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(57) Abstract: Aspects and embodiments provide a refrigeration cycle device configured to cool a cooling chamber located within a
housing of the device. Aspects and embodiments also provide a method of controlling operation of a refrigeration cycle device and a
computer program product operable, when executed on a computer, to perform that method. One aspect provides a refrigeration cycle
device configured to cool a cool chamber located within a housing of the device. The device comprises: a refrigerant fluid arranged to
be passed around a refrigeration circuit. The circuit comprises: a variable speed compressor, a condenser, an expansion device and an
evaporator. The evaporator is located within the cool chamber and the condenser is located outside the cool chamber. The device further
comprises: a chamber sensor configured provide an indication of temperature within the cool chamber and a controller configured to
communicate with the cool chamber sensor and one or more components of the refrigeration circuit. The controller comprises trend
analysis logic configured to analyse one or more controller input and predict a trend in the one or more controller input based on
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the analysis. The controller is configured to implement closed loop control of the indication of cool chamber temperature by varying
speed of operation of said compressor in the refrigeration circuit in dependence upon a combination of: the indication of cool chamber
temperature, and the predicted trend in the one or more controller input. The closed loop control adjusts the indication of cool chamber
temperature towards a preset value.
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REFRIGERATION CYCLE DEVICE AND METHOD

FIELD OF THE INVENTION

Aspects and embodiments of the invention provide a refrigeration cycle device
configured to cool a cooling chamber located within a housing of the device. In
particular, aspects and embodiments relate to a refrigeration cycle device in which a
controller comprising trend analysis logic is provided, that logic being configured to
analyse one or more controller input and predict a trend in the controller input based
on that analysis. The controller is configured to control operation of the device based
on the predicted trend in the controller input. Aspects and embodiments also provide a
method of controlling operation of a refrigeration cycle device and a computer program

product operable, when executed on a computer, to perform that method.

BACKGROUND

Devices which make use of a refrigeration cycle are known. Such devices include, for

example, coolers, refrigerators (fridges) and freezers. All such refrigeration devices

require energy to operate. Operation of such devices can be inefficient.

It will be appreciated that it may be possible to improve power efficiency of a
refrigeration cycle device by trying to maintain a substantially steady temperature
within the cooling chamber. One way to try and maintain such a steady temperature is
to configure a controller to monitor temperature in a cool chamber. Typically, a simple
thermostat is provided in the cool chamber, which can tell a controller only whether the
cooling chamber is above or below a desired temperature, but not by how much.
Operation of a compressor by the controller may be implemented to try and maintain a
desired temperature within the cool chamber. Some known arrangements may be such
that compressor speed may be varied and a state reported by a thermostat monitored.
However such a system is implemented it is likely that the temperature of the cool
chamber will oscillate between a temperature above a desired temperature and a

temperature below a desired temperature. Such operation is inefficient.

A refrigeration cycle device may be required to operate in a range of environments, for
example, domestic, commercial, inside, outside, on grid power, using renewable energy
sources and similar. Efficient operation of a refrigeration cycle device is likely to
depend upon the particular environmental factors in each deployment. Typically

control of a refrigeration cycle device is independent of the facts of a given deployment.
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It is desired to provide a refrigeration cycle device which may address one or more

inefficiency issues identified above.

SUMMARY

Accordingly, a first aspect of the invention provides a refrigeration cycle device
configured to cool a cool chamber located within a housing of the device, the device
comprising: a refrigerant fluid arranged to be passed around a refrigeration circuit, the
circuit comprising: a variable speed compressor, a condenser, an expansion device and
an evaporator; the evaporator being located within the cool chamber and the condenser
being located outside the cool chamber; the device further comprising: a chamber
sensor configured to provide an indication of temperature within the cool chamber; a
controller configured to communicate with the cool chamber sensor and one or more
components of the refrigeration circuit; the controller comprising trend analysis logic
configured to analyse one or more controller input and predict a trend in the one or
more controller input based on the analysis; the controller being configured to
implement closed loop control of the indication of cool chamber temperature by
varying speed of operation of the compressor in the refrigeration circuit in dependence
upon a combination of the indication of cool chamber temperature, and the predicted
trend in the one or more controller input to adjust said indication of cool chamber

temperature towards a preset value.

The first aspect recognises that it is possible to control operation of a refrigeration cycle
device by seeking to maintain a temperature within a cool chamber at a desired set
point. Efficient operation may be achieved by configuring control of components
forming the refrigeration circuit such that the temperature within the cool chamber is
substantially constant, not being too far below the desired temperature or too far above
the desired temperature. It will be appreciated that cooling the cool chamber to a
temperature below the desired temperature uses unnecessary energy and similarly,
allowing the temperature to increase beyond the desired temperature then requires
additional use of the refrigeration circuit. Cycling the cool chamber in that manner
may be detrimental to food or drink products stored in the cool chamber. Significant
cycling may expose food or drink products stored in the cool chamber to a risk of
increased bacterial growth, or significantly alter the texture of the product.
Furthermore, overcooling may cause detriment to products stored within the cool

chamber.
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One efficient way of controlling operation of the refrigeration cycle device is one in
which, for a closed cool chamber, cooling of the cool chamber is performed at

approximately the same rate as heat seeps into the cool chamber.

The first aspect of the invention recognises that many factors may change the
consequences, as measured within the cool chamber, of varying operational
parameters, for example, the speed of operation of the compressor, of the various
components forming the refrigeration circuit. For example, ambient external
temperature may have an impact upon how efficiently a refrigeration circuit can
operate to extract heat from the cool chamber. The first aspect recognises that one way
to account for variability of consequences of a given control action is by looking at
historic operation of a device and/or historic consequences of a particular control
action, making a prediction about how an action might impact temperature within the
cool chamber and using that information when making control decisions. It is that
prediction, trend, or historic pattern which can be used to make smart decisions about
adjustment to operation of the refrigeration cycle device. It will be appreciated that a
trend or pattern in one or more monitored variables, which may, for example, seem
unrelated to the indication of cool chamber temperature, may be taken into account
when performing closed loop control. For example, time of day may be taken into
account - the ambient temperature overnight typically being lower, and the likelihood
of the device being opened being lower, even if neither of those specific variables are
monitored, the time of day may provide a sufficient pattern or indication of a pattern in
the indication of cool chamber temperature on which compressor operation can be
based. If the external temperature is not being increased by sun, warm wind, or other
external factors and the chamber is not being opened, it will be appreciated that a need
to perform significant cooling of the chamber may be less. In particular, the lower
ambient temperature and/or lower likelihood of opening results in a decreased need for
a compressor to be run at a high speed to effect rapid cooling. As a result, a lower
speed of operation of the compressor may be implemented by the controller than may
be implemented in an instance when the same cool chamber temperature is reported to
the controller and the ambient temperature is likely to increase (for example, over the

course of a day) or if a number of repeated chamber opening events is expected.

In other words, the first aspect of the invention provides a device in which a controller
is configured to make smart control decisions based on an analysis of a trend, pattern,
rate of change or prediction of likely variance in one or more monitored device

parameters. The monitored device parameter(s) may comprise one or more controller
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input. In particular, the smart control of the device takes into account at least one
parameter other than the variable speed of operation of the compressor and the
indication of temperature of the chamber. The first aspect recognises that many other
factors may be significant in relation to the operation of the refrigeration cycle device
and implementing control based on, for example, the rate of change of indication of
chamber temperature given a selected compressor speed, or the time of day, or the
ambient outside temperature or a combination of those factors, can be beneficial. More
significantly, taking a likely result, given previous performance of the device or a likely
pattern or trend in one or more other parameters, can improve overall operation of the

refrigeration device.

