refrigeration unit
including a set of evaporator coils, the evaporator coils
positioned within an interior of the liquid-impermeable
container; one or more walls substantially forming a stor-
age region and integrally including a second group of
vapor-impermeable structures with a hollow interior con-
nected to form a evaporator; and a connector affixed to
both the condenser and the evaporator, the connector
forming a liquid and vapor flow path between the hollow
interior of the condenser and the hollow interior of the
evaporator, wherein the condenser, the evaporator and
the connector form a heat transfer system integral to the
refrigeration device.

[0051] The connector can be of a size and shape to
permit both liquid and vapor flow between the interior of
the evaporator and the interior of the condenser of the
heat transfer system. For example, Figure 5 depicts a
connector 370 positioned between the evaporator 360
and the condenser 350 of a heat transfer system integral
to the refrigeration device 100. In Figure 5, the heat trans-
fer system operates with fluid and vapor flow along a
linear, substantially vertical (i.e. up and down in the view
of Figure 5) pathway with bilateral movement within each
of the hollow interiors of the heat transfer system.
[0052] Figure 7 depicts a refrigeration device 100 ac-
cording to a non-claimed example. A liquid-impermeable
container 300 is fabricated with walls 320. Two of the
walls 320 of the liquid-impermeable container 300 are in
thermal contact with a condenser 350 of a heat transfer
system. For example, the walls can be fabricated from a
roll-bond layered material including the condenser, which
is bent and positioned to form the walls of the liquid-im-
permeable container. A set of evaporator coils 330 is
positioned within the liquid-impermeable container 300,
and a sensor 410 is positioned between an edge of the
set of evaporator coils 330 and the interior of a wall 320
of the liquid-impermeable container 300 that is in direct
thermal contact with part of the condenser 350. The set
of evaporator coils 330 are operably attached to a com-
pressor 335, which can be further attached to a controller
380 and a power monitor 390. The refrigeration device
100 includes a power connector 395 to a power source,
such as an electrical grid system. The condenser 350
shown in Figure 7 is fabricated to include multiple internal
loops in the liquid and vapor flow pathway within the con-
denser 350. The refrigeration device 100 shown in Figure
7 includes two connectors 370 within the heat transfer
system. Each of the connectors 370 provides a bidirec-
tional liquid and vapor flow pathway to evaporative liquid
within the hollow interior of the heat transfer system.
[0053] Therefrigeration device 100illustratedin Figure
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7 alsoincludes a storage region 310 which is substantially
defined by walls 340. Two of the walls 340 of the storage
region 310 are in thermal contact with an evaporator 360
of the heat transfer system. For example, the walls can
be fabricated from a roll-bond layered material including
the evaporator, which is bent and positioned to form the
walls of the storage region. In Figure 7, the evaporator
360 includes two distinct pathways, one integrated into
each side of the evaporator 360. The two distinct path-
ways are each configured to provide a bidirectional liquid
and vapor flow pathway within the hollow interior. The
two pathways within the interior of the evaporator 360
are connected at their lowest point 700.

[0054] A refrigeration device can include a heat trans-
fer system including an evaporator, a condenser, and
one or more connectors, wherein each connector forms
a dual vapor and liquid flow channel between an interior
of the evaporator and an interior of the condenser. A re-
frigeration device can include a heat transfer system in-
cluding an evaporator, a condenser, and one connector.
A refrigeration device can include a heat transfer system
including an evaporator, a condenser, and two connec-
tors. For example, the two connectors can be positioned
adjacent to two different faces of the refrigeration device.
For example, the two connectors can be positioned ad-
jacent to a single face of the refrigeration device. A re-
frigeration device can include a heat transfer system in-
cluding an evaporator, a condenser, and three connec-
tors. For example, the three connectors can be posi-
tioned adjacentto three different faces of the refrigeration
device, such as two side faces and a back face. For ex-
ample, the three connectors can be positioned adjacent
to a single face of the refrigeration device.

