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‘‘Heat Storage”

Field of the Invention
This invention relates to a heat store.
Background

The heat store according to the invention is one which utilises a phase change
material which is capable of changing from a liquid to solid phase and in so able
to release its latent heat. A known form of phase change material which is
commonly used comprises sodium acetate tri-hydrate which will melt at 58°C into
a solution of water and sodium acetate. It is characteristic of such a phase
change material that it is able to super cool below the crystallisation temperature
and then crystallise as a result of some event which causes nucleation which in
turn will trigger crystallisation of the medium. This triggering can be caused by
lowering the phase change material to its nucleation temperature which is in the
region 253%°K or by providing a nucleation site from which seed crystals will
generate. It has been known to use such phase change material in heat packs
which are heated by placing them in hot water and then are allowed to cool. The
heat packs will cool below the crystallisation temperature of the phase change

material and usually a means is provided which will trigger nucleation in order that

- the medium will crystallise and release its heat. Such heat packs can be used to

selectively provide heat and have the advantage that they will not rise above the
crystallisation temperature. While such an arrangement would seem to lend itself
to larger scale situations such as providing heat for heating water and other like
low temperature situations there have been problems in the past in putting the
phase change material into use in such applications..
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Disclosure of the Invention

Throughout the specification and claims, unless the context requires otherwise,
the word “comprise” or variations such as “comprises” or “comprising”, will be
understood to imply the inclusion of a stated integer or group of integers but not
the exclusion of any other integer or group of integers.

According to one aspect the invention resides in a heat stores comprising a
reservoir, the interior of the reservoir accommodating a first heat exchanger, said
first heat exchanger having a first fluid path connected to a first inlet and first
outlet located to the exterior of the reservoir, said first inlet and first outlet being
intended in use to be connected to a further heat exchanger associated with a
heat source, the reservoir being in thermal communication with a second heat
exchanger having a second inlet and second outlet located to the exterior of the
reservoir said second inlet being intended in use to be connected to a source of a
supply liquid and the second outlet being intended in use to be connected to a
delivery outlet, the interior of the reservoir accommodating a phase change
material capable of changing phase between a liquid and a solid phase, the
interior of the reservoir accommodating a nucleation activation means adapted to
cause nucleation of the phase change material on the phase change material

being at a temperature below its melting point.

According to a preferred feature of the invention the fluid pressure of the supply
fluid in the second heat exchanger is in use to be greater than the fiuid pressure

within the reservoir.

According to a preferred feature of the invention the first heat exchanger
comprises a convoluted fluid conduit having a set of closely spaced fins mounted
to the exterior of the first fluid conduit. According to one embodiment, the fluid

path is of a serpentine nature comprising a plurality of interconnected lengths
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which are in closely spaced parallel relationship to each other and wherein the
fins extend across the first heat exchanger between the lengths.

According to one embodiment the nucleation activation means comprises an
activation element having a portion located within the phase change medium
which is capable of being cooled to the nucleation temperature of the phase
change material.

According to an alternative embodiment the nucleation means comprises a
flexible member defining a surface provided with small cracks or cavities or like

deformations, said surface being adapted to be able to flex.

According to another embodiment of the invention the nucleation means

comprises a nucleation additive which is mixed with the phase change material.

According to another embodiment the nucleation means comprises a treatment
applied to the surface of the first and/or second heat exchanger which is to be in
contact with the phase change material in a manner which will promote the
formation of seed crystals. According to a preferred feature of the embodiment
the fins of the first and/or second heat exchanger at least are formed of an
aluminium or aluminium alloy, the surface of which has been oxidised prior to

location of the heat exchanger into the reservoir.