The first aspect of the invention may provide a refrigeration cycle device configured to
cool a chamber. The refrigeration cycle device may comprise a freezer, fridge or drinks
cooler. The cool chamber may be located within a housing or body of the device. The
cool chamber may comprise a door or similar to allow a user access to the cool

chamber.

The device comprises: a refrigerant fluid arranged to be passed around a refrigeration
circuit. The circuit comprises: a variable speed compressor, a condenser, an expansion
device and an evaporator. The condenser may comprise a skin condenser integrally
formed with the body or housing of the device. The condenser may comprise a grid or
fin condenser. The condenser may comprise a combination or two stage condenser
formed from a skin condenser and fin/grid condenser. A fan may be provided
configured to pass a flow of air or other fluid across an operational surface of the

condenser to assist with heat exchange performed by the condenser.

The evaporator is located within the cool chamber and the condenser is located outside

the cool chamber.

Whilst the present application has been written with a typical refrigeration cycle device
in mind, it will be appreciated that some of the principles described herein may be
applicable to a Peltier (thermoelectric) cooling device. In particular, one or more
operational variables of that device may be controlled by a controller to perform closed
loop control of an indication of temperature in the cool chamber of such a device based

on predictions, patterns or trends in one or more other controller inputs.
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The device further comprises: a chamber sensor configured provide an indication of
temperature within the cool chamber. The chamber sensor may be located within the
cool chamber. The chamber sensor may be configured to measure the temperature of
the cool chamber at a location within the cool chamber which is not subject to
significant micro temperature fluctuations, but instead offers a relatively time stable
indication of temperature in the cool chamber. Placing the temperature sensor
immediately adjacent to a door or lid, for example, may lead to inappropriate and
inefficient action being taken by the controller. The temperature sensor may measure
absolute temperature or provide a continuously variable indication of temperature. For
example, the sensor may comprise a thermometer, or a sensor configured to offer the
controller a resistance, voltage or current reading which can be interpreted as being
representative of temperature. It will be appreciated that the sensor may be configured
to provide an indication of the air inside the cool chamber, rather than, for example,
the temperature of a product stored within the chamber. It will also be appreciated that
the change in air temperature within the cool chamber may vary rapidly and
significantly, when a device door is opened, for example, whilst a short isolated opening
event may cause very little change to the temperature of the product stored in the cool
chamber. More than one sensor may be provided to communicate with the controller
and provide an indication of temperature in the chamber. Provision of more than one
sensor may allow for a degree of mitigation against local temperature fluctuation, since
they may be located differently within the chamber and the controller may be
configured to calculate an average. Furthermore, in some embodiments, the controller
may be configured to disregard the indication of temperature reported in the event that
a door opening event has been detected, since that temperature indication may
represent a short term fluctuation rather than a trend in temperature increase. The
temperature indication may be considered again after a period of time when the door is
determined to be closed. Alternatively, if a series or plurality of door opening events is
detected over a predetermined time period, an increase in indication of temperature

may be predicted, and speed of operation of the fan selected accordingly.

The controller may be configured to communicate with the cool chamber sensor and
one or more components of the refrigeration circuit. The controller may be configured

monitor and/or control one or more components of the refrigeration circuit.

The controller may comprise: trend analysis logic configured to analyse one or more
controller input. That input may relate to, for example, operation of one or more

components of the refrigeration circuit. The trend analysis logic may be configured to
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predict a trend in the controller input based on the analysis. The analysis may, for
example, comprise a correlation between one or more controller inputs. Using a trend,
pattern, derivative or prediction of one or more parameters monitored by the controller
allows for intelligent closed loop control to be implemented. The controller trend
analysis logic may be, for example, configured to analyse one or more controller input
and predict a trend between the controller input and the indication of chamber
temperature. The controller trend analysis logic may be, for example, configured to
predict a trend or pattern into the future in the controller input and analyse the
relationship between the controller input and indication of chamber temperature and

control speed of operation of the compressor based on that analysis.

The controller may be configured to implement closed loop control of the indication of
cool chamber temperature. The closed loop control may comprise continuous closed
loop control, rather than periodic closed loop control. Closed loop control of the
indication of cool chamber temperature may be implemented by varying an operational
parameter of one or more components of the refrigeration circuit, for example, speed of
operation of the compressor, in dependence upon a combination of: the indication of
cool chamber temperature, and the predicted trend in the one or more controller input.
The closed loop control may operate to adjust the indication of cool chamber
temperature towards a preset value. For example, the temperature in the chamber is
too high, the controller may take action to increase cooling. The preset value may be
selected in dependence upon the food or drink product to be stored in the chamber.

The preset temperature may comprise a desired, preferred or target temperature.

It will be understood that a closed loop control is a control method according to which
an output signal or monitored parameter is fed back as an input to a control system.
Such a control method operates to reduce errors and improve system stability. In the
case of a device according to the invention, typically the cool chamber temperature is

an input to the controller and the change to the cool chamber temperature (as a result
of adjusting, for example, compressor speed of operation) is the output of the control
process. In contrast, an open loop control method is one in which an output or result of
a change made to a system has no effect upon an input to a control process. Open-loop

systems are open ended (non-feedback) systems.

According to the first aspect of the invention, the operational parameter of one or more

components of the refrigeration circuit varied by the controller comprises: speed of
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operation of the compressor. Accordingly, if rapid cooling is required, the speed of the

compressor may be selected to be high.

Advantageously, the analysed controller inputs comprise: the indication of cool
chamber temperature and speed of operation of the variable speed compressor and the
predicted trend comprises a relationship between change in the indication of cool
chamber temperature and speed of operation of the variable speed compressor;
wherein the controller is configured to implement closed loop control of the indication
of cool chamber temperature by varying speed of operation of the variable speed
compressor in dependence upon a combination of the indication of cool chamber
temperature and the predicted trend to adjust the indication of temperature towards
the preset value. Accordingly, history of operation of the device, or a typical device, if a
controller is configured to make use of a typical device look up table, can be considered.
If, for example, the indication of temperature shows the controller that the temperature
in the chamber is slightly high at the beginning of the day, different action may be
taken compared to if the temperature is too high at the end of the day. At the beginning
of a day, the device may be determined by the controller, based on historic operation of
the device, to be about to be subject to several opening and closing events and a trend
in temperature measured or looked up may indicate that the chamber is likely to heat
up relatively rapidly, so a speed of compressor operation may be selected accordingly.
At the end of the day, the device may be about to be closed for several hours and the
trend in temperature in the chamber determined by the controller (based on historical
operation of a device, or an appropriate look-up table) may be such that the
temperature is predicted to creep up only very slowly, and the speed of compressor
operation may be selected accordingly. The analysis and trend prediction and
determination by the controller can therefore assist in achieving intelligent and

efficient device control.

