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(57) ABSTRACT

A phase change material (PCM) pack (1) for an air condition-
ing system comprises phase change material sealed between
a first thermally conductive layer (2) forming a first outer
surface of the PCM pack and a second thermally conductive
layer (2) forming a second outer surface of the PCM pack. At
least the first or second outer surface of the PCM pack takes
the form of a substantially planar surface having defined
therein a plurality of depressions (4) deviating from the planar
surface towards the interior of the PCM pack in a direction
perpendicular to the planar surface. The depressions improve
heat transfer between the pack and an airflow passing over the
surface of the PCM pack.
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PHASE CHANGE MATERIAL PACK

FIELD OF THE INVENTION

[0001] This invention relates to a phase change material
(PCM) pack for an air conditioning system, and to an air
conditioning system comprising a stack of such packs.

BACKGROUND

[0002] Published patent applications WO 2009/101398,
WO 2010/092391 and WO 2010/092393 describe phase
change material packs and air conditioning arrangements
using the packs. The phase change materials use the latent
heat property of material to store thermal energy so that the
phase change material can be frozen using cool night time air
and then used to cool daytime air for air conditioning pur-
poses, for example within domestic and commercial build-
ings.

[0003] Itis desirable to maximise the heat transfer between
phase change material packs and an air flow. The present
invention, at least in preferred embodiments, seeks to address
this desirability.

BRIEF SUMMARY OF THE DISCLOSURE

[0004] In accordance with the present invention there is
provided a phase change material (PCM) pack for an air
conditioning system (or ventilation system). The pack com-
prises phase change material sealed between a first thermally
conductive layer forming a first outer surface of the PCM
pack and a second thermally conductive layer forming a sec-
ond outer surface of the PCM pack. Atleast the first or second
outer surface of the PCM pack takes the form of a substan-
tially planar surface having defined therein a plurality of
depressions deviating from the planar surface towards the
interior of the PCM pack in a direction perpendicular to the
planar surface.

[0005] Thus, in accordance with the present invention, the
depressions in the outer surface of the PCM pack enhance the
heat transfer between an air flow passing over the outer sur-
face and the PCM. It has been found that vortices are gener-
ated within the depressions that enhance heat flow.

[0006] Typically, both the first and second outer surfaces of
the PCM pack each take the form of a substantially planar
surface having defined therein a plurality of depressions devi-
ating from the planar surface towards the interior of the PCM
pack in a direction perpendicular to the planar surface. How-
ever, depressions may be provided on only one outer surface
of'the pack. The other outer surface of the pack may therefore
be substantially flat or may have protrusions or depressions
provided thereon, which may take any other suitable shape.
[0007] In general, the PCM pack is substantially cuboidal
having a length and width many times larger than its depth. In
this way, the PCM pack forms a thin panel.

[0008] In embodiments of the invention, the plurality of
depressions is arranged in a regular array over the outer sur-
face. This is not essential and the depressions may be
arranged substantially randomly. However, for reasons of
aesthetics, effective use of the surface area of the PCM pack
and air flow, a regular array is presently preferred.

[0009] The array of depressions may comprise parallel
rows of depressions arranged orthogonally to the direction of
fluid flow over the PCM pack, which will typically by the
longitudinal (length) direction of pack. Thus, the rows of
depressions may extend in the width direction of the pack.
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The pitch of depressions within the row may be selected to
maximise heat transfer. The spacing between adjacent rows
may be selected to maximise heat transfer. Adjacent rows of
depressions may be staggered, for example by half the pitch
of'the depressions, in order to maximise the use of the surface
area of the PCM pack.

[0010] The (or each) outer surface is typically provided
with a large number of depressions. Thus, each outer surface
of the pack provided with said depressions may comprise at
least ten depressions, preferably at least 50 depressions, more
preferably at least 100 depressions, more preferably 1000
depressions or more.

[0011] In order to maximise heat transfer, the depressions
may occupy a substantial proportion of the outer surface of
the PCM pack. Thus, the depressions may occupy more than
15% of the planar surface area of the (or each) outer surface,
possibly more than 25%, preferably more than 50%, more
preferably more than 75%.

[0012] In embodiments of the invention, the outer surface
of'the PCM pack is provided with a large number of relatively
small depressions. Thus, the planar surface area of the outer
surface occupied by each depression may be less than 5% of
the total planar surface area of the outer surface, possibly less
than 1%, or less than 0.5% or even less than 0.1%. The planar
surface area of the outer surface occupied by each depression
can be considered as the footprint of the depression.