According to another ‘aspect the invention resides in a heét battery comprising a
plurality of heat stores of the form as described above in which the first heat
exchangers are interconnected in series and/or parallel to each other and the
battery has a third inlet and outlet which are intended in use to be connected to
the heat source and wherein the second heat exchangers are interconnected in
series, the battery having a fourth inlet and outlet which are connected to the

source of supply fluid and the delivery outlet respectively.
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The invention will be more fully understood in the light of the following description

of several specific embodiments.
Brief Description of the Drawings
The description is made with reference to the accompanying drawings of which:

Figure 1 is a part sectional view of a heat store which is utilised in the first

embodiment;

Figure 2 is a circuit diagram of a hot water system according to the first

embodiment; and
Figure 2 is a circuit diagram of a hot water system according to the second.
Detailed Description of Specific Embodiment

The embodiment is directed to a hot water system which uses as its heating
means a number of heat stores 11 which are interconnected to provide a heat
battery 51. As illustrated at Figure 2 the heat battery is connected to a number of
heat sources which comprise a solar collector 55, the condenser 57 of an air

conditioning system and a heat pump 59.

Each heat store 11 (as shown at Figure 1) comprises a reservoir 13 which
accommodates a phase change material which is able to change from a solid to a
liquid phase on application of the appropriate amount of heat and which on
cooling will change from a liquid to a solid phase to generate latent heat. In the
case of the first embodiment the phase change material comprises sodium
acetate tri-hydrate which will melt at 58°C degrees to form an aqueous sodium
acetate solution.
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The reservoir 13 takes the form of a rectangular cube in which the longitudinal
axis is generally upright such that one end face 15 is uppermost. In addition the
interior of the reservoir accommodates a first heat exchanger 17 which comprises
a convoluted conduit which defines a serpentine path comprising a plurality of
interconnected lengths 19 which are in closely spaced parallel relationship to each
other. Fins 21 extend across the first heat exchanger between the lengths 19.
The lengths 19 are substantially upright. The conduit carries a heat exchange
fluid which is circulated through the heat exchanger in order to deliver heat into
the reservoir. The first heat exchanger 17 further comprises an inlet header 23,
an outlet header 25 which are provided with an inlet conduit 27 and outlet conduit
29 respectively. The inlet conduit 49 is associated with a first inlet 31 provided on
the outer face of the one end 15 of the reservoir while the outlet conduit 29 is
associated with a first outlet 33 located on the outer face of the one end of the

reservoir.

In addition the reservoir supports a second heat exchanger 35 from the inner face
of the one end 15. The second heat exchanger 35 comprises a substantially
cubic enclosure which is mounted to the inner face of the one end to extend
inwardly into the interior of the reservoir 13. The second heat exchanger 35
comprises a plate heat exchanger (not shown). The second heat exchanger has
a second inlet 37 and a second outlet 39 whereby fluid entering the second heat
exchanger 35 through the second inlet 37 will be caused to flow between the
plates of the second heat exchanger to exit the second heat exchanger at the
second outlet 39.

The interior of the reservoir 13 accommodates a phase change material in the
form of a sodium acetate tri-hydrate which is in contact with the first heat

exchanger 17 and he walls of the enclosure of the second heat exchanger 35.
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In addition the reservoir accommodates a nucleation trigger 41 which is capable
of being activated to cause nucleation to cause the creation of seed crystals within
the phase change material whereby on the phase change material being at a
temperature below its crystallisation temperature the activation of the nucleation
trigger 41 will cause crystallisation of the phase change material within the
reservoir. The nucleation trigger is sensitive to the temperature within the second
reservoir 35 and is activated as a result of changes of temperature within the
second heat exchanger 45 whereby on temperature being at a temperature above
the temperature of crystallisation of the phase change material the nucleation
trigger is not activated and on the temperature falling below the crystallisation

temperature the nucleation trigger is activated

The heat battery of the first embodiment and as shown at Figure 2, comprises a
number of heat stores 11 which are located in side by side relationship to define a
heat battery 51 and are subdivided into two sets of heét stores 11. The first inlets
31 and first outlets 33 of each heat store 11 in each set are connected in parallel
and the sets are connected in series. The second inlets 37 and second outlets 39
each heat store 11 are connected in series . The battery 51 has a primary inlet 61
and a primary outlet 63 which are connected to a set of heat sources through a
pump 53. The heat sources comprise a heat exchanger 65 associated with a
solar collector, a heat exchanger 67 associated with the condenser of an air
conditioning system and a heat exchanger 69 associated with the condenser of a

heat pump which may comprise a refrigerator or the like.

