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DESCRIPTION

Field of the Invention

[0001] The present invention relates to a vapour compression apparatus wherein an intermediary
located heat battery is capable of releasing charge (i.e. discharging) and/or charging and thereby
controlling the temperature of a heat source or heat sink temperature in a vapour compression
cycle.

[0002] More particularly, the present invention relates to a vapour compression apparatus wherein
a heat battery is located between an evaporator and a condenser and the vapour compression
apparatus comprises a phase change material (PCM) which is capable of releasing charge (i.e.
discharging) energy and/or charging and thereby controlling the temperature of a heat source
and/or heat sink temperature in a vapour compression cycle in a range of refrigeration and/or
heating systems including: air conditioning in both domestic and industrial uses; transportation of
food/materials in vehicles, trains, air, etc.

Background of the Invention

[0003] There is a need in the art to provide improved temperature control in a range of systems
including: air conditioning in both domestic and industrial uses; transportation of food/materials in
vehicles, trains, air, etc.

[0004] Previous prior art systems have suffered from poor and inefficient temperature control and
complex systems that have been found to be unreliable with regular breakdowns. In addition, prior
art systems with their complex designs have been found to be extremely heavy which is not
desired during transportation systems and also makes installation more difficult.

[0005] It is an object of at least one aspect of the present invention to obviate or at least mitigate
one or more of the aforementioned problems.

[0006] It is a further object of at least one aspect of the present invention to provide an improved
vapour compression apparatus.

[0007] WO 2017/221025 and US2016/123009 fail to disclose the vapour compression apparatus
disclosed in this application and, in particular, the series of temperature and/or pressure sensors
immersed in the phase change material (PCM) which provides a real-time indication of the physical
state and physical conditions of the heat battery and provides an indication when the refrigerant
flow should be switched. WO 2017/221025 discloses various arrangements of a single thermal
storage unit or multiple thermal storage units with bypassing means in a vapour compression
system in order to adapt the heating capacity in frosting conditions and in order to provide the
necessary thermal energy transfer.
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Summary of the Invention

[0008] According to a first aspect of the present invention there is provided vapour compression
apparatus as defined in claim 1. It comprises:

a pumping device used to pump a refrigerant;

a condenser which is capable of condensing the refrigerant;
an evaporator which is capable of evaporating the refrigerant,
a heat battery comprising a phase change material (PCM);

at least one or a series of temperature and/or pressure sensors capable of monitoring the
temperature and/or pressure of the phase change material (PCM) in the heat battery;

wherein the heat battery is capable of being connected to the condenser and/or evaporator to
release charge (i.e. discharging) energy and/or be charged whereby the heat battery is capable of
controlling the temperature of a heat source and/or heat sink temperature in a vapour compression
cycle;

wherein the at least one or series of temperature and/or pressure sensors is immersed in the
phase change material (PCM) which provides a real-time indication of the temperature and
pressure of the heat battery and provides an indication when the refrigerant flow should be
switched.

[0009] The present invention therefore relates to a vapour compression apparatus wherein an
intermediary located heat battery between an evaporator and heat condenser is capable of
releasing charge (i.e. discharging) and/or charging and thereby controlling the temperature of a
heat source or heat sink temperature in a vapour compression cycle. This provides a highly energy
efficient system which is an improvement over any known prior art systems.

[0010] The invention may therefore relate to a temperature and/or pressure controlled vapour
compression apparatus.

[0011] Any suitable type of refrigerant may be used. The temperature and/or pressure of the
refrigerant may also be measured and/or monitored along with the direction of flow of the
refrigerant.

[0012] The apparatus of the present invention may therefore provide a highly effective way in
which the flow of the refrigerant around the apparatus may be controlled to provide maximum
efficiency.

[0013] The physical state and/or conditions of the heat battery may be closely monitored via, for
example, real-time temperature and/or pressure measurements being made on the phase change
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material (PCM). Alternatively, the temperature and/or pressure measurements may be conducted
constantly and/or continuously, intermittently or periodically such as every 30 seconds or every
minute. A control management system may perform this role.

[0014] The pumping device may in preferred embodiments be any suitable type of compressor.
For, example, known refrigeration compressors may be used.

[0015] According to the invention, the vapour compression apparatus therefore has at least one or
a series of temperature and/or pressure sensors which are capable of monitoring and controlling
the temperature and/or pressure of the phase change material (PCM) in the heat battery.

[0016] According to the invention, the at least one or a series of temperature and/or pressure
sensors is immersed in the phase change material (PCM) to provide a range of temperature and/or
pressure measurements. Using these measurements the physical state and/or conditions of the
phase change material (PCM) is monitored and/or controlled. For example, a series of temperature
and/or pressure measurements are made to maximise the efficiency of the whole vapour
compression apparatus.

[0017] It has been found that by taking temperature and/or pressure measurements and sensing
the temperature and/or pressure provides an accurate monitor of the charge being held by the
phase change material (PCM). This allows for complete real-time control in the apparatus
according to the present invention.

[0018] The present invention may therefore provide an accurate real-time measurement of the
state and physical conditions of the heat battery including the charge held by the heat battery.

[0019] The measurement of the temperature and/or pressure may be conducted using any
suitable temperature and pressure measurement devices known in the art. This allows real-time
temperature and/or pressure measurements to be made of the phase change material (PCM)
located within the heat battery. This has the specific technical advantage of being able to monitor
and/or measure the pressure and/or temperature in the heat battery. This allows the complete
system to be controlled in a very efficient manner and the system to be completely controllable.

[0020] Switching of the refrigerant flow may also be effected and very accurately controlled with
the temperature and/or pressure measurements to provide a highly efficient system.

[0021] In a preferred embodiment of the present invention the evaporator may be located vertically
below or substantially vertically below the condenser.

[0022] The heat battery may be intermediary located between the condenser and the evaporator.
The present invention therefore provides an intermediary stage between a heat source and/or heat
sink and a temperature-controlled environment. The heat battery comprising the phase change
material (PCM) may therefore function as an intermediary located heat exchanger in the
apparatus. The heat battery may therefore be capable of releasing charge (i.e. discharging) and/or
charging and thereby controlling the temperature of a heat source or heat sink temperature in a
vapour compression cycle apparatus.
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[0023] The apparatus of the present invention may therefore have the added functionality of being
time independent between a first stage and a second stage of heat exchange. The time
independence comes from use of the phase change material (PCM) as the energy can be released
at any time. The first stage may be referred to as pre-cooling or pre-heating, and the second stage
may be referred to as discharge cooling or discharge heating.

[0024] There may be a series and/or network of pipes connecting all of the different components
such as the pumping device (e.g. compressor), the condenser, the evaporator, the heat battery in
the apparatus which are controlled via, for example, valves such as expansion valves, shut-off
valves etc. This is discussed below in more detail.

[0025] The phase change material (PCM) may function as a medium for heat transfer to, for
example, a refrigerant heat exchanger i.e. the evaporator and/or condenser.

[0026] The apparatus may be located in a substantially vertical orientation wherein a liquid
containing vessel may be located preferentially above the compressor. Typically, the liquid
containing vessel may be located vertically or substantially vertically between the evaporator and
the condenser.

[0027] The liquid receiving vessel may be located downstream of the condenser and may be sized
to contain a buffer of liquid refrigerant. The liquid receiving vessel may therefore function as a
receptacle for acting as a reservoir for some of the liquid refrigerant.

[0028] The compressor may be used to compress and/or pressurise refrigerant material around a
system and/or network of pipes around the apparatus.

[0029] In the situation where the apparatus is being used for discharge pre-cooling or pre-heating
the flow of refrigerant occurs from the top to the bottom of the vertically or substantially vertically
oriented apparatus. This may be considered as a first stage of cooling/heating in the present
invention.

[0030] In the situation where the apparatus is being used for pre-cooling or discharge heating the
flow of refrigerant occurs from the bottom to the top in the vertically or substantially vertically
oriented apparatus.

[0031] The refrigerant flow in the apparatus may be reversed without any loss of functionality.

[0032] Any suitable type of phase change material (PCM) may be used including any one of or
combination of the following:

a paraffin material, such as decane e.g. forming a PCM with a phase change transition
temperature of about 25°C to 35°C or about -30°C, with optionally additives to improve nucleation,
crystallisation rates and/or cyclability;

a salt-water eutectic, such as sodium chloride and water e.g. forming a PCM with a phase change
transition temperature of about 20°C to 25°C or about -22°C, with optionally additives to improve
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nucleation, crystallisation rates and/or cyclability;

a salt-water eutectic, such as magnesium sulfate and water e.g. forming a PCM with a phase
change transition temperature of about -10°C to 0°C or about -5°C, with optionally additives to
improve nucleation, crystallisation rates and/or cyclability;

a salt-water eutectic, such as sodium sulfate and water e.g. forming a PCM with a phase change
transition temperature of about -5°C to +5°C or about -1°C, with optionally additives to improve
nucleation, crystallisation rates and/or cyclability;

an organic ester, such as methyl laurate e.g. forming a PCM with a phase change transition
temperature of about 0°C to 10°C or about 5°C, with optionally additives to improve nucleation,
crystallisation rates and/or cyclability;

a clathrate hydrate, such as tetrahydrafuran (THF) and water e.g. forming a PCM with a phase
change transition temperature of about 0°C to 10°C or about 5°C, with optionally additives to
improve nucleation, crystallisation rates and/or cyclability;

an ester such as dimethyl succinate e.g. forming a PCM with a phase change transition
temperature of about 15°C to 25°C or about 18°C, with optionally additives to improve nucleation,
crystallisation rates and/or cyclability;

a fatty alcohol, such as dodecanol e.g. forming a PCM with a phase change transition temperature
of about 15°C to 25°C or about 22°C, with optionally additives to improve nucleation, crystallisation
rates and/or cyclability;

a salt hydrate, such as sodium sulfate decahydrate e.g. forming a PCM with a phase change
transition temperature of about 25°C to 35°C or about 32°C, with optionally additives to improve
nucleation, crystallisation rates and/or cyclability;

a salt hydrate, such as sodium acetate trinydrate e.g. forming a PCM with a phase change
transition temperature of about 0°C to 10°C about 5°C, with optionally additives to improve
nucleation, crystallisation rates and/or cyclability;

a polyol with a solid-solid phase change, such as trimethyloethane e.g. forming a PCM with a
phase change transition temperature of about 70°C to 95°C or about 81°C, with optionally
additives to improve nucleation, crystallisation rates and/or cyclability; and a polyol, such as
erythritol e.g. forming a PCM with a phase change transition temperature of about 100°C to 150°C
about 121°C, with optionally additives to improve nucleation, crystallisation rates and/or cyclability.

