[am—y

_..
S O 00 =1 O h B W b

;3%?;)

CARR & FERRELL LLP

: ;‘f ) 1 : :
Qr’ase 5:09-cv-01266-HRL " - Document 1 Fi‘{ed 03/24/2009 Page 1 of 13

e ‘
AT
OO

COLBY B. SPRINGER (SBN 214868)
cspringer@carrferrell.com
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Telephone: (650) 812-3400
Facsimile: (650) 812-3444

Attorneys for Plaintiff
PAX SCIENTIFIC, INC.
PAX STREAMLINE, INC.

UNITED STATES DISTRICT COURT .HRL
NORTHERN DISTRICT OF CALIFORNIA

PAX SCIENTIFIC, INC., a California Cc%m@ 9 1 2 c 06

corporation; and PAX STREAMLINE, INC.,
a Delaware corporation COMPLAINT FOR PATENT
INFRINGEMENT

Plaintiffs,
(U.S. Patent No. 5,934,877)
Vs,
DEMAND FOR JURY TRIAL
RE:THOUGHT, LLC, a Colorado limited
liability company; and ROBERT IRWIN, an
individual residing in the State of Colorado

Defendants.

Plaintiffs Pax Scientific, In¢. and Pax Streamline, Inc. (each individually a “PLAINTIFF”
and collectively “PLAINTIFFS”) hereby allege for their complaint against Defendants re: Thought,
LLLC and Robert Irwin (each individually a “DEFENDANT” and collectively “DEFENDANTS™) as

follows:

JURISDICTION AND VENUE
1. The United States District Court for the Northern District of California (the “Court™)
has jurisdiction over this matter because it is an action tor infringement arising under the United
States Patent Act (35 U.S.C. § 1 ef seq.). Accordingly, the Court has subject matter jurisdiction

pursuant to 28 U.S.C. §§ 1331 and 1338(a).
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2. PLAINTIFFES are informed, believe, and thereon allege that the DEFENDANTS are
subject to personal jurisdiction in the Northern District of California (the “District”) because the
DEFENDANTS have, individually and collectively, caused tortious injury in this District by acts
committed both inside and outside the District. The DEFENDANTS are further subject to personal
jurisdiction in the District because the DEFENDANTS regularly solicit business in the District
including solicitations related to products and services infringing the patent-in-suit.

3. Venue for this action is proper in the District pursuant to 28 U.S.C. §§ 1391 and
1400 because a significant portion of the DEFENDANTS” infringing activities have occurred in the
District.

INTRA-DISTRICT ASSIGNMENT

4. For the purposes of Civil L.R. 3-2(c), this is an Intellectual Property action and may
be assigned to any division of the District.

THE PARTIES

Pax Scientific, Inc.

5. Pax Scientific, Inc. (“PAX"™) is a California corporation that has its principal place of
business at 1615 Fifth Avenue, San Rafael, California 94901. PAX was formed in 1997 with the
primary focus of increasing the efficiency of fluid-handling technology in industrial equipment such
as fans, mixers, pumps, turbines, heat exchangers, ducts and propellers. PAX is an engineering
research and development firm specializing in finding innovative, streamlined solutions for fluid-
related industrial problems.

6. PAX is a pioneer in ‘Streamlining Principle’ technology. PAX’s patented
Streamlining Principle technology transiates flow efficiencies into streamlined design geometries.
PAX employs these geometries to significantly improve the performance, output, and energy usage
of a wide range of technology. PAX enjoys a distinct commercial advantage as a result of the
employment of these geometries.

7. PAX’s patented technology allows it to design highly efficient and innovative
technology and industrial equiplﬁent. PAX’s designs are licensed to manufacturers in a variely of

industries. PAX has also procured financing from premier venture capital investors and has
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received a prestigious Advanced Technology Program grant from the United States Commerce
Department.

8. PAX’s contributions to streamlined design geometries have not gone unnoticed.
Using streamlining geometries, PAX has produced the award-winning Goggleboat and WildThing
series of watercraft confirming many of the underlying theories of the Streamlining Principle.

9. PAX s streamlined design geometries have also ‘been nationally showcased. In
2008, PAX’s elegant Lily impeller was featured in the Design and the Elastic Mind exhibition at
New York City’s Museum of Modern Art.

