WO 03/ 056190 PCT/ AU03/ 00003 Vortex Ring Generator Field of the Invention
The present invention relates to the field of fluid nmechanics and nore
parti cul awlby3tss19a he flow of a fluid relative to a body. Momesywamodosul arly,
this invention seeks to reduce 5 drag on a body or fusel age during

rel ati ve novenent of the body with respect to a fluid. The invention is
descri bed herein by reference to its use in respect to any nobile body or
fusel age, such as, including, but not limted to, projectiles, mssiles,

t or pedoes, submarines and aircraft. However, the invention is not
restricted to 1o nobile fusel ages, but may. al so be used to reduce drag on

st ati onar yopR&dl RihgGehedstor bui | di ngs, bridge pilings, and fixed obstacles

i n watercourses, alrways or other fluid flow fields. Such applications are
intended to be within the scope of the invention although not specifically
descri bed phayedfithe Paedistioynd Art 15 The greatest obstacle to obtaining
optimumefficiency in streamining a fuselage is surface friction. This
can be in several fornms but typically is one of or _.a conbination of

boundary ha&resérddnvetition reldtéd { tcPl'he fidl$ 6PAliHYMeSHHH@&Cand AibTE %mde.eaﬂyttét ion
and turbulence. Existing technol ogies seek to reduce this drag and

optim se theflewef gfluid relaiiveieya bedy. 2o WPW@FMJB&S ipyentipsiesagle i yeduceer i ng
I ts sugfage, eciBnbaeb rﬁgﬁe@a yd@ﬁ’?gﬂe%t e Eem&ﬂ?of sur%@ﬁh Pléhect to a,

pr ot ubér anc or a oughen sSnoot or to e it
a ripplinduglurface simlar to that of a shar k, dol phin or golf ball. The
objective is to mnimse the effects of drag fromfluids flow ng past. WO
03/ 056190 PCT/ AU03/ 00003

The invention is described herein by reference to its use in respect to any mobile

body or fuselage, such as, including, but not limited to, projectiles, missiles,
torpedoes, submarines and aircraft. However, the invention is not restricted to

10  mobile fuselages, but may. also be used to reduce drag on stationary bodies such as
buildings, bridge pilings, and fixed obstacles in watercourses, airways or other fluid
flow fields. Such applications are intended to be within the scope of the invention
although not specifically described herein.

Background Art

15 The greatest obstacle to obtaining optimum efficiency in streamlining a fuselage is
surface friction. This can be in several forms but typically is one of or a combination
of boundary layer drag, skin friction, viscosity, surface tension, cavitation and
turbulence.

Existing technologies seek to reduce this drag and optimise the energy efficiency of

20 a moving body or fuselage by altering its surface to be as smooth as possible with
the least possible protuberances or alternatively to roughen the smooth surface or to
give it a rippling surface similar to that of a shark, dolphin or golf ball.

The objective is to minimise the effects of drag from fluids flowing past.



-2 Another attenpt to cut drag has included the fitting of small vortex
generators to w ngs and other parts of the fuselage. A further attenpt has
been to fwD o0a/0sqbke-1i ke protuberance extendi ng forwardlyPCa/AU/003r ecti on
of travel of the fuselage through the fluid. 5 In general, it has been an
objective of these attenpts to maintain straight, lamnar flow over the
body of the fusel age, and to suppress separation or turbulence as far as
is possible. Alternatively, through the2use of dinpled or roughen surfaces
and vortex generators, the objective has been to create nyriad eddies in
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object of the invention to reduce the drag of a fluid noving relative to a
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vortex generators, the objective has been to create myriad eddies in close proximity

to the fuselage surface to break up the boundary Iayer.

10 Essentially, all these approaches are designed to assist fluids slide past the body

with a minimum of friction.
Disclosure of the Invention

It is an object of the invention to reduce the drag of a fluid moving relative to a body.
It is a further object of this invention to enable the body to take advantage of the

15  extraordinary efficiency of the vortex ring.

To this end, a body, for example a torpedo or rocket, is fitted with a vortex ring
generator according to the invention, either at the nose of the body and/or around
the body.

The objective is to produce a vortex ring at the nose of the body that conveys the
20 fluid flow past the body while simultaneously creating a low-pressure region
immediately in front of the nose. This low-pressure region is in fact, the core of the

ring vortex.