[0033] The phase change material (PCM) may be selected which has a phase change
temperature of about 1°C - 20°C or preferably about 10°C - 15°C above the temperature that we
require to cool to (e.g. lowest temperature) and/or the phase change temperature that causes a
refrigerant to condense with a pressure 1 - 10 BarG or preferably about 1 - 5 BarG above the
pressure of the required evaporation pressure. Moreover, the phase change material (PCM) may
be selected which has a phase change temperature of about 1°C - 20°C or preferably about 10°C -
15°C above the temperature (e.g. minimum temperature) of the ambient condition in which the
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heat pump is sourcing it's heat energy and/or the phase change temperature that causes a
refrigerant to evaporate with a pressure of about 1 - 10 BarG or preferably about 1 - 5 BarG above
the pressure refrigerant would evaporate at, for example, given the design conditions minimum
ambient temperature.

[0034] The refrigerant may be selected from any one or more of the following: hydrofluorocarbons;
and hydrocarbons.

[0035] Typical refrigerant hydrocarbons include any one or more of the following: isobutane and
propane.

[0036] Other suitable refrigerants include carbon dioxide and ammonia.

[0037] Suitable refrigerants for the present invention are shown below which may be used on their
own or in any combination:

Refrigerant Toxicity - ISO 817 Classification

A3 B3 Higher Flammability
A2 B2 Flammable

A2L B2L Lower Flammability
A1 B1 Non-Flammable
Lower Toxicity Higher Toxicity

[0038] Refrigerants with lower toxicity and which are non-flammable our preferred.

Refrigerant{ GWP {Class{P_Vap| P_Liq P_Liq Applications
(BarA)i(BarA){ (BarA) at
at- {at0°C +60°C
20°C
Hydrofluoro - Frozen food

carbons R404A 39221 A1 3.00 { 6.10 28.85 refrigeration;

R452A 121407 A1 | 2.62 | 6.09 28.73  jrrocess

chilling
R407F {1824] A1 { 2.46 | 6.29 30.35
R449A {1397} A1 | 225 | 572 27.54
R454A {238 | A2L | 2.17 | 5.36 25.71
R454C | 146 { A2L | 1.90 | 4.55 22.24
Supermarket
R134a {1430{ A1 { 1.33 | 2.93 16.82  jrefrigeration
systems;
R513A {631 ] A1 | 1.42 | 3.06 16.61  {Process
chilling

Domestic
R1234ze 6 A2L § 0.97 § 2.17 12.77 refrigeration;

Residential
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Refrigerant{ GWP {Class{P_Vap| P_Liq P_Liq Applications
(BarA)i(BarA){ (BarA) at
at- {at0°C +60°C
20°C

R1234yf | 4 | A2L | 1.51 | 3.16 16.42 ﬁi/rc Mobile
Conditioning;
Medical
R410A {2088} A1 i 3.99 | 8.01 3842  lfreazers:
R32 675 | A2L | 4.06 | 8.13 3033 ILNG
liquification;
R452B {676 { A2L | 3.09 | 7.20 3430 {Residential
AIC
Hydrocarbons| IsoButane { 3 | A3 | 072 | 157 | 869 %‘Z”cdhiﬂges-
propane 3 A3 § 245 § 474 21.17 Transport’
carboon | 1 | A1 | 19.70 | 34.85 | Supercritical Eéfg%‘)a.rat'on
dioxide past 31.1°C Indust’rial
ammonia | 0 | B2L 1 190 | 429 |  26.16 (RAer;r;ﬂgLai;';’”

[0039] The refrigerants listed above may be selected and chosen for different temperature ranges.

[0040] Located within the heat battery there may be a series of tubes. The tubes may comprise
fins, insulation, and an outer case. Any suitable type and orientation of tubes may be used to help
distribute the energy from/to the phase change material (PCM).

[0041] Located on an outer (e.g. the upper surface) of the heat battery there may optionally be
temperature and/or pressure sensors, for example, providing temperature and/or pressure
measurements. The temperature and/or pressure sensors may be immersed in the phase change
material (PCM) in the heat battery.

[0042] It should be noted that it has been found in the present invention that the refrigerant
pressure and/or temperature of the phase change material (PCM) can indicate the state and
physical conditions of the heat battery. The charge held by the phase change material (PCM) may
also be measured and/or monitored using the temperature and/or pressure measurements.

[0043] The evaporator may be a fan coil evaporator. The evaporator may be located below or
substantially below the condenser. The evaporator in the situation where it is to be used for cooling
may be used for cooling a space that is designated for cooling. Alternatively, the evaporator may
be used to heat from a space that is designated for heating.

[0044] Located above the evaporator there may be the condenser which may, for example, be a
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fan coil condenser. The condenser may be used in ambient conditions where heat is rejected.
Alternatively, the condenser may be used to heat a space that is designated for heating. This
provides a flow of refrigerant from top to bottom in the apparatus. The direction of flow can
however be reversed.

[0045] The functionality of the evaporator and condenser may therefore be reversed and replaced
by one another during different cycles.

[0046] Moreover, the evaporator and condenser may be replaced by other heat exchangers
known in the art e.g. plate heat exchangers. The apparatus of the present invention is therefore
highly adaptable for different situations.

[0047] The apparatus may comprise a reversing valve to reverse the flow of refrigerant. In a
particular embodiment, a four-port reversing valve may be used.

[0048] Reversing valve and solenoid valves, to switch between charging and/or discharging and
hot gas defrosting of heat exchangers may also be incorporated into the apparatus.

[0049] The switching may occur manually or electronically and be dependent on the temperature
and/or pressure being measured and when switching is required. For example, when heating is
required refrigerant may flow from the heat battery and when cooling is required refrigerant may
flow into the heat battery. As required switching of the flow may be effected to maximise the
efficiency of the apparatus.

[0050] The apparatus may also comprise of an expansion valve which may be connected to the
evaporator when it is functioning as the acting evaporator. The expansion valve may be an
electronic or thermostatic valve.

[0051] There may be a further valve which can also be used as a shut-off valve. The shut-off valve
may be an electronic or manual shut-off valve. The shut-off valve may be connected to the
reversing valve and the heat battery.

[0052] Connected to the condenser there may be a further valve which, for example, functions as
a check valve. The check valve may also be connected to the liquid containing vessel.

[0053] In a preferred embodiment, the liquid containing vessel may be located above the
compressor and below the condenser.

[0054] The apparatus may also comprise a dryer such as a filter dryer which is optionally located
preferably vertically below the liquid containing vessel.

[0055] The apparatus may also optionally comprise a window for viewing such as a sight glass.
[0056] The apparatus may also comprise expansion devices (e.g. expansion valves) which can be

used for pre-cooling. In the event that the expansion valve is electronic then additional solenoids
are not required.
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[0057] Typically, the apparatus may also comprise at least one solenoid valve located between the
heat battery and the reversing valve. The solenoid valve may be used to isolate the heat battery
when required.

[0058] The solenoid valves may be used interchangeably with any controllable zone valve.

[0059] The apparatus may also comprise a suction line accumulator which can be used to expand
refrigerant and ensure gas only return to the compressor.

[0060] The apparatus may also comprise a crank-case pressure regulator. The crank-case
pressure regulator may preferably operate at, for example, about 2 Bar with a refrigerant such as
R449A. However, any other suitable type of refrigerant may be used.

[0061] There may also be a further solenoid valve connected to the heat battery and the liquid
containing vessel.

[0062] Additionally, there may be a solenoid valve which may be used for hot gas defrosting.
[0063] In alternative embodiments the apparatus may also comprise an integrated capillary tube.

[0064] In further embodiments the apparatus may also comprise an integrated liquid receiver and
a capillary tube.

[0065] The apparatus may also comprise an integrated microchannel heat exchanger used for
condensing refrigerant and charging a heat battery. Refrigerant superheated gas may enter the
microchannel heat exchanger at an inlet port, condense along channels and exit as a liquid at an
exit port.

[0066] A specific aspect and advantage of the present invention is that the same apparatus may
be used to both heat and cool with the cycles being reversible. This means that an apparatus may
be provided which may use the same compressor and refrigeration to both charge and cool
thereby reducing the cost of such systems to an end user.

[0067] On the discharge cycle the apparatus will be required to transfer heat energy between the
intermediate heat exchanger (i.e. the heat battery) and the temperature-controlled environment.

[0068] The apparatus operates via a refrigerant flow driven by a pressure differential across the
pumping device (e.g. the compressor). It is this pressure differential that transfers heat across the
apparatus. This pressure differential is dependent on the temperature the refrigerant is forced to
evaporate at an evaporator coil in the evaporator and the temperature it is forced to condense at a
condensing coil in the condenser.