The fluid from each of the heat sources is caused to be circulated through the
battery 51 and the respective heat sourceslby means of a pump 53. In addition
the delivery of fluid from each of the heat sources to the inlet of the battery is
controlled in accordance with the heat available from each source and the heat
demands of the battery. The second inlets and outlets of each of the heat stores
11 of the battery 51 are connected in to each other series and the battery has a
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water inlet 71 which is connected to a water supply whereby cold water enters the
second inlet 37 of the first heat stores of the series and pass sequentially though
each heat store to depart from a hot water outlet 39 of the final heat store of the
battery to be delivered to a delivery outlet 73 of the battery 51..

In operation heat is collected and stored in the battery from the various heat
sources as a result of a heat exchange fluid being caused to circulate through the
battery 52 under the influence of the pump 53. On a flow of cold water into the
heat battery 51 the nucleation trigger of the heat store closest to the water inlet 61
will be activated to cause crystallisation of the phase change material and thus
raise the temperature of the water passing through the respective second heat
exchanger. This action will be repeated sequentially in each of the subsequent
heat stores through which the water passes until the temperature of the water has
been raised to the crystallisation temperature of the phase change material. Once
the temperature of the water has attained the crystallisation temperature of the
phase change material it will continue to pass through the remaining heat store
without triggering the phase change in those remaining heart stores. On there
being only being a small draw of hot water from the battery 51, the proportion of
the battery which is caused to be activated or crystallised will be limited. The
amount of heat being generated by the heat store will be dependent upon the

amount of hot water being drawn from the battery.

As a result of the embodiment a heat store is provided which is capable of
extracting heat from a variety of heat sources such as solar collectors, air
conditioning systems,' heat pumps and the like and which can have a significant
capacity and relatively rapid restoration capacity. In addition the heat battery will

only generate heat as the need arises.

A second embodiment is illustrated at Figure 3. In the case of the second

embodiment the second heat exchanger 35 is located to the exterior of the
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reservoir and the heat exchanger is connected to the flow circuit provided
between the heat sources and the first heat exchanger. The second inlet 37 and
outlet 39 of the second heat exchanger are connected to the water supply line
such that the second heart exchanger is in parallel with the water supply. The
connection of the second outlet 39 into the water supply line is through a mixer
valve 75 which enables the heated water from the second heat exchanger to be
mixed with the cold water of the water supply line to deliver water from the
delivery outlet at a desired temperature.

The flow circuit which accommodates the further heat exchanger 69 and the
second heat exchanger 35 and is connected to the first heat exchanger 17 also
includes a pump 53 to provide for a flow of the heat exchange medium through
the respective heart exchangers. The pump is activated when water is being
delivered from the delivery outlet in order that secondary heat exchanger is
provided with heat from the first heat exchanger and in order that the water
flowing through the second heat exchanger is heated thereby. The pump 53
when the battery is in a cooled condition at which it can accommodate more latent
heat and when at least one of the heat sources is active enough to be able to
deliver heat to the battery.

The second embodiment as shown in the drawings as having only two further
heat exchangers 65 and 69 which is associated with a solar collector 55 and the
condenser of a heat pump 59 respectively. It should be appreciated that this is for
illustration purposes only and that any number of further heat exchangers can be
provided as in the case of the first embodiment. The further heat exchangers 65
and 69 are connected in parallel.