10.  PAX’s technology has received positive coverage from various publications and
news organizations including Horizon Air Magazine; Appliance Design Magazine; Trend
Magazine; The New York Times;, Azure Magazine; Fortune; National Geographic France; Seed;
The San Francisco Chronicle; CNN.com; International Appliance Manufacturing; The Pacific Sun;
Slate; CNET News; and Horizons.

Pax Streamline, Inc.

1. Pax Streamline (‘STREAMLINE”) is a Delaware corporation that has its principal
place of business at 52 Leveroni Court, Novato, California 94949. STREAMLINE was formed in
2007 with the primary focus of developing and bringing to market products that employ the energy
efficiency benefits of PAX’s Streamlining methodologies in such areas as power generation, HVAC
and refrigeration. STREAMLINE is a product development firm that specializes in improving the
energy efficiency and overall effectiveness of fluid-related industrial equipment.

12. STREAMLINE employs natural flow geometries to address and ameliorate problems
associated with fluid-handling eduipment such as drag resistance, inefficient energy usage, low
output, excessive noise and component wear.

13. STREAMLINE has spearheaded the understanding the problems of fluid-handling
equipment. Through observation and analysis of the fundamental mathematics underlying natural
fluid flow, STREAMLINE is able to optimize streamiining geoinetries and apply them to

technology. As aresult, STREAMLINE is afforded a distinct commercial advantage as a result of
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this optimization and app]icatioh of the streamlining geometries to technology. STREAMLINE has
also procured financing from a leading venture capital investor.

14.  STREAMLINE’S contributions to streamlining geometries have not gone unnoticed.
The measurable effectiveness of STREAMLINE’s streamlining approach has been validafed by
independent testing of its technology, in collaboration with international rescarch facilities.

15. STREAMLINE has also received complimentary coverage from a variety of news
organizations including The New York Times; The San Francisco Chronicle; North Bay Business
Journal; CNET; and Fast Company.

re:Thought, LLC

16.  PLAINTIFFS are informed, believe, and thereon allege that re:Thought, LLC
(RETHOUGHT) is a Colorado limited liability company that has its principal place of business at
4863 W. 68" Avenue #2, Westminster, Colorado. RETHOUGHT claims o provide
environmentally and socially 1‘esi30nsibie products, services, and consulting to businesses and
organizations.

Robert Irwin

17.  Robert Irwin (TRWIN) is an individual believed to be permanently residing in the

State of Colorado.
| 18. IRWIN purports to be the co-founder of RETHOUGHT.

19. IRWIN is also believed to be a designer of the Biometric Horizontal Axis Wind
Turbine (BioHAWT), which infringes certain intellectual properties owned and/or exclusively
licensed by the PLAINTIFFS. IRWIN’s design efforts, which are more accurately characterized as
copying of PLAINTIFFS’ intellectual properties, are believed to have commenced prior to the
founding of RETHOUGHT. Notwithstanding, those design efforts—and corresponding
infringement—are believed to continue today.

GENERAL ALLEGATIONS

Biomimetic Horizontal Axis Wind Turbine (BioHAWT)
20. On or about May 11, 2005, BIOHAWT's Co-Founder—IR WIN-—initiated

communications with PAX’s President and Chief Executive Officer, Jay Harman, who is world
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renowned as an expert in streamlining principles and efficiencies of nature. IRWIN attempted to
solicit advice from Mr. Harman regarding fan designs for application in wind harnessing conduits.
IRWTN was, at the time, an industrial design student at the Art Institute of Colorado and expressed
his desire to possibly use certain of Mr. Harman’s fan design in his wind harnessing conduit.

21. IRWIN again contacted Mr, Harman, this time on or about July 26, 2005. In
IRWIN's July 26 communication, IRWIN revealed certain observations and a detailed description
about a potential wind turbine design. IRWIN disclosed that he was designing a “Wind Turbine
using the techniques of Biomimicry/Biomimetics with the specific goal of increasing input (wind)
to output {electrical) ratios immensely.” IRWIN expressed his desire to “discuss things further” and
“gain some insight” from Mr. Harman that he could utilize in his project design.