[0055] The refrigeration device includes a first group
of vapor-impermeable structures with a hollow interior
connected to form a condenser. The vapor-impermeable
structures are also liquid- impermeable. The vapor-im-
permeable structures can be fabricated from tubes, tu-
bular structures, regions of roll-bonded material or other
materials. Somerefrigeration devices include a condens-
er formed from a first group of vapor-impermeable struc-
tures wherein the vapor-impermeable structures have
multiple sections, and each section is connected at a low
position to the connector. Some refrigeration devices in-
clude a condenser formed from a first group of vapor-
impermeable structures wherein the vapor-impermeable
structures have multiple sections, and each section is
connected at a low position to the connector and at an
upper position to at least one other section. Some refrig-
eration devices include a condenser formed from a first
group of vapor-impermeable structures wherein the va-
por-impermeable structures have multiple sections, and
each section is connected at a low position to the con-
nector and at least one intermediate position level. For
example, the firstgroup of vapor-impermeable structures
can form a zig-zag pattern and the structures are con-
nected to each other at intersecting points of the pattern.
[0056] The refrigeration device includes a second
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group of vapor-impermeable structures with a hollow in-
terior connected to form an evaporator. The vapor-im-
permeable structures are also liquid- impermeable. The
vapor-impermeable structures can be fabricated from
tubes, tubular structures, regions of roll-bonded material
or other materials. Some refrigeration devices include an
evaporator formed from a second group of vapor-imper-
meable structures wherein the vapor-impermeable struc-
tures have multiple sections, and each section is con-
nected at an upper position to the connector. Some re-
frigeration devices include an evaporator formed from a
second group of vapor-impermeable structures wherein
the vapor-impermeable structures have multiple sec-
tions, and each section is connected at an upper position
to the connector and at an lower position to at least one
other section. Some refrigeration devices include an
evaporator formed from a second group of vapor-imper-
meable structures wherein the vapor-impermeable struc-
tures have multiple sections, and each section is con-
nected at an upper position to the connector and at least
one intermediate position level. For example, the second
group of vapor-impermeable structures can form a zig-
zag pattern and the structures are connected to each
other at intersecting points of the pattern.

[0057] The heattransfersystem can be fabricated from
a contiguous roll-bond material, wherein the roll bond
material includes the evaporator, the condenser and the
one or more connectors. For example, a roll bond mate-
rial can be fabricated with the desired interior channels
forming an evaporator, a condenser and one or more
channels between the evaporator and the condenser,
wherein the initially substantially flat roll bond material at
the time of manufacture is bent to form walls of the stor-
age region and/or the liquid-impermeable container. For
example, a roll bond material fabricated to include the
evaporator, the condenser and the one or more connec-
tors and substantially flat at the time of manufacture can
be reconfigured to form the sides of the storage region
and/or the liquid-impermeable container after manufac-
ture, and the reconfigured form can be integrated into a
refrigeration device during assembly of the refrigeration
device.

[0058] Therefrigerationdevice canalsoinclude:ather-
mally-conductive wall integral to the liquid-impermeable
container, the thermally-conductive wall including a re-
gion projecting beyond an edge of the liquid-impermea-
ble container; an enclosure affixed to the region of the
thermally-conductive wall projecting beyond an edge of
the liquid-impermeable container of the thermally-con-
ductive wall, the enclosure including an insulating layer
adjacent to the region of the thermally-conductive wall;
and a frame affixed within the enclosure, the frame of a
size and shape to enclose one or more containers for
frozen phase change material. During use, when heat
passes through the sides of the refrigeration device, the
heat is dispersed along the thermally-conductive wall,
including to the liquid-impermeable container. This heat
dispersion assists in maintaining the interior storage re-
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gion of the enclosure within a predetermined temperature
range for freezing one or more containers of phase
change material. For example, a thermally conductive
wall can include a thermally-conductive metal, such as
copper or aluminum. For example, an insulating layer
can include a standard insulation material as used in re-
frigeration devices, such as foam insulation or one or
more vacuum insulated panels. A frame of a size and
shape to enclose one or more containers for frozen phase
change material wherein the frame is affixed within an
enclosure can include frame elements such as one or
more positioning elements and/or one or more tension
elements.