[0069] According to a second aspect of the present invention there is provided a method for
controlling the temperature of a heat source and/or heat sink temperature in a vapour compression
cycle using apparatus according to the first aspect.
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[0070] The method comprises providing:

a pumping device which is used to pump a refrigerant;

a condenser which is capable of condensing the refrigerant;
an evaporator which is capable of evaporating the refrigerant;
a heat battery comprising a phase change material (PCM);

at least one or a series of temperature and/or pressure sensors capable of monitoring the
temperature and/or pressure of the phase change material (PCM) in the heat battery;

wherein the heat battery is capable of being connected to the condenser and/or evaporator to
release charge (i.e. discharging) energy and/or be charged whereby the heat battery is capable of
controlling the temperature of a heat source and/or heat sink temperature in a vapour compression
cycle.

Brief Description of the Figures

[0071] The invention will now be described, by way of example only, with reference to the following
Figures in which:

Figure 1 is a representation of a vapour compression apparatus according to an embodiment of
the present invention in a discharge cooling phase;

Figure 2 is a representation the apparatus shown in Figure 1 according to an embodiment of the
present invention in a pre-cooling phase;

Figure 3 is a representation of the apparatus shown in Figures 1 and 2 according to an
embodiment of the present invention in a redundant convention phase;

Figure 4 is a representation of the apparatus shown in Figures 1, 2 and 3 according to an
embodiment of the present invention in a hot gas defrost phase;

Figure 5 is a representation of the apparatus shown in Figures 1 to 4 according to an embodiment
of the present invention in a discharge cooling cycle phase;

Figure 6 is a representation of an expanded view of the heat battery shown in Figure 5 according
to an embodiment of the present invention;

Figure 7 is a representation of an alternative embodiment where there is a heat battery with an
integrated capillary tube and the apparatus is being used as an evaporator only in a non-reversible
system according to an embodiment of the present invention;

Figure 8 is a representation of further embodiment where the apparatus is shown to comprise an
integrated liquid receiver and a capillary tube where the apparatus is used in a reversible system
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phase according to an embodiment of the present invention;

Figure 9 is a representation of a yet further embodiment where the apparatus comprises a heat
battery with an integrated microchannel heat exchanger used for condensing refrigerant and
charging a heat battery according to an embodiment of the present invention;

Figure 10 is a representation of a cooling charge of the phase change material (PCM) with a phase
change material (PCM) Transition Temperature according to an embodiment of the present
invention;

Figure 11 is a representation of a heat battery discharge using a material with a phase change
material (PCM) Transition Temperature (TT) of about -5°C; and

Figure 12 is a representation of a methodology, not being part of the present invention, which
allows a phase change material (PCM) and/or refrigerant to be selected for a particular use such
as the apparatus shown in Figures 1 - 9 according to an embodiment of the present invention.

Detailed Description

[0072] The present invention relates to a vapour compression apparatus wherein an intermediary
located heat battery is capable of releasing charge (i.e. discharging) and/or charging and thereby
controlling the temperature of a heat source or heat sink temperature in a vapour compression
cycle. At least one or a series of temperature and/or pressure sensors may monitor in a real-time
manner the temperature and/or pressure of the phase change material (PCM) in the heat battery
allowing the heat battery to be controlled and provide a highly efficient system for the vapour
compression apparatus.

[0073] In the present invention, phase change material (PCM) is used in an intermediary located
heat battery which is located between the condenser and evaporator. The phase change material
(PCM) acts as a medium for heat transfer to, for example, a refrigerant heat exchanger i.e. the
evaporator and/or condenser. Phase change material (PCM) is an alternative heat exchange
medium in the form of energy storage. The phase change material (PCM) may be used to form a
heat battery as described below.

[0074] The purpose of the intermediary located heat battery in the apparatus of the present
invention is to provide an intermediary stage between a heat source and/or heat sink and a
temperature-controlled environment. In effect, of the apparatus of the present invention has the
added functionality of being time independent between a first stage and a second stage of heat
exchange. The time independence comes from use of the phase change material (PCM) as the
energy can be released at any time. The first stage may be referred to as pre-cooling or pre-
heating, and the second stage may be referred to as discharge cooling or discharge heating.

[0075] Figure 1 is a representation of a vapour compression apparatus according to the present
invention. In Figure 1, the apparatus is used in a discharge cooling phase where refrigerant
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material can be seen passing from the heat battery 4 to the liquid containing vessel 13 and down to
the evaporator 7.

[0076] In Figure 1 the vapour compression apparatus is shown in a vertical or substantially vertical
orientation wherein a liquid containing vessel 13 is located preferentially above a compressor 1.
Moreover, an evaporator 7 is located below a condenser 8.

[0077] The liquid receiving vessel 13 is located downstream of the condenser 8 and is sized to
contain a buffer of liquid refrigerant. The liquid receiving vessel 13 therefore functions as a
receptacle for acting as a reservoir for some of the liquid refrigerant. From the liquid receiving
vessel 13 to the inlet of the expansion valve is called the liquid line, and will be designed to
encourage the proper supply of liquid refrigerant, and as a result promote controllable refrigerant
mass flow.

[0078] The apparatus is orientated in such a way as to best avail of the thermosyphon effect where
the density differences of refrigerant in a liquid or gaseous state tend to result in a gaseous
refrigerant to be more buoyant. This effect is optimised by making the most effective vertical or
substantially vertical flow path between components and/or the flow path in the components shown
in Figure 1.

[0079] The compressor discharge line rises slightly up to the condenser 8 or the heat battery 4
carrying superheated refrigerant gas. Then, the liquid line flows downwards or substantially
downwards towards the liquid receiving vessel 13 carrying subcooled condensed liquid refrigerant.

[0080] The path from the liquid receiving vessel 13 to expansion valve 16 or 17 is downwards or
substantially downwards preferably carrying sub-cooled condensed liquid refrigerant. The
refrigerant undergoes a pressure drop across the expansion valve orifice, and the general flow
path is vertically upwards or substantially upwards to an outlet of the evaporator 7.

[0081] The flow path from the evaporator 7 to the compressor 8 is a design choice for that specific
application. There are two points to consider:

1. 1) Orientate the flow path slightly downwards to facilitate the compressor oil circulation return
to the compressor 8, because the refrigerant is less dense to carry oil droplets.

2. 2) Orientate the flow path slightly upwards to benefit from the natural tendency of the
refrigerant to rise as it becomes less dense.

[0082] The apparatus is therefore oriented in such a way as to best facilitate the compressor oil
circulation around the system, see above point (1). It has therefore been found that it is best to
have a vertical or substantially vertical orientation for the apparatus which is shown in Figure 1.

[0083] The apparatus pipeline sizing and flow path has been selected in such a way facilitate
compressor oil circulation around the apparatus. The pipe diameters have been chosen to optimise
the velocity of the refrigerant flow and minimise the pressure drop experienced by the refrigerant
flow. For example, the refrigerant should be flowing at a gas velocity of about 1 m/s - 5 m/s or



DK/EP 3762667 T3

preferably about 2.5 m/s.

[0084] From the liquid receiving vessel 13 to the inlet of the expansion valve 16,17 is called the
liquid line, and is designed to encourage the proper supply of liquid refrigerant to the inlet, and as a
result promote controllable refrigerant mass flow.

[0085] Below we describe the vapour compression apparatus in detail. It should also be noted that
the solid lines between the different components in Figure 1 represents the active flow path. In
addition, the dashed line represents the inactive flow path. The flow direction of refrigerant (i.e.
energy) is represented by arrows.

[0086] The vapour compression apparatus comprises a compressor 1. The compressor 1 can be
any suitable type of compressor or alternatively any type of pumping apparatus. However, as
indicated above, in preferred embodiments the liquid containing vessel 13 is located above the
compressor 1. By locating the liquid containing vessel 13 above the compressor 1 provides the
advantage of greater efficiency in the active flow path.

[0087] In the situation where the apparatus is being used for discharge pre-cooling or pre-heating
the flow of refrigerant occurs from the top to the bottom as shown by arrow 2 in the apparatus
shown in Figure 1. This may be considered as a first stage of cooling/heating in the present
invention.

[0088] In the situation where the apparatus is being used for pre-cooling or discharge heating the
flow of refrigerant occurs from the bottom to the top in the apparatus shown in Figure 1. This is
shown by arrow 3 in the apparatus.

[0089] The flow shown by arrows 2, 3 can be reversed without loss of functionality in the
apparatus. However, the preferred direction as shown in Figure 1 is shown by arrows 2, 3.

