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Indirect Evaporative Cooler Construction

Technical Field

The present invention relates to methods, equipment and systems for ventilating
and cooling of enclosed spaces. In particular, this invention relates to counter
flow indirect evaporative heat exchangers for evaporative coolers; for example,
self contained air-conditioning units suitable for supplying cooled air to an
enclosed space and also to self contained conditioning units suitable for
supplying cooled water for use in heat exchange units forming part of a system
for the cooling of enclosed spaces.

Background Art

Throughout this description and the claims which follow, 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
step or group of integers or steps.

The reference to any prior art in this specification is not, and should not be
taken as, an acknowledgement or any form of suggestion that that prior art
forms part of the common general knowledge in Australia.

The principles of indirect evaporative cooling have been well known for many
years. Early references to the principle of pre-cooling air through a combination
of heat exchange and evaporation prior to evaporative cooling include SU
979796 by Maisotsenko. These principles have been exploited in a number of
practical applications as shown in, say, US 4,977,753 by Maisotsenko, and as
further refined in US 6,581,402, US Application 2004/0226698 by Reinders
and in PCT/AU2006/000025 by James.

The practical devices as shown in the aforementioned disclosures present a
number of difficulties to be ameliorated before those devices can operate to a
standard that is satisfactory for a commercially viable product.

Of great practical importance in the provision of coolers is their size and shape
which must be such as to fit and blend into the surroundings of, say, a domestic
dwelling. While it has been traditional to mount direct evaporative coolers on
rooves, the additional size and weight of indirect coolers of the same cooling
capacity make this approach impractical. A similar problem presents itself
when the working models of indirect evapordtive coolers are positioned at
ground level around the outside of a dwelling. The cooler may have a plan area
which can be too large and use too much of the available space between, say,
the wall of a building and a boundary fence.
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Marketing of indirect evaporative coolers would be greatly enhanced if a cooler
could be fitted into a package to be mounted against the outside wall of a
dwelling and had dimensions which satisfied the following criteria:

e A depth as small as practicable from the wall to the outside of the cooler.

¢ A width limited by handling considerations.

e A height only limited by clearance to the underside of any overhanging
roof/eave members.

An ideal configuration, consistent with technical requirements for its operation
and, considering the above, would typically project from a wall, against which
it is mounted, a distance of no more than about 600 mm, a width of up to 900
mm and height limited to about 2100 mm.

The construction of a cooler within these parameters requires a radical
departure from previously disclosed constructions of those devices. In all
previous disclosures, certain dimensions of the heat exchanger core are defined
by technical and/or practical restraints with only one dimension being able to be
varied to increase the capacity of the heat exchanger.

The Maisotsenko device shown in US 6,581,402 has a heat exchanger width
and depth restrained by air flow and resistance considerations where capacity is
determined by the height of the exchanger. The configurations of Reinders and
James have the depth and height of the heat exchanger determined by technical
considerations, while the width determines the capacity of the device. We
believe that if the favourable characteristics of each of these configurations
could be combined into a device, then a much more practicable indirect cooler
could be developed for the marketplace.

However, each of the previously disclosed configurations has other technical
and practical difficulties which make a ready combination of their advantages
somewhat problematic.

The device disclosed in US 6,581,402 requires horizontal heat exchanger plates
with a wettable surface on one side and an impervious surface on the other.
Water distribution throughout the wettable surface relies on a wickable media
distributing water from a central trough with a combination of wicking along
the surface and some gravitational assistance from a slight decline from the
horizontal. Coolingto a low temperature requires water flow through the wetted
surface to be as low as possible, and preferably just sufficient to replace the loss
due to evaporation. Flushing of the wettable surfaces to remove any

-2.
SUBSTITUTE SHEET (RULE 26) RO/AU



10

15

20

25

30

35

40

WO 2010/054426 PCT/AU2009/001463

accumulation of salts left behind by evaporating water is not possible without
significant degradation of the thermal performance of the air conditioner.

The Maisotsenko configuration, which progressively transfers a percentage of
.cooled air from the dry passage to the wet passage to provide evaporative
cooling, compromises the temperature of the delivered air relative to other
configurations, since the transferred air cannot be subjected to the full
temperature difference offered by the heat exchanger.