[0059] Figure 8 depicts a refrigeration device in a sub-
stantially cross-section view. For purposes of illustration,
Figure 8 shows portions of a refrigeration device that can
be incorporated with other features described herein. Fig-
ure 8 depicts a liquid-impermeable container 300 includ-
ing substantially planar walls 320. The interior of the lig-
uid-impermeable container 300 includes a region 305 of
a size and shape to form a space adjacent to a set of
refrigeration coils. The exterior vertical walls of the sub-
stantially planar walls 320 of the liquid-impermeable con-
tainer 300 are thermally conductive walls 805. The ther-
mally conductive walls 805, in combination with a lower
exterior wall 830 and the lower wall of the liquid-imper-
meable container 300, form an enclosure 810. Positioned
within the enclosure 810 at a position adjacent to the
walls of the enclosure 810, there is an insulating layer
820. A frame 600 of a size and shape to enclose one or
more containers for frozen phase change material is po-
sitioned within the insulating layer 820. As illustrated, an
interior wall 850 divides the insulating layer from a layer
of phase change material 840 positioned between the
insulating layer 820 and the frame 600.

Claims
1. A refrigeration device (100), comprising:

one or more walls (320) substantially forming a
liquid-impermeable container (300), the liquid-
impermeable container configured to hold
phase change material internal to the refrigera-
tion device;

at least one active refrigeration unit including a
set of evaporator coils (330), the evaporator
coils positioned within an interior of the liquid-
impermeable container;

one or more walls (340) substantially forming a
storage region (310);

at least one temperature sensor (410) posi-
tioned within the liquid-impermeable container
between the one or more walls and the set of
evaporator coils;

a controller (380) operably attached to the at
least one active refrigeration unit and to the tem-
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perature sensor;

a compressor (335) attached to the set of evap-
orator coils, wherein the controller is positioned
between the compressor and a wire connection
(395) to an electric source and the controller is
configured to send control signals to the com-
pressor in response to data received from the
temperature sensor; and

a heat transfer system including a first group of
vapor-impermeable structures with a hollow in-
terior connected to form a condenser (350) in
thermal contact with the one or more walls sub-
stantially forming a liquid-impermeable contain-
er, a second group of vapor-impermeable struc-
tures with a hollow interior connected to form an
evaporator (360) in thermal contact with the one
or more walls substantially forming the storage
region, and a connector (370) with a hollow in-
terior affixed to both the condenser and the
evaporator, the connector forming a liquid and
vapor flow path between the hollow interior of
the condenser and the hollow interior of the
evaporator.

2. The refrigeration device of claim 1, wherein the one

or more walls substantially forming the liquid-imper-
meable container include at least one of:

a plurality of layers and the condenser is posi-
tioned adjacent to a surface of at least one of
the plurality of layers;

a plurality of layers wherein at least one of the
one or more layers includes non-planar regions
to form multiple sides of the liquid-impermeable
container.

The refrigeration device of claim 1 or claim 2, wherein
the one or more walls substantially forming the stor-
age region include a plurality of layers and the evap-
orator is positioned adjacent to a surface of at least
one of the plurality of layers.

The refrigeration device of any one of the preceding
claims, wherein the at least one active refrigeration
unit including the set of evaporator coils comprises:

a first section of the set of evaporator coils po-
sitioned adjacent to an exterior surface of the
one or more walls substantially forming the lig-
uid-impermeable container;

a second section of the set of evaporator coils
positioned within the interior of the liquid-imper-
meable container; and

a frame (600) of a size and shape to enclose
one or more containers (610) for frozen phase
change material, the frame in thermal contact
with the firstsection of the set of evaporator coils.
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The refrigeration device of any one of the preceding
claims, wherein the first group of vapor-impermeable
structures with the hollow interior connected to form
the condenser are at least one of;

integral to at least one of the one or more walls
of the liquid-impermeable container; and/or
form a branched structure.