As in the case of the first embodiment the heat battery 51 of the second
embodiment and as shown at Figure 3 comprises a number of heat stores 11 are

located in side by side relationship to define a heat battery 51. The heart stores
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are divided into two sets of heat stores 11 and the first inlets 31 and first outlets
33 of the heat stores 11 in each set are connected in parallel and the sets are

connected in series.

A third embodiment of the invention which is not illustrated comprises one which
is similar to the first embodiment with the exception that the second heat
exchanger of the heat store means 11 is located to the exterior of the heat store
11. In the third embodiment the second heat exchange is in thermal
communication with the reservoir through a flow circuit which includes a third heat
exchange within the reservoir whereby fluid is circulated by means of a pump

through the third heat exchanger to extract the heat therefrom.

The present invention is not to be limited in scope by the specific embodiment
described herein. The embodiment is intended for the purpose of exemplification
only. Functionally equivalent products, formulations and methods are clearly

within the scope of the invention as described herein.
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Claims
The Claims Defining the Invention is as Follows:

1. A heat store comprising a reservoir, the interior of the reservoir accommodating
a first heat exchanger, said first heat exchanger having a first fluid path
connected to a first inlet and first outlet located to the exterior of the reservoir,
said first inlet and first outlet being intended in use to be connected to a further
heat exchanger associated with a heat source, the reservoir being in thermal
communication with a second heat exchanger having a second inlet and
second outlet said second inlet being intended in use to be connected to a
source of a supply liquid and the second outlet being intended in use to be
connected to a delivery outlet, the interior of the reservoir accommodating a
phase change material capable of changing phase between a qut;id and a solid
phase, the interior of the reservoir accommodating a nucleation activation
means adapted to cause nucleation of the phase change material on the phase

change material being at a temperature below its melting point.

. A heat store as claimed at claim 1 wherein the second heat exchanger is

accommodated within an enclosure supported within the reservoir having walls

which are in heat exchange relationship with the phase change material.

. A heat store as claimed at claim 1 wherein the second heat exchanger is

located to the exterior of the reservoir and is connected to a flow circuit which

provides the thermal communication with the reservoir.

. A heat store as claimed at claim 3 wherein the flow circuit includes a third heat

exchanger within the reservoir.
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5. A heat store as claimed at claim 3 wherein the flow circuit incorporates the first

inlet and the outlet and includes a pump which is arranged to induce a fluid flow
though the second and further heat exchanger.

. A heat store as claimed at any one of the preceding claims wherein the fluid

pressure of the supply fluid in the second heat exchanger is in use to be
greater than the fluid pressure within the reservoir.

. A heat store as claimed at any one of the preceding claims wherein the first

heat exchanger comprises a convoluted fluid conduit having a set of closely
spaced fins mounted to the exterior of the first fluid conduit.

. A heat store as claimed at claim 3 wherein the fluid path is of a serpentine

nature comprising a plurality of interconnected lengths which are in closely
spaced parallel relationship to each other and wherein the fins extend across

the first heat exchanger between the lengths.

. A heat store as claimed at any one of the preceding claims wherein nucleation

activation means comprises an activation element having a portion located
within the phase change medium which is capable of being cooled to the
nucleation temperature of the phase change material.

10.A heat store as claimed at any one of claims 1 to 9 wherein the nucleation

means comprises a flexible membér defining a surface provided with small
cracks or cavities or like deformations, said surface being adapted to be able to
flex.

11.A heat store as claimed at any one of claims 1 to 8 wherein the nucleation

means comprises a nucleation additive which is mixed with the phase change

material.
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12.A heat store as claimed at any one of claims 1 to 8 wherein the nucleation
means comprises a treatment applied to the surface of the first heat exchanger
which is to be in contact with the phase change material in a manner which will

promote the formation of seed crystals.

13.A heat store as claimed at any one of claims 1 to 8 wherein the fins of the first
heat exchanger at least are formed of an aluminium or aluminium alloy, the
surface of which has been oxidised prior to location of the heat exchanger into

the reservoir.
14.A heat store substantially as herein described.