[0013] In order to generate a desirable vortex, the depres-
sions are presently preferred to be relatively shallow com-
pared to their footprint. Thus, the maximum depth of each
depression in the direction perpendicular to the planar surface
of'the PCM pack (the depth direction) may be less than 75%
of the square root of the planar surface area of the outer
surface occupied by the depression, possibly less than 50% or
even less than 25%.

[0014] However, in order to be effective in generating vor-
tices, the depressions should not be too shallow. Thus, the
maximum depth of each depression in the direction perpen-
dicular to the planar surface of the PCM pack may be greater
than 10% of the square root of the planar surface area of the
outer surface occupied by the depression, possibly greater
than 20% or even greater than 30%.

[0015] In order that that the depressions create effective
vortices, it is desirable for the cross section of each depression
in a plane perpendicular to the planar surface of the pack to
form a smooth curve. The curve may be circular, elliptical,
hyperbolic or any other suitable shape.

[0016] The footprint ofthe depressions may be any suitable
shape, for example elliptical or polygonal. In embodiments of
the invention, the depressions have a substantially circular
shape in the plane of the planar outer surface. This provides a
configuration that is easy to manufacture.

[0017] Thus, in a presently preferred embodiment, the
depressions are defined by a substantially spherical surface.
For example, the depressions may be substantially hemi-
spherical or may be provided by less than half a sphere.
[0018] The phase change material may comprise at least
one of a salt hydrate, urea or paraffin. Other phase change
materials may be used, including mixtures. In particular,
organic phase change materials made from vegetable prod-
ucts may be used, such as the materials sold under the Pure
Temp trade mark by Entropy Solutions, Inc. of Plymouth,
Minn., USA. Particular phase change materials are mixtures
of paraffin and salt hydrates such as the SP Blend manufac-
tured by Rubitherm Gmbh of Berlin, Germany.
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[0019] The salt hydrate may comprise a hydrate of sodium
sulphate and/or a hydrate of calcium chloride. For example,
the salthydrate may be sodium sulphate decahydrate, calcium
chloride hexahydrate, calcium chloride tetrahydrate, calcium
chloride dehydrate or a mixture of two or more of these. Other
suitable salt hydrates are hydrates of sodium thiosulphate,
sodium acetate, disodium hydrogen phosphate or sodium car-
bonate or suitable mixtures of these and other salt hydrates.
[0020] The phase change material may comprise a hydrate
of sodium sulphate and between 0 and 15% by weight of
sodium chloride. The sodium chloride can be used to lower
the melting point of the sodium sulphate hydrate to the
required level. Similarly, the phase change material may com-
prise a hydrate of calcium chloride and between 0 and 15% by
weight of potassium chloride, sodium chloride and/or ammo-
nium chloride.

[0021] Typically, the phase change material has a melting
point between -15 and 100 degrees centigrade, preferably
between 15 and 40 degrees centigrade, more preferably
between 20 and 30 degrees centigrade. The phase change
material may be employed in a pack for refrigeration with a
melting point between -5 and 15 degrees centigrade or for a
heating system with a melting point in excess of 40 degrees
centigrade. The minimum and maximum temperatures in the
preceding ranges may be used interchangeably to define the
melting point range for the phase change material.

[0022] The thermally conductive material may be a metal,
such as aluminium or stainless steel, which may be provided
with an anti-corrosion coating. Alternatively, the thermally
conductive material may comprise a metal-plastics compos-
ite, for example aluminium-coated plastics or HDPE with an
additive to increase thermal conductivity. The depressions
may be formed in the thermally conductive material by moul-
ding, pressing, machining or any other suitable process.
[0023] The invention extends to an air conditioning system
comprising a plurality of the PCM packs arranged in a stack
with spacing between adjacent packs to allow air flow over
the outer surface of each pack. The spacing of the packs is
selected to minimise the pressure drop across the stack while
maximising heat transfer.

[0024] In order to generate the desired air flow through the
stack, the maximum depth of each depression in the direction
perpendicular to the planar surface of each PCM pack may be
less than 90% of the spacing between adjacent packs, feasibly
less than 75%, possibly less than 50%, possibly less than
40%, or even less than 25%. In general, the maximum depth
of'each depression in the direction perpendicular to the planar
surface of each PCM pack is greater than 25% of the spacing
between adjacent packs.