A generated vortex ring moves relative to the fluid of which it is comprised and it
cross-sectionally rolls, much like a wheel, rather than slides. Famed



WO 03/ 056190 PCT/ AU03/ 00003 -3 hydrodynam sist, Reynolds once stated, in
reference to ring vortices, that "Nature prefers to roll rather than
glide". Iwoiog/osdipes feature that greatly contributes to ri RgTAANGE6003
efficiency. Presently used vortex generators are conprised of small tabs of
straight or curved 5 material, such as those situated above the |eading
edges of wings on aircraft. These generate turbulence fields of eddies
that flow across the surface of the wi-ng.- This invention is specifically
designed to generate vortex rings which surround the body to enable the
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Pr ef er abl generarors are specl desi gned i n accordance wth

t he 1o CopdfersIecsll eatharthBhigligeometry. Phi geonetry has been found to
represent the path of |east resistance, friction or drag in Nature-and is
al so the shape of naturally occurring vortices. Accordingly, the invention
resi des i histhiefaaturerthaiggrgethe cantdbutad dptied vodeb efficiswyci at ed wi th a body
subjected to fluid flow over the body, the vortex ring 15 generator
adapted to produce a fluid flowin the formof a vortex ring with the fluid
f1 ow novi Reesently ushd vooey daneratorseaneocaraprisdchol sroaktahoef sireighlr o egrved a

preferred feature aof the inventi.on, .t r 1 r o .S i | gned
1 acchr amiia s onl e oo ety o, 8 2l o B orf st
pref er r edThesd yeserate tuksulenseehéldoof eddies Wit flew adross thersturizice of tre witl.
centripetal in its action According to a further aspect, the invention
resides in a vortex ring generator conprising an elenent adapted to be

associ at eThisi inbertidrodyspezifically wesigmetite dénerate Vdriew rragsswhighesweroundehbody,
the el erreB'([)d)(/: ?onggéglieqﬂe%mif ﬁg\i/v}/n% Sgsrtftﬁec %0\3,9 itg rgioi $o within the generated vortex
ring. Preferably, such generators are specifically designed in accordance with the
10  Golden Section or Phi geometry. Phi geometry has been found to represent the
path of least resistance, friction or drag in Nature and is also the shape of naturally

occurring vortices.

Accordingly, the invention resides in a voriex ring generator adapted to be
associated with a body subjected to fluid flow over the body, the vortex ring
15  generator adapted to produce a fluid flow in the form of a vortex ring with the fluid

flow moving over the body from the vortex ring generator.

According to a preferred feature of the invention, the vortex ring generator is
designed in accordance with the Golden Section or Phi geometry.

According to a preferred feature of the invention, the vortex ring generator is

20 centripetal in its action

According to a further aspect, the invention resides in a vortex ring generator
comprising an element adapted to be associated with a body to influence the fluid
flow passing over the body, the element comprising an active surface which is
adapted to influence the fluid flow, the active surface having a configuration

25  conforming to at least one logarithmic curve of the Golden Section.



adapted to influence the fluid flow, the active surface having a
configuration 25 conformng to at |east one logarithmc curve of the
Gol den SewDiod0561W0 03/ 056190 PCT/ AU03/ 00003 -4 Accor di ngPCa/Auopoaiogr r ed
enbodi ment, the vortex ring generator associated with the body and
conprising one or nore vanes having an active surface, the path of the
vanes spiralling around and al ong the body. According to a preferred
enbodi nent, the vortex ring generator eftends forwardly of 5 the body.
According to a preferred enbodi nent, the vanes are in the formof a whor
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t he vanes are desi ormto t ordin
preferred bedjoaddmm;mslrhgeopatdn rofret vanesahadng ea atéwegﬂwiaceotheomtbrmﬁthm to
the Gol den_Ratiq. .Accor d| to a@ihefe ryed enbodi nent, the vortex ring

gener at orvé%%??'@?%?fgue nﬂﬁl%ﬂ 8CRP«9¥ associ at ed W|th t he body, the path

of the vanes spiralling around and along the body. According to a
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gener at edti®ybddye body and vortex ring generator being caused to nove
through the fluid. According to a preferred enbodiment, a vortex ring is
generated by the fluid noving past the vortex ring generator associ at ed
with a bodgconlingiest araigred eambpdinent, be \@nes @rertnthe farmy 6f eavhari ng gener at or
is fixed relative to the body.

According to a preferred feature of the invention, the active surfaces of the vanes
are designed to conform to the Golden Section.