22. On various occasions from August 1, 2005 to August 16, 2005, IRWIN repeatedly
communicated with Mr. Harman and revealed pictures and sketches of his wind turbine prototypes.

JRWIN continued to request information from Mr, Harman. On one occasion, IRWIN asked if Mr.

|| Harman could “lend your knowledge to me” or if Mr. Harman was “able to make any

extrapolations” regarding his wind turbine project.

23. On August 19, 2005, in response to IRWIN’s continued unsolicited communications,
pictures and sketches regarding his wind turbine, Mr, Harman clearly indicated to TRWIN that
PAX’s U.S. patent number 5,934,877—the patent-in-suit—covered “the scope of the project you
are exploring.”

24.  Notwithstanding Mr. Harman having placed IRWIN on notice as to the existence of
PAX’s patent rights and that PAX’s patent rights covered the scope of Irwin’s wind turbine project,
IRWIN attempted to maintain communications with Mr. Harman through 2007.

25.  On January 30, 2007—having previously been informed as to the existence of PAX"s
patent rights and that PAX’s patent rights covered the scope of IRWIN’s wind furbine project—
TRWIN re-affirmed his efforts to design a wind turbine that infringed the exclusive rights embodied
in the patent-in-suit. IRWIN attempted to gather information from Mr. Harman about the
“applicable nature of the phi sequence with respects to the vertical axis helix and possible material

choices” regarding his new turbine design.
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26.  In response to IRWIN’s January 30, 2007, communication, Mr. Harman informed
IRWIN on February 3, 2007, that he could not give lrwin any advice since “the application of phi
geomelry to turbine blades is covered by [PAX’s] patents,” including U.S. patent number
5,934,877—the patent-in-suit.

27.  On November 6, 2008, notwithstanding the fact that IRWIN had twice been
informed in writing as to the existence of PAX’s patent rights and the applicability of those patent
rights to IRWIN’s proposed project, IRWIN informed Mr. Harman that the IRWIN and
RETHOUGHT would be displaying a prototype of the Biomimetic Horizontal Axis Wind Turbine
(the BioHAWT) at Denver University on November 10, 2008.

28. PLAINTIFFS ar@_informed, believe, and thereon allege that RETHOUGHT —which
was co-founded by IRWIN—was able to exhibit the BioHawt prototype as a direct result of
IRWIN’s efforts, which include the infringement of certain PAX intellectual properties such as
those embodied in U.S. patent number 5,934,877, |

The Patent-in-Suit

29. U.S. patent number 5,934,877 (the “‘877 Patent™) issued on August 10, 1999 and is
entitled “Rotor with Logarithmic Scaled Shape.” A true and correct copy of the *877 Patent is
attached hereto as Exhibit A. The ‘877 Patent discloses a rotor that may rotate about a central axis
and having a surface, which defines an arcuate fluid pathway for fluid flow about the central axis
about which the rotor is able to rotate. The rotor’s surface has the configuration of a logarithmic
curve substantially conforming to the mathematical progression known as the Golden Section or the
Fibonacci Progression.

30. PAX is the assignee of the right, title, and interest in the ‘877 Patent, which
embodies certatn innovative technologies that have helped make PAX the success that it is today.

31. On September 24, 2007, PAX granted STREAMLINE an exclusive license to the
877 Patent in certain fields of use, including wind turbines. The exclusive rights with respect to
wind turbines and the ‘877 Patent include the exclusive right to make, use, distribute, sell, offer to

sell, or commercialize any product or service otherwise covered by the claims of the 877 Patent.
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DEFENDANTS’ Unlawful Conduct Relating to the Patent-in-Suit

32. PLAINTIFFS are informed, believe, and thereon allege that DEFENDANTS make,
use, offer to sell, and sell in the United States wind turbines that infringe the ‘877 Patent, including
but not limited to the BioHAW'T.

33.  PLAINTIFFS are informed, believe, and thereon allege that IRWIN has contributed
to RETHOUGHT’s making, using, offering to sell, and sale in the United States of wind turbines
that infringe the ‘877 Patent, including but not limited to the BioHAWT.

34, PLAINTIFFS are informed, believe, and thereon allege that the BioHAWT has no
other purpose that would not infringe the ‘877 Patent.

35. PLAINTIFFS are informed, believe, and thereon allege that the BloHAWT in and of
itself materially infringes the *877 Patent.

