wo 2014/047671 A1 [N NI NP0 RO 0O OO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

3 April 2014 (03.04.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/047671 Al

(51

eay)

(22)

(25)
(26)
1

(72)
1

74

31

International Patent Classification:
F02G 5/02 (2006.01) B60K 13/04 (2006.01)
FOIN 5/02 (2006.01) HOI1L 35/28 (2006.01)

International Application Number:
PCT/AU2012/001187

International Filing Date:
28 September 2012 (28.09.2012)

Filing Language: English

Publication Language:

Applicant (for all designated States except US): EMPIRE
TECHNOLOGY DEVELOPMENT LLC [US/US];
Suite 400, 2711 Centerville Road, Wilmington, Delaware
19808 (US).

English

Inventor; and

Applicant (for US only): BEWLAY, Stephen L.
[AU/AU]; 2 McLeod Street, Kaleen, Australian Capital
Territory 2617 (AU).

Agent: GRIFFITH HACK; Level 29, Northpoint, 100
Miller Street, North Sydney, New South Wales 2060 (AU).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: EXHAUST ENERGY RECOVERY FOR ENGINES

(57) Abstract: Technologies are generally
described for recovery of energy from en-
gines. The described technology may be ap-
plied to systems, methods, and/or apparat-
uses. An example exhaust energy recovery
apparatus (50) may include at least one
thermal to electrical energy convetsion ele-
ment (60) having at least one side for
thermal coupling along a substantial length
(34, 35, 36) of an exhaust duct (30) for a
combustion engine. The example apparatus
(50) may also include a cover (52) located
over at least a portion of the exhaust duct
(30) adjacent to the at least one energy con-
version element (60). A channel (53) may be
formed between the cover (52) and an exter-
ior portion of the exhaust duct (30), the
channel having at least one inlet (54, 56) for
admission of cooling fluid.



WO 2014/047671 PCT/AU2012/001187

EXHAUST ENERGY RECOVERY FOR ENGINES

TECHNICAL FIELD

[0001] The present disclosure relates generally to the recovery of energy from
engines. Particularly, although not exclusively, the present disclosure concerns
apparatuses, methods and systems for recovery of waste heat from the exhaust ducts of

combustion engines, such as engines suited to automotive or stationary applications.

BACKGROUND

[0002] Unless otherwise indicated herein, the materials described in this section are
not prior art to the claims in this application and are not admitted to be prior art by
inclusion in this section.

[0003] In operation combustion engines (CEs) repeatedly ignite fuel-air mixtures in
an enclosed space thereby generating continuous pulses or flows of extremely hot
exhaust. The hot exhaust gases from combustion may be partially cooled during transit
along the exhaust line and through various subassemblies integrated into the exhaust line
or duct. Those subassemblies may, for example, include an engine gas condition
monitoring bay, a catalytic convertor anti-pollution filter and one or more mufflers. The
exhaust gases are finally dumped out of the system exhaust outlet(s) at temperatures still
well above the boiling point of water — typically 140°C or more.

[0004] This dumping of hot exhaust gas represents, apart from the composition of
the exhaust gases, a significant energy wastage by combustion engines when considered
in light of the calorific value of the fuel consumed. Engines equipped with a
turbocharger harvest a little more of the energy in the flows of engine exhaust gas, but
even after pushing the turbine blades of the turbocharger, the exhaust gas carries further
energy in the form of heat.

[0005] Neither a turbine engine, a jet engine, a 2-stroke nor a 4-stroke engine’s
power cycles - whether petrol, diesel, aviation or gas-fuelled - is capable of utilising the
waste heat remaining in the exhaust gases. In wintertime some of the waste heat can be
harvested by a motor vehicle’s internal (i.e. passenger cabin) heating system, but in
summertime the waste heat may be completely unwanted and thus the waste heat appears
principally at the exhaust outlet(s) of the vehicle, with smaller amounts emitted from the

engine bulk in all directions by convection, conduction and radiation.
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SUMMARY

[0006] Technologies are general described for recovery of energy from engines.
The various described technologies may be applied to systems, methods, and/or
apparatuses.

[0007] In one aspect of the disclosure, exhaust energy recovery apparatuses are
described that include at least one thermal to electrical energy conversion element having
at least one side for thermal coupling along a substantial length of an exhaust duct of an
engine. Some example apparatuses may also include a cover located over at least a
portion of the exhaust duct adjacent to the at least one energy conversion element and
forming a channel between the cover and an exterior portion of the exhaust duct, the
channel having at least one inlet for admission of cooling fluid.

[0008] In another aspect of the disclosure, methods of recovering energy from an
engine are described. Some example methods include providing at least one thermal to
electrical energy conversion element having at least one side for thermal coupling along
a substantial length of an exhaust duct of the engine. Some energy recovery methods
may further include channeling a flow of cooling fluid along an exterior of the exhaust
duct and over another side of the energy conversion elements and recovering electrical
energy produced by the at least one element at an electrical output of the at least one
element.

[0009] In a further aspect of the disclosure, systems for exhaust energy recovery are
described. Some example systems include at least one array of thermal to electrical
energy conversion elements having one side thermally coupled to an exhaust duct of an
engine for generating electrical energy from exhaust gases carried by the duct. Some
example systems may also include a cover located over at least a portion of the exhaust
duct adjacent to the at least one array of energy conversion elements and forming a
channel between the cover and an exterior portion of the exhaust duct, the channel
having at least one opening for admission of cooling fluid which flows along the channel.
The array(s) of energy conversion elements may have another side thermally coupled to a
flow of cooling fluid in the channel formed by the cover and also have an electrical
output connected to an electrical sub-system associated with the engine, whereby heat
energy from the exhaust gases can be converted into electrical energy and supplied to the

electrical sub-system.