The refrigeration device of any one of the preceding
claims, wherein the second group of vapor-imper-
meable structures with the hollow interior connected
to form the evaporator are integral to at least one of
the one or more walls of the storage region.

The refrigeration device of any one of the preceding
claims, wherein the connector includes multiple con-
duits with a first end affixed to the evaporator and a
second end affixed to the condenser, and wherein
each conduit is positioned and configured to provide
a bidirectional flow path for liquid and vapor between
the interior of the evaporator and the interior of the
condenser.

The refrigeration device of any one of the preceding
claims, further comprising at least one of:

at least one valve connected to the connector,
the valve positioned and configured to reversibly
control size of the hollow interior of the connec-
tor;

a power monitor (390) operably attached to the
controller.

The refrigeration device of any one of the preceding
claims, further comprising:

a thermal control device connected to the con-
nector, the thermal control device positioned
and configured to reversibly control size of the
hollow interior of the connector;

wherein the controller is operably attached to
the thermal control device and to the tempera-
ture sensor.

10. The refrigeration device of claim 9, wherein the tem-

1.

perature sensor positioned within the liquid-imper-
meable container between the one or more walls and
the set of evaporator coils is positioned to be im-
mersed in phase change material when the refriger-
ation device is in use.

The refrigeration device of any one of the preceding
claims, further comprising:

a frame (600) affixed to an exterior surface of
the one or more walls substantially forming the
liquid-impermeable container at a position distal
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14.
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to the condenser, the frame of a size and shape
to enclose one or more containers for frozen
phase change material; and

at least one tensioner within the frame, the ten-
sioner oriented to press the one or more con-
tainers against the one or more walls.

The refrigeration device of any one of the preceding
claims, further comprising:

a thermally-conductive wall integral to the liquid-
impermeable container, the thermally-conduc-
tive wall including a region projecting beyond an
edge of the liquid-impermeable container;

an enclosure affixed to the region of the ther-
mally-conductive wall projecting beyond an
edge of the liquid-impermeable container of the
thermally-conductive wall, the enclosure includ-
ing an insulating layer adjacent to the region of
the thermally-conductive wall; and

a frame (600) affixed within the enclosure, the
frame of a size and shape to enclose one or
more containers for frozen phase change mate-
rial.

The refrigeration device of claim 11 or claim 12,
wherein the frame is positioned within a second lig-
uid-impermeable container.

The refrigeration device of any one of the preceding
claims, wherein the one or more walls substantially
forming the storage region form five sides of a cuboid
structure.

Patentanspriiche

1.

Kuhlvorrichtung (100), umfassend:

eine oder mehrere Wande (320), die im Wesent-
lichen einen flissigkeitsundurchlassigen Behal-
ter (300) ausbilden, wobei der flissigkeitsun-
durchlassige Behalter dazu konfiguriertist, dass
er Phasenlbergangsmaterial im Inneren der
Kuhlvorrichtung enthalt;

mindestens eine aktive Kuhleinheit,
einschliellich eines Satzes von Verdampfer-
schlangen (330), wobei die Verdampferschlan-
gen in einem Inneren des flissigkeitsundurch-
lassigen Behalters angeordnet sind;

eine oder mehrere Wande (340), dieim Wesent-
lichen einen Lagerbereich (310) ausbilden;
mindestens einen Temperatursensor (410), an-
geordnet innerhalb des flissigkeitsundurchlas-
sigen Behalters zwischen der einen oder den
mehreren Wanden und dem Satz von Verdamp-
ferschlangen;

eine Steuerung (380), wirkverbunden mit der
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mindestens einen aktiven Kihleinheit und mit
dem Temperatursensor;

