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A fluid pathway is provided with a flow controller in at least
a portion of its length wherein the flow controller comprises
an active surface capable of influencing the fluid flow through
the fluid pathway, the configuration of the active surface
conforming to at least one logarithmic curve conforming to
the Golden Section.
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FLUID FLOW CONTROLLER

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation and claims the
priority benefit of U.S. patent application Ser. No. 10/882,412
filed Jun. 30, 2004 and entitled “Fluid Flow Controller”
which is a continuation and claims the priority benefit of
Patent Cooperation Treaty application number PCT/AU03/
00004 filed Jan. 3, 2003, which in turn claims the priority
benefit of Australian patent application number PR 9823 filed
Jan. 3, 2002. The disclosure of the aforementioned applica-
tions is incorporated herein by reference.

[0002] The present application is related to U.S. patent
application Ser. No. 11/323,137 filed Dec. 29, 2005 and
entitled “Fluid Flow Control Device.”

FIELD OF THE INVENTION

[0003] The present invention relates to ducts adapted to
convey a fluid. Examples of the particular applications of the
invention include plumbing systems, air-conditioning ducts,
cardiovascular stents, dust precipitators, sound attenuators,
mufflers and chambers, exhaust pipes, or ducts where opti-
mized adiabatic expansion or contraction is desired.

BACKGROUND ART

[0004] Generally, devices which direct, influence, or carry
fluid flow utilise a duct which has length but is round in cross
section, such as water pipe; or flat sided in cross section such
as many air conditioning systems. The principal difficulty
with previous arrangements however, has been turbulence
created within the fluid flow which reduces efficiency.
[0005] Inextreme circumstances, in the case of liquids, the
turbulence can result in cavitation, which not only reduces the
operational efficiency of the duct but can result in inefficien-
cies, noise, heating, sedimentation of suspended solids, accel-
erated electrolysis or corrosion through oxygenation of the
fluid, and destructive influences upon the structure of the
duct. In cardiovascular devices such as straight-sided stents,
deleterious cavitation and/or plaque deposits can occur. In
adiabatic expansion devices such as steam or jet turbines, the
rate of adiabatic expansion or contraction can be retarded by
non optimization of the chamber geometry. This can result in
significant inefficiencies.

[0006] It is an object of this invention to provide a duct
which can facilitate fluid flow by reducing the degree of
extraneous turbulence to which the fluid is subjected in its
passage through the duct. This object is attained by providing
a duct which is intended to induce fluid flow into a pattern of
movement wherein the resistance to the fluid flow and turbu-
lence to which the fluid flow is subjected are reduced.
[0007] In order to effect this object, the surfaces and/or
shape of the duct are intended to provide a fluid pathway
which conforms generally to the curve of a logarithmic con-
figuration substantially or in greater part conforming to the
Golden Section geometric ratio.

[0008] All fluids when moving under the forces of nature
tend to move in spirals or vortices. These spirals or vortices
generally comply with a three-dimensional mathematical
logarithmic progression known as the Golden Section or a
Fibonacci-like Progression. The invention enables fluids to
move over the surfaces of the duct in their naturally preferred
way in centripetal vortical rotation, thereby reducing ineffi-
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ciencies created through turbulence and friction which are
normally found in apparatus commonly used for carrying
fluid flow.

[0009] It may be seen that the more closely a fluid pathway
is configured to conform to the Golden Section, the more
efficient the duct becomes. However any significant compli-
ance, in part, to the Golden Section will result in improvement
over state of the art ducts.

SUMMARY OF THE INVENTION

[0010] Ina first claimed embodiment of the present inven-
tion, a duct disclosed that may be configured to facilitate a
change of direction in the flow of a fluid. The duct includes an
inlet and an outlet for receiving and expelling fluid, respec-
tively. The inlet corresponds to a first direction of fluid flow
whereas the outlet concerns a second direction that differs
from the direction of the inlet. An intermediate pathway is
situated between the inlet and outlet. The pathway excludes a
substantially right angle bend but includes a curvature that
induces a vortical flow that reduces turbulence in fluid flow as
a fluid traverses the pathway.