WO 2014/047671 PCT/AU2012/001187

[0010] The foregoing summary is illustrative only and is not intended to be in any
way limiting. In addition to the illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will become apparent by reference to

the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is an elevational view of an example exhaust duct for an engine;

[0012] FIG. 2 is a longitudinal sectional elevational view of the exhaust duct of
FIG. 1 including a protective cover of an embodiment of the exhaust energy conversion
apparatus, where the section is taken along the length of the duct and cover on a plane
parallel to the page;

[0013] FIG. 3 is an elevational view of the exhaust duct of FIG. 1 fitted with
energy conversion element arrays of an embodiment of the exhaust energy conversion
apparatus;

[0014] FIG. 4 is an enlarged fragmentary cross-sectional view of the exhaust duct
of FIG. 3;

[0015] FIG. 5a is a fragmentary oblique view of a wall portion of a protective
cover of a further embodiment of the exhaust energy conversion apparatus;

[0016] FIG. 5b is a fragmentary oblique view of a variation of the wall portion of
a protective cover showing an alternative construction;

[0017] FIGs 6a & 6b are detailed side views of alternative energy conversion
element array embodiments;

[0018] FIG. 7a is a fragmentary oblique view of a wall portion of an exhaust duct
having a substantially square shape in cross-section;

[0019] FIG. 7b is a fragmentary oblique view of a wall portion of an exhaust duct
having a substantially rectangular shape in cross-section;

[0020] FIG. 7¢ is a fragmentary oblique view of a wall portion of an exhaust duct
having a substantially trapezoidal shape in cross-section;

[0021] FIG. 7d is a fragmentary oblique view of a wall portion of an exhaust duct
having an inverted substantially trapezoidal shape in cross-section;

[0022] FIG. 7e is a fragmentary oblique view of a wall portion of an exhaust duct

having a substantially triangular shape in cross-section;



WO 2014/047671 PCT/AU2012/001187

[0023] FIG. 7fis a fragmentary oblique view of a wall portion of an exhaust duct
having a substantially square shape in cross-section, with an alternative construction
compared with Fig 7a;

[0024] FIG. 7gis a fragmentary oblique view of a wall portion of an exhaust duct
having a substantially rectangular shape in cross-section, with an alternative construction
compared with Fig 7b;

[0025] FIG. 7h is a fragmentary oblique view of a wall portion of an exhaust duct
having a substantially trapezoidal shape in cross-section, with an alternative construction
compared with Fig 7c;

[0026] FIG. 7iis a fragmentary oblique view of a wall portion of an exhaust duct
having an inverted substantially trapezoidal shape in cross-section, having an alternative
construction compared with Fig 7d; and

[0027] FIG. 7j is a fragmentary oblique view of a wall portion of an exhaust duct
having a substantially triangular shape in cross-section, having an alternative
construction compared with Fig 7e, all arranged in accordance with at least some

embodiments described herein.

DETAILED DESCRIPTION

[0028] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof. In the drawings, similar symbols
typically identify similar components, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings, and claims are not meant to
be limiting. Other embodiments may be utilized, and other changes may be made,
without departing from the spirit or scope of the subject matter presented herein. It will
be readily understood that the aspects of the present disclosure, as generally described
herein, and illustrated in the drawing figures, can be arranged, substituted, combined,
separated, and designed in a wide variety of different configurations, all of which are
explicitly contemplated herein.

[0029] This disclosure is directed generally to apparatus, methods and systems for
recovery of waste heat from the exhaust ducts of engines, such as internal combustion
engines suited to automotive or stationary applications.

[0030] In one aspect, exhaust energy recovery apparatuses are described that

include at least one thermal to electrical energy conversion element having at least one
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side for thermal coupling along a substantial length of an exhaust duct of an engine.
Some example apparatuses may also include a cover located over at least a portion of the
exhaust duct adjacent to the at least one energy conversion element and forming a
channel between the cover and an exterior portion of the exhaust duct, the channel
having at least one inlet for admission of cooling fluid.

[0031] Also disclosed in some embodiments is at least one thermal to electrical
energy conversion element which may have at least one side for thermal coupling along
the exhaust duct between the engine and an exhaust muffler.

[0032] Also disclosed in some embodiments is an exhaust energy recovery
apparatus that may include at least one array of the at least one thermal to electrical
energy conversion element. The at least one element may form any one or more of a
thermoelectric generator, a thermo-ionic converter or a pyro-electric converter.

[0033] Disclosed in some embodiments, the at least one element may be thermally
coupled to the exhaust duct by fixing to the exterior surface of the exhaust duct by a
thermally conductive fixing agent and thermally coupled to a flow of cooling fluid in the
channel by a heat exchange structure. The heat exchange structure may include fins or
plates disposed in the cooling fluid flow.

[0034] Disclosed in some embodiments, the exhaust duct may include a
substantially tubular portion which diverges from an inlet end and converges toward an
outlet end. The diverging tubular portion may diverge and/or the converging tubular
portion may converge arithmetically.

[0035] Disclosed in some embodiments, the cover may include an outer wall
having circumferential corrugations providing increased surface area.

[0036] Disclosed in some embodiments, the exhaust duct may have a substantially
polygonal cross-sectional shape including a plurality of flat exterior surface portions, at
least one of which may be arranged for coupling to the at least one conversion eclement.

[0037] Also disclosed in some embodiments, the cover can protect the at least one
energy conversion element and the at least one inlet of the channel may include a filter
for excluding loose debris from the channel. The at least one inlet may include an open
end of the channel over which the filter is located.

[0038] Disclosed in some embodiments, the channel may include a substantially
annular cross-sectional shape disposed circumferentially about the exhaust duct. The

cover may be evenly spaced from the exhaust duct and optionally be constructed from at
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least two longitudinal sections fixed together at axial seam portions. The cover may
further include at least one access port for access to components of the exhaust duct.

[0039] Disclosed in some embodiments, an access port may be provided for access
to an engine condition sensor bay, a catalytic convertor, exhaust muffler or similar
exhaust duct component. If required, an openable door may be provided for covering the
access port.

[0040] Disclosed in some embodiments, the at least one element may include an
electrical output coupled to a power regulator for supplying power to engine ancillaries.

[0041] In another aspect of the disclosure, there are provided systems for exhaust
energy recovery in a combustion engine system or vehicle or craft powered by an engine
including the exhaust energy recovery apparatus as described above. Some example
systems may include a cover associated with the exhaust duct is arranged such that
motion of the vehicle or craft induces fluid flow in the channel.