It will be appreciated that one or more pattern, prediction or trend may form the basis
of one or more look up tables provided to the trend analysis logic. It will be appreciated
that the one or more look up tables provided may be provided or stored in the logic as
part of manufacture or commissioning of the refrigeration cycle device. In some
arrangements, the controller may be configured to use historic data for a particular
device to create one or more such look up tables. Accordingly, the look up tables may
be site/device specific. In some embodiments, the controller may be configured to
track a difference between a stored or standard look up table provided as part of

manufacture or commission and a local/site/device specific look up table created form
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historic data. In some embodiments, the difference between such tables can be
analysed by the controller to identify, for example, a need to service, defrost or
otherwise take action in relation to the refrigeration cycle device. Furthermore, the
difference between such tables may indicate a desire to change the manner in which the
device is installed or operated. For example, if a given speed of operation of a
compressor, in a set of other monitored conditions, results in slower change in
temperature of an indication of chamber temperature than expected, that may be an
indication that the evaporator pipes are covered in an insulator (for example, ice) and

the device may require a defrost cycle.

Advantageously, the device comprises: an ambient temperature sensor configured to
provide an indication of ambient temperature around the device to the controller; and
wherein the analysed controller inputs comprise: the indication of ambient
temperature around the device; and wherein the controller is configured to implement
closed loop control of the indication of cool chamber temperature by varying speed of
operation of the compressor in dependence upon a combination of: the indication of
cool chamber temperature, and the predicted trend in the indication of ambient
temperature to adjust the indication of cool chamber temperature towards the preset
value. Accordingly, if the ambient temperature is high and likely to remain high, a
compressor speed may be selected accordingly. In some arrangements, the device may
include a network connectable device or network connection and the controller may be
configured to receive an indication of weather forecast for a geographic location where
the device is placed. That information can be used to assist with prediction of ambient

temperature. That information may be of particular use if the device is located outside.

Advantageously, the controller is configured to determine energy consumption of the
compressor and the trend analysis logic is configured to analyse the determined energy
consumption and predict a trend in the determined energy consumption; and wherein
the controller is configured to implement closed loop control of the indication of cool
chamber temperature by varying the speed of operation of the compressor in
dependence upon a combination of: the indication of cool chamber temperature, and
the predicted trend in the determined energy consumption to adjust the indication of
cool chamber temperature towards the preset value. Accordingly, the controller may
actively monitor power consumption and implement actions to alter the temperature in
the chamber in a power efficient, rather than temperature-driven manner, selecting to
return the temperature toward the preset level slowly, but power efficiently. This

approach may be particularly useful if the device has limited available power, or has
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fluctuating available power, such as may be the case in a device powered by renewable

energy or including a battery or similar.

Advantageously, the cool chamber comprises a door and the device comprises a
chamber opening sensor configured to detect opening of the door and to report one or
more details of an opening event to the controller; the controller being configured to
implement closed loop control of the operational parameter of one or more
components of the refrigeration circuit in dependence upon a combination of: the
indication of cool chamber temperature, the predicted trend in the one or more
controller input and the reported details of the opening event, to adjust the indication
of cool chamber temperature towards the preset value. Details of the opening event
may include, for example: duration, whether another opening event has occurred, time
of day of opening event. Advantageously, the trend analysis logic is configured to
analyse the received details of the opening event and predict a trend in the opening
events; and wherein the controller is configured to implement closed loop control of the
indication of cool chamber temperature by varying an operational parameter of one or
more components of the refrigeration circuit in dependence upon a combination of: the
indication of cool chamber temperature, and the predicted trend in the opening events
to adjust the indication of cool chamber temperature towards the preset value. In some
embodiments, the trend logic may be configured to analyse the details of opening
events and, for example, ambient temperature and/or time of day to make a prediction
as to the likely change in chamber temperature and appropriate adjustment to one or

more components of the refrigeration circuit.

Advantageously, the cool chamber includes a door and the device comprises a chamber
door sensor configured to detect changes in configuration of the door and to report one
or more details of a change in configuration of the door to the controller; the controller
being configured to implement closed loop control of the indication of cool chamber
temperature by varying speed of operation of the compressor in dependence upon a
combination of: the indication of cool chamber temperature, the predicted trend in the
one or more controller input and the reported details of the change in configuration of
the door, to adjust said indication of cool chamber temperature towards the preset
value. Advantageously, the sensor may detect opening and closing of the door, and
monitor, for example, how long the door was open, when opening and/or closing took

place, time of day of opening/closing and similar.
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Advantageously, the controller is configured to determine one or more details of cool
chamber content; the controller being configured to implement closed loop control of
the operational parameter of one or more components of the refrigeration circuit in
dependence upon a combination of: the indication of cool chamber temperature, the
predicted trend in the one or more controller input and the determined details of cool
chamber content, to adjust the indication of cool chamber temperature towards the
preset value. A user may input details of chamber content into the controller. Details
of chamber content may be provided to the controller by various other means
including, for example, a measure of weight and/or volume within the chamber, image
recognition of one or more items in the chamber, for example, via camera, and/or by
means of scanning one or more product codes provided on the products. The specific
heat capacity of the chamber contents may have an impact on how rapidly the
measured indication of temperature in the chamber changes, for example, in response
to an opening event, or in a particular ambient temperature. How full the chamber is
may also be relevant to device operation. Sensors may be provided within the chamber
to provide the controller with that information. Alternatively, the controller may be
configured to communicate with a stock check database, in the event the device is used
in a commercial or retail, rather than domestic, application. In some arrangements, the
target, desired or preset temperature may depend upon the product within the cool
chamber. In some arrangements, the controller may be configured to set the target,
preferred or preset temperature in dependence upon the type of product determined to
be within the chamber. For example, drinks may be stored at a higher temperature

than ice cream.

Advantageously, the device comprises: a condenser fan configured to pass air across at
least a portion of the condenser in dependence upon a control signal from the
controller; and wherein an operational parameter of one or more components of the
refrigeration circuit varied by the controller comprises: operation of the condenser fan.
Accordingly, the efficiency of heat exchange within the refrigeration cycle device may
be altered, albeit with an associated need to use additional energy to run the fan. The
condenser may comprise a fin or grid type condenser and the fan may be configured to
pass air across the condenser fins or grid. In some embodiments, the condenser may
comprise a skin condenser, integrally formed with a wall of the device body or housing,
and the fan may be configured to be directed at said wall of the body or housing. In
some embodiments, the condenser may comprise two condenser types, arranged in
series within the refrigeration circuit. The fan may be configured to pass air across one

or both condensers. A sensor may be provided on a surface of a condenser. That
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sensor may be configured to communicate with the controller and provide the
controller with an indication of temperature of the condenser and/or refrigerant fluid
being passed through the condenser. Rather than simply implementing a system
which runs a condenser fan when the condenser is running, an indication of
temperature of the condenser or refrigeration fluid passing through the condenser may
be used to determine whether it is appropriate or necessary to try to increase heat
exchange by running the fan. The fan may only be run when it is determined by the
controller that there is an overall advantage to the overall system, taking into account,

for example, availability of energy and possible energy usage if the fan is used.

Advantageously, the operational parameter of one or more components of the
refrigeration circuit varied by the controller comprises: speed of operation of the
condenser fan. Accordingly, the power load and/and rate of heat exchange achieved by
the condenser may be controlled by appropriate control of the speed of operation of the

fan.

Advantageously, the device may comprise a standalone or portable device. The device
may be connectable to grid power. The device may be connectable to one or more
renewable power sources, for example: a solar panel or wind turbine. The device may
include a rechargeable battery which may be charged by renewable sources or by, for

example, grid power, when grid power is available.