[0011] Inasecond claimed embodiment, a duct is provided
and that may be configured to facilitate flow of a fluid. The
duct includes an inlet, outlet and intermediate pathway. A
portion of the intermediate fluid pathway includes a spiral
twist that induces a spiral flow that reduces turbulence as the
fluid traverse the intermediate pathway.

[0012] A further claimed embodiment of the present inven-
tion is for a cardiovascular stent that reduces fatty deposits
when disposed in a blood flow pathway. The stent includes an
inlet, outlet, and intermediate fluid pathway. A portion of the
intermediate fluid pathway includes a helical twist that
induces a spiral flow that, in turn, reduces turbulence thereby
inhibiting the formation of fatty deposits as blood traverses
the blood flow pathway.

[0013] A fourth claimed embodiment of the present inven-
tion is for a fluid flow controller that reduces turbulence in
fluid flow. The controller includes an inlet for receiving the
fluid, an outlet for expelling the fluid, and an intermediate
fluid pathway between the inlet and the outlet. The interme-
diate fluid pathway conforms substantially to the form of a
shell configuration from the phylum Mollusca, class Gas-
tropoda, genus Volutidae. The shell configuration of the inter-
mediate fluid pathway induces a spiral flow that reduces tur-
bulence in the fluid flow.

[0014] A final claimed embodiment of the present inven-
tion provides for a system for attenuating sound in a combus-
tion engine. The system includes a combustion engine that
emits a gas flow resulting from a combustible reaction. An
exhaust pipe is coupled to and extends away from the com-
bustion engine, which servers to channel the gas flow away
from the combustion engine. The system further includes an
attenuation chamber coupled to the exhaust pipe by an inlet,
which is configured to receive the gas flow channeled away
from the combustion engine by the exhaust pipe. The attenu-
ation chamber is larger in volume than the inlet thereby allow-
ing the gas flow to expand within the attenuation chamber.
The expansion of the gas flow results in a decrease in the
speed of the gas flow as the gas flow passes through an outlet
coupled to the attenuation chamber. The decrease in speed of
the gas flow results in a reduction in audible sound associated
with the gas flow.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The description is made with reference to the
accompanying drawings, of which:

[0016] FIG. 1 illustrates the form of the Golden Section;
[0017] FIG. 2 is a sectional view of conventional ducting at
a right angle bend illustrating the nature of the fluid flow
created at the bend;

[0018] FIG. 3 is an elevation of a duct according to a first
embodiment incorporating a right-angular change in direc-
tion;

[0019] FIG. 4 is a side elevation of a duct according to the
first embodiment;

[0020] FIGS. 5 is an isometric views of a duct according to
a second embodiment;

[0021] FIGS. 6 is an end view of a duct according to the
second embodiment;

[0022] FIG. 7 is an diagrammatic view of a duct or stent
according to a third embodiment;

[0023] FIG. 8 is a side elevation of a duct according to a
fourth embodiment;

[0024] FIG. 9 is an end view of a duct according to the
fourth embodiment;

[0025] FIG.10is an isometric view of a duct according to a
fifth embodiment;

[0026] FIG.11isanendview ofaduct according to the fifth
embodiment;
[0027] FIG. 12 is a diagrammatic side elevation (partially

sectionalised) of an expansion chamber according to a sixth
embodiment;

[0028] FIG. 13 is a cross-sectional view of the seventh
embodiment;
[0029] FIG. 14 is a diagrammatic isometric view of an

expansion chamber according to a seventh embodiment;
[0030] FIG.15isanend view ofthe seventh embodiment as
shown in FIG. 14.

DETAILED DESCRIPTION

[0031] Each ofthe embodiments is directed to a duct which
provides a fluid pathway which can be utilised to convey a
fluid.

[0032] As stated previously, it has been found that 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 like Progression.

[0033] Each of the embodiments serves to, in the greater
part, enable fluids to move in their naturally preferred way,
thereby reducing inefficiencies created through turbulence
and friction which are normally found in apparatus com-
monly used for propagating fluid flow. Previously developed
technologies have generally been less compliant with natural
fluid flow tendencies.