36.  PLAINTIFFS are informed, believe, and thereon allege that the BioHAWT is not a
staple article or commodity of commerce suitable for substantial non-infringing use.

37.  PLAINTIFFS are informed, believe, and thereon allege that IRWIN has induced
RETHOQUGHT to make, use, offer to sell, and sell in the United States wind turbines that infringe
the ‘877 Patent, including but not limited to the BioHAWT,

38, PLAINTIFFS are'informed, believe, and thereon allege that IRWIN instructed,
advised, and/or directed RETHOUGHT to manufacture the BioHAWT in such a way that it
infringes the ‘877 Patent.

39, PLAINTIEFS are informed, believe, and thereon allege that IRWIN had knowledge
of said infringement of the ‘877 Patent at the time he provided such instruction, advise, and/or
direction.

40, PLAINTIFFS are informed, believe, and thereon allege that IRWIN—
notwithstanding having been placed on notice as to the existence and scope of PAX’s patent
rights—intended for the BioHAWT to be made, used, sold, or offered for sale in such a way that
would infringe the ‘877 Patent.

41. DEFENDANTS’ unlawful activities have resulted in an unjust enrichment to

DEFENDANTS and immediate and irreparable harm to PLAINTIFFS. If DEFENDANTS’
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unlawful activities are not immediately enjoined, DEFENDANTS will continue to be unjustly
enriched and will continue to irreparably harm PLAINTIFFS. PLAINTIFFS have no adequate
remedy at law.
COUNTI
Direct Infringement of U.S. Patent No. 5,934,877 by DEFENDANTS

42.  PLAINTIFFS repeat and re-allege each of the allegations set forth in paragraphs 1
through 41 as though fully set forth herein.

43, PLAINTIFFS are informed, believe, and thereon allege that DEFENDANTS” actions
in making, using, selling, distributing, and offering for sale of the BioHAWT, and possibly other
products, infringe the ‘877 Patent. PLAINTIFFS are informed, believe, and thereon allege that the
DEFENDANTS will continue to engage in such infringing activities unless enjoined by the Court.

44, PLAINTIFFS have been damaged by the DEFENDANTS” infringing conduct and
the DEFENDANTS are therefore liable to PLAINTIFTS for actual damages suffered and any
profits realized on the sale of the BioHAWT product and possibly other infringing products, which
are not taken into account in the computation of actual damages, as well as any statutory damages,
such as treble damages. Moreover, such conduct is likely to cause substantial harm to
PLAINTIFFS, unless the Court enjoins the infringing conduct.

45. PLAINTIFFES are informed, believe, and thereon allege that DEFENDANTS’
infringement of the ‘8§77 Patent is deliberate and willful. The deliberate and willful infringement of
the ‘877 Patent is evidenced, in the least, by DEFENDANTS’ display of the BloHAWT
notwithstanding RETHOUGHT co-founder IRWIN having twice been placed on actual notice in
writing as to the existence of the ‘877 Patent and its coverage of the wind turbine project that
resulted in the BioHAWT prototype.

COUNT 1
Contributory Infringement of U.S. Patent No. 5,934,877 by IRWIN

46.  PLAINTIFES repeat and re-allege each of the allegations set forth in paragraphs 1

through 45 as though fully set forth herein.
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47. PLAINTIFFS are informed, believe, and thereon allege that IRWIN’s actions have
contributed to RETHOUGHT making, using, selling, distributing, and offering for sale of the
BioHAWT, and possibly other products, that infringe the ‘877 Patent. PLAINTIFFS are informed,
believe, and thereon allege that the IRWIN will continue to engage in such infringing activities
unless enjoined by the Court.

48.  PLAINTIFFS are informed, believe, and thereon allege the BioHAWT has no other
purpose that would not infringe the ‘877 Patent, that the BioHAWT in and of itself matertally
infringes the ‘877 Patent, and that the BioHAWT is not a staple article or commodity of commerce
suitable for substantial non-infringing use.

