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INTERNATIONAL SEARCH REPORT Intemational application No.
PCT/US2022/050797

A, CLASSIFICATION OF SUBJECT MATTER

F02B 31/04 (2006.01} FO2B 37/00 (2006.01) FO2C 1/10 (2006.01) FOZM 26/10 (2016.01) FO2M 26/19 (2016.01)
FO2M 35/10 {2006.01) FO3G 7/04 (2006.01) FO4F 5716 (2006.01) FI15D 1/00(2008.01) F23C 3/00 (2006.01) F23C
7/00 {2006.01) F23C 9/00(2006.01) F23D 1/02 (2006.01)

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

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 intemational search (name of data base and, where practicable, seatch terms used)

EPODOC, WPIAP: IPC, CPC: FO4F 5/18, 5/16. 5/14; FO3B 2260/601; with keywords: vortex, venturi and similar terms. Cited and citing
documents on selected citations. Applicant/Inventor name search in AnsPat and Espacenet.

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 catepories of cited documents:
"A"  document defining the general state of the art which is not "T"  later document published after the international filing date or priority date and not
considered to be of particular relevance in conflict with the application but ciled to understand the principle or theory
D" document ¢ited by the applicant in the intemational application undsrlying the invention
"E"  ecarlier application or patemnt but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered
international filing date novel or cannot be considered to itvalve an itventive step when the docnment 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 ig cited o 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 obvions to a person skilled in the art
"0"  document referring to an oral disclosure, use, exhibition or other .
means "&"  document member of the same patent family

"P"  decument 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

28 March 2023 28 March 2023

Name and mailing address of the ISA/AU Authorised officer

AUSTRALIAN PATENT OFFICE Asanka Perera

PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE

Email address: pet@ipaustralia.gov.au {ISO 9001 Quality Certified Service)
Telephone No. +61 2 6283 2373

Form PCT/ISA/210 (fifth sheet} (July 2019)

10

20

30

40

50



(88) JP 2025-500022 A 2025.1.7

INTERNATIONAL SEARCH REPORT International application No.
PCT/US2022/050797

Box No.II Observations where certain claims were found unsearchable {Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claimg under Article 17(2)(a) for the following
Teasons:

1. I:l Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

the subject matter listed in Rule 39 on which, under Article 17(2)(a)(i), an international search is not required to be
carried out, including

2. I:l Claims Nos.:

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

3. |:| Claims Nos:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

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

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

See Supplemental Box for Details

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

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

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

[ [0 O

4, 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.:
1-55

Remark on Protest |:| The additional search fees were accompanied 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.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 ¢third sheet) (July 2019)
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INTERNATIONAL SEARCH REFPORT International application No.
C (Continuation}. DOCUMENTS CONSIDERED TO BE RELEVANT PCT/US2022/050797
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 10625868 B2 (SIKORSKY ATRCRAFT CORPORATION) 21 April 2020
A Figs 2-5, column 3, line 34-column 4, line 50 1-55

US 8807458 B2 (AL-ANSARY) 19 August 2014
A Figs. 1-7, column 3, ling 44- column 8, line 5 1-55

US 8664781 B2 (ALVI) 04 March 2014
A Figs. 1, 2 and accompanying description 1-35

US 9567856 B2 (FALLER) 14 February 2017
A Figs. 1, 2, 6 and accompanying description 1-55

Form PCT/ISA/210 (fifth sheet} (July 2019)
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INTERNATIONAL SEARCH REFPORT International application No.
PCT/US2022/050797

Supplemental Box

Continuation of: Box ITI
This Intemational Application does not comply with the requirements of unity of invention because it does not relate to
one invention or to a group of inventions so linked as to form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the claims into
distinct groups:

s  Group I - Claims 1-44, 45-48, 49-55 are directed to a venturi device. The features of: an inlet configured to
receive a primary flow of a fluid; an cutlet configured to gject the primary flow; and a body disposed between
the inlet and the outlet, the body comprising: a body wall comprising a converging portion and a diverging
portion, wherein a movement of the primary flow through the converging portion and the diverging portion
produces a ventur effect, pulling the pnmary flow in through the inlet; a first furnel disposed at least partially
in the converging portion, a second funnel disposed at least partially in the diverging portion/a finnel
extending from the body wall toward a central axis of the body, the funnel forming a space between the funnel
and the body wall, the fimnel configured to create a low pressure fluid in the space relative to a high pressure
fluid flow of the primary flow flowing through the fiurmel, wherein reduction in the high pressure fliid flow of
the primary flow through the funnel causes the low pressure fluid to at least partially exit the space for the low
pressure fluid to flow toward the outlet a secondary input disposed between the converging portion and the
outlet, the secondary input configured to direct a secondary flow of the fluid into the primary flow to create a
vortex, pulling the primary flow through the inlet and into the body; a secondary input/disposed between the
converging portion and the outlet, the secondary input configured to direct a secondary flow of the fluid into the
primary flow to create a vortex, pulling the primary flow through the inlet and inte the body and specific to this
group of claims.