[0042] Disclosed in some embodiments of the systems, an electrical output of the at
least one array of thermal to electrical energy conversion elements may be connected to
the engine, vehicle or craft electrical system. The electrical output may be coupled via a
power regulator to a storage battery and/or an accessory circuit of the electrical system.

[0043] Also disclosed in some embodiments of the systems where the engine or
vehicle normally operates in open air, the cooling fluid may include air. Alternatively, in
some embodiments of the systems where the engine or vehicle normally operates in a
body of water, the cooling fluid may include water.

[0044] In a further aspect of the disclosure, methods of recovering energy from an
engine are described. Some example methods include the steps of providing at least one
thermal to electrical energy conversion element having at least one side for thermal
coupling along a substantial length of an exhaust duct of the engine. Some energy
recovery methods may further include channeling a flow of cooling fluid along an
exterior of the exhaust duct and over another side of the energy conversion elements, and
recovering electrical energy produced by the at least one element at an electrical output
of the at least one element.

[0045] In some embodiments the providing step may include fixing the at least one
element to an exterior surface of the exhaust duct. Suitably the fixing sub-step includes

fixing the at least one element between the engine and an exhaust muffler.
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[0046] Disclosed in some embodiments, the providing step may include providing
at least one array of thermal to electrical energy conversion elements.

[0047] Disclosed in some embodiments, the channeling step may include locating a
cover having at least one inlet over a portion of the exhaust duct adjacent to the at least
one element. The channeling step may include protecting the at least one element from
impact by loose debris, suitably by filtering the fluid admitted into the cover.

[0048] Also disclosed in some embodiments, the recovering step includes
production of electrical energy by any one or more of a thermoelectric effect, by a
thermo-ionic effect or by a pyro-electric effect.

[0049] In a further aspect of the disclosure, systems for exhaust energy recovery
are described. Some example systems include at least one array of thermal to electrical
energy conversion element having one side thermally coupled to an exhaust duct of an
engine for generating electrical energy from exhaust gases carried by the duct. Some
example systems may also include a cover located over at least a portion of the exhaust
duct adjacent to the at least one array of energy conversion elements and forms a channel
between the cover and an exterior portion of the exhaust duct, the channel having at least
one opening for admission of cooling fluid which flows along the channel. The array(s)
of energy conversion elements may have another side thermally coupled to the flow of
cooling fluid in the channel formed by the cover and may also have an electrical output
connected to an electrical sub-system associated with the engine, whereby heat energy
from the exhaust gases can be converted into electrical energy and supplied to the
electrical sub-system.

[0050] Disclosed in other embodiments, the exhaust duct may include a
substantially tubular portion which diverges from an inlet end and converges toward an
outlet end.

[0051] The present disclosure is generally concerned, in some embodiments, with
reclaiming waste engine heat in combustion engines (CEs) by conversion into electricity.
In particular embodiments of the disclosure, an apparatus is described that can harvest
waste from the exhaust outlets of combustion engines or turbines using heat to electrical
energy converters, which may include a plurality of individual elements. Internal
combustion engine (ICE) exhaust ducts may particularly provide a viable heat energy
source for heat to electric energy conversion elements, such as found in

thermoelectric(TE), thermoionic (T1) or pyroelectric (PR) heat conversion element arrays
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or modules, which also may assist in ejecting exhaust gases at lower temperatures in
addition to recovering waste energy as electrical current for various uses. Such end uses
for the engine or turbine may include “trickle” recharging of a starter battery or operating
low-power electrical accessories within a vehicle, such as fans, interior lights, screen
demisters, mobile phones, back-of-seat view screens, etc.

[0052] Examples of commercially available conversion element arrays or modules
that may be suitable for use in accordance with the present disclosure may include the
thermo-electric (TE) generators available from Custom Thermoelectric, Inc. of
Bishopville, MD in the United States of America, including Part No 1261 G-7L31-04CL
which include BiTe conversion elements. Materials for conversion elements other than
BiTe might also be utilized, including for example PbTe or Zn,Al,O, nanocomposites or
other suitable materials.

[0053] FIG. 1 is an elevational view of an exhaust duct arranged in accordance
with at least some embodiments described herein. The exhaust duct 30 can be used for
carrying an exhaust gas stream or flow 31. The exhaust duct 30 may be used in whole or
in part in place of known exhaust ducts. The exhaust duct 30 of the embodiment
desirably has a wall configuration for maximizing the available substantially flat surface
portions. The exhaust duct 30 includes a manifold portion 32 with header pipes for
connection at an inlet end 33 to an engine block (not shown). Proceeding longitudinally
from the inlet end 33 of the duct 30, there is provided a divergent pipe portion 34, a
convergent pipe portion 35, an expansion pipe portion 36, an exhaust muffler 38 and a
tail pipe portion 40, from which the exhaust gases exit at an outlet end 39. Possible
cross-sectional shapes of the exhaust duct 30, including at location 41-41° of the
divergent pipe portion 34, locations 42-42” and 43-43’of the convergent pipe portion 35,
and location 44-44” of the exhaust muffler 38 are described further below in relation to
FIGS. 7a-j. The duct cross-section may depart temporarily from these shapes in, for
example, the expansion-accommodating regions such as the “bellows” configuration
expansion pipe portion 36 before the muffler 38. Other wall shapes may also be utilized
as desired and/or to suit functional or fitting requirements. The exhaust duct 30 of this
example also includes first and second access ports 46, 48 which are provided for access

to an engine condition monitoring chamber and a catalytic convertor, respectively.
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[0054] The functions of the various components of the exhaust duct 30 may be
integrated together into fewer components, divided into additional components, or
provided as different sub-assemblies depending on the desired implementation.

[0055] The divergent and convergent portions 34, 35 of this embodiment of the
exhaust duct 30 provide a relatively larger surface area compared with conventional
exhaust ducts for mounting arrays of heat-to-electrical energy conversion elements (see
FIG. 3) to be thermally coupled with the exhaust gas stream 31. The divergent and
convergent portions 34, 35 of this embodiment are also arranged for increased and/or
consistent heat extraction from exhaust gases passing therethrough. This is achieved in
the following manner. Hot exhaust gases entering the exhaust duct 30 via the inlet 33
expand in the divergent portion 34, As heat is progressively extracted from the exhaust
gases, the gases contract in volume. The convergent portion 35 of the exhaust duct 30 of
this embodiment is therefore arranged for improved heat extraction from the contracting
gases passing therethrough maintaining consistent contact with the contracting gases.
Generally, this combination of divergent followed by convergent portions 34, 35 may
assist in maximizing heat extraction by encouraging heat transfer at a constant maximum
over the duct wall for greater energy collection. Furthermore, in this embodiment, the
length of the divergent portion 34 is less than the length of the convergent portion 35, by
a factor of 1:4. As will be understood, in alternative arrangements, this ratio may be
different, for example 1:2, 1:1, 2:1, 4:1.