49,  PLAINTIFFS have been damaged by IRWIN’s contributorily infringing conduct and
IRWIN is therefore individually liable to PLAINTIFFS for actual damages suffered and any profits
realized on the sale of the BioHAWT product and possibly other infringing products, which are not
taken into account in the compufation of actual damages, as well as any statutory damages, such as
treble damages in that such contributorily infringing conduct occurred, at the least, prior to the
founding of RETHOUGHT. Moreover, such conduct is likely to cause substantial harm to
PLAINTIFES, unless the Court enjoins the infringing conduct.

50. PLAINTIFFS are informed, believe, and thereon allege that IRWIN’s contributory
infringement of the ‘877 Patent is deliberate and willful, The deliberate and willful infringement of
the ‘877 Patent is evidenced, in the least, by DEFENDANTS’ display of the BioHAWT
notwithstanding RETHOUGHT co-founder IRWIN having twice been placed on actual notice in
writing as to the existence of the ‘877 Patent and its coverage of the wind turbine project that
resulted in the BioHAWT prototype.

COUNT I
Contributory Infringement of U.S. Patent No. 5,934,877 by IRWIN

51, PLAINTIFFS repeat and re-allege each of the allegations set forth in paragraphs |
through 50 as though fully set forth herein.

52, PLAINTIFFS are informed, believe, and thereon allege that IRWIN's actions have
induced RETHOUGHT to make, use, sell, distribute, and offer for sale of tHe BioHAWT, and
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possibly other products, that infringe the ‘877 Patent. PLAINTIFFS are informed, believe, and
thereon allege that IRWIN will continue to engage in such infringing activities unless enjoined by
the Court.

53. PLAINTIPFS are informed, believe, and thereon allege that [IRWIN instructed,
advised, and/or directed RETHOUGHT to manufacture the BioHAWT in such a way that it
infringes the ‘877 Patent, that IRWIN had knowledge of said infringement of the ‘877 Patent at the
time he provided such instruction, advise, and/or direction, and that IRWIN—notwithstanding
having been placed on notice as to the existence and scope of PAX’s patent rights—intended for the
BioHAWT to be made, used, sold, or offered for sale in such a way that would infringe the ‘877
Patent.

54. . PLAINTIFFS have been damaged by the IRWIN’s inducement and IRWIN is
therefore individually liable to PLAINTIFFS for actual damages suffered and any profits realized
on the sale of the BioHAWT product and possibly other infringing products, which are not taken
into account in the computation of actual damages, as well as any statutory damages, such as treble
damages in that such inducement conduct occurred, at the least, prior to the founding of
RETHQUGHT. Moreover, such conduct is likely to cause substantial harm to PLAINTIFFS, unless
the Court enjoins the infringing conduct.

55. PLAINTIFFS are informed, believe, and thereon allege that IRWIN’s inducement of
infringement of the ‘877 Patent is deliberate and willful. The deliberate and willful infringement of
the ‘877 Patent is evidenced. in the least, by DEFENDANTS’ display of the BioHAWT
notwithstanding RETHOUGHT co-founder IRWIN having twice been placed on actual notice in
writing as to the existence of the ‘877 Patent and its coverage of the wind turbine project that
resulted in the BioHAWT prototype.

WHEREFORE, PLAINTIFES pray for relief as set forth herein.

/1
i
1
i
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PRAYER FOR RELIEF

WHEREFORE, PLAINTIFFS request entry of judgment in their favor and against the
DEFENDANTS as follows:

A, On Count I, declaring that the DEFENDANTS have directly infringed one or more
claims of the ‘877 Patent;

B. On Count II, declaring that IRWIN contributed to the infringement of one or more
claims of the ‘877 Patent by RETHOUGHT;

C. On Count I, declaring that IRWIN induced others—including but not limited to
RETHOUGHT—to infringe one or more claims of the ‘877 Patent;

D. On Counts I-1I1, preliminarily and/or permanently enjoining DEFENDANTS and 1ls
officers, agents, servants, employees, and attorneys, and all persons acting in active concert or
participation with them, from further infringing the ‘877 Patent, in accordance with 35 U.5.C. §
283;

E. On Counts I-111, awarding PLAINTIFFS a reasonable royalty in an amount adequate
to compensate PLAINTIFFS for DEFENDANTS" infringement, in accordance with 35 U.S.C. §
154;

EF. On Count I-IIII, awarding PLAINTIFFS damages in an amount adequate to
compensate PLAINTIFFS for DEFENDANTS’ infringement, in accordance with 35 U.S.C. § 284,