The configuration offered by Reinders fully exploits the original principles of
indirect evaporative cooling, but the heat transfer performance of the heat
exchanger is compromised by its layout and construction. Heat transferring
from the wet passage side to the dry passage side has to travel through
relatively long distances of heat exchanger material, necessitating the use of
high conductivity materials such as metals to achieve reasonable performance.

In both of the configurations used by Reinders and James, water distribution to
the heat exchanger core is by irrigation of the top surface of the core, allowing
water to flow down through the core to be collected in a reservoir below the
core. This water flow through the core must be kept to a minimum while the
cooler is in operation since any excess water flow over that required for
evaporation will compromise the temperatures of the usable conditioned air that
can be delivered by the cooler. The water flow requirement for thermal
performance desirably includes the capability for it to flush residual salts from
the core surfaces. A reasonable, practical compromise utilised by both Reinders
and James is to periodically wet the core with an excess of water to flush out
residual salts and fill the water retaining capability of the materials used to form
the wet channels, followed by relatively long periods of operation without
wetting. During this period, evaporation still takes place from water held in the
wetted surfaces and full thermal performance of the cooler is achieved. This
solution works well provided the wetting period is short, and the period
between wettings is long.

An alternative revealed by James is to divide the core into separately wetted
segments, each segment with its own, thermally separated, water circuit (pump,
reservoir and distributor). This method allows for constant flushing of the core
without degradation of thermal performance. While this alternative has been
demonstrated to work in practical models, it is difficult to implement in viable
production models.

A preferred solution is therefore to periodically wet the wet passages of the

core with periods as long as possible between wettings to allow evaporation to
take place and maximise the cooling capacity of the heat exchanger. This ideal
becomes more difficult as the height of the heat exchanger is increased to take
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advantage of the preferred configuration of the overall indirect evaporative
cooler. Water can only be added to the top of the core at a rate determined by
the time it takes to trickle down through the wet passages. The wetting cycle
must continue until water has spread through most of the vertical distance of
the core, and to then be cut off allowing the excess water to flow all the way
through the core and back to the reservoir. The cooling effect of the heat
exchanger is compromised all the time that water is flowing through the wet
passages, and only reverts to maximum cooling when all water flow has
stopped. The taller the core, and hence the longer the wet passages, the longer
will be the period required for wetting and the greater the proportion of time
during which cooling is compromised. This situation becomes untenable with
cores as tall as those required for the preferred geometry described above.

Summary of Invention

The present invention proposes an amelioration of the problems associated with
the prior art by constructing a heat exchange core wherein the wet and dry
passages are mounted near to horizontal and stacked alternately one above the
other, and wherein there is provided an alternative method and means for
periodically wetting the wet passages of the core.

In accordance with a first aspect, the present invention provides a counter flow
indirect evaporative heat exchanger wherein vertically adjacent counter flow
wet and dry passages are, when in situ, horizontal or near to horizontal and the
wet passages are adapted to be wetted by wetting means which sequentially
applies water elongately to the wet passages across the height of the heat
exchanger.

Preferably the wet and dry passages are constructed from corrugated sheets
with one side comprising a wettable and absorbent medium and the other side
comprising a water impermeable surface, membrane or layer.

In one embodiment, the wet and dry passages are constructed from a wettable
and absorbent cellulose base with an impermeable membrane applied to one
surface.

In an alternative embodiment, the wet and dry passages are constructed from a
water impermeable formed sheet to which is applied a water absorbent media to
one surface of the sheet.

In a further embodiment the corrugated sheets to make each passage are
assembled such that the corrugations of vertically adjacent sheets intersect at an
angle in the range of 20° to 70°.
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In a still further embodiment, the corrugated sheets of the top and bottom of
each passage are divided into two parts symmetrically about a centre-line
substantially parallel to the mean airflow direction in each passage, with the
corrugation angle in one part set at a complementary angle to the corrugation
angle in the adjacent part.

In a further enhancement, the corrugated sheets are constructed with the
corrugations set in a herringbone angular pattern symmetrical about a centre
line of each respective sheet.

In another embodiment, the wetting means includes a water delivery device
adapted to travel generally vertically of the heat exchanger for delivering water
directly into a small number of the wet passages at one time along an air
delivery face of the heat exchanger.