[0056] FIG. 2 is a longitudinal sectional elevational view of the exhaust duct of
FIG. 1 of an embodiment of the exhaust energy recovery apparatus 50 including a
protective cover 52, arranged in accordance with at least some embodiments described
herein. The protective cover 52 can be installed over the exhaust duct 30 to shield arrays
of heat-to-electrical energy conversion elements (described further below in relation to
FIG. 3) and its connecting wires/cables from impact by loose debris, including stones,
grit, dust, rain, mud, etc., which may otherwise cause damage when a vehicle on which
the duct is installed is moving. A space or channel 53 can be formed between the
exhaust duct 30 and protective cover 52 to guide a flow of cooling fluid 70, in this case
air, to continually transit over the heat-to-electrical energy conversion element arrays 60
(e.g., see FIG. 4). The cooling fluid flow may result from movement of the vehicle

and/or (for example when the vehicle is stationary or in a stationary engine application),
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a forced flow may be required which might be derived from the engine cooling fan or
other coolant circuit.

[0057] In some embodiments, the channel 53 will be substantially annular in cross-
section, extending partially, substantially or entirely around the exhaust duct 30. The
cover 52 can be supported on the exhaust duct by spacer members 58, here disposed both
on the convergent pipe portion 36 and on the muffler 38. Suitably, the spacer members
can be adapted to provide thermal insulation between the exhaust duct 30 and the cover
52, as shown in more detail in FIG. 4.

[0058] The cover 52 includes an intake 54 at one end, generally adjacent to the
inlet end 33, which can admit cooling air into the channel 53. A further lateral intake 56
may also be provided in the cover 52 to admit fresh, relatively cool air at about midway
along the length of channel 53, as desired. It may be desirable to provide each of the air
intakes 54, 56 of this protective cover 52 with a filter 55, 57, such as a grille or mesh,
configured to exclude pebbles, grit or large dust grains from entering the airflow channel
53. Any number of air intakes can be optionally included to admit fresh, relatively cool
air into any appropriate region of the exhaust energy recovery apparatus 50, for example
the intake 59 at the muffler portion of the cover 52 as depicted in FIG. 2.

[0059] Whilst FIGS. 1 and 2 depict the muffler 38 as being separate from the
“converging” section pipe portion 35 of the exhaust duct 30, this is merely one possible
arrangement. In one alternative, the muffler 38 may instead be integrated into an end
portion of a continuous converging section of the exhaust duct, referred to herein as a
“maximally monolithic” exhaust duct configuration. Similarly, if desired or considered
appropriate, other “expansion allowance” pipe portions, such as expansion portion 36 in
FIGS. 1 and 2, can be included elsewhere along the exhaust duct 30. For example an
expansion allowance may be provided part way along the convergent portion 35 of the
exhaust duct 30. The expansion allowance pipe portions 36 may also, for example, be
constructed of a resilient plastics material, such as PTFE channel, or a suite of
contractible ports in parallel, for example three stainless steel bellows sections arranged
side-by-side.

[0060] Further shown in FIG. 2 are the engine condition sensor bay access port 46
and the catalytic convertor access port 48, as also illustrated in FIG. 1. These ports are
desirable in order to gain access to any interior components which may require at least

the protective cover 52 to be openable. The access ports 46, 48 can include doors which
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may be accessible merely by releasing fixing means such retaining screws, clips etc. In
some alternative arrangements, the ports can be constructed with a “drawer” style
construction whereby unscrewing, unclipping etc. may be utilized to allow a component
within (e.g. an exhaust gas sensor head, catalyst carrier, etc.) to be slid outwardly from
the exhaust duct 30 like a drawer. Similar approaches to modify access can also be used,
as required, on the “muffler” section. Rather than the muffler 38 being a separate unit, it
may instead be installed as a slide-in drawer section at the end of the convergent pipe
portion 35 of the exhaust duct 30.

[0061] FIG. 3 is an elevational view of the further exhaust duct of FIG. 1 fitted
with energy conversion element arrays of an embodiment of the exhaust energy
conversion apparatus, arranged in accordance with at least some embodiments described
herein. The illustrated exhaust duct 30 is similar to that employed in the exhaust energy
recovery apparatus of FIG. 2, but, for purposes of clarity, without the protective cover
52.

[0062] As illustrated in FIG. 3, the exhaust duct may have a plurality of parallel
groups 62 of interconnected heat to electrical energy conversion modules or arrays 60
suitably fixed to the outer surface of the wall of exhaust duct 30. The energy conversion
arrays 60, in the example connected in series, can be added to any suitable surface along
the length of the exhaust duct 30. Example suitable surfaces may include duct walls
where sufficient flat surface area is available for fixing the element 60 concerned, either
mechanically in combination with a thermally conductive layer or with a thermally
conductive adhesive, to ensure good thermal contact between individual TE modules and
exhaust duct wall. Examples of thermally conductive layers include the TF-4040
graphite thermal interface foil available from Custom Thermoelectric, Inc. or Molykote
P37 paste (-30°C to +1400°C) available from Dow Corning; whilst an adhesive example
is the thermally conductive epoxy (Product No. EP21ANHT) available from MasterBond
Corp. of Hackensack, NJ in the United States of America.

[0063] The energy conversion element arrays 60 may be electrically interconnected
in groups 62 by conductors 64, which groups may then be coupled to a power
management controller (PMC) 68 via a power interface 66. The PMC, if required, may
be arranged to dynamically configure the series and/or parallel connections of various
arrays of the energy conversion elements so as to extract power at a controlled voltage

level (e.g. 12V — 14V DC). One or more power outlet sockets 69 may be configured to
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draw electrical power from the controller 68 and route the drawn electrical power to one
or more nodes in the engine or vehicle electrical system, e.g. pol, po2, po3. It will be
appreciated that other voltages may also be supplied, such as 24V DC for heavy vehicles,
as may be required.