G. On Count I-111; increasing the damages to three times the amount found or assessed
by virtue of the deliberate and willful nature of DEFENDANTS” infringement, in accordance with
35US8.C. § 284;

H. On Counts I-111, for actual damages according to proof;

L. On Counts I-11], for interest on all the foregoing amounts, at the legal rate, with
effect from the due date for payment;

J. On Counts I-111, awarding PLAINTIFFS its full costs, including reasonable

attorneys’ fees;

-11-
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K. On Counts I-111 and any corresponding relief granted by the Court, that the
DEFENDANTS be found jointly and severably liable for any award of damages, costs, fees, or
interest, and/or the imposition of any reasonable royalty; and

L. On Counts I-111, gl;anting such other and further relief as this Court may deem just

and appropriate.

Dated: March 24, 2009 CARR & FERRELL LLP

ox

; TINEER (SBN 214868)
@ ) (SBN 256695)

Attorneys for Plaintiffs
PAX SCIENTIFIC, INC.
PAX STREAMLINE, INC.
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DEMAND FOR JURY TRIAL

Plaintiff hereby demands a trial by jury of all issues so triable.

Dated: March 24, 2009

CARR & FERRELL LLP

&7

By:

COLBY B-

=K/ (§BN 214368)
LAURIE@SEL

IAN BN 256695)

Attorneys for Plaii;z’.trgﬁfv
PAX SCIENTIFIC, INC.
PAX STREAMLINE, INC.
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ROTOR WITH LOGARITHMIC SCALED
SHAPE

BACKGROUND OF THE INVENTION

The present invention relates to a rotor which is intended
to induce fuid flow and/or to be influenced by fluid flow and
can have relevance to pumps for inducing fluid flow and
torque generators which are responsive 1o fiuid flow such as
turbines.

Generally, devices which are influenced by Ruid flow in
the production of torque or alternatively which can induce
fluid flow atilise a rotor which is rotatably supported in a
housing in order to react to, or {o generate fluid flow. Such
rotors in the simplest forms comprise a set of radial vanes
mounted to a backing plate or a set of propeller or turbine
blades supported from a shaft. The principal difficulty with
previous arrangements however, has been turbulence cre-
ated within the fluid flow which reduces the efficiency and
in extreme circumstances, in the case of liquids, can result
in cavitation, which not only reduces the operational effi-
ciency of the pump but can result in inefficiencies and
destructive influences zpon the structure of the rotor and the
support housing and therefore can also result in significant
wear and noise.

It is an object of this invention to provide a rotor which
can react to or induce fluid flow which reduces the degree of
extraneous turbulence which is exerted upon the fuid in its
passage past the rotor with the resultant energy loss. In order
to effect this the surfaces of the rotor are intended to provide
a fluid pathway which conforms generally 1o the curve of a
logarithmic configuration substantially conforming to the
Golden Section.

All fluids when moving under the forces of nature, tend to
move in spirals or vortices. These spirals or vortices gener-
ally comply to a mathematical logarithmic progression
known as the Golden Section or the Fibonacci Progression.
The invention enables fluids to move over the surfaces of the
rotor in their naturally preferred way, thereby reducing
inefficiencies created through turbulence and friction which
are normally found in apparatus commonly used for flow
and toique generators which are responsive to fluid flow and
as a result reducing the likelihood of wear.

SUMMARY OF THE INVENTION

Accordingly the invention resides in a rotor for use with
a fluid flow generator or reactor, said rotor being intended to
rotate about a central axis and having a surface which
defines an arcuate fluid pathway for fluid flow about the
cenlral axis about which the rotor is able to rotate, wherein
the surface has the configuration of a logarithmic curve
substantially conforming to the Golden Section.

According to a preferred feature of the invention the
curvature of the surface is transverse to the central axis.

According to a further preferred feature of the invention
the curvature of the surface can be in a direction parallel to
the central axis.

According to a further preferred feature of the invention
the curvature of the surface is both transverse to the central
axis and is parallel to the direction of the centra} axis to
define a three dimensional surface conforming to the Golden
Section.

According 1o a farther preferred feature of the invention
the fluid pathway has a spiral configuration. In particular the
configuration takes the form of a helix or a volute.