In some embodiments, the device comprises: a power supply having variable energy
availability over time; the controller comprising trend analysis logic configured to
communicate with the power supply to receive an indication of available power, to
analyse and predict a trend in the indication of available power based on the analysis;
and wherein the controller is configured to implement closed loop control of the
indication of cool chamber temperature by varying an operational parameter of one or
more components of the refrigeration circuit in dependence upon a combination of the
indication of cool chamber temperature, and the predicted trend in the indication of
available power to adjust the indication of cool chamber temperature towards a preset
value. Accordingly, the device may be controlled to take account of available energy
and/or likely available energy. Operation of the device is likely to differ in the case
where the battery is full and plentiful energy is available, compared to a situation where
the battery is full, but no energy is likely to be available for some hours. In some
embodiments, the controller may operate, based on trend prediction and energy

availability, to change the desired set point of temperature in the chamber, since a
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slight alteration of temperature may ensure the chamber stays cool enough, whereas
maintaining a previous set point may lead, over a selected time period, to no cooling
being available due to a shortage of energy and a consequent potential loss or waste of
chamber contents. It will be appreciated that it may be preferable to allow some slow or
slight degradation in the product rather than a total loss (for example, in the case of ice
cream, if the cool chamber heats up so much that the ice cream melts) due to an energy
shortfall.

In some embodiments, the device comprises: a rechargeable battery having variable
energy availability over time and an associated energy management controller
configured to monitor and control operation of the rechargeable battery; the energy
management controller being configured to communicate with the controller; and
wherein the controller is configured to vary an operational parameter of one or more
components of the refrigeration circuit in dependence upon an indication received from
the battery management controller. It will be appreciated that in instances when
various sources of power are provided, a separate energy management controller is
provided, configured to adapt load on a battery and analyse likely available power to
charge said battery. The refrigeration device controller may be configured to defer or
alter closed loop control of the chamber temperature in dependence upon a control

signal received from the energy management controller.

In some embodiments, the indication from the energy management controller
comprises one or more of: a request to vary refrigeration circuit load placed on the
battery, a request to change the preset indication of temperature value, a direct request
to adjust an operational parameter of one or more components of the refrigeration

circuit.

A second aspect of the invention provides a method of controlling a refrigeration cycle
device configured to cool a cool chamber located within a housing of the device, the
device comprising: a refrigerant fluid arranged to be passed around a refrigeration
circuit, the circuit comprising: a variable speed compressor, a condenser, an expansion
device and an evaporator; the evaporator being located within the cool chamber and
the condenser being located outside the cool chamber; the device further comprising: a
cool chamber sensor configured measure an indication of temperature within the cool
chamber; the method comprising: determining a cool chamber desired preset
indication of temperature; receiving an indication of cool chamber temperature within

the cool chamber; analysing one or more monitored device characteristics and
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predicting a trend in the one or more device characteristics based on the analysis;
implementing closed loop control of the indication of temperature by varying speed of
operation of the compressor of the refrigeration circuit in dependence upon a
combination of the received indication of cool chamber temperature, and the predicted
trend in the one or more monitored device characteristics to adjust said indication of

cool chamber temperature towards said preset value.

In some embodiments, the analysed controller inputs comprise: the indication of cool
chamber temperature and speed of operation of the variable speed compressor and the
predicted trend comprises a relationship between change in the indication of cool
chamber temperature and speed of operation of the variable speed compressor; and
implementing closed loop control of the indication of cool chamber temperature
comprises varying speed of operation of the variable speed compressor in dependence
upon a combination of the indication of cool chamber temperature and the predicted

trend to adjust the indication of cool chamber temperature towards the preset value.

In some embodiments, the refrigeration cycle device comprises: an ambient
temperature sensor configured to provide an indication of ambient temperature around
the device to the controller; and analysing controller inputs comprises: analysing the
indication of ambient temperature around the device; and implementing closed loop
control of the indication of cool chamber temperature comprises varying the speed of
operation of the compressor of the refrigeration circuit in dependence upon a
combination of: the indication of cool chamber temperature, and the predicted trend in
the indication of ambient temperature to adjust the indication of cool chamber

temperature towards the preset value.

In some embodiments, the method comprises: determining energy consumption of the
compressor; analysing the determined energy consumption to predict a trend in the
determined energy consumption; implementing closed loop control of the indication of
cool chamber temperature by varying the speed of operation of the compressor in
dependence upon a combination of: the indication of cool chamber temperature, and
the predicted trend in the determined energy consumption to adjust the indication of

cool chamber temperature towards the preset value.

In some embodiments, the cool chamber comprises a door and the refrigeration cycle
device comprises a chamber opening sensor configured to detect opening of the door

and to report one or more details of an opening event; the method comprising:
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receiving the report of one or more details of an opening event and implementing
closed loop control of the indication of cool chamber temperature by the speed of
operation of the compressor in dependence upon a combination of:, the predicted trend
in the one or more controller input and the reported details of the opening event, to

adjust the indication of cool chamber temperature towards the preset value.

In some embodiments, the method comprises analysing the received details of the
opening event; predicting a trend in the opening events; and implementing closed loop
control of the indication of cool chamber temperature by varying speed of operation of
the compressor in dependence upon a combination of: the indication of cool chamber
temperature, and the predicted trend in the opening events to adjust the indication of

cool chamber temperature towards the preset value.

In some embodiments, the method comprises: determining one or more details of cool
chamber content; and implementing closed loop control of speed of operation of the
compressor in dependence upon a combination of: the indication of cool chamber
temperature, the predicted trend in the one or more controller input and the
determined details of cool chamber content, to adjust the indication of cool chamber

temperature towards the preset value.

In some embodiments, the refrigeration cycle device comprises: a condenser fan
configured to pass air across at least a portion of the condenser; and the method

comprises: varying operation of the condenser fan.

In some embodiments, the operational parameter of one or more components of the

refrigeration circuit varied comprises: speed of operation of the condenser fan.

In some embodiments, the refrigeration cycle device comprises: an energy supply
having variable energy availability over time; and the method comprises: receiving an
indication of available energy; analysing and predicting a trend in the indication of
available energy based on the analysis; and implementing closed loop control of the
indication of cool chamber temperature by varying speed of operation of the
compressor in dependence upon a combination of: the indication of cool chamber
temperature, and the predicted trend in the indication of available energy to adjust the

indication of cool chamber temperature towards a preset value.
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In some embodiments, the refrigeration cycle device comprises: a rechargeable battery
having variable energy availability over time and an associated energy management
controller configured to monitor and control operation of the rechargeable battery; the
method comprising: receiving an indication from the energy management controller
and varying an operational parameter of one or more components of the refrigeration
circuit in dependence upon the indication received from the energy management

controller.

In some embodiments, the indication from the energy management controller
comprises one or more of: a request to vary refrigeration circuit load placed on the
battery, a request to change the preset value, a direct request to adjust an operational

parameter of one or more components of the refrigeration circuit.

A third aspect of the invention provides a computer program product operable, when

performed on a computer, to perform the method of the second aspect.

Further particular and preferred aspects are set out in the accompanying independent
and dependent claims. Features of the dependent claims may be combined with
features of the independent claims as appropriate, and in combinations other than

those explicitly set out in the claims.

Where an apparatus feature is described as being operable to provide a function, it will
be appreciated that this includes an apparatus feature which provides that function or

which is adapted or configured to provide that function.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described further, with reference to

the accompanying drawings, in which:

Figure 1 illustrates schematically main functional components used in a typical
refrigeration system;

Figure 2 is a perspective representation of a mobile standalone retail kiosk for
dispensing or selling food and/or drink;

Figure 3 illustrates schematically main functional components of a refrigeration cycle
device forming part of mobile standalone kiosk for dispensing or selling food and/or
drink such as that shown in Figure 2;

Figure 4 illustrates schematically one possible functional arrangement of a refrigeration

device controller for use in a system such as that shown in Figure 2
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DESCRIPTION OF THE EMBODIMENTS

A refrigeration cycle device according to described arrangements may comprise, for

example, a cooler, fridge, freezer, or similar.