einen Kompressor (335), verbunden mit dem
Satz von Verdampferschlangen, wobei die
Steuerung zwischen dem Kompressor und einer
Kabelverbindung (395) zu einer Stromquelle an-
geordnet ist, und die Steuerung dazu konfigu-
riert ist, als Reaktion auf von dem Temperatur-
sensor empfangene Daten Steuersignale an
den Kompressor zu senden; und

ein Warmeubertragungssystem, einschlief3lich
einer ersten Gruppe von dampfundurchlassigen
Strukturen mit einem hohlen Inneren, die ver-
bunden sind, um einen Kondensator (350) aus-
zubilden, der in thermischem Kontakt mit der ei-
nen oder den mehreren Wanden steht, die im
Wesentlichen einen flissigkeitsundurchlassi-
gen Behaélter ausbilden, einer zweiten Gruppe
von dampfundurchlassigen Strukturen mit ei-
nem hohlen Inneren, die verbunden sind, um
einen Verdampfer (360) auszubilden, in thermi-
schem Kontakt mit der einen oder den mehreren
Wanden, die im Wesentlichen den Lagerbereich
ausbilden, und eines Verbinders (370) mit ei-
nem hohlen Inneren, der sowohl an dem Kon-
densator als auch an dem Verdampfer befestigt
ist, wobei der Verbinder einen Flissigkeits- und
Dampfstrémungspfad zwischen dem hohlen In-
neren des Kondensators und dem hohlen Inne-
ren des Verdampfers ausbildet.

Kuhlvorrichtung nach Anspruch 1, wobei die eine
oder die mehreren Wande, die im Wesentlichen den
flissigkeitsundurchlassigen Behalter ausbilden,
mindestens eines einschlielen von:

einer Vielzahl von Schichten, wobei der Kon-
densator neben einer Oberflache von mindes-
tens einer der Vielzahl von Schichten angeord-
net ist;

eine Vielzahl von Schichten, wobei mindestens
eine der einen oder der mehreren Schichten un-
ebene Bereiche einschlief3t, um mehrere Seiten
des flussigkeitsundurchlassigen Behalters aus-
zubilden.

Kuhlvorrichtung nach Anspruch 1 oder 2, wobei die
eine oder die mehreren Wande, die im Wesentlichen
den Lagerbereich ausbilden, eine Vielzahl von
Schichten einschlieRen und der Verdampfer neben
einer Oberflache von mindestens einer der Vielzahl
von Schichten angeordnet ist.

Kuhlvorrichtung nach einem der vorhergehenden
Anspriiche, wobei die mindestens eine aktive Kiih-
leinheit, die den Satz von Verdampferschlangen ein-
schlie3t, umfasst:
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einen ersten Abschnitt des Satzes von Ver-
dampferschlangen, angeordnet neben einer
AuBenoberflache der einen oder der mehreren
Wande, die im Wesentlichen den flissigkeitsun-
durchlassigen Behalter ausbilden;

einen zweiten Abschnitt des Satzes von Ver-
dampferschlangen, angeordnet im Inneren des
flissigkeitsundurchlassigen Behalters; und
einen Rahmen (600) von einer Grofte und Form,
um einen oder mehrere Behalter (610) fir ge-
frorenes Phasenlibergangsmaterial einzu-
schlieen, wobei der Rahmen in thermischem
Kontakt mit dem ersten Abschnitt des Satzes
von Verdampferschlangen steht.

Kuhlvorrichtung nach einem der vorhergehenden
Anspriche, wobei die erste Gruppe von dampfun-
durchlassigen Strukturen mit verbundenem hohlem
Inneren, um den Kondensator auszubilden,

einstlickig ausgebildet ist mit mindestens einer
der einen oder der mehreren Wande des flus-
sigkeitsundurchlassigen Behalters; und/oder
eine verzweigte Struktur ausbildet.

Kuhlvorrichtung nach einem der vorhergehenden
Anspriche, wobei die zweite Gruppe von dampfun-
durchlassigen Strukturen mit verbundenem hohlem
Inneren, um den Verdampfer auszubilden, einst-
ckig mit mindestens einer der einen oder der meh-
reren Wande des Lagerbereichs ausgebildet sind.