[0090] There is a heat battery 4 which is used to contain a phase change material (PCM) 5. Any
suitable type of phase change material (PCM) 5 may be chosen such as:

a paraffin material, such as decane e.g. forming a PCM with a phase change transition
temperature of about -25°C to -35°C or about -30°C, with optionally additives to improve
nucleation, crystallisation rates and/or cyclability;

a salt-water eutectic, such as sodium chloride and water e.g. forming a PCM with a phase change
transition temperature of about -20°C to -25°C or about -22°C, with optionally additives to improve
nucleation, crystallisation rates and/or cyclability;

a salt-water eutectic, such as magnesium sulfate and water e.g. forming a PCM with a phase
change transition temperature of about -10°C to 0°C or about -5°C, with optionally additives to
improve nucleation, crystallisation rates and/or cyclability;

a salt-water eutectic, such as sodium sulfate and water e.g. forming a PCM with a phase change
transition temperature of about -5°C to +5°C or about -1°C, with optionally additives to improve
nucleation, crystallisation rates and/or cyclability;
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an organic ester, such as methyl laurate e.g. forming a PCM with a phase change transition
temperature of about 0°C to 10°C or about 5°C, with optionally additives to improve nucleation,
crystallisation rates and/or cyclability;

a clathrate hydrate, such as tetrahydrafuran (THF) and water e.g. forming a PCM with a phase
change transition temperature of about 0°C to 10°C or about 5°C, with optionally additives to
improve nucleation, crystallisation rates and/or cyclability;

an ester such as dimethyl succinate e.g. forming a PCM with a phase change transition
temperature of about 15°C to 25°C or about 18°C, with optionally additives to improve nucleation,
crystallisation rates and/or cyclability;

a fatty alcohol, such as dodecanol e.g. forming a PCM with a phase change transition temperature
of about 15°C to 25°C or about 22°C, with optionally additives to improve nucleation, crystallisation
rates and/or cyclability;

a salt hydrate, such as sodium sulfate decahydrate e.g. forming a PCM with a phase change
transition temperature of about 25°C to 35°C or about 32°C, with optionally additives to improve
nucleation, crystallisation rates and/or cyclability;

a salt hydrate, such as sodium acetate trinydrate e.g. forming a PCM with a phase change
transition temperature of about 0°C to 10°C about 5°C, with optionally additives to improve
nucleation, crystallisation rates and/or cyclability;

a polyol with a solid-solid phase change, such as trimethyloethane e.g. forming a PCM with a
phase change transition temperature of about 70°C to 95°C or about 81°C, with optionally
additives to improve nucleation, crystallisation rates and/or cyclability; and a polyol, such as
erythritol e.g. forming a PCM with a phase change transition temperature of about 100°C to 150°C
about 121°C, with optionally additives to improve nucleation, crystallisation rates and/or cyclability.

[0091] The phase change material (PCM) is selected which has a phase change temperature of
about 1°C - 20°C or preferably about 10°C - 15°C above the temperature that we require to cool to
(e.g. lowest temperature) and/or the phase change temperature that causes a refrigerant to
condense with a pressure 1 - 10 BarG or preferably about 1 - 5 BarG above the pressure of the
required evaporation pressure. Moreover, the phase change material (PCM) is selected which has
a phase change temperature of about 1°C - 20°C or preferably about 10°C - 15°C above the
temperature (e.g. minimum temperature) of the ambient condition in which the heat pump is
sourcing it's heat energy and/or the phase change temperature that causes a refrigerant to
evaporate with a pressure of about 1 - 10 BarG or preferably about 1 - 5 BarG above the pressure
refrigerant would evaporate at given the design conditions minimum ambient temperature.

[0092] For different uses and applications, a specific phase change material (PCM) may therefore
be chosen from a library of known phase change material (PCMs). The system and apparatus
proposed in the present invention is therefore highly adaptable for a range of conditions and
environments where a wide range of climates, temperatures and humidity may be encountered.
This provides the advantage that the same apparatus may be sold throughout the world with
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merely the phase change material (PCM) being adapted and changed to suit the local
environment. The apparatus proposed in the present invention is therefore a highly commercial
and attractive approach for reducing the manufacturing costs of vapour compression apparatus.

[0093] Located within the heat battery 4 there is a series of tubes 6. The tubes may comprise fins,
insulation, and an outer case (which are not shown). Any suitable type and orientation of tubes 6
may be used to help distribute the energy of the phase change material (PCM).

[0094] As shown in Figure 1, located on an upper surface of the heat battery 4 there may
optionally be temperature and/or pressure sensors 23, for example, providing temperature
measurements T1, T2 and T3 and pressure measurements. The temperature and/or pressure
sensors may be immersed in the phase change material (PCM) 5 in the heat battery 4.

[0095] It should be noted that it has been found in the present invention that the refrigerant
pressure and/or temperature of the phase change material (PCM) can indicate the state and
physical conditions of the heat battery 4 including the charge held by the phase change material
(PCM) 5. For example, it has been found that when in a cold state the pressure is found to be low
e.g. for a temperature of -10°C, using material known in the art R449A, this provides a pressure of
3.6 Bar; for a temperature of +60°C, using material known in the art R449A, this provides a
pressure of 27.06 Bar.

[0096] The heat battery 4 comprising the phase change material (PCM) 5 may therefore function
as an intermediary located heat exchanger in the apparatus. The heat battery 4 is therefore
capable of releasing charge (i.e. discharging) and/or charging and thereby controlling the
temperature of a heat source or heat sink temperature in a vapour compression cycle apparatus.
No such control device exists in the prior art.

[0097] Figure 1 also shows that there is an evaporator 7 (e.g. a fan coil evaporator). The
evaporator 7 is located below the condenser 8. The evaporator 7 in the situation where it is to be
used for cooling can be used for cooling a space that is designated for cooling. Alternatively, the
evaporator 7 may be used to heat from a space that is designated for heating.

[0098] Located above the evaporator 7 is the condenser 8 (e.g. a fan coil condenser). The
condenser 8 can be used in ambient conditions where heat is rejected. Alternatively, the condenser
8 can be used to heat a space that is designated for heating. This provides a flow of refrigerant
from top to bottom in the apparatus shown in Figure 1. As discussed below, the direction of flow
can however be reversed.

[0099] The functionality of the evaporator 7 and condenser 8 may therefore be reversed and
replaced by one another during different cycles.

[0100] Moreover, the evaporator 7 and condenser 8 may be replaced by other heat exchangers
known in the art e.g. plate heat exchangers. The apparatus of the present invention is therefore

highly adaptable for different situations.

[0101] There is also shown a valve 9 which in the embodiment shown in Figure 1 is a reversing
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valve. The reversing valve 9 shown in Figure 1 is, for example, a four-port reversing valve. The
reversing valve 9 is used to reverse the flow when required to switch between discharging and/or
hot gas defrost. Alternatives, are of course envisaged within the scope of the present invention and
this could be reconfigured (i.e. replumbed) to enable a charging/discharge change using the
reversing valve. The switching may occur manually or electronically and be dependent on the
temperature and/or pressure being measured. Switching of the refrigerant flow may therefore be
effected when required and/or triggered. For example, when heating is required refrigerant may
flow from the heat battery 4 and when cooling is required the refrigerant flow may be switched to
flow into the heat battery 4.

[0102] The apparatus also comprises a shut-off valve 10 which is connected to the condenser 8.
The shut-off valve 10 may be an electronic or manual shut-off valve.

[0103] There is a further valve 11 which can also be used as a shut-off valve. The shut-off valve 11
may be an electronic or manual shut-off valve. The shut-off valve 11 is connected to the reversing
valve 9 and the heat battery 4.

[0104] Connected to the condenser 8 there is a further valve 12 which, for example, functions as a
check valve. The check valve 12 is also connected to the liquid containing vessel 13.

[0105] As shown in Figure 1, the liquid containing vessel 13 is located above the compressor 1 and
below the condenser 8. The apparatus shown in Figure 1 should be considered as being vertically

or substantially vertically oriented.

[0106] Figure 1 also shows that there is a dryer 14 such as a filter dryer which is located
preferably below the liquid containing vessel 13.

[0107] The apparatus may also optionally comprise a window for viewing such as a sight glass 15.
[0108] The apparatus also comprises an expansion device 16 (e.g. an expansion valve) which can
be used for pre-cooling. In the event that the expansion valve is electronic then the additional
solenoid 16A shown in Figure 1 is not required.

[0109] The valve 17 is also an expansion device and is similar to expansion valve 16. However,
expansion valve 17 is used for discharge cooling. In the event that expansion valve 17 is electronic

then the additional solenoid 17A is not required.

[0110] In Figure 1, there is also shown a solenoid valve 18 located between the heat battery 4 and
the reversing valve 9. The solenoid valve 18 is used to isolate the heat battery 4 when required.

[0111] The above solenoid valves may be used interchangeably with any controllable zone valve.

[0112] There is also a suction vessel accumulator 19 which can be used to expand refrigerant and
ensure gas only return to the compressor.

[0113] There is also a crank-case pressure regulator 20. The crank-case pressure regulator 20



DK/EP 3762667 T3

may preferably operate at, for example, about 2 Bar with a refrigerant such as R449A.

[0114] There is a further solenoid valve 21 connected to the heat battery 4 and the liquid
containing vessel 13.

[0115] Additionally, there is a solenoid valve 22 which may be used for hot gas defrosting.

[0116] At the location points identified by reference numerals 24 and 25 a temperature and/or
pressure measurement may be made by a series of temperature and/or pressure sensors. The
measurement of the temperature and/or pressure can be conducted using any suitable
temperature and pressure measurement devices known in the art e.g. temperature and/or
pressure measurement probes. This allows a temperature and/or pressure measurement to be
made of the phase change material (PCM) 5 located within the heat battery 4. This has the specific
technical advantage of being able to monitor and measure the pressure and/or temperature in the
heat battery 4. This allows for feedback to the expansion valve which is regulating the refrigerant
mass flowrate and for the complete system to be controlled in a very efficient manner and the
system to be completely controllable. Switching of the refrigerant flow may therefore be effected at
precise times and for maximum energy efficiency.

[0117] A specific aspect and advantage of the present invention is that the same apparatus as
defined in Figure 1 may be used to both heat and cool with the cycles being reversible. This means
that an apparatus may be provided which may use the same compressor and refrigeration to both
charge and cool thereby reducing the cost of such systems to an end user. This also means that
the apparatus may be used and may be configured to be smaller than previously known devices
using a smaller compressor and using a lower power. This is due to some of the work in the
apparatus being done in shore power. This is a specific advantage of the present invention.