Figure 1 illustrates schematically main functional components used in a typical
refrigeration system. A refrigeration cycle device or apparatus 10 typically includes a
circuit around which refrigerant fluid is passed. The main operational components of
the circuit typically comprise: a compressor 20, a condenser 30, an expansion
mechanism (usually a capillary tube) 40 and an evaporator 50. In the case of a cooler,
fridge or freezer, the device or apparatus is usually arranged such that there is a cool
chamber within a housing. The device or apparatus operates to cool that chamber to a
temperature lower than that outside the housing. The evaporator 50 is typically located
within the cool chamber and the cool chamber is located inside the housing. The
condenser 30 is located outside the cool chamber. In some arrangements, the
condenser is located outside the housing. The condenser 30 in some arrangements

may form part of the housing, or may be integrally formed with the housing.

The compressor 20 is configured to compress the refrigerant fluid. Compressing the
refrigerant causes an increase in refrigerant fluid temperature. The condenser 30
located outside the cooling chamber operates to radiate heat away from the refrigerant
fluid compressed by the compressor 20. The expansion valve 40 is configured to
expand the refrigerant fluid that has dissipated heat by passing through the condenser
30. The expansion causes the refrigerant to cool. That cooled refrigerant fluid is
passed to the evaporator 50 within the cooling chamber which is configured to perform
heat exchange between the chamber air and the refrigerant expanded by the expansion
mechanism 40. The evaporator 50 acts to heat the refrigerant fluid and therefore

extract heat from the cooling chamber.

Before describing particular arrangements in detail, a general overview is provided.

A refrigeration cycle device or apparatus such as that described in relation to Figure 1

may further comprise a controller.

A controller may itself comprise trend analysis logic configured to analyse one or more
controller input and predict a trend in the one or more controller input based on the

analysis. The controller is configured to implement closed loop control of the
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indication of cool chamber temperature by varying speed of operation of said
compressor in the refrigeration circuit in dependence upon a combination of: the
indication of cool chamber temperature, and the predicted trend in the one or more
controller input. The closed loop control adjusts the indication of cool chamber
temperature towards a preset value.

In general it will be appreciated that operation of a refrigeration cycle device may be
optimised by taking into account a trend, pattern or prediction relating to one or more
additional operational characteristics (other than the cool chamber temperature, or
speed of operation of the compressor itself, though a trend/pattern or prediction
mapping a correlation between an additional characteristic and cool chamber
temperature may be used) relating to the device. For example, the speed of the
compressor may be controlled based upon a combination of: desired temperature
within the cooling chamber, measured temperature of the cooling chamber and an
indication of temperature outside the device housing. It will, for example, be
appreciated the ambient temperature outside the device will have an impact upon
condenser operation and consequently the temperature of the refrigerant fluid as it
passes around the circuit. A similar result may be achieved by, for example, controlling
the speed of the compressor based upon a combination of: desired temperature within
the cooling chamber, measured temperature of the cooling chamber and/or an
indication of temperature of the refrigerant fluid at one or more points in the fluid

circuit.

The controller may comprise an appropriately configured computer. The controller
may be configured to control operation of the compressor. In particular, the controller
may be configured to instruct the compressor to switch on and off. The compressor
may be able to operate at varying speeds. The speed of compressor operation may be
continuously variable. The controller may be configured to control speed of operation

of the compressor.

The controller may monitor and/or control power consumption of the compressor. The
compressor may be able to operate at varying power consumption levels. The power
consumption of the compressor may be continuously variable. The controller may be
configured to control power consumption of the compressor by, for example, varying

speed of operation of the compressor.

The controller may be configured to communicate with one or more information

sources to obtain information about the environment in which the refrigeration cycle
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device or apparatus is operating. The one or more information sources may, for
example, comprise one or more sensors. For example, the device may comprise a
temperature sensor located outside the cooling chamber. The temperature sensor may
be located outside the housing. The temperature sensor may be located on the housing.
The information sources may comprise a humidity sensor. The humidity sensor may be
located inside and/or outside the cool chamber. The information may be provided
relating to the humidity inside and/or outside the chamber. The information sources
may comprise one or more temperature sensors provided on the condenser. The
information sources may comprise one or more temperature sensors provided on the
evaporator. The information sources may include a location sensor, and/or mechanism
to obtain an indication of a geographical area in which the device is located. The
information sources may, for example, include an indication of a weather forecast for
the geographical area in which the device is located. The controller may be configured

to obtain trend indications in relation to any one of the information sources.

The controller may be configured to communicate with one or more information
sources to obtain information about the environment within the cooling chamber
forming part of the device itself. The information sources may comprise, for example, a
temperature sensor located inside the cooling chamber. The information sources may,
for example, include sensors which monitor opening and/or closing events related to
the cooling chamber. The information sources may, for example, comprise information
relating to the content of the cooling chamber. That information may, for example,
comprise an indication of how full or empty the cooling chamber is. The controller may
be configured to obtain trend indications in relation to any one of the information

sources.

The controller may be configured to monitor and control the state of various
components forming part of the refrigeration device. The controller may, for example,
include appropriate sensors to allow for monitoring of an indication of temperature of
the refrigeration fluid at one or more locations within the refrigeration circuit. The
controller may, for example, monitor and/or control speed of operation of the

compressor, and/or may monitor power availability and similar.

Furthermore, the device may, for example, comprise additional functional components.
For example, the device may comprise a stand-alone device which is not connected to
grid power. In such a case, the device may, for example, comprise one or more sources

of power, for example, a battery, a diesel, petrol or hydrogen fuelled generator or fuel
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cell, and/or one or more alternative energy sources, such as a solar panel, wind turbine
or similar. The device may comprise a back-up power supply. The device may, for
example, include a battery. The battery may comprise a rechargeable battery. The
controller may be configured to monitor and/or control one or more operational

characteristic of such components forming part of the refrigeration device.

It will be appreciated that the temperature of the cooling chamber may be related to the
number of times the cooling chamber is opened, and/or how closely spaced such
opening events are and/or how long each opening of the cooling chamber lasts.
Efficient operation of the device may be implemented, for example, by controlling the
speed of the compressor based upon a combination of: desired temperature within the
cooling chamber, measured temperature of the cooling chamber and one or more

indications relating to cooling chamber opening events.

It will be appreciated that the temperature of the cooling chamber may be related to
one or more trends in one or more controller inputs. Efficient operation of the device
may be implemented, for example, by appropriate analysis of historic trends relating to
operation of the device. For example, across a 24 hour period, a typical temperature
cycle outside the cooling chamber may be observed. The temperature may, for
example, drop overnight and increase during the day. Operation of the compressor
may take account of such typical fluctuation. The controller may be configured to
controlling the speed of the compressor based upon a combination of: desired
temperature within the cooling chamber, measured temperature of the cooling
chamber, an indication of temperature outside the cooling chamber and an indication
of trend in temperature outside the cooling chamber. In some arrangements where, for
example, the device is located outside, it may be advantageous to take into account one
or more of: time of day, weather forecast, and/or one or more locally observed trends in
time of day or weather, and/or historic correlation between one or more monitored or
calculated characteristics of device operation and historic operation of, for example the

speed of the compressor and resulting temperature within the cooling chamber.