According to a preferred embodlment the path of the vanes are designed to conform
10  to the Golden Ratio. -

According to a preferred embodiment, the vortex ring generator comprises one or
more grooves associated with the body, the path of the vanes spiralling around and
along the body.

According to a preferred embodiment, the path of the grooves are designed to
15  conform to the Golden Ratio.

According to a preferred embodiment, a vortex ring is generated by the body and
vortex ring generator being caused to move through the fluid.

According to a preferred embodiment, a vortex ring is generated by the fluid moving
past the vortex ring generator associated with a body

20  According to a preferred embodiment, a vortex ring generator is fixed relative to the
body.

Accordihg to a preferred embodiment, a vortex ring generator is adapted to be
movable relative to the body.



According to a preferred enbodi nent, a vortex ring generator is adapted to
be novable relative to the body. WO 03/056190 PCT/ AU0O3/00003 -5 According
to a prefworiedsdasbodi nent, a vortex ring is generated by morat®anows t he
vortex ring generator. According to a preferred enbodi nent a vortex ring is
generated and propulsion is created by the powered rotation of the vortex
ring generator. 5 The invention will be nore fully understood in the |ight
of the follow ng description of severa$y specific enbodi nents. Brief
Description of the Drawi ngs The description is nmade with reference to the

acconpan y,-b‘?&)rgi'ha‘f% g : gfe?ied‘é@%ﬁgdime':ni&géj(/(?ﬁéx i rlwg%) Lés%ér?etr%dt%f)%rﬂéﬁf of th&

Gol den Section; ure s a si el evati a vor ring generator
accor di ngvdrtextrirey denegbtorenbodi ment; Figure 3 is a front end view of a
vortex ring generator according to the first enbodinent; Figure 4 is a

rear end view of a vortex ring generator according to the first 15
enbodi menfiecardigarte & pr@‘eaeéiaﬂ&qglr@@at iSO VOrEsX HNG d$ %@Rerﬁtﬁgaggri)é?%ﬂ%‘mr{%unt ed

to a bodycra(a‘fémg}mg rP&/%ré@%tE{i?ﬁbfﬁ@Me%ﬂfg?gﬁe@étbﬁ 6 is a side el evation
of a vortex ring generator applied to a body according to the second
enbodi ment; 20 Figure 7 is a front end view of a vortex ring: generator

appl i efd tPh@iReioRAAPEE hitde FQly ditRr&86@ HHtHRTRAH biBR!following description of
several specific embodiments.
Brief Description of the Drawings
The description is made with reference to the accompanying drawings, of which:
Figure 1 illustrates the form of the Golden Section;

10 Figure 2 is a side elevation of a vortex ring generator according to the first
embodiment;

- Figure 3 is a front end view of a vortex ring generator according to the first
embodiment;

Figure 4 is a rear end view of a vortex ring generator according to the first
15  embodiment;

Figure 5 is a side elevation of a vortex ring generator mounted to a body according
to the first embodiment;

Figure 6 is a side elevation of a vortex ring generator applied to a body according to
the second embodiment;

20 Figure 7 is a front end view of a vortex ring generator applied to a body according to

the second embodiment;



WO 03/ 056190 PCT/ AU03/00003 -6 Figure 8 is a side elevation of a vortex
ring generator applied to a body according to a third enbodi nent; Figure 9
is a fromwoeadseabew of a vortex ring generator applied toPraThawyg/oewosor di ng
to the third enbodinent; 5 Figure 10 is a diagramatic representation of
the flow of vortex rings around a body having vortex ring generator
according to the first and third enbodi nents; Figure 11 is a diagramatic
representation of the flow of vortex ri@gs around a body having vortex
ring generator according to the second enbodi nent; Figure 12 -is a
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Descri pti athiaf eipedinient; Enbodi nent s Each of the enbodi nents conprises a
vortex ring generator associated with a body and adapted to generate a
vortex ring in the fluid noving relative to the body. In each enbodi nent,

t he vort eKiguran§ igarfrorteod viempf aswestes ringudahepatohapylidtbiv ambodinad®rdiogitoe

surface agapted tq influence the flow of the fluid to formthe vortex rings
fl ow ng pg‘@[%{rﬁgrr&%glme% stated previously all fluids when noving under

the influence of the natural forces of Nature, tend to nove in spirals or

vortices. —These.spirals or vortice r al i (,cal
progr essi I(:)WUE%g%gﬁﬁ?q{g%ﬁtgce'{?p%ﬁ%ngﬁ@ﬁOgtb%’(%ﬁ'g%g}i&tegd&r{als%é r%%?@g i on.
The gr eat Baving versx figg geheitdier sucofding fo the firbtearatthirdesrshodiments; of each of
the enbodinents described herein are generally designed in the greater
part, in accordance with the Golden Section or Ratio and therefore it is a

char act er Figjure 1dfis a diagrammatic representation of the flow of vortex rings around a body

having vortex ring generator according to the second embodiment;