[0118] On the discharge cycle the apparatus will be required to transfer heat energy between the
intermediate heat exchanger (i.e. the heat battery 5) and the temperature-controlled environment.

[0119] The apparatus shown in Figure 1 operates via a refrigerant flow driven by a pressure
differential across the compressor 1. It is this pressure differential that transfers heat across the
apparatus. This pressure differential is dependent on the temperature the refrigerant is forced to
evaporate at an evaporator coil in the evaporator 7 and the temperature it is forced to condense at
a condensing coil in the condenser 8.

[0120] An example of the operation of the apparatus shown in Figure 1 are shown below in Table 1
which shows the operation of the device during cooling and charging stages.
Table 1

Valve Actuation (Top row specifies
components in diagram)

9 {17 {16 {11 {10 {18 {21 {22

Compartment Condense in 4 (PCM {0 1 0 1 0 0 1 0
Cooling Discharge Cooling)

Condense in 8 0 1 0 0 1 0 0 0
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Valve Actuation (Top row specifies
components in diagram)

9 {17 {16 (11 {10 {18 {21 22

(Redundant
Conventional
Refrigeration)

Heat Battery Condense in 7 (Hot 1 0 1 1 0 0 0 1
Charging Gas Defrost)

Condense in 8 (PCM {0 {0 1 0 1 1 0 0
Precooling)

[0121] The above Table 1 can be used to configure electrical and/or mechanical control of
refrigerant flow control valves in the present invention as annotated in the top row. In the top row
the numerals refer to the components shown in Figures 1 - 5. For each component annotated the
rows below give a binary indication of which valve position is required for that system mode of
operation. In this instance '1' means open and '0' means closed.

[0122] Figure 2 is a representation of the apparatus shown in Figure 1 in a pre-cooling phase.
The reference numerals used in Figure 2 are therefore the same as that used in Figure 1 with the
same components.

[0123] In Figure 2 the system flow path has been adjusted to enable the heat battery 4 to be
cooled by an evaporation of refrigerant and for that absorbed heat to be rejected to the ambient air
at the condenser 8. This is shown by the active flow path and the respective arrows. This mode of
operation is called pre-cooling because it cools the phase change material (PCM) to a suitable
charge temperature before the system is required to do active cooling of a temperature-controlled
compartment.

[0124] Figure 3 is a representation of the apparatus shown in Figures 1 and 2 in a mode of
operation which is called a redundant conventional system phase. The reference numerals used in
Figure 3 are therefore the same as that used in Figures 1 and 2 with the same components.

[0125] In Figure 3 the system flow path has been adjusted to enable the evaporator 7 to cool the
temperature-controlled compartment and for that absorbed heat to be rejected to the ambient air
at condenser 8. This mode of operation is called a redundant conventional system because it acts
as a fail-safe mode of operation in such cases as the heat battery 4 becomes depleted.

[0126] Figure 4 is a representation of the apparatus shown in Figures 1 to 3 in a mode of
operation called a hot gas defrost. The reference numerals used in Figure 4 are therefore the
same as that used in Figures 1 to 3 with the same components.

[0127] In Figure 4 the system flow path has been adjusted to enable the evaporator 7 to be heated
by a hot gas discharged by the compressor 1. This mode of operation is called a hot gas defrost
because it is activated with the intention of melting any accumulated ice on the external fins of the
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evaporator 7 or on the casing body.

[0128] Figure 5 is a representation of the apparatus shown in Figures 1 to 4 in a discharge cooling
cycle. The reference numerals used in Figure 5 are therefore the same as that used in Figures 1 to
4 with the same components. In addition, Figure 5 shows that located within the heat battery 4
there is an integrated liquid receiving compartment 26. The liquid receiving compartment 26 is
located at or towards the bottom of the heat battery 4.

[0129] Figure 5 shows the apparatus and components being used as a condenser only in a non-
reversible system.

[0130] Table 2 below shows the operation of the apparatus in Figure 5 when used as a condenser
only.

Valve Actuation

(Top Row specifies components in Figure 5)

Table 2
9 {17 {16 {11 {10 {18 {21 22

Compartment Condense in 4 (PCM 0 {1 {0 {1 {0 0 {1 {0
Cooling Discharge Cooling)

Condense in 8 (Ambient 0O {1 {0 {0 1 {0 0 iO

Cooling)
Heat Battery Condense in 7 (Hot Gas 1 {0 1 {1 {0 {0 {0 i1
Charging Defrost)

Condense in 8 (PCM 0O {0 {1 {0 {1 1 {0 i0

Precooling)

[0131] Similar to above '1' means open and '0' means closed when referring to the different
components in the system.

[0132] Figure 6 is an expanded view of the heat battery 4 shown in Figure 5 where the apparatus
is being used as a condenser only in a non-reversible system. There is shown the phase change
material (PCM) 5 located within the battery, the series of tubes 6 and the temperature and/or
pressure sensors 23. The heat battery 4 is also position in the vertical or substantially vertical
position.

[0133] Figure 7 is a representation of an alternative embodiment where there is a heat battery 4
with an integrated capillary tube 27. The apparatus in Figure 7 is when the components are being
used as an evaporator only in a non-reversible system.

[0134] Figure 8 is a representation of an embodiment where the apparatus is shown to comprise
an integrated liquid receiver 26 and a capillary tube 27. The apparatus and components are shown
for a reversible system. Valves 28, 29, 30, 31 are shown which can be used to effect the necessary



DK/EP 3762667 T3

refrigerant flow.

[0135] Figure 9 is a representation of a heat battery 4 with an integrated microchannel heat
exchanger 32 used for condensing refrigerant and charging the heat battery 4. Refrigerant
superheated gas will enter the microchannel heat exchanger at port 33, condense along the
channels and exit as a liquid at port 34.

[0136] It is a design optimisation in the apparatus of the present invention to consider the
temperature difference between the required control temperature and the chosen phase change
material (PCM). By selecting a suitable phase change material (PCM), the pressure differential
across the compressor will be both:

1. 1) Large enough to encourage a refrigerant flow throughout the circuit the apparatus.
Entirely dependent on pressure drops resulting from pipe lengths, diameters, orientation and
line component geometry.

2.2) Small enough to minimise the work that the compressor needs to compress the
refrigerant to it's required condensing pressure.

[0137] As an example to illustrate the present invention we refer to two vapour compression
cycles:

1. 1. Refrigeration system
2. 2. Domestic heat pump

[0138] For a refrigeration system the apparatus of the present invention will employ a heat battery
that is pre-cooled and then provides cooling on the discharge. For pre-cooling, this can be
achieved, for example, by mechanical or thermoelectric means of refrigeration, natural sources of
waste cold. On the discharge the cooling effect could be used for uses like compartment cooling
and industrial processes.

[0139] When pre-cooled using a refrigeration cycle, a heat exchanger will be immersed in the
phase change material (PCM) and will be acting as an evaporator during the pre-cooling stage.

[0140] The phase change material (PCM) may be cooled into a sensible heat region of
approximately 10°C past its solidification point. For example, a phase change material (PCM) that
freezes at about -5°C could be cooled to a temperature of about -15°C as a suitable precool set
point depending on the specific operating conditions.

[0141] When the apparatus is operating in a discharge cooling stage, e.g. for preserving food
produce, the heat exchanger refrigerant coil then acts as a condenser. Acting as a condenser the

heat exchanger rejects heat from the refrigerant into the phase change material (PCM).

[0142] The storage capacity of the heat battery in the present invention is dependent on the mass
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of phase change material (PCM) used, so the heat sink will continue to absorb heat from the
refrigeration cycle until that mass has been raised in temperature.

[0143] The heat battery is depleted when the phase change material (PCM) has melted and risen
in temperature to approximately the ambient temperature. However, the designer may configure a
specific refrigeration control to limit the temperature boundaries of pre-cooling and discharge
cooling using standard temperature probes to trigger the refrigeration system to start and stop.

[0144] The limiting factor in relation to refrigeration cycles that use the ambient air as a heat sink is
that the condensing pressure is climate dependent. Where maximum Summer temperatures in
tropical climates range from about 30°C to 40°C this has a large effect on refrigeration system
performance as the system is forced to compress the refrigerant to a pressure high enough to
reject heat at a condensing temperature of approximately 35°C - 45°C.

[0145] Ambient conditions in tropical climates limits the designer in terms of component selection
on the compressor because:

1. 1. The compressor discharge temperature will become damaging at high temperatures, a
typical compressor has a maximum allowance of about 120°C -130°C.

2. 2. The work a compressor does is proportional to the pressure difference between its inlet
and outlet. The compressor size is generally chosen based on its ability to supplement the
heat losses of a refrigerated compartment. Therefore, as a minimum requirement the
chosen compressor must be able to maintain cooling for the range of ambient air conditions
the system would expect to operate within.

[0146] Part of the benefit of using a heat battery as an intermediate storage as set out in Figures 1
to 5 in this type of tropical climate is that the pre-cooling of the heat battery can be carried out at
night time, when the ambient temperature is at it's lowest. Then during the day when there is a
demand for cooling the discharge cooling can be in operation.

[0147] This night/day time approach to cycling the heat battery is beneficial in a range of
applications. For example, with electric refrigerated food trucks the pre-cooling cycle can be carried
out at night when the truck is stationed at it's depot. This can employ shore power to run the pre-
cooling cycle and the vehicle traction battery to power discharge cooling. In this example there is a
benefit gained by reducing the drain on the vehicle traction battery and as a result leaving more
energy available for driving the vehicle.

[0148] The phase change material (PCM) choice is critical to achieve suitable design operating
conditions. In that material choice the designer should consider the target temperature of the cold
compartment, the selection of phase change material (PCM) available and the relative saturation
tables including pressures involved for refrigerants in use.