According 1o a [urther preferred feature of the invention
the fluid pathway comprises a duct. According to a further
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preferred feature of this fealure the cross-sectional area of
the duct varies logarithmically in substantial conformity to
the Golden Section.

According to a further preferred feature of the invention
the fnid pathway has the configuration conforming to the
internal configuration of a shell of the phylum Molusca,
class Gastropoda or Cephalopoda. According to particular
forms of the invention the surface conforms to he internal
configuration of shells selected from the genera Volutidea,
Argonauta, Nautilus, Conidea or Turbinidea.

According to a further preferred feature of the invention
the fluid patbway has the configuration conforming io the
external configuralion of a shell of the phylum Mollusca,
class Gastropoda or Cephalopada. According to particular
forms of the invention the surface conforms to the external
configuration of shells selected from the genera Volutidea,
Argonauta, Nautiles, Conidea or Turbinidea.

According to a further preferred feature of the invention
the rotor is adapted to be subjected to a fluid flow over said
surface to induce a rotation of the rotor about the central
axis. According to an alternative preferred feature of the
inveantion the rotor comprises an impeller which is adapted
to be driven to rotate about its central axis to induce fluid
Bow over the surfacs.

One embodiment of the invention comprises a fluid flow
reactor having a rotor which is rolatably mounted and is
adapted to be subjected to a fluid flow wherein the retor is
of the form as described above. The Huid may comprise a
liquid or a gas and in the latier case may comprise air.

Another embodiment of the invention comprises a fluid
flow generator having a rotor which is caused to rotate by a
drive means in order to generate said fiuid flow, and the rotor
takes the form of a rotor as described above. The fluid may
comprise a liquid or a gas and in the lalter-case may
comprise air.

According to a particular embodiment, the invention
resides n a pump comprising a body defining a chamber,
said chamber having a central axis, an oullel [ormed in the
wall of the chamber, and an opening formed in the wall
which i1s concentric with the central axis; a rotor rotatably
supported in the chamber for rotation about said central axis,
a drive shaft concentric to the central axis being adapted to
be driven by a drive shaft; said rotor baving a sub-chamber
having an inlet which is concentric with the ceatral axis and
which is received in the opening and having a outlet which
is directed substantially tangentially or circumferentially;
the surface defined by the inner face of the sub-chamber
having a substantially spiral profile between the inlet and
outlst wherein the curvature of the surface has the charac-
teristics of a logarithrnic curve substantially confoerming to
the Golden Section.

According 1o a preferred lealure the opening is directed
substantially in opposed relation to the direction of rotation.

According to a preferred feature the opening is directed
substantially in the direction of rotation.

According o a preferred feature the surface comprises a
duct.

According to a further prefemred feature of the previous
feature the cross-section of the duct generally increases
between the inlet and outlet where the vartation in cross-
section of the duct varies logarithmically in substantial
conformity to the Golden Section.

According lo a preferred feature of the embediment the
sub-chamber of the rotor has the configuration of the interior
of shells of the phylum Mollusca; classes Gastropoda or
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Cephalopeda, In particular examples of the embodiment the
surface has the configuration of the interior of shells selected
from the genera Volutidea, Conidea, Turbinidea, Argonauta,
or Nautilus.

According to a further preferred feature the chamber is of
a generally spherical or ellipsoidal configuration, where the
curvature of the internal face of the chamber between the
opening and the outlet conforms to a logarithmic curve
substantiafly conforming to the characieristics of the Golden
Section.

BRIEF DESCRIFTION OF THE DRAWINGS

The invention will be more fully understood in the light
of the following description of several specific embodi-
ments. The description is made with reference to the accom-
panying drawing of which;

FIG. 1 illnstrates the form of the Golden Section:

FIG. 2 js a general isometric view of the pump according
to the first embodiment,

FIG. 3 is an inverted plan view of the npper portion of the
pump body of the first embodiment with the rotor in posi-
tion; and

FIG. 4 is a cross-sectional view along linc 4—4 of FIG.
3.