[0025] An advantage of the depressions in the PCM pack is
in reducing the thickness of the pack periodically to improve
conductivity and benefit the melting and freezing process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Embodiments of the invention are further described
hereinafter with reference to the accompanying drawings, in
which:

[0027] FIG. 1 shows a PCM pack according to an embodi-
ment of the invention;

[0028] FIG. 2 shows schematically an air conditioning sys-
tem according to an embodiment of the invention;

[0029] FIG. 3 shows in cutaway the detail of a PCM pack
according to an embodiment of the invention;

May 7, 2015

[0030] FIG. 4 shows the airflow over the surface of the
PCM pack of FIG. 3;
[0031] FIG. 5 shows schematically the configuration of the
PCM pack of FIG. 3;

[0032] FIG. 6 shows four exemplary arrangements of
dimpled panels;
[0033] FIG. 7 shows the heat transfer coefficient for the

panels of FIG. 6 at a range of flow rates;

[0034] FIG. 8 shows the heat transfer coefficient for the
panels of FIG. 6 at a range of pressure drops; and

[0035] FIG. 9 is a comparison of the heat transfer coeffi-
cient for selected ones of the panels of FIG. 6 at a range of
pressure drops.

DETAILED DESCRIPTION

[0036] FIG.1shows a phase change material (PCM) pack 1
according to an embodiment of the invention. The PCM pack
is formed from two layers 2 of thermally conductive material
sealed together at their edges to enclose the PCM. The layers
of'thermally conductive material are also connected at, in this
embodiment, two connecting locations 3 within the footprint
of'the PCM pack 1. The connecting locations 3 take the form
of a rivet within a depression formed in one layer 2 of ther-
mally conductive material which rivet connects the two layers
and provides mechanical stability to the PCM pack 1.
[0037] As shown in FIG. 1, the surface of the PCM pack 1
is provided with a regular array of depressions 4 forming a
surface texture of the PCM pack. The significance of the
depressions 4 will be described in more detail with reference
to the subsequent Figures. In FIG. 1, the depressions 4 are
shown with a substantially rectangular outline. However, the
depressions 4 may be circular in outline, as shown for
example in FIG. 3. Other outlines are also possible, for
example elliptical or polygonal.

[0038] FIG. 2 shows the PCM packs 1 of FIG. 1 in a simple
air conditioning system. The PCM packs 1 are arranged in a
stack with spacing for airflow between adjacent packs 1. A fan
5 forces air through the stack of PCM packs 1 from an air inlet
6 to an air outlet 7. An inlet valve 8 selects the source of air for
the air inlet 6, which may be air from within a building or air
from outside a building. Similarly, an outlet valve 9 routes the
air from the air outlet 7.

[0039] The air conditioning system is configured to use
cool night time air from the outside of a building to freeze the
PCM in the PCM packs 1 so that during the day air can be
cooled by being forced over the PCM packs 1 by the fan 5
causing heat to be transferred from the air to melt the PCM.
The air inlet valve 8 allows the air to be cooled to be selected
from outside air or, preferably, cooled air from within the
building.

[0040] FIG. 3 shows the detail of a PCM pack 1 according
to an embodiment of the invention in which the depressions 4
have a circular outline and are arranged in a regular array. In
this embodiment, the depressions 4 are substantially hemi-
spherical. However, other shapes of the depressions 4 are
possible, for example the depressions may be ovoid in shape.
As can be seen in FIG. 3, the PCM pack is provided with
depressions 4 on both major surfaces of the pack 1.

[0041] FIG. 4 shows the flow profile of air passing over the
surface of the PCM pack 1 in the direction of the uppermost
arrows in the Figure. As can be seen in FIG. 4, the provision
of'a depression 4 in the surface of the PCM pack 1 causes a
vortex to be generated in the depression 4, which has been
found to increase thermal transfer between the PCM pack 1
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and the passing air. This improves the efficiency of the PCM
pack 1 when compared to a PCM pack having only a flat
surface.

[0042] FIG. 5 shows the dimensions of the arrangement of
depressions 4 on the surface of the PCM pack 1. As shown in
FIG. 5, the substantially hemispherical depressions 4 are
arranged in staggered rows orthogonal to the direction of
airflow (left to right in FIG. 5). The spacing between aligned
rows is indicated by the parameter S. The diameter of each
depression is indicated by the parameter d and the spacing of
the centres of depressions in each row (pitch) is indicated by
the parameter p. As shown in FIG. 5, adjacent rows of depres-
sions 4 have a relative displacement of p/2 in the direction
normal to the flow direction. The spacing between adjacent
PCM packs in a stack is indicated by the parameter H, i.e. the
height of the airflow passages between the PCT packs 1. The
depth of the depression relative to the surface of the PCM
pack 1 is indicated by the parameters Hd.