[0149] The closest prior art is substituting an airside heat exchanger with a water tank. In effect the
water tank can be pre-cooled and provide discharge cooling using a refrigeration cycle.
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[0150] Figure 10 is a representation of a cooling charge of a phase change material (PCM) with a
phase change material transition temperature PCM TT at about -5°C. The phase transition is
characterised by latent heat region for the material, initialised by a supercooling of the phase
change material (PCM) of about 3°C to 15°C below or about 5°C below it's PCM TT and concluded
by a temperature peak where an increase of temperature of about 2°C - 6°C or about 3°C - 4°C is
observed before the material solidifies around a temperature probe.

[0151] These temperature phenomena allow for a very reliable method to indicate the heat battery
charge.

[0152] In Figure 10, the beginning of the heat battery charge is annotated by the letter A at 0 kJ of
stored energy. In effect by observing the stored energy of the PCM total value at 5200 kJ the
supercooling temperature indication in terms of a percentage can be determined for points B - F as
follows:

B - Supercooling of PCM at about 900 kJ, therefore about 17.3% charged.

C - Temperature peak of bottom probe at about 2400 kJ, therefore about 46% charged
D - Temperature peak of bottom probe at about 3500 kJ, therefore about 67% charged
E - Temperature peak of bottom probe at about 4,400 kJ, therefore about 85% charged

F - PCM set point temperature reached for charging at about 100% charge.

[0153] Another method for monitoring the heat battery charge is by measuring the pressure of the
refrigerant out of the heat battery upon evaporation. In Figure 10, the final pressure reached when
charging the cell is, for example, about 1.5 BarG. This pressure may be measured by installing a
pressure transducer at the heat battery 4 outlet. A standard radiometric pressure transducer 0 - 5
Vdc, 0 - 34.5 BarA may be used.

[0154] Figure 11 represents a heat battery discharge using a material with a phase change
material transition temperature PCM TT at about -5°C.

[0155] The refrigerant condensing pressure is seen as expected by design to be approximately 5
BarG for R449a while the corresponding refrigerant condensing temperature at about 0°C.

[0156] During this test the measurement T_PCM_cold _cell_top had been switched manually with
T_PCM_cold_cell_mid at time 2,500 seconds.

[0157] The pressure of indication on the discharge can be useful for alerting the user of two
conditions.

> \When the heat battery is operating in the condensing latent heat region e.g. about 5 BarG

> \When the heat battery is fully discharged, e.g. about 10 BarG
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Example 1 - Cooling specific case: Refrigeration of a compartment

[0158] Using the apparatus shown in Figure 1, a vapour compression cycle has been developed to
pre-cool a phase change material (e.g. magnesium sulphate) beyond its phase change
temperature of -5°C, with a chosen pre-cool end temperature of about -20°C. Then the system is
reversed to provide discharge cooling to a temperature-controlled compartment at about - 20°C. In
this study, the heat battery was depleted when the condensing temperature reached the ambient.

Using an Algorithm to Select a Phase Change Material (PCM) And/Or Refigerant

[0159] We now refer to Figure 12 which is a representation of a methodology (i.e. an algorithm),
not being part of the present invention, which allows a phase change material (PCM) and/or
refrigerant to be selected for a particular use. The methodology is split over two pages on figure
pages 12/13 and 13/13 and should be read together.

[0160] Figure 12 shows the choices that a user would go through to select the best phase change
material (PCM) and/or refrigerant to be used in vapour compression apparatus such as shown in
Figures 1 - 9.

[0161] As shown in Figure 12, the first step is to list refrigerants available legally and prioritise by
lowest global warming potential (GWP). Safety aspects of the refrigerant should also be taken into
consideration.

[0162] A user will then list the evaporation and condensing temperatures for each refrigerant
relative to Compartment Target Temperature (CTT) and minimum ambient temperature
(Min_Ambient) using refrigerant saturation tables.

[0163] A user will then list the phase change materials (PCMs) with a Transition Temperature (TT)
and the range of the Compartment Target Temperature (CTT) to the minimum ambient
temperature (Min-Ambient). During this process, a user will also ensure that the phase change
material (PCM) is suitable for the application with appropriate transition temperatures. Safety
aspects will be taken into consideration. For example, a user will also take into consideration to
select a phase change material (PCM) that has a Transition Temperature (TT) that operates over
as much as possible of the condensing and evaporation temperatures and melting points or just
below. As an example, to provide hot water a phase change material (PCM) may be selected which
has a Transition Temperature (TT) of just below about 50°C.

[0164] Using the apparatus shown in Figures 1 - 9 a user will then evaluate the refrigerant
pressure that arises in the phase change material (PCM) and the associated Transition
Temperature (TT) in the heat battery 4 for evaporating and/or condensing. This may be performed
using refrigeration saturation tables. For example, the refrigerant pressure in the heat battery may
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be measured using pressure sensors as previously described. The refrigerant pressure may also
be measured in any other part of the vapour compression apparatus as required.

[0165] The next step in the process involves deciding whether the refrigerant has a sufficient
pressure differential to drive refrigerant flow between evaporating and/or condensing at the phase
change material (PCM) Transition Temperature (TT) in the heat battery 4 to the minimum ambient
temperature (Min_Ambient) at condenser 8 and/or the Compartment Target Temperature (CTT) at
evaporator 7 to the phase change material (PCM) Transition Temperature in the heat battery 4. In
the event that the answer is 'NO' then the refrigerant is removed from the list as being an
appropriate choice. In the event that the answer is 'YES' then the process shown in Figure 12 is
continued with.

[0166] The next step in the process would then involve using refrigerant saturation property tables
and calculating the refrigerant thermodynamic state at points on the refrigeration cycle for
evaporating and condensing at the phase change material (PCM) Transition Temperature (TT) to
the minimum ambient temperature (Min-Ambient) during the refrigeration cycle and/or the
Compartment Target Temperature (CTT) to the phase change material (PCM) refrigeration cycle:

Compressor inlet refrigerant state
Compressor outlet refrigerant state
Condenser outlet refrigerant state
Evaporator inlet refrigerant stat

[0167] For example, the process shown in Figure 12 therefore involves selecting a phase change
material (PCM) and refrigerant for a heating application where the heating circuit should flow at
between X and Y temperature, e.g. about 30 - 60°C chosen by weather compensation, choose a
PCM that is in the range X to Y or below X by using a looping process whereby an initial choice is
made for each of PCM and refrigerant and then performing an iteration stage by changing one or
the other. A Genetic Algorithm could also be used.

[0168] The looping process shown in Figure 12 may therefore be used to select a phase change
material (PCM) and refrigerant for a cooling application which comprises a cooling circuit with a
cold compartment at X temperature, (e.g. about -10°C to -30°C or about -20°C) and a hot ambient
to which heat is to be rejected that varies between A and B temperature e.g. about 10°C to 45°C.

[0169] The refrigerant must be an available refrigerant with a supply chain for refrigerant and
related equipment such as compressors, expansion valves, etc.

[0170] Refrigerants will also be prioritised by their future availability as effected by legal
requirements to lower the Global Warming Potential (GWP) of refrigerants in the market subjected
to F-Gas regulations.

[0171] The refrigerant will be selected to evaporate during Discharge Cooling at about 2°C to 10°C
below or typically about 5°C below the compartment target temperature (CTT) at evaporator 7 and
will be condensed in the heat battery 4 at a temperature 2°C to 10°C higher or typically about 5°C
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higher than the chosen phase change materials (PCM") Transition Temperature (TT) (for a
solid/liquid PCM this is the melting/freezing point; for a solid/solid PCM this is the temperature at
which a solid crystal phase transition occurs). Evaporation must be at a pressure of about greater
than about 3 BarA or about 1.5 BarA and less than about 10 BarA or less than about 5 BarA
constraining the choice of refrigerant. This choice avoids starving the compressor of refrigerant or
causing liquid refrigerant to enter the compressor.

[0172] During pre-cooling the refrigerant typically evaporates in the heat battery 4 about 2°C to
10°C below or typically about 5°C below the chosen material (PCM) transition temperature (TT)
and typically condenses in the ambient heat exchanger (e.g. fan coil) at a temperature about 2°C
to 10°C higher or typically about 5°C higher than the then-current ambient temperature.

[0173] The range from CTT is less than about 2°C to 10°C or typically less than about 5°C to
Max_Ambient temperature to greater than about 2°C to 10°C or greater than about 5°C. This must
be within the feasible range for a single refrigerant in the case of a single compressor plus heat
battery plus reversing valve arrangement. e.g. in this case about -25°C to +50°C. Feasibility will be
constrained by the maximum working pressure of the system, and the choice of heat exchanger,
compressor, cost, manufacturability and safety that results from the pressure. Therefore, the
maximum working pressure typically does not exceed about 30 BarA for a low cost system and
about 200 BarA for an industrially feasible system. This closely constrains the number of
refrigerants that can be chosen.

[0174] A further factor is that the phase change material (PCM) Transition Temperature (TT) is
typically chosen based on the available phase change materials (PCMs), have acceptably high
latent heat and must fall between the CTT and Min_Ambient.

[0175] Additional constraints apply based on the need to ensure that there is a minimum flow of
refrigerant which means there must be a pressure difference of, for example, about 2-10 Bar or
about 5 Bar or such other value as a person skilled in the art would specify.

[0176] Referring back to Figure 12, the next step in the process is to calculate the heat load (Q)
across the evaporator 7 such as shown in Figures 1 - 5 and/or condenser at heat battery 4 and
condenser 8 and/or the evaporator 7 and heat battery 4 along with the relative compressor work
(W) for that refrigeration cycle. The following equations may be used:

(1 = mhiah

W= mibh

[0177] To illustrate the process of calculating the heat load (Q) we refer to the below.