Figure 12 is a diagrammatic representation of the generation of a vortex ring around
10 by vortex ring generator according to the first embodiment;

Detailed Description of Specific Embodiments

Each of the embodiments comprises a vortex ring generator associated with a body
and adapted to generate a vortex ring in the fluid moving relative to the body. In
each embodiment, the vortex ring generator comprises a fluid pathway having an
15 active surface adapted to influence the flow of the fluid to form the vortex rings

flowing past the body.

As stated previously all fluids when moving under the influence of the natural forces
of Nature, tend to move in spirals or vortices. These spirals or vortices generally
comply with a mathematical progression known as the Golden Ratio or a Fibonacci

20 like Progression.

The greater percentage of the surfaces of the active surfaces of each of the
embodiments described herein are generally designed in the greater part, in
accordance with the Golden Section or Ratio and therefore it is a characteristic of
each of the embodiments that the active surfaces are of a spiralling configuration



each of the enbodinents that the active surfaces are of a spiralling
configuration WD 03/056190 PCT/ AU0O3/00003 -7 and which conformat least in
great er papto3ssibhe characteristics of the Gol den Secti oRCErAURaNI03 The
characteristics of the Golden Section are illustrated in Figure 1 which

Il lustrates the unfolding of the spiral curve according to the Gol den
Section or Ratio. As the spiral unfolds the order of growh of the radius
of the curve which is 5 nmeasured at equyangular radii (eg E, F, G H, | and
J) is constant. This can be illustrated fromthe triangular representation
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flurd is %gﬁ{o?r%%g itrrmleg GtoPcFen Section in three dimensions.

It is an objective of the embodiments to duplicate the lines of vorticity found in a ring
vortex. To that end, the active surfaces expand or contract logarithmically in any
direction in an equiangular, Golden Section spiral. If any two points are taken on the
15  surface of these active surfaces they will bear a ratio to each other of approximately
1:0.618. The active surfaces can be any length 6r number of rotations. They are
specifically designed to match the internal, streamlined flow lines of vorticity of a

vortex.

In the first embodiment, and as shown in Figures 2 to 5, the vortex ring generator

20 (11) comprises a set of vanes located at the nose (13) of a body (12). In this
specification, the term nose is used to identify the portion of the body which is
intended to face the direction from which the relative flow of fluid is approaching the
body.

The vortex ring generator (11) is adapted to generate a vortex ring by influencing the
25 flow of the fluid relative to the body in a way which produces a vortex ring. The
vanes comprising the vortex ring generator extend forwardly from the nose of the
body and have the configuration of a whorl. Each of the vanes are formed with an

internal reactive face (14) which is of a concave configuration and which has a three



body. The vortex ring generator (11) is adapted to generate a vortex ring
by influencing the 25 flow of the fluid relative to the body in a way
whi ch pr osomess@wvortex ring. The vanes conprising the vecTauosongs
generator extend forwardly fromthe nose of the body and have the
configuration of a whorl. Each of the vanes are forned with an internal
reactive face (14) which is of a concave configuration and which has a
three WD 03/ 056190 PCT/ AUO3/ 00003 -8 .dgnensional curvature of a concave
nat ure whereby the curvature in each di rection is in accordance with a
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Section, and whereby the curvature in each dinmension is of the same form
as the curvature of the internal reactive face (14) in 1o each di nmension.
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generator ~ conpri ses Mor € grooves or
surf ace okatlndinbetdjon. As a result, the remote reactlve faces (15) jointly define a generally

convex surface of the vanes.

In an adaptation of the first embodiment, the vortex ring generator is not fixedly
mounted to the nose but rather is adapted to rotate coaxially with the axis of the
body. In addition, the generator may be driven mechanically o rotate thereby

15 providing propulsion to the body whilst simultaneously generating vortex rings.