In yet another embodiment, said water delivery device comprises a plurality of
slotted tubes placed vertically along the delivery face of the heat exchanger
with the slotted side of the tubes adjacent to the heat exchanger. In operation, a
plunger is traversed up and down the slotted tube, while water is delivered into
the tube from the top. Water is thereby delivered to the wet passages
immediately adjacent to the position of said plunger. In a further enhancement,
the heat exchanger is constructed with a cavity space available for the
incorporation of the slotted tubes so as to contain water delivered from the slot
to the heat exchanger passages.

One preferred form of desired wetting mechanism comprises a vertically
traveling water spreader which wets a small plurality of passages of the core at
the one time relative to the total number of passages of the core while
undergoing movement to adjacent sections of the core until a complete wetting
cycle of the core is completed. Preferably, vertical movement of the wetting
mechanism between adjacent horizontal passages of the core is continuous.
While a traveling water spreader is wetting a particular plurality of wet
passages, the cooling efficiency of those passages is compromised by the flow
of water therein. However, since the number of passages wetted at any one time
is only a small proportion of the total number of wet passages in the whole
core, the compromise to overall cooling is limited. The use of this mode of
wetting allows heat'exchange cores to be constructed with only structural or
mechanical constraints as to height, thereby providing the flexibility required to
provide an indirect evaporative cooler within desired size and shape constraints.

In another aspect of the present invention there is provided an evaporative
cooler having a counter flow indirect evaporative heat exchanger in accordance
with the first aspect.
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A still further aspect of this invention provides a method of operating a counter
flow indirect evaporative heat exchanger having a vertical stack of alternate
substantially horizontal wet and dry passages in accordance with the first
aspect.

The construction of heat exchanger passages particularly suited for use in
embodiments of the present invention includes corrugated sheets with a
wettable surface and a water impermeable surface, with corrugation angles set
at opposing angles as described in PCT/AU2006/000025, which disclosure is
incorporated herein by reference. It will, however, be understood by a person
skilled in the art that the principles of the present invention could equally be
applied to other methods of construction of heat exchanger stacks or cores.

Brief Description of the Drawings

The present invention will now be described by way of example with reference
to the accompanying drawings, in which:-

Figure 1 is an isometric view of a heat exchanger core of an indirect
evaporative cooler as suited to an embodiment of this invention which
has the proportions of being relatively tall compared to the plan
dimensions thereof;

Figure 2 shows a side elevation view of adjacent corrugated sheets in a heat
exchanger having uniform corrugations;

Figure 3 is a side elevation view of a heat exchanger core with a first water
distribution mechanism;

Figure 4 is a view similar to that of Figure 3 but showing details of a second
water distribution mechanism; and

Figure 5 is a sectioned plan view through a heat exchanger stack or core
showing an alternate layout of corrugations for a wet channel in the form
of a herringbone pattern.

Best Modes

In Figure 1, the aspect ratio of the dimensions of heat exchanger core 10 are
such as to fit the preferred requirements of an indirect evaporative cooler.
Dimension 16 is large compared to the dimensions 18 and 20. Typically,
dimension 16 will be about 1,500 mm, dimension 20 about 900 mm and
dimension 18 about 400 mm. Both the dry passages 12 (shown with horizontal
shading) and wet passages 14 (shown with vertical shading) are orientated to be
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essentially horizontal, although it may be beneficial that they be slightly off
horizontal to aid the distribution of water in the wet channels and the removal
of excess water.

In Figure 2, the heat exchanger 10 is shown in front elevation with dry passages
12 and wet passages 14 orientated to be horizontal in use. Hot, dry intake air
enters the dry passages 12 of the heat exchanger from side 40 and leaves from
side 42 as cooled air. A proportion of air enters the wet passages 14 from side
42 to flow back along the wet passages until it enters exhaust space 44, from
which it is exhausted to atmosphere. This flow path through the core produces a
useable stream of cool air from side 42 being the proportion of air not passing
back through the wet passages 14 to be exhausted via space 44. The means by
which this arrangement cools the stream of useable air is described in previous
publications, in particular see PCT/AU2006/000025.