Kuhlvorrichtung nach einem der vorhergehenden
Anspriiche, wobei der Verbinder mehrere Leitungen
einschliel3t, deren erstes Ende an dem Verdampfer
befestigt ist und deren zweites Ende an dem Kon-
densator befestigt ist, und wobei jede Leitung so an-
geordnet und konfiguriert ist, dass sie einen bidirek-
tionalen Stromungspfad fir Flissigkeit und Dampf
zwischen dem Inneren des Verdampfers und dem
Inneren des Kondensators bereitstellt.

Kuhlvorrichtung nach einem der vorhergehenden
Anspriche, ferner umfassend mindestens eines
von:

mindestens einem mit dem Verbinder verbun-
denen Ventil, wobei das Ventil so angeordnet
und konfiguriertist, dass es die Grof3e des hoh-
len Inneren des Verbinders reversibel regelt;
eine Leistungstiberwachungseinheit (390), die
mit der Steuerung wirkverbunden ist.

9. Kihlvorrichtung nach einem der vorhergehenden

Anspriche, ferner umfassend:

eine Warmeregelvorrichtung, wobei die Warme-
regelvorrichtung so angeordnet und konfiguriert
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ist, dass sie die Groflke des hohlen Inneren des
Verbinders reversibel regelt;

wobei die Steuerung mit der Warmeregelvor-
richtung und dem Temperatursensor wirkver-
bunden ist.

10. Kuhlvorrichtung nach Anspruch 9, wobei der Tem-

1.

peratursensor, der innerhalb des flissigkeitsun-
durchlassigen Behalters zwischen der einen oder
den mehreren Wanden und dem Satz von Verdamp-
ferschlangen angeordnetist, so angeordnet ist, dass
er in Phasenlbergangsmaterial eingetaucht ist,
wenn die Kihlvorrichtung in Betrieb ist.

Kuhlvorrichtung nach einem der vorhergehenden
Anspriche, ferner umfassend:

einen Rahmen (600), der an einer Aufl3enober-
flache der einen oder der mehreren Wande be-
festigt ist, die im Wesentlichen den flissig-
keitsundurchlassigen Behalter ausbilden, an ei-
ner Position distal von dem Kondensator, wobei
der Rahmen von einer GrofRe und Form ist, um
einen oder mehrere Behalter fir gefrorenes
Phasenibergangsmaterial einzuschlielen; und
mindestens einen Spanner innerhalb des Rah-
mens, wobei der Spanner so ausgerichtet ist,
dass er den einen oder die mehreren Behalter
gegen die eine oder die mehreren Wande
driickt.

12. Kuhlvorrichtung nach einem der vorhergehenden

Anspriche, ferner umfassend:

eine warmeleitende Wand, die mit dem flissig-
keitsundurchlassigen Behalter einstlickig aus-
gebildet ist, wobei die warmeleitende Wand ei-
nen Bereich einschlie3t, der Giber eine Kante des
flissigkeitsundurchlassigen Behalters hinaus-
ragt;

ein Gehause, das an dem Bereich der warme-
leitenden Wand befestigtist, der Giber eine Kante
des flissigkeitsundurchlassigen Behalters der
warmeleitenden Wand hinausragt, wobei das
Gehause eine Isolierschicht einschlief3t, die an
den Bereich der warmeleitenden Wand an-
grenzt; und

einen Rahmen (600), der innerhalb des Gehau-
ses befestigt ist, wobei der Rahmen von einer
GrofRe und Form ist, um einen oder mehrere Be-
halter fir gefrorenes Phasenibergangsmaterial
einzuschlieRen.

13. Kuhlvorrichtung nach Anspruch 11 oder 12, wobei

der Rahmen in einem zweiten flissigkeitsundurch-
lassigen Behalter angeordnet ist.