In the second embodiment, as shown in Figures 6 and 7, the vortex ring generator
comprises a set one or more grooves or flutes (21) in the surface of the body,
commencing at or near the nose (23) of the body (22) and ending at or near the tail
(24) of the body . The paths of the grooves or flutes along the body spiral around

20 the body in a manner designed to conform to the Golden Ratio.

In the third embodiment, as shown in Figures 8 and 9, the vortex ring generator

comprises a set one or more vanes (31) extending outwardly from the surface of the

body, commencing at or near the nose (33) of the body (32) and ending at or near

the tail (34) of the body. The paths of the vanes along the body spiral around the
25  body in a manner designed to conform fo the Golden Ratio.

The body in each of the above embodiments is ideally designed in accordance with

a logarithmic, equiangular, Phi spiral. Its shape is optimally compatible with Phi



commenci ng at or near the nose (23) of the body (22) and ending at or near
the tail (24) of the body . The paths of the grooves or flutes along the
body spi raboawsiipd 20 the body in a manner designed to cecftovtvsH@oshe

Gol den Ratio. In the third enbodi nent, as shown in Figures 8 and 9, the
vortex ring generator conprises a set one or nore vanes (31) extending
outwardly fromthe surface of the body, commencing at or near the nose
(33) of the body (32) and ending at or @ear the tail (34) of the body. The
pat hs of the vanes along the body spiral around the 25 body in a manner
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03/ 056190 PCT/ AU03/ 00003 -9 vortex geonetry, which is comon to all
vortices. In other words the body occupies that space which is seen in the
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which travel/roll along the body. In operation, with relative m)verrent
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fashi on. ﬁ,%gd}g,_ fluid engages the active surfaces, the rotary notion

creates a | owpressure area at the base of the vortex generator (the
interface between the generator and the nose of the body). This reduces

the boundgy Ypb@¥ih, with relative movement between the fluid and the body, the fluid is
10 engaged by the active surfaces 11, 21 or 31 and commences rotating in a
logarithmic vortical fashion. As the fluid engages the active surfaces, the rotary
motion creates a low-pressure area at the base of the vortex generator (the interface
between the generator and the nose of the body). This reduces the boundary layer
drag of the body. A ring and/or potential vortex is established. As can be seen in
15  Figure 10, the ring vortex rolls up the boundary layer like ball bearings, along the
body walls. In many applications vortex rings will shed and give rise to a stream of
shed vortex rings. The wake left behind the body is in the shape of vortex rings.

Figure 12 illustrates the vortex ring generator, 11 of the first embodiment creating a
ring vortex, 16. To do so, there must be relative motion between the vortex ring

20 generator, 11, and the fluid.

This motion can be created by rotation of the vortex ring generator; the movement of
fluid past a stationary vortex ring generator, or the propulsion of the body and vortex
ring generator through the fluid.

It should be appreciated that the scope of the present invention need not be limited

25  to the particular scope described above.



drag of the body. A ring and/or potential vortex is established. As can be
seen in 15 Figure 10, the ring vortex rolls up the boundary |ayer |ike bal
beari ngs,walosngpiphe body walls. In nmany applications vor Pex/Alosgeos | |
shed and give rise to a streamof shed vortex rings. The wake | eft behind
the body is in the shape of vortex rings. Figure 12 illustrates the vortex
ring generator, 11 of the first enbodi nent creating a ring vortex, 16. To
do so, there nust be relative notion bgpween the vortex ring 20 generator,
11, and the fluid. This notion can be created by rotation of the vortex
ring gen or a a e [
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integey or group of integers. 5 WO 03/056190 PCT/ AU03/00003 - 11 The
clains defining the invention are as follows: 1. A vortex ring generator
adapted to be associated with a body subjected to fluid flow, the vortex
ring generator being adapted to produce a fluid flowin the form of a
vortex ring with the fluid flowwthin the vortex ring noving over the body
from



5 the vortex ring generator. 2. A vortex ring generator as clained at claim
| wherein the vortex ring generator is designed in accordance with the

Gol den Sewvioans@po Phi geonetry. 3. A vortex ring generat oPCasstosadmed at
claiml or claim2 wherein the vortex ring generator is centripetal inits
action. 10 4. A vortex ring generator as clained at any one of the
preceding clainms wherein the vortex ring generator being associated with

t he body and conprising at | east one- of -nore vanes having an active
surface. 5. A vortex ring generator as clained at claim®6 wherein the
vortex ring generator extends forwardly fromthe body. 15 6. A vortex ring

generatOFTﬁbSclairﬂsmﬁnmg theinvehtion areaisollowsrein the vanes are in the
formof a whorl. 7. A vortex ring generator as clainmed at any one of clains