In Figure 3, a traversing water distribution mechanism is shown with shrouds
52 covering a proportion of the delivery side of the heat exchanger 10. In
operation, cooled air travels through the dry channels 12 of the heat exchanger
10, exiting along face 51. In normal operation, a proportion of the air exiting
from dry channel 12 is diverted to wet channel 14, the remainder if the cooled
air from dry channel 12 is available as useful air to be delivered by the cooler.
However, when the shrouds 52 of the water delivery mechanism 50 are
covering a small number of the wet and dry channels on the delivery side, the
air cannot split into 2 streams as in normal operation. The static pressure in dry
channel 12 will always be relatively high since the dry channel is connected
directly to the space to be cooled which is pressurised by a fan (not shown).
When air flow is interrupted by the shrouds 52, the static pressure in the wet
channel 14 will drop since the wet channels are directly connected to the
exhaust area of the heat exchanger, which is at normal atmospheric pressure.
The end result of the interruption of flow by the shrouds 52 is that there will be
an accelerated flow of air from the dry channel 12 to the adjacent wet channel
14 within the confines of the shrouds 52.

Water delivered via conduit 53 to water nozzle 54, which is part of the
traversing water distribution mechanism 50, injects a water spray 58 into the
accelerated air flow described above. The water thus sprayed can only flow
through the wet channel 14, since the static pressure differences created by the
shrouds 52 ensure that all air must flow from the dry channel to the wet
channel. Thus all water sprayed is available to wet the wet channel 14, and
water entering wet channel 14 is distributed throughout the wet channel by the
accelerated air flow therein.

Since the wet channels necessarily need to be periodically wetted, the water
distribution mechanism must be traversed vertically up and down along the
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cooled air delivery face 51 of the heat exchanger. By this means, a small
number of wet channels are wetted at a time, with the means of wetting moving
on to adjacent channels until the entire face has been traversed and all wet
channels have been wetted.

One method of traversing the water distribution mechanism is illustrated in
Figure 3. The water distribution mechanism is attached to a threaded nut 62,
which runs on an extended screw 60. When the screw 60 is driven in reciprocal
directions by a driving means (such as an electric motor, not shown), the water
distributing mechanism will move over the delivery face of the heat exchanger.

An alternative water distribution mechanism is illustrated in Figure 4. Water is
conducted through a hollow conduit 70, which has a slot along its length on the
side facing the delivery face of the heat exchanger 10. Inside the hollow conduit
70 is a sliding plug 76, held in position by a continuous belt or chain 72.
Flexible belt 72 is positioned by capstans 74, driven by, say, an electric motor
such that the drive of the capstan causes the sliding plug 76 to move up and
down within conduit 70.

In operation, water 78 is directed down the conduit 70 from the top. The water
78 flows down conduit 70 until it impacts on sliding plug 76. The sliding plug
76 diverts the water flow through the slot in conduit 70 at the position of sliding
plug 76. Since the slot of conduit 70 is positioned against the delivery face of
heat exchanger 10, as shown in Section A-A, the water so diverted will impinge
on a small proportion of both the wet and dry channels at the position of the
plug 76. Since air is flowing out of the dry channels and into the wet channels
along the delivery face of heat exchanger 10, the water diverted onto the
delivery face of heat exchanger 10 will tend to flow into the wet channels only,
thereby providing the means of wetting the internal surfaces of the wet channel.
The effect at the dry channel, wherein no water flows against the direction of
air flow is shown in Section B-B. As sliding plug 76 progresses up and down
the face of heat exchanger 10, all the wet channels will be progressively wetted
during a wetting cycle.

A preferred arrangement for transmitting water diverted by plug 76 into the
heat exchanger 10 is illustrated in section Alt A-A. In this arrangement, heat
exchanger 10 is constructed with notches 80 on the delivery face 51 such that
the slot in conduit 70 is contained within the notch of the heat exchanger. The
water delivered to the heat exchanger by the sliding plug 76 is contained within
the notch 80 greatly reducing the tendency to spray water into the delivered air
space (42 in Figure 2) when it impacts the delivery face of the heat exchanger at
high velocity.