[0178] When evaporating and condensing at the relative Compartment Target Temperature (CTT)
at evaporator 7 and the phase change material (PCM) Transition Temperature (TT) in the heat
battery 4 the cooling load (Q7) and/or heating load (Q4) are calculated as follows:

> First from the design conditions specified for the cooling system, the overall heat loss of the
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compartment should be given. The cooling load at the evaporator (Q7) should as a minimum

compensate for this heat loss. For example, due to the insulation effectiveness of a temperature-
controlled compartment the heat loss may, for example, be about 1kW. The evaporator cooling
load may, for example, be as a minimum about 1kW. The actual cooling load to be selected by the
designer can be decided include additional factors, for example, desired rate of cooling for the
compartment, amount of door openings expected during operation.

> Using refrigerant saturation property tables, we then calculate the refrigerant thermodynamic
state at points on the refrigeration cycle for evaporating and condensing at the CTT to PCM TT
refrigeration cycle.

o Compressor inlet refrigerant state
» Compressor outlet refrigerant state
« Condenser outlet refrigerant state
« Evaporator inlet refrigerant state

> For those refrigerant states, find by looking up the saturation tables the relative enthalpy values
for:

Compressor inlet refrigerant state (hq)

Compressor outlet refrigerant state (ho)

Condenser outlet refrigerant state (hs)

Evaporator inlet refrigerant state (hy)

> The equation for calculating the cooling/heating load across a component is as follows:
Q = m*Ah,

[0179] Therefore, as the cooling load for the evaporator 7 is already determined, the mass flow
rate of refrigerant through evaporator 7 can be calculated as follows:

my = Q7 /(he-hy)

> Knowing the mass flowrate of the refrigeration cycle allows you to calculate the subsequent
heating load at heat battery 4 (Q4) and work at compressor 1 (\Wj).

[0180] When evaporating and condensing at the relative phase change transition temperature
PCM TT in heat battery 4 and Min_ambient temperature in condenser 8 the cooling load (Qg)

and/or heating load (Qg) are calculated as follows:

> First the cooling load (Qg) in heat battery 4 will be chosen by the designer based on the desired

rate of cooling for the heat battery.

> Using refrigerant saturation property tables, then calculate the refrigerant thermodynamic state
at points on the refrigeration cycle for evaporating and condensing on the PCM TT to Min_Ambient
refrigeration cycle.

 Compressor inlet refrigerant state
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o Compressor outlet refrigerant state
» Condenser outlet refrigerant state
o Evaporator inlet refrigerant state

> For those refrigerant states, find by looking up the saturation tables the relative enthalpy values
for:

Compressor inlet refrigerant state (hq)

Compressor outlet refrigerant state (ho)

Condenser outlet refrigerant state (hs)

Evaporator inlet refrigerant state (hy)

> The equation for calculating the cooling/heating load across a component is as follows:
Q = m*Ah,

[0181] Therefore, as the cooling load for the heat battery 4 is already determined, the mass flow
rate of refrigerant through heat battery 4 can be calculated as follows:

Ma= Qu/( hs- hy)
> Knowing the mass flowrate of the refrigeration cycle allows you to calculate the subsequent
heating load at condenser 8 (Qg) and work at compressor 1 (Wy).

[0182] Referring back to Figure 12, a user will then calculate the coefficient of performance (COP)
for heating and/or cooling by dividing the relative condenser and/or evaporator heat load by the
compressor work.

[0183] The refrigerant and phase change material (PCM) data may then be added to a final review
document.

[0184] Finally, experimentation may be conducted in suitable phase change material (PCM)
refrigerant combinations listed, prioritised by lowest Global Warming Potential (GWP) of refrigerant.

[0185] A very specific example would be as follows:

. 1. Choose lowest GWP and legally allowed refrigerants and choose a candidate
. 2. Look at the candidate's pressure range
. 3. Where does it evaporate and condense relative to CTT and Min_Ambient
.4. For a list of PCMs with Transition Temperatures in the range CTT to Min_Ambient,
evaluate for each the Refrigerant Pressure that arises at the Transition Temperature
5. 5. Clip the list to remove all candidates that have insufficient pressure differential to drive
refrigerant flow between evaporating and condensing on the PCM TT to Min_Ambient
refrigeration cycle and/or the CTT to PCM refrigeration cycle.
6. 6. Using refrigerant saturation property tables, calculate the refrigerant thermodynamic state
at four points on the refrigeration cycle for evaporating and condensing on the PCM TT to
Min_Ambient refrigeration cycle and/or the CTT to PCM refrigeration cycle:
o Compressor inlet refrigerant state

B WO DN -
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o Compressor outlet refrigerant state
o Condenser outlet refrigerant state
o Evaporator inlet refrigerant state
7. 7. Calculate the heat load (kW) across the evaporator and/or condenser and compressor
work (kW) for each refrigeration cycle defined in point 6 above. Using this information the
coefficient of performance (COP) for heating and/or cooling can be determined for each
pairing of refrigerant and PCM.

[0186] The algorithm may be used to select a PCM and refrigerant combination for a heating
specific case by considering first the heating requirement on the condenser providing space and/or
hot water and/or heat battery heating. The heating requirement should be set by the design
specifications for the system or for the choice of the designer. For example to provide heat battery
charging at a rate of, for example, about 2 kW and for a PCM temperature of, for example, about
58°C, resulting in a refrigerant condensing temperature of about 63°C. From this information the
subsequent steps of the algorithm may be used to find the thermodynamic states of the refrigerant
heating cycle and of the mass flow rate of that cycle. Then the selection of the PCM for the low
temperature heat battery can be determined by iterating through the available materials and
refrigerants.

[0187] Whilst specific embodiments of the present invention have been described above, it will be
appreciated that departures from the described embodiments may still fall within the scope of the
present invention which is solely defined by the appended claims. For example, any suitable type
of compressor, condenser, evaporator and heat battery comprising phase change material may be
used. Moreover, any suitable type and network of plumbing may be used to connect the devices to
achieve the objectives of the present invention. Furthermore, any suitable type of phase change
material (PCM) may be used.
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PATENTKRAV
1. Dampkompressionsapparat, der omfatter:

en pumpeanordning (1), der er konfigureret til at pumpe et kelemiddel;

en kondensator (8), der er konfigureret til at kondensere kelemidlet;

en fordamper (7), der er konfigureret til at fordampe kelemidlet;

et varmebatteri (4), der omfatter et faseendringsmateriale (PCM) (5);

mindst én eller en raekke af temperatur- og/eller trykmaélere (23), der er konfigureret til
at overvage faseendringsmaterialets (PCM) temperatur og/eller tryk i varmebatteriet;

hvor varmebatteriet er konfigureret til at blive forbundet med kondensatoren (8) og/eller
fordamperen (7) for at frigive ladning (dvs. udlede) energi og/eller blive ladet, mens
dampkompressionsapparatet er i funktion, hvorved

varmebatteriet (4) er i stand til at styre temperaturen pa en varmekilde og/eller
varmeaftagertemperatur i en dampkompressionscyklus;

kendetegnet ved, at den mindst ene eller reekken af temperatur- og/eller trykmalere (23)
er nedsenket 1 faseendringsmaterialet (PCM) (5), som tilvejebringer en realtidsindikation af
varmebatteriets temperatur og tryk og tilvejebringer en indikation om, hvornar

kelemiddelstremmen skal omkobles.

2. Dampkompressionsapparat ifelge krav 1, hvor dampkompressionsapparatet er saledes
konfigureret, at temperatur- og/eller trykmalingerne foretages konstant og/eller kontinuerligt
eller periodisk hvert 30. sekund eller hvert minut, mens dampkompressionsapparatet er i

funktion.

3. Dampkompressionsapparat ifelge et hvilket som helst foregaende krav, hvor, mens
dampkompressionsapparatet er i funktion, den mindst ene eller en reekke af temperatur- og/eller
trykmalere (23) tilvejebringer temperatur- og/eller trykmalinger i realtid, der ger det muligt at
overvage faseendringsmaterialets (PCM) (5) temperatur og tryk sammen med en maling af

endringsniveauet i faseendringsmaterialet (PCM) (5).

4. Dampkompressionsapparat ifelge et hvilket som helst foregadende krav, hvor
varmebatteriet (4) omfattende faseendringsmateriale (PCM) (5) er placeret mellem

kondensatoren (8) og fordamperen (7); og
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hvor varmebatteriet (4) tilvejebringer et mellemtrin mellem kondensatoren (8) og
fordamperen (7), der fungerer som enten en varmekilde og/eller varmeaftager, mens

dampkompressionsapparatet er i funktion.

5. Dampkompressionsapparat ifelge et hvilket som helst foregaende krav, hvor i et forste
trin varmebatteriet forkeler eller forvarmer, og i et andet trin varmebatteriet udleder kulde eller
udleder varme; og

hvor varmebatteriet fungerer som en mellemliggende placeret varmeveksler, mens

dampkompressionsapparatet er i funktion.

6. Dampkompressionsapparat ifelge et hvilket som helst foregdende krav, hvor apparatet er
i en vertikal eller i alt vaesentligt vertikal orientering, hvor en vaskeindeholdende beholder, der
indeholder kelemiddel, er placeret over eller 1 alt vaesentligt over pumpeanordningen (1) 1 form
af en kompressor, og den vaskeindeholdende beholder er placeret vertikalt eller 1 alt vaesentligt
vertikalt mellem fordamperen (7) og kondensatoren (8); og

hvor pumpeanordningen (1) i form af en kompressor er konfigureret til at komprimere

og/eller trykseatte kelemidlet omkring et system af ror omkring apparatet.