¢+  Group II - Claims 56-109, 124-139 are to a particulate bumer system for combustion of fuel emission by-
products; a particulate bumer for combustion of fucl emission by-products; a fuel emission bumer for
combustion of fuel emission by-products, a fuel burner for combustion of fuel emission by-products; a
particulate bumer system for buming fuel emission by-products respectively. The features of' a housing
forming a combustion chamber, the housing comprising: a bottom plate with an opening for bumers configured
to inject fuel into the combustion chamber; a fop plate with an opening for exhaunsting fuel emissions from the
combustion chamber, the round bottom opening and the round top opening aligned along a central axis of the
housing; and a round sidewall extending between the bottom plate and the top plate about the central axis and
connected to the bottom plate and the top plate, the round sidewall comprising a sidewall opening for directing
air into the combustion chamber, the round sidewall opening tangential to an inner periphery/surface of the
sidewall to inject air into the combustion chamber tangential to the inner periphery of the round sidewall to
direct air in an airflow direction along the inner periphery of the round sidewall and entrain fuel from the round
bottom opening into the air moving in the airflow direction along the inner periphery; a plurality of fins
positioned in the combustion chamber and connected to the bottom plate/first plate, the plurality of fins radially
extending in the combustion chamber , @ venturf device in fluid communication with the sidewall opening, the
venturi device comprising: an inlet configured to receive a primary flow comprising compressed air; an outlet
in fluid communication with the sidewall opening to direct the primary flow through the sidewall opening into
the combustion chamber; and a bedy disposed between the inlet and the outlet, the body comprising: a
converging portion and a diverging portion, wherein a movement of the primary flow through the converging
portion and the diverging portion produces a venturi effect, pulling the primary flow in through the inlet; and a
secondary input disposed between the converging portion and the outlet, the secondary input configured to
direct a secondary flow of fluid into the primary flow to create a vortex for producing a suction at the inlet to
pull the primary flow through the inlet and into the body to increase the primary flow through the outlet are
specific to this group of claims.

¢ Group III-Claims 110-113, 114-116, 117-123 are to a particulate burner system for combustion of fuel
emission by-products; a particulate burner for combustion of fuel emission by-products; a fuel emission burner
for combustion of fuel emission by-products, a fuel bumer for combustion of fuel emission by-products; a
particulate bumer system for buming fuel emission by-products respectively. The features of: a housing
forming a combustion chamber, the housing comprising: o first plate with an opening for burners configured to
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inject fuel into the combustion chamber; a fop plate/second plate with an opening for exhausting fuel emissions
from the combustion chamber, the round bottom opening and the round top opening aligned along a central axis
of the housing; and a sidewall extending between the bottom plate/first plate and the top plate/a second plate
about the central axis and connected to the bottom plate/first plate and the top plate/second plate, the sidewall
comprising a sidewall opening for directing air into the combustion chamber, the sidewall opening tangential to
an inner peripherv/surface of the sidewall to inject air into the combustion chamber tangential to the inner
periphery/surface of the sidewall to direct air in an airflow direction along the inner periphery/surface of the
sidewall and entrain fiiel from the round bottom opening into the air moving in the airflow direction along the
inner periphery; a plurality of fins positioned in the combustion chamber and connected to the bottom plate/first
plate, the plurality of fins radially extending in the combustion chamber are specific to this group of claims.