-8-
SUBSTITUTE SHEET (RULE 26) RO/AU



10

15

20

25

30

35

40

WO 2010/054426 PCT/AU2009/001463

The method and means of applying water to the wet channels of the heat
exchanger described above are designed to apply water to the wet channels at a
rate much greater than is actually required for evaporation. Such a high flow
rate is required for the purposes of flushing salt deposits and contaminants from
the surfaces of the wet channels, and to ensure that all the internal surfaces of
the wet channels are indeed wetted. This introduces a practical problem with
the channels of the heat exchanger being horizontal, and constructed from
corrugated paper set at an angle to the air flow as described in
PCT/AU2006/000025. The angle of the corrugations tend to bias all the water
flow (which tends to cling to the lower surfaces of the channels) in the direction
of the angle of the corrugation. Since the wet and dry channels alternate the
angles of the corrugations, the net result is that all the lower surfaces of the wet
channels have corrugations in the same direction and tend to direct the water in
the channel to one side only. This results in difficulty in wetting the wet
channels uniformly and leads to an excess of water exiting through the exhaust
space 44 on one side only rather than distributing the excess water through both
of the exhaust spaces.

These difficulties can be greatly relieved by adopting a construction of the
layers of the heat exchanger core as illustrated in Figure 5. Figure 5 shows a
single sheet of the heat exchanger core wherein the pattern of corrugations
follows a “herringbone” shape. Corrugations are set at an angle to the airflow
(depicted by arrowed lines) as indicated by ridges 90 on one side of the sheet.
Symmetrical about centreline 91, the angle of corrugations on the other side of
line 91 are the mirror image as indicated by ridge line 94. Successive sheets in
the heat exchanger stack are placed in the opposite direction such that the
corrugation ridges intersect each other at an angle. In operation, if the
illustration of Figure 5 represents the bottom sheet of a wet channel, air enters
the channel from chamber 42 and flows through the space between the
corrugation ridges and valleys of adjacent sheets. The air is then exhausted
through exhaust ports 44. When water is introduced symmetrically about centre
line 91 by water distributors 50, into the wet channel so formed, half of the
water enters a wet channel with the corrugation bias in one direction; the other
half enters with the corrugation bias in the opposite direction. Thus there is no
tendency for all the water to flow towards one of exhaust spaces 44 rather than
the other. Wetting is more uniform, and excess water flow from the exhaust
ports 44 can be kept to manageable levels.

The construction of an indirect evaporative cooler as herein described and
exemplified by the embodiments shown in the drawings enables such a cooler
to be made in which the channel elements are horizontal or approximately so,
and ultimate cooling capacity of the cooler is determined by the height of the
heat exchanger stack. Thus a compact cooler can be constructed which has
minimal projection from, say, a wall on which it is mounted. The preferred
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method of distributing water to the wet channels of the heat exchanger stack
allows for reliable, periodic wetting of the channel surfaces with provision or
capacity for the flushing of contaminants.

-10 -
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Claims:

1. A counter flow indirect evaporative heat exchanger wherein vertically
adjacent counter flow wet and dry passages are, when in situ, horizontal or near
to horizontal and the wet passages are adapted to be wetted by wetting means
which sequentially applies water elongately to the wet passages across the
height of the heat exchanger.

2. A heat exchanger as claimed in claim 1, wherein the wet and dry passages
are constructed from corrugated sheets with one side comprising a wettable and
absorbent medium and the other side comprising a water impermeable surface,
membrane or layer.

3. A heat exchanger as claimed in claim 1 or 2, wherein the wet and dry
passages are constructed from a wettable and absorbent cellulose base with an
impermeable membrane applied to one surface.

4. A heat exchanger as claimed in claim 1 or 2, wherein the wet and dry
passages are constructed from a water impermeable formed sheet to which is
applied a water absorbent media to one surface of the sheet.

5. A heat exchanger as claimed in claim 2 or claim 3 or 4 when appended to
claim 2, wherein the corrugated sheets to make each passage are assembled
such that the corrugations of vertically adjacent sheets intersect at an angle in
the range of 20° to 70°.

6. A heat exchanger as claimed in claim 5, wherein the corrugated sheets of the
top and bottom of each passage are divided into two parts symmetrically about
a centre-line substantially parallel to the mean airflow direction in each
passage, with the corrugation angle in one part set at a complementary angle to
the corrugation angle in the adjacent part.

7. A heat exchanger as claimed in claim 5 or 6, wherein the corrugated sheets
are constructed with the corrugations set in a herringbone angular pattern
symmetrical about a centre line of each respective sheet.