6 to 8 wherein the active surfaces of the vanes are designed to conformto
the Gol deh Se& wonex gingAganaratox adaptpdytenbe aassociatedcwith rie @0y Sb!hl)ﬁctﬂﬁ’et%f

clains 1 n
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spiral l'i ngf @V@@@dnhd}@wtﬁﬂﬂhﬁ fhuid flalowijhintthe hvodex rihg oviogtaver thenbode fremat or
as claimed at claim 10 VW%EI’EI n the path of the vanes are designed to

conf ofm t et"ﬁ@%&ﬂa&?nﬁa% WO 03/ 056190 PCT/ AUD3/ 00003 - 12 10. A
vortex ring generator as clainmed at any one of clainms 1 to 5 wherein the
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with the sur?gce 0 t he t he gr ooves spiralling around
t he body gmtdaratbomgdeﬁ@']edalocgccordance WIth the Golden Section or Phl geometry.

3. A vortex ring generator as claimed at claim 1 or claim 2 wherein the vortex

ring generator is centripetal in its action.

10 4. A vortex ring generator as claimed at any one of the preceding claims wherein
the vortex ring generator being associated with the body and comprising at least one

or more vanes having an active surface.

5. A vortex ring generator as claimed at claim 6 wherein the vortex ring

generator extends forwardly from the body.

15 6. A vortex ring generator as claimed at claim 6 or claim 7 wherein the vanes are

in the form of a whorl.

7. A vortex ring generator as claimed at any one of claims 6 to 8 wherein the
active surfaces of the vanes are designed to conform to the Golden Section.

8. A vortex ring generator as claimed at any one of claims 1 to 5 wherein the
20  vortex ring generator comprises at one or more vanes associated with the surface of
the body, the path of the vanes spiralling around the body and along the body.

9. A vortex ring generator as claimed at claim 10 wherein the path of the vanes

are designed to conform to the Golden Ratio.



5 11. A vortex ring generator as clainmed at claim212 wherein the path of
the grooves are designed to conformto the Golden Ratio. 12. A vortex ring
gener at orwo®apsdise ng an el enent adapted to be associ at ed WCrAUa0wosly t o

i nfluence the fluid flow passing over the body, the el enent conprising an
active surface which is adapted to influence the fluid flow, the active
surface having 1o a configuration conformng to at |east one |logarithmc
curve of the CGolden Section. 13. A voriPex ring generator as clained at
claim 13 wherein the curvature of the active surface conforns to the
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novenent of . the bo and vortex.rin ener.at.or throuygh luid, 16.. A
vortex ri ?ﬁfaé’@rfg thg g%d)hﬂg?&ah\ 8‘2(%‘8&"89‘9% ?‘fﬂ”ﬁt"?gg%rﬂapih%g%éy %(gglﬁggtth%f t he
vort ex ri&gj)generator. 17. A vortex ring generator wherein a vortex ring is
generated and propulsion is 20 created by the powered rotation of the

vortex ring generator. 18. A vortex ring generator substantially as herein
described!1.19.A Aoriext 8Rg rdengratensat@imed bait elaim a12 ywhereinethsi pathe o€ theed

with ref egﬂ%%%&s taPe égs?gne%c féoég?'%% {Bgthgréwdqu Ratio.

12. A vortex ring generator comprising an element adapted to be associated with
a body to influence the fluid flow passing over the body, the element comprising an
active surface which is adapted to influence the fluid flow, the active surface having

10 a configuration conforming to at least one logarithmic curve of the Golden Section.

13. A vortex ring generator as claimed at claim 13 wherein the curvature of the

active surface conforms to the Golden Section.

14. A vortex ring generator wherein a vortex ring is generated by movement of a

fluid past a stationary vortex ring generator.

15 15. A vortex ring generator wherein a vortex ring is generated by the movement of
the body and vortex ring generator through a fluid.

16. A vortex ring generator wherein a vortex ring is generated by movement of the

vortex ring generator.

17. A vortex ring generator wherein a vortex ring is generated and propulsion is
20 created by the powered rotation of the vortex ring generator.

18. A vortex ring generator substantially as herein described.

19. A vortex ring generator substantially as herein described with reference to the

accompanying drawings.