7. Dampkompressionsapparat ifelge et hvilket som helst foregaende krav, hvor det
anvendte faseendringsmateriale (PCM) (5) indbefatter en hvilken som helst af eller kombination
af folgende:

et paraffinmateriale, sasom decan feks, der danner et PCM med en
faseeendringsovergangstemperatur pa ca. 25 °C til 35 °C eller ca. -30 °C, med eventuelle
additiver for at forbedre kernedannelse, krystalliseringshastigheder og/eller cykliseringsevne;

et saltvandseutektikum, sasom natriumchlorid og vand f.eks., der danner et PCM med en
faseeendringsovergangstemperatur pa ca. 20 °C til 25 °C eller ca. -22 °C, med eventuelle
additiver for at forbedre kernedannelse, krystalliseringshastigheder og/eller cykliseringsevne;

et saltvandseutektikum, sasom magnesiumsulfat og vand f.eks., der danner et PCM med
en faseaendringsovergangstemperatur pa ca. -10 °C til 0 °C eller ca. - 5 °C, med eventuelle
additiver for at forbedre kernedannelse, krystalliseringshastigheder og/eller cykliseringsevne;

et saltvandseutektikum, sdsom natriumsulfat og vand f.eks., der danner et PCM med en
faseseendringsovergangstemperatur pa ca. -5 °C til +5 °C eller ca. -1 °C, med eventuelle additiver

for at forbedre kernedannelse, krystalliseringshastigheder og/eller cykliseringsevne;
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en organisk ester, sasom methyllaurat feks, der danner et PCM med en
faseeendringsovergangstemperatur pa ca. 0 °C til 10 °C eller ca. 5 °C, med eventuelle additiver
for at forbedre kernedannelse, krystalliseringshastigheder og/eller cykliseringsevne;

et clathrathydrat, sasom tetrahydrafuran (THF) og vand f.eks., der danner et PCM med
en faseeendringsovergangstemperatur pa ca. 0 °C til 10 °C eller ca. 5 °C, med eventuelle additiver
for at forbedre kernedannelse, krystalliseringshastigheder og/eller cykliseringsevne;

en ester, sasom dimethylsuccinat f.eks., der danner et PCM med en
faseeendringsovergangstemperatur pa ca. 15 °C til 25 °C eller ca. 18 °C, med eventuelle additiver
for at forbedre kernedannelse, krystalliseringshastigheder og/eller cykliseringsevne;

en fedtalkohol, siasom dodecanol feks., der danner e PCM med en
faseeendringsovergangstemperatur pa ca. 15 °C til 25 °C eller ca. 22 °C, med eventuelle additiver
for at forbedre kernedannelse, krystalliseringshastigheder og/eller cykliseringsevne;

et salthydrat, sasom natriumsulfatdecahydrat f.eks., der danner et PCM med en
faseeendringsovergangstemperatur pa ca. 25 °C til 35 °C eller ca. 32 °C, med eventuelle additiver
for at forbedre kernedannelse, krystalliseringshastigheder og/eller cykliseringsevne;

et salthydrat, sasom natriumacetattrihydrat feks, der danner et PCM med en
faseeendringsovergangstemperatur pa ca. 0 °C til 10 °C ca. 5 °C, med eventuelle additiver for at
forbedre kernedannelse, krystalliseringshastigheder og/eller cykliseringsevne;

en polyol med en faststof-faststof-fasezendring, sasom trimethylethan f.eks., der danner
et PCM med en faseendringsovergangstemperatur pa ca. 70 °C til 95 °C eller ca. 81 °C, med
eventuelle additiver for at forbedre kernedannelse, krystalliseringshastigheder og/eller
cykliseringsevne; og

en polyol, sasom erythritol feks, der danner et PCM med en
faseeendringsovergangstemperatur pa ca. 100 °C til 150 °C ca. 121 °C, med eventuelle additiver

for at forbedre kernedannelse, krystalliseringshastigheder og/eller cykliseringsevne.

8. Dampkompressionsapparat ifelge et hvilket som helst foregaende krav, hvor
faseendringsmaterialet (PCM) (5) vaelges fra et temperaturinterval, der er sa lavt, som en bruger
ensker at afkele til, eller sa hejt, som en bruger ensker at afvise varme til; eller

hvor der valges det faseendringsmateriale (PCM) (5), der har en
faseendringstemperatur pa ca. 1 °C - 20 °C eller ca. 10 °C - 15 °C over den temperatur, som vi
skal afkele til, og/eller faseeendringstemperaturen, der bevirker, at et kelemiddel kondenserer
med et tryk pa 1 - 10 BarG eller fortrinsvis ca. 1 - 5 BarG over trykket for det krevede
fordampningstryk.
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9. Dampkompressionsapparat ifelge et hvilket som helst foregdende krav, hvor det valgte
faseendringsmateriale (PCM) (5) har en faseendringstemperatur pa ca. 1 °C - 20 °C eller ca. 10
°C - 15 °C over temperaturen pa den omgivende tilstand, hvori varmepumpen henter sin
varmeenergi og/eller faseendringstemperaturen, der bevirker, at et kelemiddel fordamper med
et tryk pa ca. 1 - 10 BarG eller ca. 1 - 5 BarG over det tryk, som kelemidlet ved

designbetingelserne med en minimal omgivelsestemperatur ville fordampe ved.

10.  Dampkompressionsapparat ifelge et hvilket som helst foregaende krav, hvor der, nar det
er placeret inde i varmebatteriet, er en rekke ror; og

fordamperen (7) er en ventilationskonvektorfordamper.

11.  Dampkompressionsapparat ifelge et hvilket som helst foregaende krav, hvor
fordamperens (7) og kondensatorens (8) funktionalitet er reversibel 1 forskellige cyklusser, mens

dampkompressionsapparatet er i funktion.

12.  Dampkompressionsapparat ifelge et hvilket som helst foregaende krav, hvor apparatet
omfatter en omskifterventil (9) til at vende streomme af kelemiddel, nar det er pakrevet, og
omkoble mellem ladning og/eller udledning; og

hvor omkoblingen sker manuelt eller elektronisk og athaenger af den temperatur og/eller
det tryk, der males, og nar omkoblingen er opkraevet; og

hvor, nar opvarmningen er pakraevet, kelemiddel strommer fra varmebatteriet, og nar
afkeling er pakrevet, keolemiddel strommer ind 1 varmebatteriet (4), mens
dampkompressionsapparatet er i funktion; og

hvor der forbundet med kondensatoren (8) og en vaskeindeholdende beholder (13) er en

yderligere ventil, der fungerer som en kontraventil.

13.  Dampkompressionsapparat ifglge foregaende krav, hvor apparatet ligeledes omfatter en
torrer, sasom en filterterrer, der er placeret vertikalt under den vaskeindeholdende beholder;
ekspansionsanordninger (f.eks. ekspansionsventiler), der er egnede til forkeling;
mindst én magnetventil placeret mellem varmebatteriet (4) og en omskifterventil (9), der
er egnet til at isolere varmebatteriet (4), nar det er pakrevet; og

en sugebeholderakkumulator (19) der er konfigureret til at dirigere kelemiddelstremmen.
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14.  Dampkompressionsapparat ifelge et hvilket som helst foregaende krav, der endvidere
omfatter en magnetventil (22) forbundet med varmebatteriet (4) og en vaskeindeholdende

beholder (13), der er egnet til varmgasafrimning.

15.  Fremgangsmade til styring af temperaturen pa en varmekilde og/eller
varmeaftagertemperaturen 1 en dampkompressionscyklus ved hjelp af apparatet ifelge et hvilket

som helst af kravene 1 til 14.
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List refrigerants svaible
legally and prioritise by lowest
(lobal Wamming polential
(@WP%

List the evaporation and condensing temperalures
for each refrigerant relative fo Compartment
Target Ternpetature (CTT) and Min_Ambient,
using refrigerant saturation tables

List PCM's with a Transition
Temperalure (T7T) in the range
CTT to Min_Ambient

Evaluate the refrigerant pressure
that arises at PCM TT in Heat Battery
4 for evaporating and/or condensing,

using the refrigeration saturation tables.

For PCM choicei=1..n
Does the refrigerant have sufficient

pressure differential to drive refrigerant flow
between evaporating and/or condensing at the
PCM TT in Heat Batlery 4 to Min_Ambient a

Remove refrigerant
choice

Condenser 8 sndforthe CT1 at
Evaporator 70 PCM TT in
Heat Battery 47

Continue
Loopi..n

Fig. 12
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A

Continue For
YES Loopi.n

Using refrigerant saturation property tables, calculate
the refrigerant thermodynamic state at points on the
refrigeration cycle for evaporating and condensing on
the PCM TT fo Min_ Ambient refrigeration cycle andfor
the CTT io PCM refrigeration cycle:

- Compressor infet refrigerant state
- Compressor outlel rafrigerant stale
- Condenser outlet refrigerant stale
~ Evaporator inlet refrigerant siste

Calculate the heat load (O} across the evaporator andfor
condenser at Heat Baltery 4 and Condenser 8 and/or
the Evaporator 7 and Heat Ballery 4 along with the
relative compressor work (W) for that refrigeration cycle.

Using squations:
(= mAh
W=mAh

Equations described in text Example 2

!

Calculate the coefficient or performance
(COF) for heating andfor cooling by dividing
the relative condenser andfor evaporator heat
oad by the compressor work

Add refrigerant and PCM
data to final roview
document

A

Conduct experimentation on
suitable PCM refrigerant
combinations lisled

Fig. 12
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