8. A heat exchanger as claimed in any one of the preceding claims, wherein the
wetting means includes a water delivery device adapted to travel generally
vertically of the heat exchanger for delivering water directly into a small
plurality of the total number of passages at a time along an air delivery face of
the heat exchanger.

9. A heat exchanger as claimed in claim 8, wherein said water delivery device
comprises a plurality of tubes having slots in the tubes facing toward the air
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delivery face, and wherein a plunger is adapted to traverse up and down each
slotted tube such that as water is delivered into the top of each tube the location
of the plunger in each tube defines where water is delivered from each tube to
wet passages of the heat exchanger.

10. A heat exchanger as claimed in claim 9, including cavity spaces or recesses
along the air delivery face shaped to fit the slotted tubes to thereby contain
water delivered to the heat exchanger passages.

11. A heat exchanger as claimed in claim 8, wherein the wetting means
comprises a vertically moveable water spreader adapted to wet a small plurality
of a total number of passages at a time along an air delivery face of the heat
exchanger.

12. A heat exchanger as claimed in claim 11, wherein vertical movement of the
water spreader is continuous during a wetting cycle.

13. A heat exchanger as claimed in claim 11 or 12, wherein water is
continuously dispensed by the water spreader during a wetting cycle.

14. An evaporative cooler having a counter flow indirect evaporative heat
exchanger as claimed in any one of the preceding claims.

15. A method of operating a counter flow indirect evaporative heat exchanger
having a vertical stack of alternate substantially horizontal wet and dry
passages, comprising cyclically elongately wetting a small plurality of the total
number of passages at any one time as those passages approach a drying out
state during air flow through the heat exchanger.

16. A counter flow indirect evaporative heat exchanger, substantially as
hereinbefore described with reference to the accompanying drawings

17. An evaporative cooler as claimed in claim 14, substantially as hereinbefore
described with reference to the accompanying drawings.

18. A method of opérating a counter flow indirect evaporative heat exchanger
having a vertical stack of alternate substantially horizontal wet and dry
passages, substantially as hereinbefore described with reference to the
accompanying drawings.
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[0032], [0034], [0036]- [0038], {0043], [0045], and [0046]; and claims. .

US 5800595 A (WRIGHT) 1 September 1998.
A See abstract; figures 1- 10; column 1, lines 4~ 7; column 1, lines 62- column 2, line 14; column 2,
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Further documents are listed in the continuation of Box C See patent family annex
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"L"  document which may throw doubts on priority claim(s) "Y"  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of ' involve an inventive step when the document is combined with one or mote other
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US 6523604 B1 (BROOKS et al.) 25 February 2003.
See abstract; figures 1- 6; column 2, line 62- column 3, line 18; column 3, lines 33~ 50; column
3, line 66- column »7, line 60; column 8, lines 1- 12; column 8, lines 38- 62; and claims,
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See abstract; figures 1- 3; column 1, lines 4~ 6; column 1, line 59- column 2, line 47; column 2,
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Box No. IL

Observations where certain claims were found unsearchable (Continuation‘of item 2 of first sheet)

This mternatlonal search report has not been estabhshed in respect of certain claims under Article 17(2)(a) for the following

I easons

-
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Claims Nos.:
beeause they relate to subject matter not required to be searched by this Authority, namely:

Clalms Nos.: ' 16- 18-

because they relate to parts of the international apphcatlon that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

Claims 16~ 18 do not comply with Rule 6 2(a) because they rely on references to the description and/or
drawings

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 Jacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
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As all required additional search fees were thhely paid by the appliéant, this international search report covers all
searchable claims.

As all searchable claims could be searched without effort Jus’ufymg addltlonal ‘fees, this Authority did not invite
payment of additional fees.

As only some of thé required additional search fees were timely paid by the applicant, this mtematwna] search report
covers only those claims for which fees were paid, specifically claims Nos.:

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 - l:] The additional search fees were accompamed by the applicant's protest and where applicable,

the payment of a protest fee.

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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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
WO 2006/074508 AU 2006206035 CA 2594528 CN 101102888

DE 06700305 EP 1836046 US 2008116592

us 2004/0061245 US 2005218535
US . 5800595 AU 694262 EP 0725917 WO 9607059
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Due to data ‘integration issues this family listing may not include 10 digit Australian apblications filed since May 2001.
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