[0064] The outer protective cover 52 (described in relation to FIG. 2 above) is
configured to protect the active heat to electrical energy convertor arrays 60 from
damage by debris, such as material dislodged and/or impacted by a vehicle as it moves.
The outer protective cover in one example is also configured to simultaneously allow
passing air to come in contact with the outer surfaces of the energy conversion elements,
since this outer surface is a “cold junction” plane of the elements. Further details
concerning the outer protective cover 52 and operating relationship with the energy
conversion element arrays 60 are described in relation to FIGS. 4 and 5 below.

[0065] FIG. 4 is an enlarged fragmentary cross-sectional view of the further
exhaust duct of FIG. 3, arranged in accordance with at least some embodiments
described herein. As illustrated, exhaust duct 30 is configured to facilitate coolant fluid
flow 70 through the passage 53 exterior to the duct wall 72 and exhaust gas flow 31
interior of the duct wall 72, between an inlet end 33 and an outlet end 39 within exhaust
chamber 74. The protective cover 52 forming the passage 53 for the coolant flow 70 is
provided with support members 58, as also shown. The mounting arrangement of a
plurality of heat to electrical energy convertor arrays 60 on an exterior surface of the
exhaust duct wall 72, includes in this embodiment attachment means 75 (such as screws
or rivets), together with a heat coupling layer 76 (such as a foil or a paste) to ensure
thermal conductivity between the exhaust duct wall 72 and a “hot” side of the converter
arrays 60. A heat exchange arrangement, here in the form of cooling fins 71, is coupled
to a “cool” side of the converter arrays 60 and exposed to the coolant flow 70. Electrical
interconnects 64 may be looped between adjacent arrays 60 remote from the exhaust duct
wall 72 in order to connect the convertor arrays into groups, as described above and
shown schematically in FIG. 3.

[0066] FIG. 5a is a fragmentary oblique view of a wall portion of a protective cover
of a further embodiment of the exhaust energy conversion apparatus, while FIG. 5bis a
fragmentary oblique view of a variation of the wall portion of a protective cover showing
an alternative construction, both arranged in accordance with various embodiments

described herein. It may be desirable to operate the energy-harvesting exhaust duct with
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the outer protective cover remaining as cool as practicable. Hence, in some
embodiments the protective cover 52° may include an undulating wall that is effectively
“finned”, as depicted in FIG. 5a, to provide increased surface area for conduction cooling
of the air passing between the inner exhaust duct and outer protective cover.

[0067] An alternative embodiment of the protective cover 527, depicted in FIG. 5b
shows how the outer envelope may be constructed as two halves which meet along
flanged edges and are appropriately fixed (such as clamped, screwed or clipped) together
as would be understood by one skilled in the relevant arts. Techniques of material
forming, cupping, stamping, welding, gluing, sealing, molding, soldering and adhering
etc., as suited to either sheet steel or fiberglass, can be utilized for fabricating the
protective cover of the embodiment. These materials should be specified to handle
operating temperatures of around 300°C, which in the case of fiberglass could utilize a
high temperature thermosetting type resin.

[0068] FIGS. 6a and 6b are detailed side views of alternative energy conversion
element array embodiments, arranged in accordance with at least some embodiments
described herein. In the detailed side view of energy convertor array 60 as depicted in
FIG. 6a, individual TE elements are illustrated as p-type elements 81 and n-type elements
82, provided in an alternating arrangement as suited to the embodiment of FIG. 6, having
a “hot” side 77 and a “cool” side 78, where “hot” and “cool” are relative terms and refer
to the system while in use. In the alternative embodiment of an energy convertor array
60" shown in FIG. 6b, p-type elements 81 and n-type elements 82 are provided in a
triple-layer stacked arrangement. As will be understood, other alternative configurations
of p-type and n-type elements may be used, such as in other stacking arrangements.

[0069] FIGS. 7ato 7e show fragmentary oblique views of example exhaust ducts
having cross-sections that are of a substantially square shape, a substantially rectangular
shape, a substantially trapezoidal shape, an alternative substantially trapezoidal shape,
and a substantially triangular cross-sectional shape, all arranged in accordance with
various embodiments described herein.

[0070] FIGS. 7f to 7j show fragmentary oblique views of further example exhaust
ducts having cross-sections that are of a substantially square shape, a substantially
rectangular shape, a substantially trapezoidal shape, an alternative substantially

trapezoidal shape, and a substantially triangular shape, but of piece-wise tubular form
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having one or more longitudinal seams for joining one or more relatively flat wall
portions.

[0071] The exhaust ducts illustrated in FIGS. 7a to 7j can be of a tubular form with
relatively high ratio of flat, planar wall portions to comers. The corners, where the flat
portions meet, generally may have substantially minimal radius for promoting effective
gas flow. A benefit in having a high ratio of flat, planar wall portions to corners is that
there is a relatively large surface area for mounting conversion elements on a flat, planar
surface, rather than a rounded surface. As common conversion elements tend to be
commercially available in flat, planar configurations, it may be easier to mount such
conversion elements to the ducts illustrated in FIGS. 7a to 7j in comparison with rounded
ducts.

[0072] In order to maximize the surface area available for mounting heat to
electrical energy conversion elements to the walls of an exhaust duct, including these
subassemblies, it may be desirable to have as many substantially flat surfaces as possible.
Further relatively compact or short curved regions can desirably be employed to join
adjacent flat walls at edges and corners. It will be appreciated that curves may not be
totally eliminated in the inventive exhaust system, since they may be necessary for
promoting smooth gas flow, corrosion-resistance and satisfactory expansion and
contraction when the pipe sections and sub-assemblies are subjected to cyclical heating
and cooling.

[0073] In light of the present disclosure, one skilled in the art will appreciate that,
for this and other processes and methods disclosed herein, the functions performed in the
processes and methods may be implemented in differing order. Furthermore, the
outlined steps and operations are only provided as examples, and some of the steps and
operationé may be optional, combined into fewer steps and operations, or expanded into
additional steps and operations without detracting from the essence of the disclosed
embodiments.