[0034] The greater percentage of the surfaces of the ducts 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 duct provides a fluid pathway which
is of a spiralling configuration and which conforms at least in
greater part to the characteristics of the Golden Section or
Ratio. The characteristics of the Golden Section are illus-
trated in FIG. 1 which illustrates the unfolding of the spiral
curve according to the Golden Section or Ratio. As the spiral
unfolds the order of growth of the radius of the curve which is
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measured at equiangular radii (eg E, F, G, H, I and J) is
constant. This can be illustrated from the triangular represen-
tation of each radius between each sequence which corre-
sponds to the formula of a:b=b:a+b which conforms to the
ratio of 1:0.618 approximately and which is consistent
through out the curve.

[0035] Itis a characteristic of each of the embodiments that
the curvature of the surfaces which form the duct takes a two
dimensional or three dimensional shape equivalent to the
lines of vorticity or streak lines found in a naturally occurring
vortex, and which substantially or in the greater part conform
to the characteristics of the Golden Section or Ratio and that
any variation in cross-sectional area of the fluid pathway also
substantially or in greater part conforms to the characteristics
ofthe Golden Section or Ratio. Furthermore it has been found
that the characteristics of the Golden Section or Ratio are
found in nature in the form of the external and internal con-
figurations of shells of the phylum Mollusca, classes Gas-
tropoda and Cephalopoda and it is a common characteristic of
at least some of the embodiments that the fluid pathway
defined by the duct corresponds generally to the external or
internal configuration of shells of one or more of the genera,
of the phylum Mollusca, classes Gastropoda and Cepha-
lopoda.

[0036] It has been found that it is a characteristic of fluid
flow that, when it is caused to undergo a fluid flow through a
pathway having a curvature substantially or in greater part
conforming to that of the Golden Section or Ratio that the
fluid flow over the surfaces is substantially non-turbulent and
as a result has a decreased tendency to cavitate. As a result,
fluid flow over the surface is more efficient than has been
encountered in previous instances where the pathway does
not substantially or in greater part correspond to that of the
Golden Section. As a result of the reduced degree of turbu-
lence which is induced in the fluid in its passageway through
such a pathway, the ducts according to the various embodi-
ments can be used for conducting fluid with less noise, wear
and with a greater efficiency than has previously been pos-
sible with conventional ducts of equivalent dimensional char-
acteristics.

[0037] A first embodiment shown in FIG. 3 and FIG. 4
relates to a duct section which facilitates the change in direc-
tion of fluid or fluid pathways within plumbing or ducting
systems such as water pipes or air conditioning systems.

[0038] As canbe seen in FIG. 2, a conventional right angle
bend (30) in pipe or ducting results in fluid flow that is less
than optimal. Streamlines show a low-pressure area (31) and
a high-pressure area (32). This can result in turbulence, cavi-
tation, sedimentation and corrosion as well as increasing
energy losses in the fluid movement (34). This can result in
increased pumping costs and reduced pressure at the outlet.

[0039] This form of the embodiment shown in FIGS. 3 and
4 provides a duct (36) specifically designed to induce the fluid
(34) to move in accordance with the laws of Nature whilst
changing its direction. As mentioned previously, the duct is
designed having a pathway having a curvature (37) substan-
tially or in greater part conforming to that of the Golden
Section or Ratio. The fluid is thereby induced into vortical
flow (35) the greater part of which conforms to the Golden
Section or Ratio.

[0040] While the first embodiment illustrates the consider-
able advantages to be gained from a duct designed in accor-
dance with the principles discussed above where there is a
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discontinuity in the flow of the fluid being conveyed, advan-
tages are available even where the flow is substantially linear.

[0041] A second embodiment shown in FIGS. 5 and 6
relates to a duct (41) providing a twisting pathway (42) for
fluids where the pathway conforms to the Golden Section or
Ratio. As fluid (43) flows through the inside (44) of the duct,
it is urged to conform to natural flow spiral characteristics,
which minimize extraneous turbulence.

[0042] Inanadaptation of the second embodiment, there is
provided a flow controller having the form as shown in FIG.
5 and 6, the flow controller adapted to be located within a fluid
pathway. In this form the flow of the fluid is around the outside
of'the flow controller. It is therefore the external surface of the
flow controller which is active and is designed to conform to
the Golden Section. However, in this adaptation, the flow
controller may be hollow which allows the fluid to flow
through it internally.