All such smart control of the refrigeration cycle device or apparatus may improve
energy efficiency. Such efficiency improvements may be helpful to minimise
operational cost of a device connected to a standard grid power supply. Such smart
control may be of particular use if the device is not connected to a reliable energy

supply, or is battery powered, where that battery has finite available energy.
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Arrangements may provide a standalone renewable and/or battery powered
refrigeration cycle device or apparatus. Arrangements may provide a mobile
refrigeration cycle device or apparatus. Arrangements may provide an outdoor

refrigeration cycle device or apparatus.

A refrigeration cycle device or apparatus may comprise a battery and an associated
battery management control unit. The refrigeration cycle device controller may be
configured to communicate with the battery management control unit. The battery
management control unit may be configured to manage available energy to charge a
rechargeable battery with a load upon the battery. The load on the battery may
comprise compressor operation. The battery management control unit may be
configured to communicate with the refrigeration cycle device controller. The battery
management controller may take precedence over desired operation of the refrigeration
cycle controller. That is to say, ensuring energy availability so that the device can
operate may take precedence over energy efficiency or maintenance of a stable
temperature within the cooling chamber. The battery management control unit may,
for example, be configured request a change to a cooling chamber “set point”
temperature, for battery management purposes. Similarly, the battery management
control unit may, for example, be configured request a change to compressor energy

consumption or operating speed for battery management purposes.

A refrigeration cycle device or apparatus may comprise: a compressor and controller as
described above, according to which the controller is operable to control operation of
the compressor in dependence upon one or more indication of available energy. The
indication of available energy may be requested or provided by the battery

management control unit.

A refrigeration cycle device or apparatus may comprise a refrigeration circuit in which a
mechanism to alter operation of the condenser forming part of the refrigeration circuit
is provided. The controller may be configured to alter condenser operation in
dependence upon an indication of temperature of refrigerant fluid temperature after
passing through the condenser. The condenser may comprise a fin or grid heat
exchanger. The refrigeration cycle device or apparatus may comprise a fan configured
to direct a flow of air over such a heat exchanger. The controller may be configured to
implement use of the fan to increase heat dissipation if the temperature of the

refrigerant fluid after passing through the condenser is too high. In some
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arrangements the fan may comprise a variable speed fan and the controller may be
configured to switch a fan on and/or control the speed of operation of the fan in
dependence upon the measured temperature of the refrigerant fluid after passing
through the condenser. Alternatively, control of the fan may be implemented in
dependence upon one or more of: temperature outside the housing, ambient
temperature outside the device or apparatus, predicted temperature outside the
housing, a weather forecast, a temperature difference between measured temperature
within the cooling chamber and any one of: temperature outside the housing, ambient
temperature outside the device or apparatus, predicted temperature outside the

housing, a weather forecast.

A refrigeration cycle device or apparatus may comprise a refrigeration circuit in which
more than one condenser is provided. In particular, more than one type of condenser
may be provided in series. One of those condensers may comprise a fin or grid heat
exchanger with a fan configured to pass a flow of air over the grid or fins of the heat
exchanger. As described in general terms above, the controller may be configured to
control operation of the fan in dependence upon the refrigerant fluid after passing

through one or more condensers.

It will be appreciated that intelligent or smart control of a fan configured to alter
operation of the condenser may help to improve stability of temperature within the
cooling chamber of the device. It will also be appreciated that preventing continuous
operation of a fan associated with a condenser may offer energy savings. In some
arrangements, for example, running a fan may coincide with a period in which energy
from renewable sources may be freely available: full sun may cause a high temperature
outside the device housing, but also may mean plentiful energy is available from a solar

source to accommodate running a fan to improve operation of the condenser.

A refrigeration cycle device or apparatus may comprise controller logic. The controller
logic may be configured to store, calculate and/or determine one or more indication
related to one or more monitored parameters associated with device operation. The
controller logic may be configured, for example, to calculate or determine trends
referred to above. The controller logic may be configured to access one or more look up
tables associated with parameters mentioned above. For example, the controller logic
may be able to access a look up table which relates compressor speed or power
consumption to one or more of: measured temperature inside the cooling chamber,

measured temperature outside the housing, predicted temperature outside the housing,
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and/or a difference between measured cooling chamber temperature and external

temperature.

The controller logic may comprise communication logic. The communication logic
may, for example, comprise a machine type communication device, a network
connection, and/or a wireless network communication device. Accordingly, the
controller may be configured to provide one or more monitored parameters to a remote
control centre. The controller may be configured to communicate with that remote
control centre. The remote control centre may be configured to communicate with a

local controller to control operation of the device.

The local controller and/or remote control centre may be configured to analyse one or
more monitored parameters to calculate device efficiency and/or a coefficient of
performance associated with a refrigeration cycle device. The local controller and/or
remote control centre may be configured to analyse one or more monitored parameters
or determined trends in monitored parameters to recognise an indication of device

fault or failure.

One particular implementation is now described in detail:

Figure 2 is a perspective representation of a mobile standalone kiosk for dispensing or

selling food and/or drink.

The kiosk 200 may be movable between locations and may, for example comprise a
mobile or portable kiosk. That kiosk includes a freezer 210 in which ice cream is stored

until purchased. The kiosk is used to vend ice-cream to customers.

Figure 3 illustrates schematically main functional components of a refrigeration cycle
device forming part of mobile standalone kiosk for dispensing or selling food and/or
drink such as that shown in Figure 2. The freezer or cooler 300 forming part of the
illustrated kiosk comprises: a cool chamber 310 in which the food and/or drink can be
placed. The main operational components of the refrigeration cycle device operating to
cool the cooling chamber are: a compressor 320, a condenser 330 located outside the
cool chamber 310, an expansion mechanism 340 (usually a capillary tube and an

evaporator 350 located within the cool chamber 310.
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The refrigeration cycle device operates to cool the cool chamber 310 to a temperature
lower than that experienced around the kiosk. In the illustrated arrangement, the
condenser comprises a two stage condenser. The two stages are arranged in immediate
series within a refrigeration circuit. A first stage condenser comprises a skin condenser
formed integrally with an outer wall of the cool chamber housing. A second stage
condenser comprises a grid or fin condenser. A fan 360 is provided and configured to
pass air across one or more of the outer wall of the cooling chamber housing and/or the

fins or grid forming part of the second stage condenser.

The kiosk includes a computer. The computer is configured to provide a
fridge/freezer/cooler controller 370. The controller is configured to control operation
of various components of device 300 including the compressor 320. In particular, the
controller is configured to instruct the compressor to switch on and off and to control
speed of operation of the compressor. The speed of operation of the compressor is
continuously variable. Inthe example shown in Figure 3, a temperature sensor 380 is
provided within the cooling chamber 310. A further temperature sensor is provided on
the outside of the kiosk 390. The controller 370 is configured to communicate with

both temperature sensors 410, 420.