[0074] The present disclosure is not to be limited in terms of the particular
embodiments described in this application, which are intended as illustrations of various
aspects. Many modifications and variations can be made without departing from its spirit
and scope, as will be apparent to those skilled in the art. Functionally equivalent
methods and apparatuses within the scope of the disclosure, in addition to those

enumerated herein, will be apparent to those skilled in the art from the foregoing
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descriptions. Such modifications and variations are intended to fall within the scope of
the appended claims. The present disclosure is to be limited only by the terms of the
appended claims, along with the full scope of equivalents to which such claims are
entitled.

[0075] In one example of a variant, it will be appreciated that where a vehicle
powered by an engine to which the exhaust energy recovery apparatus of the disclosure
has been applied may normally operate in a body of water, for example a ship boat, or
personal watercraft (such as a jet ski), the cooling fluid utilized may include water rather
than air.

[0076] Itis to be understood that this disclosure is not limited to particular
methods, reagents, compounds or compositions which can, of course, vary. It is also to
be understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting. With respect to the use of
substantially any plural and/or singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the singular to the plural as is
appropriate to the context and/or application. The various singular/plural permutations
may be expressly set forth herein for sake of clarity.

[0077] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including” should be interpreted as
“including but not limited to,” the term “having” should be interpreted as “having at
least,” the term “includes” should be interpreted as “includes but is not limited to,” etc.).
It will be further understood by those within the art that if a specific number of an
introduced claim recitation is intended, such an intent will be explicitly recited in the
claim, and in the absence of such recitation no such intent is present. For example, as an
aid to understanding, the following appended claims may contain usage of the
introductory phrases "at least one" and "one or more" to introduce claim recitations.
However, the use of such phrases should not be construed to imply that the introduction
of a claim recitation by the indefinite articles "a" or "an" limits any particular claim
containing such introduced claim recitation to embodiments containing only one such
recitation, even when the same claim includes the introductory phrases "one or more" or
"at least one" and indefinite articles such as "a" or "an" (e.g., “a” and/or “an” should be

interpreted to mean “at least one” or “one or more”); the same holds true for the use of
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definite articles used to introduce claim recitations. In addition, even if a specific
number of an introduced claim recitation is explicitly recited, those skilled in the art will
recognize that such recitation should be interpreted to mean at least the recited number
(e.g., the bare recitation of "two recitations," without other modifiers, means at least two
recitations, or two or more recitations). Furthermore, in those instances where a
convention analogous to “at least one of A, B, and C, ete.” is used, in general such a
construction is intended in the sense one having skill in the art would understand the
convention (e.g., “ a system having at least one of A, B, and C” would include but not be
limited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.). In those instances where a
convention analogous to “at least one of A, B, or C, etc.” is used, in general such a
construction is intended in the sense one having skill in the art would understand the
convention (e.g., “ a system having at least one of A, B, or C”” would include but not be
limited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.). It will be further
understood by those within the art that virtually any disjunctive word and/or phrase
presenting two or more alternative terms, whether in the description, claims, or drawings,
should be understood to contemplate the possibilities of including one of the terms, either
of the terms, or both terms. For example, the phrase “A or B” will be understood to
include the possibilities of “A” or “B” or “A and B.”

[0078] In addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

[0079] As will be understood by one skilled in the art, for any and all purposes,
such as in terms of providing a written description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges thereof. Any
listed range can be easily recognized as sufficiently describing and enabling the same
range being broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As
a non-limiting example, each range discussed herein can be readily broken down into a
lower third, middle third and upper third, etc. As will also be understood by one skilled
in the art all language such as “up to,” “at least,” and the like include the number recited

and refer to ranges which can be subsequently broken down into subranges as discussed
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above. Finally, as will be understood by one skilled in the art, a range includes each
individual member. Thus, for example, a array having 1-3 elements refers to arrays
having 1, 2, or 3 elements. Similarly, a array having 1-5 elements refers to arrays having
1,2, 3,4, or 5 elements, and so forth.

[0080] The exhaust energy conversion apparatus of the disclosure permits existing
manufacturers of engine exhaust ducts and/or related sub-assemblies to offer a unified
product which ejects exhaust gases at a lower temperature and converts waste engine
heat into useable electricity, for example at 12V DC, 24V DC or any other viable voltage
level.

[0081] The apparatuses and methods of the disclosure may be applied on assembly
lines currently producing conventional exhaust lines or associated components such as
exhaust gas monitoring chambers, catalytic convertor (anti-pollution) assemblies and
mufflers. Such applications can provide an additional low-current electricity outlet when
the energy conversion apparatus is part of a stationary engine (e.g. a drive for a large air
compressor or an electric generator).

[0082] By building and supplying harvesting exhaust lines in accordance with the
present disclosure, more of the energy content of the engine fuel is useable and less
energy will appear in the form of wasteful hot exhaust. Engines equipped with an energy
conversion apparatus in accordance with the disclosure may contribute less to urban and
global warming. Such energy conversion systems can also help reduce fuel consumption
and lower urban and thereby contribute to managing global warming.

[0083] From the foregoing, it will be appreciated that various embodiments of the
present disclosure have been described herein for purposes of illustration, and that
various modifications may be made without departing from the scope and spirit of the
present disclosure. Accordingly, the various embodiments disclosed herein are not
intended to be limiting, with the true scope and spirit being indicated by the following

claims.
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CLAIMS

L. An exhaust energy recovery apparatus comprising:
at least one thermal to electrical energy conversion element having at least
one side for thermal coupling along a substantial length of an exhaust duct of an engine;
and
a cover located over at least a portion of the exhaust duct adjacent to the at
least one energy conversion element and forming a channel between the cover and an
exterior portion of the exhaust duct, the channel having at least one inlet for admission of

cooling fluid.

2. The apparatus of claim 1 wherein the at least one thermal to electrical
energy conversion element has at least one side for thermal coupling along the exhaust

duct between the engine and an exhaust muffler.

3. The apparatus of either claim 1 or claim 2 including at least one array of

the at least one thermal to electrical energy conversion elements.