[0043] A third embodiment shown in FIG. 7 depicts a duct
(51) providing a twisting pathway (52) for fluids conforming
to the Golden Section or Ratio. As fluid (53) flows through the
inside or outside of the duct it is urged to conform to natural
flow spiral characteristics, which minimize extraneous turbu-
lence. Additionally, the diagram shows the fluid’s spiralling
flow path on the fluid as it flows.

[0044] An example of a duct constructed in accordance
with the third embodiment is a cardiovascular stent. Conven-
tionally, stents have been cylindrical in shape. While intended
to be permanently placed within the patient, it has been found
in many cases, that fatty deposits are formed within the stent
over a period of time, requiring their replacement. It is
believed that this build up is caused as a result of the turbu-
lence in the stent. A stent constructed in accordance with the
third embodiment will avoid this turbulent flow and thereby
prevent the formation of fatty deposits in the stent.

[0045] The fourth embodiments as shown at FIG. 8, 9,10
and 11 each comprises a fluid flow controller 118 which
generally takes the form of a shell of the phylum Mollusca,
class Gastropoda, genus Volutidae as shown at FIGS. 8 and 9
and 10 and 11 where the inner end of the shell is cut away as
shown to provide an entry (121) into the interior of the shell.
The mouth of the shell serves as the outlet (125) for the
controller 118. FIGS. 10 and 11 show twin ducts. The con-
trollers according to the fourth embodiments are placed along
the fluid flow path to induce a fluid flow that conforms with
Nature.

[0046] A further embodiment relates to a muffler or sound
attenuator for a sound source such as an internal combustion
engine. It also serves the function of a flame duct or tube to
maximise fuel/air combustion and exhaust gas extraction
from an internal combustion engine and/or the optimum
extraction of energy via adiabatic expansion. The invention
also has application to mufflers, flame tubes and exhaust
systems.

[0047] A typical exhaust system will have a length of
exhaust pipe extending from the engine for sufficient distance
to provide an effective flame tube, a contained area in which
gas turbulence is minimised and a harmonic is created. This
then enters a muffler which is usually a box or chamber with
an inlet pipe and outlet pipe. There are baffles, or obstructions
within the box which slow down the exhaust gases passing
through the box. The box itself, being larger than the inlet pipe
allows the exhaust gas to expand, thereby slowing the gas.
These reductions in gas speed result in a reduction in noise.
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[0048] Muffler systems of this type can suffer from opera-
tional difficulties and inefficiencies ie. the baffling and slow-
ing of exhaust gases in this way causes turbulence and back
pressure on the gas and therefore at exhaust of the engine,
resulting in reduced performance and efficiency. For
example, to maximise power output from an engine, racing
cars and bikes have no mufflers on their exhaust systems but,
instead use tuned flame tube ducts which act as extractors of
exhaust gases, thereby reducing turbulence and maximising
engine power output as a result. They are, of course, very
noisy.

[0049] Inefficiencies of gas movement through turbulence
may be caused by a number of different reasons but is exac-
erbated by sudden or abrupt changes in direction or velocity
of the gases passing through the muffler.

[0050] To this end, the flame tube/exhaust pipe may be
applications of the flow controller of the second, third or
fourth embodiments to thereby improve the efficiency of the
system.

[0051] The muffler according to the present invention aims
to overcome these problems by providing a muffler which
acts as an expansion chamber configuration to reduce the
severity of changes in speed or velocity of the gases passing
through it, thereby reducing the noise in the system. The
embodiment also seeks to take advantage of natural fluid
movement tendency which has been observed in Nature to
generally form vortices which have a logarithmic spiral.
These spiral expansion-contraction ratios, as used in the
invention, also offer the path of maximum non turbulent
adiabatic expansion for gases and therefore provides for
greatest efficiency in steam expansion ducts/chambers.
[0052] In one form of the embodiment there is provided a
rotational-formed expansion chamber which acts as a cham-
ber or expansion tube. The duct is shaped and expanded to a
logarithmic curve configuration. Preferably the logarithmic
curve is arranged so that the entry of gas is at the fine end and
the exit is at the coarse or wider end of the chamber.