14. Kuhlvorrichtung nach einem der vorhergehenden
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Anspriche, wobei die eine oder die mehreren Wan-
de, die im Wesentlichen den Lagerbereich ausbil-
den, finf Seiten einer quaderférmigen Struktur aus-
bilden.

Revendications

1.

Dispositif de réfrigération (100), comprenant :

une ou plusieurs parois (320) formant sensible-
ment un récipient imperméable aux liquides
(300), le récipient imperméable aux liquides
étant configuré pour renfermer un matériau a
changement de phase a l'intérieur du dispositif
de réfrigération ;

au moins une unité de réfrigération active com-
prenant un ensemble de serpentins d’évapora-
teur (330), les serpentins d’évaporateur étant
positionnés a l'intérieur du récipient imperméa-
ble aux liquides ;

une ou plusieurs parois (340) formant sensible-
ment une région de stockage (310) ;

au moins un capteur de température (410) po-
sitionné a l'intérieur du récipient imperméable
aux liquides entre les une ou plusieurs parois et
'ensemble des serpentins d’évaporateur ;

un dispositif de commande (380) relié de ma-
niere opérationnelle a 'au moins une unité de
réfrigération active et au capteur de
température ;

un compresseur (335) fixé a 'ensemble de ser-
pentins d’évaporateur, dans lequel le dispositif
de commande est positionné entre le compres-
seur et une connexion filaire (395) a une source
électrique et le dispositif de commande est con-
figuré pour envoyer des signaux de commande
au compresseur en réponse a des données re-
cues du capteur de température ; et

un systéme de transfert de chaleur comprenant
un premier groupe de structures imperméables
a la vapeur avec un intérieur creux relié pour
former un condenseur (350) en contact thermi-
que avec les une ou plusieurs parois formant
sensiblement un récipient imperméable aux li-
quides, un second groupe de structures imper-
méables a la vapeuravec unintérieur creuxrelié
pour former un évaporateur (360) en contact
thermique avec les une ou plusieurs parois for-
mant sensiblement la région de stockage, et un
raccord (370) avec un intérieur creux fixé a la
fois au condenseur et a I'évaporateur, le raccord
formant un chemin d’écoulement de liquide et
de vapeur entre l'intérieur creux du condenseur
et I'intérieur creux de I'évaporateur.

2. Dispositif de réfrigération selon la revendication 1,

dans lequel les une ou plusieurs parois formant sen-
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siblement le récipient imperméable aux liquides
comprennent au moins I'un des éléments suivants :

une pluralité de couches et le condenseur est
positionné adjacent a une surface d’au moins
une couche de la pluralité de couches ;

une pluralité de couches, au moins une des une
ou plusieurs couches comprenant des régions
non planes pour former de multiples c6tés du
récipient imperméable aux liquides.

Dispositif de réfrigération selon la revendication 1 ou
la revendication 2, dans lequel les une ou plusieurs
parois formant sensiblement la région de stockage
comprennent une pluralité de couches et I'évapora-
teur est positionné adjacent a une surface d’au
moins une couche de la pluralité de couches.

Dispositif de réfrigération selon I'une quelconque
des revendications précédentes, dans lequel l'au
moins une unité de réfrigération active comprenant
I'ensemble de serpentins d’évaporateur comprend :

une premiére section de 'ensemble de serpen-
tins d’évaporateur positionnée adjacente a une
surface extérieure des une ou plusieurs parois
formant sensiblement le récipient imperméable
aux liquides ;

une seconde section de 'ensemble de serpen-
tins d’évaporateur positionnée a l'intérieur du ré-
cipient imperméable aux liquides ; et

un cadre (600) d’'une taille et d’'une forme per-
mettant d’enfermer un ou plusieurs récipients
(610) pour le matériau a changement de phase
congelé, le cadre étant en contact thermique
avec la premiére section de 'ensemble de ser-
pentins d’évaporateur.