4. The apparatus of any preceding claim wherein the at least one element

forms a thermoelectric generator, a thermo-ionic converter or a pyro-electric converter.

S. The apparatus of any preceding claim wherein the at least one element is
thermally coupled to the exhaust duct by fixing to the exterior surface of the exhaust duct
by a thermally conductive fixing agent and thermally coupled to the flow of cooling fluid

by a heat exchange structure.

6. The apparatus of claim 5 wherein the heat exchange structure includes fins

or plates disposed in the cooling fluid flow.
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7. The apparatus of any preceding claim wherein the exhaust duct includes a
substantially tubular portion which diverges from an inlet end and converges toward an

outlet end.

8. The apparatus of claim 7 wherein the diverging tubular portion diverges

and/or the converging tubular portion converges arithmetically.

9. The apparatus of any preceding claim wherein the cover includes an outer

wall having circumferential corrugations providing increased surface area.

10.  The apparatus of any preceding claim wherein the exhaust duct has a
substantially polygonal cross-sectional shape including a plurality of flat exterior surface

portions, at least one of which is arranged for coupling to the at least one element.

11.  The apparatus of any preceding claim wherein the cover protects the at
least one energy conversion element and the at least one inlet of the channel includes a

filter for excluding loose debris from the channel.

12.  The apparatus of claim 11 wherein the at least one inlet includes an open

end of the channel over which the filter is located.

13. The apparatus of any preceding claim wherein the channel has a
substantially annular cross-sectional shape disposed circumferentially about the exhaust

duct.

14. The apparatus of any preceding claim wherein the cover is evenly spaced
from the exhaust duct and is constructed from at least two longitudinal sections fixed

together at axial seam portions.
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15. The apparatus of any preceding claim wherein the cover includes at least

one access port for access to components of the exhaust duct.

16.  The apparatus of claim 15 wherein the access port is provided for access
to an engine condition sensor bay, a catalytic convertor, exhaust muffler or similar

exhaust duct component.

17. The apparatus of either claim 15 or 16 including an openable door for

covering the access port.

18.  The apparatus of any one of the preceding claims wherein the at least one
element includes an electrical output coupled to a power regulator for supplying power to

engine ancillaries.

19. An exhaust energy recovery system in a vehicle or craft powered by an
engine including the exhaust energy recovery apparatus of any one or more of claims 1 to

18.

20.  The exhaust energy recovery system of claim 19 wherein the cover
associated with the exhaust duct is arranged such that motion of the vehicle or craft

induces fluid flow in the channel.

21.  The exhaust energy recovery system of either claim 19 or claim 20
wherein an electrical output of the at [east one array of thermal to electrical energy

conversion elements is connected to an electrical system of the vehicle or craft.

22. The exhaust energy recovery system of claim 21 wherein the electrical
output is coupled via a power regulator to a storage battery and/or an accessory circuit of

the electrical system.
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23. The exhaust energy recovery system of any one of claims 1Y to 22

wherein the vehicle or craft normally operates in open air and the cooling fluid is air.

24. The exhaust energy recovery system of any one of claims 19 to 22
wherein the vehicle or craft normally operates in a body of water and the cooling fluid is

water.

285. A method of recovering energy from an engine, the method comprising
the steps of:

providing at least one thermal to electrical energy conversion element
having at least one side for thermal coupling along a substantial length of an
exhaust duct of the engine;

channeling a flow of cooling fluid along an exterior of the exhaust duct
and over another side of the energy conversion elements; and

recovering electrical energy produced by the at least one element at an

electrical output of the at least one element.

26, The method of claim 25 wherein the providing step includes fixing the at

least one element to an exterior surface of the exhaust duct.

27, The method of claim 26 wherein the fixing sub-step includes fixing the at

least one element between the engine and an exhaust muffler.

28.  The method of any one of claims 25 to 27 wherein the providing step

includes providing at least one array of thermal to electrical energy conversion elements.

29.  The method of either claim 25 or claim 26 wherein the channeling step
includes locating a cover having at least one inlet over a portion of the exhaust duct

adjacent to the at least one element.
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30.  The method of any one or more of claims 25 to 27 wherein the channeling

step includes protecting the at least one element from impact by loose debris.

31. The method of claim 30 wherein the sub-step of protecting the elements

includes filtering the fluid admitted into the cover.

32.  The method of any one or more of claims 25 to 31 wherein the recovering
step includes production of electrical energy by a thermoelectric effect, by a thermo-ionic

effect or by a pyro-electric effect.

33.  An exhaust energy recovery apparatus comprising:

at least one thermal to electrical energy conversion element having at least
one side for thermal coupling to an exhaust duct of an engine, wherein the exhaust
duct includes a substantially tubular portion which diverges from an inlet end and
converges toward an outlet end; and

a cover located over at least a portion of the exhaust duct adjacent to the at
least one energy conversion element and forming a channel between the cover and
an exterior portion of the exhaust duct, the channel having at least one inlet for

admission of cooling fluid.

34, The apparatus of claim 33 wherein the at least one thermal to electrical
energy conversion element has at least one side for thermal coupling along the exhaust

duct between the engine and an exhaust muffler.

35.  The apparatus of either claim 33 or claim 34 including at least one array of

the at least one thermal to electrical energy conversion elements.

36. The apparatus of any one of claims 33 to 35 wherein the at least one
element forms a thermoelectric generator, a thermo-ionic converter or a pyro-electric

converter.
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37. The apparatus of any one of claims 33 to 36 wherein the at least one
element is thermally coupled to the exhaust duct by fixing to the exterior surface of the
exhaust duct by a thermally conductive fixing agent and thermally coupled to the flow of

cooling fluid by a heat exchange structure.

38. The apparatus of claim 37 wherein the heat exchange structure includes

fins or plates disposed in the cooling fluid flow.

39. The apparatus of any one of claims 33 to 38 wherein the diverging tubular

portion diverges and/or the converging tubular portion converges arithmetically.

40.  The apparatus of any one of claims 33 to 39 wherein the cover includes an

outer wall having circumferential corrugations providing increased surface area.

41. The apparatus of any one of claims 33 to 40 wherein the exhaust duct has
a substantially polygonal cross-sectional shape including a plurality of flat exterior

surface portions, at least one of which is arranged for coupling to the at least one element.