[0053] Where the term logarithmic curve, or logarithmic
progression has been used it is to be understood that any form
of curve following a logarithmic progression is included
within this definition, including so-called exponential con-
figurations. Any curve which approximates an equiangular
logarithmic curve is also included within the term “logarith-
mic curve” used in this specification.

[0054] Although many forms oflogarithmic curve configu-
ration for exhaust ducts may be used and may achieve desired
effects, i.e. the reduction of cavitation and the more efficient
exhausting and silencing of gases and optimised adiabatic
expansion, it is felt that the preferred logarithmic progression
is that curve referred to as “the Golden Ratio” in which the
logarithmic curve fits within a series of conjoint rectangles,
each having their sides in the approximate proportion of
1:0.618.

[0055] The embodiment stems from a desire to decelerate
the gases in an exhaust system in a manner in which is har-
monious with the natural forms of movement of gases. The
embodiment establishes largely singular, vortical flow with
minimal counterproductive turbulence which is extraneous to
main flow. It is also designed to optimise inherent flame
tube/duct characteristics for the maximum combustion of
gases.

[0056] It has been observed that in nature that natural vor-
tices of whirlpools have a shape which generally follows a
logarithmic progression. The embodiment aims to move and
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decelerate the gases within an exhaust system duct by the use
of vanes or expansion chambers formed to a logarithmic
curve so that the gas is caused to decelerate or gradually at
first followed by a progressively increasing change of speed
in a continual direction change approximating a Golden Ratio
logarithmic progression. By acting on the working medium in
this manner, the cause of sudden decelerations or radical
changes of direction is reduced and the potential for turbu-
lence and poor performance of the muffler/flame tube duct is
also reduced.

[0057] Mufflers using a rotationally formed logarithmi-
cally expanding duct according to the embodiment may be
used in any suitable application for the expansion and/or
muffling of gases, and even for the extraction of air and other
gases, but typically finds application in internal combustion
engine exhaust systems. In this application the gas can be
induced through the entry to the duct system, decelerated
smoothly using the logarithmic curved vanes and/or cham-
bers, in harmony with the naturally occurring responses of the
gas, and ejected at low velocity to cause slowing and noise
reduction of gases.

[0058] To this end a muffler may be provided in a large
number of different configurations which are typified by the
examples shown in the accompanying drawings.

[0059] In the form of the embodiment shown in FIG. 12
there is shown a muffler (218)/expansion chamber (211) hav-
ing an entry section (221) and an exit section (225) in the form
of'a converging or diverging duct respectively. The muffler is
shaped to follow a logarithmic curve having a fine pitch in the
area (221) adjacent the inlet and the relatively coarse pitch in
the area adjacent the outlet (225). Gases forced into the inlet
(221) are caused to slowly decelerate and rotate in a vortex
movement, following a natural movement for gases.

[0060] In the configuration of the form of the embodiment
shownin FIGS. 13, 14, and 15, the expansion chamber may be
located within a shroud (411). The chamber has a spiral wall
orientated about an axis (423) and having an edge (425) from
which the conical wall spirals inwardly in a manner following
a logarithmic progression. The cross section of the cavity
between adjacent walls increases outwardly in a logarithmic
progression causing deceleration of the fluid within the cav-
ity. Rotation of the gas in the chamber is in a clockwise sense
(with regard to FIG. 8), inducted through entry (415) and
forced through the outwardly tapering spiral canals within the
impeller until it is thrust out through the exit (425).

[0061] The spiral tube forming the expansion chamber
(418) preferably has a relatively large cross-section at the
outlet (425) and a relatively small cross-section at the inlet
(423), from which gas is inducted at high velocity and caused
to be ejected from outlet (425) resulting in expanded, slowed
noise, gas.

[0062] The configuration of the form of the embodiment of
the chamber can be seen more clearly in FIG. 15 which is a
typical view from the top of such a chamber from which it can
be seen that the shape incorporates a logarithmic curve in its
spiral configuration.