[0043] Presently preferred embodiments of the invention
have the following ranges of ratios of parameters:

[0044] 0.2<H/d<1.5

[0045] 0.1<Hd/d<0.3

[0046] 0.25<d/S<0.57

[0047] 0.35<S/p<2.0

EXAMPLES

[0048] Four dimpled layouts were selected for testing as

shown in FIG. 6. The spacing between adjacent PCM packs in
this example was 8 mm. The characteristics of the selected
layouts are shown in the below.

Layout d Hd S
Reference 6.9 mm 2 mm 13.9 mm
Option 1 10 mm 2.1 mm 34.6 mm
Option 2 12 mm 2.6 mm 34.7 mm
Option 3 15 mm 3.1 mm 34.6 mm
[0049] For testing purpose the selected dimpled layouts

were machined on a single side of 8 mm thick aluminium
plates of 450x150 mm (FIG. 4). A set of two panels for each
dimple layout was manufactured to create the dimpled chan-
nels. The side edges were sealed with an insert of a purpose
made T-profile to set the channel height at the required level
(8 mm or 10 mm). The back of the dimpled plate was attached
to a thermoelectric cooling assembly that allowed control of
the wall temperature of the cooling channel to the required
level. A purpose builttest rig was used to evaluate the dimpled
channel performance. The test channel was connected to a
pressurised chamber via a pre-conditioning passage with
smooth walls. The air temperature in the chamber was regu-
lated with halogen bulbs connected to a PID controller to
achieve the required inlet temperature at the test section. The
air flow rate was supplied using variable speed DC fans to the
pressurised chamber and the rate of flow was measured
upstream of the supply fan with a standard inlet cone device.
Air temperature and relative humidity were evaluated at both
inlet and outlet of the test section. The plate temperature was
measured at six different locations with thermocouple probes
inserted into 40 mm long channels drilled in from the lateral
side of the plates. The channels were filled with thermo-
conductive paste to ensure good contact between the tempera-
ture probes and the body of the dimpled plate.
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[0050] Each dimple layout was tested at various flow rates
to evaluate the thermal performance under different flow
regimes. Two sets of measurements were conducted. The first
set of measurements was focused on comparing the dimpled
layouts against a smooth wall channel, using 8 mm channel
height. The second round was comparing the best performing
dimpled plate with an existing PCM panel. The dimpled
channel height was increased to 10 mm for the subsequent
measurements.

[0051] AsshowninFIG.7,the heattransfer coefficient (h,,)
of the dimpled plates showed a considerable increment of
about 20% compared to the smooth plate in the laminar rage.
As the flow regime altered towards a more turbulent range the
h,, in the dimpled channels also increased at a steady rate up
to 80 to 90% higher than within the smooth channel. The
“Reference” and Option 3 dimples contributed to the highest
increment in the heat transfer. Option 2 and Option 3 layouts
have also followed the trend of the h,, improvement, but at a
noticeably lower rate.

[0052] FIG. 8 shows that the heat transfer performance of
each panel follows a well defined relationship with the spe-
cific pressure loss regardless of design. However, the amount
of air (or face velocity) required to achieve a certain heat
transfer level at a given pressure may substantially differ
between various designs. As an example 25 W/m?K h,, is
achievable with each design at around 20 Pa pressure loss, but
the amount of air needed in case of the flat plate may be up to
5.5 Vs while in the case of the Option 3 layout only about 3.5
I/s. Consequently, the dimpled layout can be matched to
achieve the desired heat transfer and pressure loss for the
amount of air that is supplied through the thermal battery
(PCM pack).

[0053] The ambient temperatures during the second set of
measurements were considerably cooler at 17-20° C. Inlet
temperatures were set within the 27-30° C. range and the
channel wall temperatures established between 20 and 23° C.
Forthis set of measurement the ‘Option 3’ layout was selected
as it was performing in the top range compared to the other
investigated layouts. The measurements were carried out at
both 8 mm and 10 mm channel height. Furthermore, the flat
wall channel was tested as a reference case and a single
channel made of 2 PCM panels but of equal width as the
dimpled channel (150 mm) was also investigated. FIG. 9
shows the heat transfer coefficient for each plate against the
pressure drop across the channel. As can be seen from FI1G. 9,
the Option 3 configuration had superior heat transfer for a
given pressure drop.

[0054] Insummary, a phase change material (PCM) pack 1
for an air conditioning system comprises phase change mate-
rial sealed between a first thermally conductive layer 2 form-
ing a first outer surface of the PCM pack and a second ther-
mally conductive layer 2 forming a second outer surface of
the PCM pack. At least the first or second outer surface of the
PCM pack takes the form of a substantially planar surface
having defined therein a plurality of depressions 4 deviating
from the planar surface towards the interior of the PCM pack
in a direction perpendicular to the planar surface. The depres-
sions improve heat transfer between the pack and an airflow
passing over the surface of the PCM pack.