15.A heat battery comprising a plurality of heat stores, each of the heat stores
comprising a reservoir, the interior of the reservoir accommodating a first heat
exchanger, said first heat exchanger having a first fluid path connected to a first
inlet and first outlet located to the exterior of the reservoir, said first inlet and
first outlet being intended in use to be connected to a further heat exchanger
associated with a heat source, the reservoir being in thermal communication
with a second heat exchanger having a second inlet and second outlet said
second inlet being intended in use to be connected to a source of a supply
liquid and the second outlet being intended in use to be connected to a delivery
outlet, the interior of the reservoir accommodating a phase change material
capable of changing phase between a liquid and a solid phase, the interior of
the reservoir accommodating a nucleation activation means adapted to cause
nucleation of the phase change material on the phase change material being at
a temperature below its melting point wherein the first heat exchangers are
interconnected in series and/or parallel to each other and the battery has a third
inlet and outlet which are intended in use to be connected to the heat source

and wherein the second heat exchangers are interconnected in series, the
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battery having a fourth inlet and outlet which are connected to the source of
supply fluid and the delivery outlet respectively.

16.A heat battery as claimed at claim 15 wherein the second heat exchanger is

accommodated within an enclosure supported within the reservoir having walls

which are in heat exchange relationship with the phase change material.

17.A heat battery comprising a plurality of heat stores, each of the heat stores

comprising a reservoir, the interior of the reservoir accommodating a first heat
exchanger, said first heat exchanger having a first fluid path connected to a first
inlet and first outlet located to the exterior of the reservoir, said first inlet and
first outlet being intended in use to be connected to a further heat exchanger
associated with a heat source, the reservoir being in thermal communication
with a second heat exchahger having a second inlet and second outlet said
second inlet being intended in use to be connected to a source of a supply
liquid and the second outlet being intended in use to be connected to a delivery
outlet, the interior of the reservoir accommodating a phase change material
capable of changing phase between a liquid and a solid phase, the interior of
the reservoir accommodating a nucleation activation means adapted to cause
nucleation of the phase change material on the phase change material being at
a temperature below its melting point wherein the first heat exchangers are
interconnected in series and/or parallel to each other and the battery has a third
inlet and outlet which are intended in use to be connected to the heat source
and wherein the second heat exchangers are interconnected in series, the
battery having a fourth inlet and outlet which are connected to the source of
supply fluid and the delivery outlet respectively.

18.A heat battery as claimed at claim 17 wherein the second heat exchanger is

located to the exterior of the reservoir and is connected to a flow circuit which

provides the thermal communication with the reservoir.
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19.A heat battery as claimed at claim 18 wherein the flow circuit includes a third

heat exchanger within the reservoir.

20.A heat battery store as claimed at claim 18 wherein the flow circuit
incorporates the first inlet and the outlet and includes a pump which is arranged

to induce a fluid flow though the second and further heat exchanger.

21.A heat battery as claimed at any one of 15 to 21 wherein the fluid pressure of
the supply fluid in the second heat exchanger is in use to be greater than the

fluid pressure within the reservoir.

22. A heat battery substantially as herein described with reference to the

accompanying drawings
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3. |____| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.
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As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. I:] No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant's protest and, where applicable,
the payment of a protest fee.

D The additional search fees were accompanied by the applicant's protest but the applicable
protest fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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Information on patent family members

International application No.

PCT/AU2008/001730

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars

which are merely given for the purpose of information.

Patent Document Cited in Patent Family Member
Search Report-
Us 4258696 NONE
GB 2237629 AU  66227/90 BR 5007792 CA 2071535
. CN 1051244 EP 0497827 FI 921829

GR 90100774 HU 56952 1IE 903853
IL 96123 IN 179313 NO 921625
PT 95699 WO 9106612 ZA 9008613

uUs 6400896 AU 2002307419 WO 03095896

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

END OF ANNEX
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