[0063] This logarithmic curve or spiral in the approximate
ratio of 1:0.618 applied to chambers, vanes or ducts shaped
according to this curve are able to operate in a harmonious
manner with the natural movement of gas allowing these
fluids to be decelerated through a chamber or motor in a
manner which is considerably more harmonious, and there-
fore efficient than that achieved in conventional mufflers,
expansion chambers and flame rubes.
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[0064] Itis a common characteristic of each of the embodi-
ments described above that they can be used as a duct which
can induce fluid flow in a non-turbulent manner between an
inlet and an outlet or alternatively which permits the passage
of fluid between the inlet and outlet in a substantially non-
turbulent, more efficient manner than has been possible with
conventional ducts of equivalent capacity.

[0065] Inaddition itis a characteristic of the invention that
the duct of the invention and each of the embodiments can be
used with gaseous, liquid and slurry forms of fluid medium.
[0066] It is a further characteristic of the invention that the
flow of fluid over the surface of the duct results in signifi-
cantly less friction and impact forces being imposed upon the
surface and the duct. As a result of this and the reduced
turbulence created by the duct there is less heat and noise
generated as a result of the action of the duct and thus
imparted into the fluid.

[0067] Itis a further characteristic of the invention that the
induced vortical flow of the fluid reduces sedimentation of
materials in suspension on the walls of the duct.

[0068] It is a further characteristic of the invention that the
reduced cavitation of liquids result in reduced oxygenation
and therefore reduced oxidization of the liquids or duct con-
struction materials.

[0069] It is a further characteristic of the invention that
fluids may pass through it in reverse flow to produce opposite
effects.

[0070] Additionally, in the embodiments the inlet provides
the minimum clearance for the fluid entering the duct and as
aresult any materials which are able pass into the inlet will be
able to pass through the duct which reduces the possibility of
the duct becoming clogged.

[0071] The duct of the invention has application to use in,
among others: plumbing systems, refrigeration, circulatory
piping or ducting systems, hot gas or refrigerant gas expan-
sion/contraction systems, afterburners, smoke stacks, flues,
combustion chambers, air-conditioning ducts, dust precipita-
tors, sound attenuators and mufflers, and can be used to
advantage in any proposed application of such, at least
because of the enhanced fluid flow, reduced friction, and
reduced heat gain, reduced sedimentation, reduced oxidisa-
tion, and reduced noise.

[0072] Itshould be appreciated that the scope of the present
invention need not be limited to the particular scope described
above.

[0073] Throughout the specification, unless the context
requires otherwise, the word “comprise” or variations such as
“comprises” or “comprising”, will be understood to imply the
inclusion of a stated integer or group of integers but not the
exclusion of any other integer or group of integers.

1-11. (canceled)

12. A duct comprising:

an inlet for receiving the fluid;

an outlet for expelling the fluid; and

an intermediate fluid pathway between the inlet and the
outlet, the intermediate fluid pathway excluding a sub-
stantially right angle bend and including a curvature
between the inlet and the outlet, the curvature inducing
vortical flow that reduces turbulence in the fluid flow as
the fluid traverses the intermediate fluid pathway.

13. The duct of claim 12 wherein the curvature is config-

ured to facilitate a change of direction in the flow of a fluid.
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14. The duct of claim 12 wherein the curvature substan-
tially unfolds at a constant order of growth when measured at
equiangular radii between the inlet and the outlet.

15. The duct of claim 12 wherein the curvature comprises
a spiral twist between the inlet and the outlet.

16. The duct of claim 15 wherein the spiral twist substan-
tially unfolds at a constant order of growth when measured at
equiangular radii between the inlet and the outlet.

17. The duct of claim 12 wherein the curvature comprises
a helical twist between the inlet and the outlet.

18. The duct of claim 17 wherein the duct comprises a
cardiovascular stent.

19. The duct of claim 17 wherein the helical twist substan-
tially unfolds at a constant order of growth when measured at
equiangular radii between the inlet and the outlet.

20. The duct of claim 12 wherein the curvature is substan-
tially in the form of a shell configuration from the phylum
Mollusca, class Gastropoda, genus Volutidae.

21. The duct of claim 20 wherein the duct comprises a fluid
flow controller for reducing turbulence in fluid flow.

#* #* #* #* #*
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