The controller 370 provided operates to try to improve power efficiency of a
refrigeration cycle device by trying to maintain a substantially steady temperature
within the cooling chamber. The controller 370 monitors the temperature in the
cooling chamber 310 and operation of the compressor 320 is adjusted based upon
direction and magnitude of difference between the measured temperature and a
desired (set-point) temperature to be maintained within the cool chamber 310. The
controller is configured such that compressor 320 speed is varied in dependence upon
measured temperature within the cooling chamber 310 and the difference between the
measured temperature and desired temperature. In particular, if the temperature is
determined to be much greater than a desired temperature within the cooling chamber
310, (for example, when a device is first switched on, or after it has been switched off
for maintenance or defrosting) the speed of operation of the compressor 320 may be set
to be high or maximum available speed. If the temperature is determined to be only
slightly greater than a desired temperature, the speed of operation of the compressor
may be relatively low, in order to try and maintain a steady state of operation where the
rate of cooling is approximately equal to the rate of heating being experienced within
the cooling chamber. In such a way, the temperature of the cooling chamber can be

maintained at a near constant level, rather than fluctuating in a cycle between a
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temperature above the desired temperature and a temperature below the desired
temperature linked to hysteresis of a thermostat and lag in a refrigeration system.
Furthermore, the controller 370 comprises trend analysis logic configured to analyse
one or more controller input and predict a trend in said one or more controller input
based on said analysis. The controller 370 is configured to implement closed loop
control of the indication of cool chamber temperature by varying compressor speed in
dependence upon a combination of said indication of cool chamber 310 temperature,
and said predicted trend in cool chamber temperature to adjust the indication of cool

chamber temperature towards the preset value.

The controller is also configured, in the illustrated example, to control the speed of the
compressor 320 based upon a combination of: desired temperature within the cooling
chamber, measured temperature of the cooling chamber and an indication of
temperature measured by sensor 390 outside the device housing. It will, for example,
be appreciated the ambient temperature outside the kiosk may have an impact upon
condenser 330 operation and consequently the temperature of the refrigerant fluid as
it passes around the circuit. If the kiosk is placed in a hot environment, operation of
the controller will differ to an arrangement in which the kiosk is placed in a cold
environment, since monitoring the ambient temperature around the kiosk can assist
the control of the compressor to try an maintain a steady state in which cooling of the
cooling chamber is approximately equal to heating of the cooling chamber through, for
example, the chamber walls and ingress of air when the chamber is opened to allow

food and/or drink to be removed from the chamber.

The kiosk illustrated comprises a two-stage condenser. The controller is configured to
change condenser operation in dependence upon ambient temperature outside the
kiosk. The controller is configured to implement use of the fan 360 to increase heat
dissipation in dependence upon the ambient temperature outside the kiosk. The fan
comprises a variable speed fan and the controller is configured to switch a fan on and
control the speed of operation of the fan in dependence upon the measured ambient
temperature. It will be appreciated that when the ambient temperature outside the
kiosk is high, heat dissipated by the condenser may be increased by appropriate use of
the fan. It will also be appreciated that not using the fan unless necessary may result in

power saving.

The kiosk illustrated in Figures 2 and 3 is a standalone kiosk. It is not connected to

grid power. The kiosk includes a PV panel and a rechargeable battery. The computer
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provided is configured to monitor parameters relating to the battery and available solar
energy and communicate with an appropriate battery management system 430. The
battery management system in the arrangement shown is configured to manage load
(demand) on the available power. The load includes operation of the refrigeration cycle
device. The load also includes, for example, lighting, a payment system and display and
communication system 440. The kiosk comprises a rechargeable battery and the
computer comprises an associated battery management control unit 430. The
refrigeration cycle device controller 370 is configured to communicate 450 with the
battery management control unit. The battery management control unit is configured
to manage available power to both charge a rechargeable battery and supply a load
calling upon available power and/or the battery. The battery management control unit
is configured to communicate with the refrigeration cycle device controller. The battery
management controller decisions take precedence over decisions of the refrigeration
cycle controller. Thus ensuring power availability so that the kiosk can operate at all
takes precedence over power efficiency or maintenance of a stable temperature within
the cooling chamber. The battery management control unit is configured request a
change to a cooling chamber “set point” temperature, for battery management
purposes. Similarly, the battery management control unit can request a change to

compressor power consumption or operating speed for battery management purposes.

Figure 4 illustrates schematically one possible functional arrangement of a refrigeration
device controller for use in a system such as that shown in Figure 2. The arrangement
shown recognises that many factors may change the consequences, as measured within
the cool chamber, of varying operational parameters, for example, the speed of
operation of the compressor, of the various components forming the refrigeration
circuit. In the example shown, ambient external temperature (A) (graph shows
temperature against time), an indication of freezer temperature (B) (graph shows
temperature against time) and door opening events (C) (graph shows opening event

trigger against time) are inputs to a device controller 500.

In general, the controller 500 is configured to recognise that ambient temperature and
door opening events may have an impact upon how efficiently a refrigeration circuit
can operate to extract heat from the cool chamber. The controller is configured to
recognise that one way to account for variability of consequences of a given control
action is by looking at historic operation of a device and/or historic consequences of a
particular control action, and make a prediction about how an action might impact

temperature within the cool chamber and using that information when making control
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decisions. It is that prediction, trend, or historic pattern which can be used to make
smart decisions about adjustment to operation of the refrigeration cycle device. It will
be appreciated that a trend or pattern in one or more monitored variables (A), (B) and
(C), which may, for example, seem unrelated to the indication of cool chamber
temperature or directly related to speed of operation of the compressor (D) (graph
shows speed of operation in RPM against time) implemented by the controller 500, are
taken into account when the controller 500 is performing closed loop control of the

indication of cool chamber temperature (B) by adjusting compressor speed (D).

In a general implementation such as that shown in the example of Figure 4, the
controller 500 is configured to know/predict that the ambient temperature overnight is
typically lower, and from historical operation of the device, the controller 500 may have
learned that the likelihood of the device being opened (C) overnight is low. If the
external temperature is not being increased by sun, and the chamber is not being
opened, it will be appreciated that a need to perform significant cooling of the chamber
may be less. In particular, the lower ambient temperature and/or lower likelihood of
opening results in a decreased need for a compressor to be run at a high speed to effect
rapid cooling. As a result, a lower speed of operation of the compressor is implemented
by the controller 500 than may be implemented in an instance when the same cool
chamber temperature is reported to the controller and the ambient temperature is
likely to increase (for example, over the course of a day) and if a number of repeated

chamber opening events is expected.

In one particular possible implementation, shown in detail in Figure 4, the information
communicated to the controller 500 over the same time period is illustrated graphically
in the graphs charting factors (A), (B), (C) and (D). It can be seen that the ambient
temperature (A) goes up sharply and then levels off. Over the same time period, the
indication of cool chamber temperature (B) is largely level, with brief peaks in
temperature. Those peaks in reported temperature correspond to door opening events
shown in (C). Controller 500 is configured such that the spikes in indication of
temperature of the cool chamber (B) are largely ignored, since they are determined to
correlate/correspond to door opening events shown in (C). The controller is configured
to predict/learn that short and/or infrequent door opening events do not cause a
significant change in the temperature of product in the cool chamber. That is to say,
although a rush of hot air into the cool chamber can cause a spike in reported
indication of cool chamber temperature, once the door is closed, that small volume of

hot air which entered the chamber and caused the reading spike is itself cooled, without
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a need to run the compressor. As a result, it can be seen that the controller 500 does
not react to the level of door opening events and spikes in cool chamber temperature
reported, and the speed of operation of the compressor (D) exhibits no spikes, just a
slow increase as the ambient external temperature increases. That slow increase keeps
the chamber temperature substantially stable, as shown in (B), despite the ambient

temperature increase shown in (A).

It will, of course, be appreciated that the controller 500 may, in other instances, see a
general increase in chamber temperature (B) if the door opening events (C) are long
and/or frequent and that a different action might be taken to change the compressor

speed (D) in relation to such a trend.