s  Group IV - Claims 140-164, 165-170 are directed to a thruster system to propel a munition. The features of; a
cone connected to a munition body, the cone configured fo direct a primary flow of fluid along a surface of the
cone from a surface of the munition body; a storage tank in at least one of the cone or the munition body, the
storage tank configured to store a propellant fluid/nitrogen; a fin connected to at least one of the cone or the
murnition body, the fin extending radially outward relative to at least one of the surface of the cone or the
surface of the munition body to stabilize the munition body, the fin comprising one or more channels along the
fin, the one or more channels connected to the storage tank to direct the propellant fluid from the storage tank
along an extent of the fin and a venturi device disposed fluidly downstream of the cone, the venturi device
comprising: an inlet configured to receive the pimary flow from the surface of the cone; an outlet configured to
gject the primary flow; and a body disposed between the inlet and the outlet, the body comprising: a converging
portion and a diverging portion, wherein a movement of the primary flow through the converging portion and
the diverging portion produces a venturi effect, pulling the primary flow in through the inlet; and a secondary
input disposed between the converging portion and the outlet, the secondary input configured to direct a
secondary flow of fluid into the primary flow to create a vortex for producing a suction at the inlet to pull the
primary flow through the inlet and into the body to increase the primary flow through the outlet to propel the
munition for deep earth penstration, the secondary input in fluid communication with the one or more channels,
wherein the secondary flow of fluid comprises the propellant fluid direcied from the storage tank io the
secondary input through the one or more channels along the fin to provide thrust fo the munition are specific to
this group of claims,

e  Group V - Claims 171-183 are directed to a thruster system to propel a munition. The features of: munition
body; @ fin cormected to the munition body, the fin extending radially outward relative to a surface of the
munition body to stabilize the munition body and a venturi device disposed fluidly downstream of the munition
body, with an inlet configured to receive a primary flow of a fluid; an outlet configured to eject the primary
flow; and a body disposed between the inlet and the outlet, the body comprising: a body wall comprising the
venturi device comprising: an inlet configured to receive a primary flow; an outlet configured to gject the
primary flow; and a body disposed between the inlet and the outlet, the body comprising: a converging portion
and a diverging portion, wherein a movement of the primary flow through the converging portion and the
diverging portion produces a Venturi effect, pulling the primary flow in through the inlet; and a secondary input
disposed between the converging portion and the outlet, the secondary input configured to direct a secondary
flow of fluid into the primary flow to create a vortex for producing a suction at the inlet to pull the primary flow
through the inlet and into the body to increase the primary flow through the outlet to propel the munition for
deep earth penetration, wherein the secondary flow comprises ambient air directed into the secondary input
are specific to this group of claims.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship among
the claimed inventions involving one or more of the same or corresponding special technical features. PCT Rule 13.2,
second sentence, defines a special technical feature as a feature which makes a contribution over the prior art.

When there is no special technical feature common to all the claimed inventions there is no unity of invention.
A Priori Lack of Unity
In the above groups of Group A covering [Group I -claims 1-44, 45-48, 49-55; Group II - Claims 56-109, 124-139,

Group IV - Claims 140-164, 165-170; Group V - Claims 171-183] and Group B covering [Group III - 110-113,
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114-116,117-123] the identified features may have the potential to make a contribution over the prior art but are not
common to all the claimed inventions and therefore cannot provide the required technical relationship. Therefore there
is no special technical feature common to all the claimed inventions and the requirements for unity of invention are
consequently not satisfied a priori.

A Posteriori Lack of Unity

In the above groups of Group A covering [Group I -claims 1-44, 45-48, 49-55; Group II - Claims 56-109, 124-139,
Group IV - Claims 140-164, 165-170; Group V - Claims 171-183] the identified features may have the potential to
make a contribution over the prior art but are not common to all the claimed inventions and therefore cannot provide the
required technical relationship. The only feature common to all of the claimed inventions and which provides a
technical relationship among them is a venturi device with an inlet configured to receive a primary flow of a fluid; an
outlet configured to eject the primary flow; and a body disposed between the inlet and the outlet, the body comprising: a
body wall comprising a converging portion and a diverging portion, wherein a movement of the primary flow through
the converging portion and the diverging portion produces a Venturi effect, pulling the primary flow in through the
inlet; a secondary input disposed between the converging portion and the outlet, the secondary input configured to
direct a secondary flow of the fluid into the primary flow to create a vortex, pulling the primary flow through the inlet
and into the body; a secondary input disposed between the converging portion and the outlet, the secondary input
configured fo direct a secondary flow of the fluid into the primary flow to create a vortex, pulling the primary flow
through the inlet and into the body. However this feature does not make a contribution over the prior art because it is
disclosed in:

US 10625868 B2 (SIKORSKY AIRCRAFT CORPORATION) 21 April 2020
Therefore, in the light of this document this common feature cannot be a special technical feature. Therefore, there is no

special technical feature common to all the claimed inventions and the requirements for unity of invention are
consequently not satisfied a posteriori,
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