Dispositif de réfrigération selon I'une quelconque
des revendications précédentes, dans lequel le pre-
mier groupe de structures imperméables a la vapeur
avec l'intérieur creux relié pour former le condenseur
est:

d’un seul tenant avec au moins une des une ou
plusieurs parois du récipient imperméable aux
liquides ; et/ou

forme une structure ramifiée.

Dispositif de réfrigération selon I'une quelconque
des revendications précédentes, dans lequel le se-
cond groupe de structures imperméables alavapeur
avec l'intérieur creux relié pour former I'évaporateur
est d’'un seul tenant avec au moins une des une ou
plusieurs parois de la région de stockage.

Dispositif de réfrigération selon I'une quelconque
des revendications précédentes, dans lequel le rac-
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cord comprend de multiples conduits avec une pre-
miere extrémité fixée a I'évaporateur et une seconde
extrémité fixée au condenseur, et dans lequel cha-
que conduit est positionné et configuré pour fournir
un chemin d’écoulement bidirectionnel pour le liqui-
de et la vapeur entre l'intérieur de I'évaporateur et
l'intérieur du condenseur.

Dispositif de réfrigération selon I'une quelconque
des revendications précédentes, comprenant en
outre au moins I'un des éléments suivants :

au moins une soupape reliée au raccord, la sou-
pape étant positionnée et configurée pour con-
tréler de maniere réversible la taille de I'intérieur
creux du raccord ;

un moniteur de puissance (390) fixé de maniére
opérationnelle au dispositif de commande.

Dispositif de réfrigération selon I'une quelconque
des revendications précédentes, comprenant en
outre :

un dispositif de régulation thermique raccordé
au raccord, le dispositif de régulation thermique
étant positionné et configuré pour contréler de
maniére réversible la taille de l'intérieur creux
du raccord ;

dans lequel le dispositif de commande est fixé
de maniére opérationnelle au dispositif de régu-
lation thermique et au capteur de température.

Dispositif de réfrigération selon la revendication 9,
dans lequel le capteur de température positionné a
I'intérieur du récipient imperméable aux liquides en-
tre les une ou plusieurs parois et 'ensemble de ser-
pentins d’évaporateur est positionné pour étre im-
mergé dans le matériau a changement de phase
lorsque le dispositif de réfrigération est en cours
d'utilisation.

Dispositif de réfrigération selon I'une quelconque
des revendications précédentes, comprenant en
outre : un cadre (600) fixé a une surface extérieure
des une ou plusieurs parois formant sensiblement
le récipient imperméable aux liquides a une position
distale par rapport au condenseur, le cadre ayant
une taille et une forme permettant d’enfermer un ou
plusieurs récipients pour le matériau a changement
de phase congelé ; et

au moins un tendeur al'intérieur du cadre, le tendeur
étant orienté de maniéere a appuyer les un ou plu-
sieurs récipients contre les une ou plusieurs parois.

Dispositif de réfrigération selon I'une quelconque
des revendications précédentes, comprenant en
outre :
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une paroi thermoconductrice d’'un seul tenant
avec le récipient imperméable aux liquides, la
paroi thermoconductrice comprenant une ré-
gion dépassant un bord du récipient imperméa-
ble aux liquides ;

une enceinte fixée a la région de la paroi ther-
moconductrice dépassant un bord du récipient
imperméable aux liquides de la paroi thermo-
conductrice, I'enceinte comprenant une couche
isolante adjacente a la région de la paroi
thermoconductrice ; et

un cadre (600) fixé a I'intérieur de I'enceinte, le
cadre ayant une taille et une forme permettant
d’enfermer un ou plusieurs récipients pour le
matériau a changement de phase congelé.

Dispositif de réfrigération selon la revendication 11
ou la revendication 12, dans lequel le cadre est po-
sitionné a l'intérieur d’un second récipient imper-
méable aux liquides.

Dispositif de réfrigération selon I'une quelconque
desrevendications précédentes, danslequellesune
ou plusieurs parois formant sensiblement la région
de stockage forment cinq c6tés d’une structure cu-
boide.
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