Although illustrative embodiments of the invention have been disclosed in detail
herein, with reference to the accompanying drawings, it is understood that the
invention is not limited to the precise embodiment and that various changes and
modifications can be effected therein by one skilled in the art without departing from

the scope of the invention as defined by the appended claims and their equivalents.

27



10

15

20

25

30

35

WO 2019/197370 PCT/EP2019/058890

CLAIMS

1. A refrigeration cycle device configured to cool a cool chamber located within a
housing of said device, said device comprising:

a refrigerant fluid arranged to be passed around a refrigeration circuit, said circuit
comprising: a variable speed compressor, a condenser, an expansion device and an
evaporator;

said evaporator being located within said cool chamber and said condenser being
located outside said cool chamber; said device further comprising;:

a chamber sensor configured provide an indication of cool chamber temperature within
said cool chamber;

a controller configured to communicate with said cool chamber sensor and one or more
components of said refrigeration circuit;

said controller comprising trend analysis logic configured to analyse one or more
controller input and predict a trend in said one or more controller input based on said
analysis;

said controller being configured to implement closed loop control of said indication of
cool chamber temperature by varying speed of operation of said compressor in said
refrigeration circuit in dependence upon a combination of said indication of cool
chamber temperature, and said predicted trend in said one or more controller input to

adjust said indication of cool chamber temperature towards a preset value.

2. A refrigeration cycle device according to claim 1, wherein said analysed
controller inputs comprise: said indication of cool chamber temperature and speed of
operation of said variable speed compressor and said predicted trend comprises a
relationship between change in said indication of cool chamber temperature and speed
of operation of said variable speed compressor;

wherein said controller is configured to implement closed loop control of said
indication of cool chamber temperature by varying speed of operation of said variable
speed compressor in dependence upon a combination of said indication of cool
chamber temperature and said predicted trend to adjust said indication of temperature

towards said preset value.
3. A refrigeration cycle device according to any preceding claim, wherein said

device comprises: an ambient temperature sensor configured provide an indication of

ambient temperature around said device to said controller;
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and wherein said analysed controller inputs comprise: said indication of ambient
temperature around said device;

and wherein said controller is configured to implement closed loop control of said
indication of cool chamber temperature by varying speed of operation of said
compressor in dependence upon a combination of: said indication of cool chamber
temperature, and said predicted trend in said indication of ambient temperature to

adjust said indication of cool chamber temperature towards said preset value.

4. A refrigeration cycle device according to any preceding claim, wherein said cool
chamber comprises a door and said device comprises: a chamber door sensor
configured to detect changes in configuration of said door and to report one or more
details of a change in configuration of said door to said controller; said controller being
configured to implement closed loop control of said indication of cool chamber
temperature by varying speed of operation of said compressor in dependence upon a
combination of: said indication of cool chamber temperature, said predicted trend in
said one or more controller input and said reported details of said change in
configuration of said door , to adjust said indication of cool chamber temperature

towards said preset value.

5. A refrigeration cycle device according to claim 4, wherein said trend analysis
logic is configured to analyse said received details of a change in configuration of said
door and predict a trend in said changes of configuration of said door; and wherein said
controller is configured to implement closed loop control of said indication of cool
chamber temperature by varying speed of operation of said compressor in said
refrigeration circuit in dependence upon a combination of: said indication of cool
chamber temperature, and said predicted trend in said changes of configuration of said

door to adjust said indication of cool chamber temperature towards said preset value.

6. A refrigeration cycle device according to any preceding claim, wherein said
controller is configured to determine one or more details of cool chamber content; said
controller being configured to implement closed loop control of said indication of cool
chamber temperature by varying speed of operation of said compressor in dependence
upon a combination of: said indication of cool chamber temperature, said predicted
trend in said one or more controller input and said determined details of cool chamber
content, to adjust said indication of cool chamber temperature towards said preset

value.
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7. A refrigeration cycle device according to any preceding claim, wherein said
controller is configured to determine energy consumption of said compressor and
energy available to said device; said controller being configured to implement closed
loop control of said indication of cool chamber temperature by varying speed of
operation of said compressor in dependence upon a combination of: said indication of
cool chamber temperature, said predicted trend in said one or more controller input
and said indication of energy consumption of said compressor and said indication of
energy available to said device, to adjust said indication of cool chamber temperature

towards said preset value .

8. A refrigeration cycle device according to any preceding claim, wherein said
controller is configured to communicate with a humidity sensor configured to provide
an indication of chamber humidity; said controller being configured to implement
closed loop control of said indication of cool chamber temperature by varying speed of
operation of said compressor in dependence upon a combination of: said indication of
cool chamber temperature, said predicted trend in said one or more controller input
and said indication of chamber humidity, to adjust said indication of cool chamber

temperature towards said preset value.

9. A refrigeration cycle device according to any preceding claim, wherein said
device comprises:

a condenser fan configured to pass air across at least a portion of said condenser in
dependence upon a control signal from said controller; and wherein said controller is
configured to implement closed loop control of said indication of cool chamber
temperature by varying speed of operation of said compressor and operation of said

condenser fan.

10. A refrigeration cycle device according to claim 9, wherein said controller is

configured to adjust speed of operation of said condenser fan.

11. A refrigeration cycle device according to any preceding claim, wherein said
device comprises: a power supply having variable power availability over time;

said controller comprising trend analysis logic configured to communicate with an
energy management controller to receive an indication of available power, and to
analyse and predict a trend in said indication of available power based on information

received from said energy management controller;
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and wherein said controller is configured to implement closed loop control of said
indication of cool chamber temperature by varying speed of operation of said
compressor in dependence upon a combination of said indication of cool chamber
temperature, and said predicted trend in said indication of available power to adjust

said indication of cool chamber temperature towards a preset value.

12. A refrigeration cycle device according to any preceding claim, wherein said
device comprises: a rechargeable battery having variable energy availability over time
and an associated energy management controller configured to monitor and control
operation of said rechargeable battery; said energy management controller being
configured to communicate with said controller;

and wherein said controller is configured to vary speed of operation of said compressor
circuit in dependence upon an indication received from said energy management

controller.

13. A refrigeration cycle device according to claim 12, wherein said indication from
said energy management controller comprises one or more of: a request to vary
refrigeration circuit load placed on said battery, a request to change said preset value, a
direct request to adjust an operational parameter of one or more components of said

refrigeration circuit.

14. A method of controlling a refrigeration cycle device configured to cool a cool
chamber located within a housing of the device, said device comprising: a refrigerant
fluid arranged to be passed around a refrigeration circuit, the circuit comprising: a
variable speed compressor, a condenser, an expansion device and an evaporator; said
evaporator being located within said cool chamber and said condenser being located
outside said cool chamber; the device further comprising: a cool chamber sensor
configured to measure an indication of temperature within said cool chamber;

said method comprising;:

determining a cool chamber desired preset indication of temperature;

receiving an indication of cool chamber temperature within said cool chamber;
analysing one or more monitored device characteristics and predicting a trend in said
one or more device characteristics based on the analysis;

implementing closed loop control of said indication of temperature by varying speed of
operation of said compressor of said refrigeration circuit in dependence upon a

combination of said received indication of cool chamber temperature, and said
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predicted trend in said one or more monitored device characteristics to adjust said

indication of cool chamber temperature towards said preset value.

15. A computer program product operable, when executed on a computer, to

5  perform the method of claim 14.
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