42.  The apparatus of any one of claims 33 to 41 wherein the cover protects the
at least one energy conversion element and the at least one inlet of the channel includes a

filter for excluding loose debris from the channel.

43, The apparatus of any one of claims 33 to 42 wherein the channel has a
substantially annular cross-sectional shape disposed circumferentially about the exhaust

duct.

44.  The apparatus of any one of claims 33 to 43 wherein the cover is evenly
spaced from the exhaust duct and is constructed from at least two longitudinal sections

fixed together at axial seam portions.
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45, The apparatus of any preceding claim wherein the cover includes at least

one access port for access to components of the exhaust duct.

46. The apparatus of claim 45 wherein the access port is provided for access
to an engine condition sensor bay, a catalytic convertor, exhaust muffler or similar

exhaust duct component.

47. The apparatus of either claim 45 or claim 46 including an openable door

for covering the access port.

48. The apparatus of any one of claims 33 to 47 wherein the at least one
element includes an electrical output coupled to a power regulator for supplying power to

engine ancillaries.

49, A system for exhaust energy recovery, the system comprising:

at least one array of thermal to electrical energy conversion elements
having one side thermally coupled to an exhaust duct of an engine for generating
electrical energy from exhaust gases carried by the duct;

a cover located over at least a portion of the exhaust duct adjacent to the at
least one array of energy conversion elements and forming a channel between the
cover and an exterior portion of the exhaust duct, the channel having at least one
opening for admission of cooling fluid which flows along the channel;

the at least one array of energy conversion elements having another side
thermally coupled to the flow of cooling fluid in the channel and having an
electrical output connected to an electrical sub-system associated with the engine;

whereby heat energy from the exhaust gases is converted into electrical

energy and supplied to the electrical sub-system.
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50. The system of claim 49 wherein the exhaust duct includes a substantially

tubular portion which diverges from an inlet end and converges toward an outlet end.



WO 2014/047671 PCT/AU2012/001187




WO 2014/047671 PCT/AU2012/001187




PCT/AU2012/001187

WO 2014/047671

3/5




WO 2014/047671 PCT/AU2012/001187

4/5

3 2 —F &
D g
.
= ~ b

64

77

A
L
876

k82

Tlio-Bd.

64
60 [
s

81



WO 2014/047671

(d)

(C)

(b)

-~

P

o
j

(h)

(j)

(i)

7.

Tl




INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2012/001187

A. CLASSIFICATION OF SUBJECT MATTER
FO2G 5/02(2006.01) FOIN 5/02(2006.01) B60K 13/04 (2006.01) HOIL 35/28 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPODOC, WPI IPC: FOIN, F02G & keywords (exhaust, pipe, therm+, electr+, cover and like terms)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

Documents are listed in the continuation of Box C

Further documents are listed in the continuation of Box C See patent family annex
* Special categories of cited documents:
"A"  document defining the general state of the art whichisnot ~ "T"  later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E" earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) or ~ "Y"  document of particular relevance; the claimed invention cannot be considered to
which is cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art
"Q" document referring to an oral disclosure, use, exhibition o .
or other means & document member of the same patent family
"p" document published prior to the international filing date
but later than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
10 December 2012 10 December 2012
Name and mailing address of the ISA/AU Authorised officer
AUSTRALIAN PATENT OFFICE Zbigniew Bielawski
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
Email address: pct@ipaustralia.gov.au (ISO 9001 Quality Certified Service)
Facsimile No.: +61 2 6283 7999 Telephone No. 0262832218

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT PCT/AU2012/001187

Category™* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 3297492 A (V.D. PEPPER) 10 January 1967

X whole document 1-6, 11-13, 15-17, 19, 21,

23-26,28-32, 40, 42, 47

Y whole document 7-8,10, 18, 27,33-39, 41,
43-46, 48

FR 2918112 A1 (RENAULT SAS) 02 January 2009

X whole document 1-5,9,11-12, 14, 17, 20-21,
24-25, 31, 40, 42, 47, 49
Y whole document 44, 50

WO 1998/028524 Al (C.L. ADVANCED ENERGY RESEARCH AB) 02 July 1998

Y page S, line 23 - page 8, line 10; figures 7-8, 18,27, 33-39, 43, 45-
46, 48

WO 2004/059138 Al (TOYOTA JIDOSHA K.K.) 15 July 2004
Y pages 7-13, figures 4-5 7-8, 10, 33, 39, 41, 44, 50

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

PCT/AU2012/001187

Information on patent family members

This Annex lists known 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/s Cited in Search Report Patent Family Member/s

Publication Number

Publication Date

Publication Number

Publication Date

US 3297492 A 10 Jan 1967 US 3297492 A 10 Jan 1967

FR 2918112 Al 02 Jan 2009 FR 2918112 Al 02 Jan 2009

WO 1998/028524 Al 02 Jul 1998 AU 5505098 A 17 Jul 1998
SE 9604816 A 21 Jun 1998
WO 9828524 Al 02 Jul 1998

WO 2004/059138 Al 15 Jul 2004 AU 2003294155 Al 22 Jul 2004
AU 2003294156 Al 22 Jul 2004
CN 1732333 A 08 Feb 2006
CN 1732334 A 08 Feb 2006
EP 1576262 Al 21 Sep 2005
EP 1576262 B1 29 Nov 2006
EP 1611323 Al 04 Jan 2006
EP 1611323 Bl 17 Nov 2010
JP 2006512535 A 13 Apr 2006
JP 4075932 B2 16 Apr 2008
JP 2004208476 A 22 Jul 2004
JP 2004211660 A 29 Jul 2004
KR 20050091750 A 15 Sep 2005
KR 100649383 B1 28 Nov 2006
US 2006053771 Al 16 Mar 2006
US 7150147 B2 19 Dec 2006
US 2006101822 A1 18 May 2006
WO 2004059138 Al 15 Jul 2004
WO 2004059139 A1l 15 Jul 2004

End of Annex

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

Form PCT/ISA/210 (Family Annex)(July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - wo-search-report
	Page 33 - wo-search-report
	Page 34 - wo-search-report