[0055] Throughout the description and claims of'this speci-
fication, the words “comprise” and “contain” and variations
of'them mean “including but not limited to”, and they are not
intended to (and do not) exclude other moieties, additives,
components, integers or steps. Throughout the description
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and claims of this specification, the singular encompasses the
plural unless the context otherwise requires. In particular,
where the indefinite article is used, the specification is to be
understood as contemplating plurality as well as singularity,
unless the context requires otherwise.

[0056] Features, integers, characteristics, compounds,
chemical moieties or groups described in conjunction with a
particular aspect, embodiment or example of the invention are
to be understood to be applicable to any other aspect, embodi-
ment or example described herein unless incompatible there-
with. All of the features disclosed in this specification (includ-
ing any accompanying claims, abstract and drawings), and/or
all of the steps of any method or process so disclosed, may be
combined in any combination, except combinations where at
least some of such features and/or steps are mutually exclu-
sive. The invention is not restricted to the details of any
foregoing embodiments. For example, it is possible for the
packs of the invention to be used in a fluid conditioning
system utilising fluids other than air. The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompanying
claims, abstract and drawings), or to any novel one, or any
novel combination, of the steps of any method or process so
disclosed.

1. A phase change material (PCM) pack for an air condi-
tioning system, the pack comprising phase change material
sealed between a first thermally conductive layer forming a
first outer surface of the PCM pack and a second thermally
conductive layer forming a second outer surface of the PCM
pack, wherein at least the first or second outer surface of the
PCM pack takes the form of a substantially planar surface
having defined therein a plurality of depressions deviating
from the planar surface towards the interior of the PCM pack
in a direction perpendicular to the planar surface.

2. APCM pack as claimed in claim 1, wherein both the first
and second outer surfaces of the PCM pack each take the form
of a substantially planar surface having defined therein a
plurality of depressions deviating from the planar surface
towards the interior of the PCM pack in a direction perpen-
dicular to the planar surface.

3. A PCM pack as claimed in claim 1, wherein the plurality
of depressions is arranged in a regular array over the outer
surface.

4. A PCM pack as claimed in claim 1, wherein each outer
surface of the pack provided with said depressions comprises
at least ten depressions.

5. A PCM pack as claimed in claim 1, wherein the depres-
sions occupy more than 15% of the planar surface area of the
outer surface provided with said depressions.
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6. A PCM pack as claimed in claim 1, wherein the planar
surface area of the outer surface occupied by each depression
is less than 5% of the total planar surface area of the outer
surface.

7. A PCM pack as claimed in claim 1, wherein the maxi-
mum depth of each depression in the direction perpendicular
to the planar surface of the PCM pack is less than 75% of the
square root of the planar surface area of the outer surface
occupied by the depression.

8. A PCM pack as claimed in claim 1, wherein the maxi-
mum depth of each depression in the direction perpendicular
to the planar surface of the PCM pack is greater than 10% of
the square root of the planar surface area of the outer surface
occupied by the depression.

9. A PCM pack as claimed in claim 1, wherein the cross
section of each depression in a plane perpendicular to the
planar surface of the pack forms a smooth curve.

10. APCM pack as claimed in claim 1, wherein the depres-
sions have a substantially circular shape in the plane of the
planar outer surface.

11. APCM pack as claimed in claim 1, wherein the depres-
sions are defined by a substantially spherical surface.

12. A PCM pack as claimed in claim 1, wherein the phase
change material comprises at least one of a salt hydrate, urea
or paraffin.

13. A PCM pack as claimed in claim 1, wherein the phase
change material has a melting point in the range -5 to 35
degrees centigrade.

14. A PCM pack as claimed in claim 1, wherein the ther-
mally conductive material comprises aluminium or stainless
steel.

15. A PCM pack as claimed in claim 1, wherein the ther-
mally conductive material comprises a metal-plastics com-
posite.

16. An air conditioning system comprising a plurality of
PCM packs as claimed in claim 1 arranged in a stack with
spacing between adjacent packs to allow air flow over the
outer surface of each pack.

17. An air conditioning system as claimed in claim 16,
wherein the maximum depth of each depression in the direc-
tion perpendicular to the planar surface of each PCM pack is
less than 75% of the spacing between adjacent packs.

18. An air conditioning system as claimed in claim 16,
wherein the maximum depth of each depression in the direc-
tion perpendicular to the planar surface of each PCM pack is
greater than 25% of the spacing between adjacent packs.
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