FIG. 5 is a schematic sectional view of the second
embodiment;

FIG. 6 is a schematic sectional view of a variation of the
second embodiment;

FIG. 7 is an end elevation of the rotor of the second
embodimeni;

FIG. 8 is a side elevation of the rotor of FIG. 7;

FIG. 9 is a sectional side elevation of the rotor of FIGS.
7 and 8;

FIG. 10 is a schematic illustration of a rotor according to
the third embodiment; )

FIG. 11 is a plan view of a rotor according to the fourth
embodiment;

FIG. 12 is a schematic view of a pump according to the
fifth embodiment:

FIG. 13 is a sectional view of the fifth embodiment shown
at FIG. 12;

FIG. 14 is an end view of the rotor of the fifth embodiment
shown at FIGS. 12 and 13;

FIG. 15 is a schematic view of a rotor according to the
sixth embodiment:

FIG. 16 is a schematic view of a rotor according to the
sixth embodiment; and

FIG. 17 is schematic sectional view of the scventh
embodiment of the invention.

DETAILED DESCRIPTION

Each of the embodimenits are directed to a rotor which can
be utilised to generate fiuid flow as in the casc of a pump or
which can be responsive to fluid flow to produce a torque as
in the case of a turbine or motor.

As stated previously all fluids when moving under the
infiuence of the patural forces of Nature, tend to move in
spirals or vortices. These spirals or vortices generally com-
ply to a mathematical progression known as the Golden
Section or the Fibonacci Progression.

Each of the embodiments serves to enable {luids to move
in their naturaily preferred way, thereby reducing inefficien-
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cies created through turbulence and friction which are
normaily found in apparatus commonly used for inducing
fluid flow and in torque generators which are responsive to
fluid flow. Previcusly developed technologies have gener-
ally beer: less compliant with natural fluid flow tendencies.

The rotors of each of the embodiments described herein
are generally designed in all respects, in accordance with the
Golden Section and therefore it is a characteristic of each of
the embodiments that the rotor provides a fluid pathway
which is of a spiralling configuration and which conforms at
least generally to the characteristics of the Golden Section.
The characteristics of the Golden Section are illustrated in
FIG. 1 which illustrates the unfolding of the spiral curve
according 1o the Golden Section. As the spiral unfolds the
order of growth of the radivs of the curve which is measured
at equiangular radii (eg E, F, G, H. I and J) is constant. This
can be illustrated from the triangalar representation of each
radivs between each sequence which corresponds to the
formula of a:b=b:a+b which conforms to the ratio of 5:8 and
which is consistent through out the curve.

It is a characteristic of each of the embodiments that the
curvature of the surfaces which form the rotor takes a two
dimensicnal of three dimensicnal shape and which sebstan-
tially conform to the characteristics of the Golden Section
and that any variation in cross-sectional area of the fluid
pathway also substantially conforms to the characteristics of
the Golden Section. Furthermore il has been found that the
characteristics of the Golden Section are found in nature in
the form of the external and internal configurations of shells
of the phylum Mollusca, classes Gastropoda and Cepha-
lopoda and it is a common characteristic of at least some of
the embodiments that the fluid pathway defined by the rotor
corresponds generally to the external or internal configura-
tion of shells of one or more of the genera of the phylum
Mollusca, classes Gastropoda and Cephalopoda.

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 substantialty conforming to that
of the Golden Section that the fiuid ow 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 corre-
spond to that of the Golden Section. As a result of the
reduced degree of turbulence which is induced in the fluid in
its passageway through such a pathway, the rotor’s accord-
ing to the various embodiments can be used for conducting
fluid with less wear and with a greater efficiency than has
previously been possible with conventional rotors of equiva-
lent dimensional characteristics.

The first embodiment which is shown at FIGS. 2, 3 and 4
comprises a pump which can be utilised for delivery of high
pressure fluid from the cutlet and it is anticipated that one
particular use would be as a “jet pump” which can be used
in the propulsion of water-borne craft.

The pump according to the first embodiment comprises a
body 11 which is formed from two substantially identical
halves 12 and 13 which are each provided with a flange 14
and 15 at their abutting edges which can be clamped together
by any suitable means. The body defines a main portion
which forms a closed chamber 16 which is generally circular
in plan but of a substantially elliptical diametrical section
with a laterally extending outlet duct 17. The chamber
accommodates a rotor 18 supported from a drive shall 19
which is coincidental with the central axis of the chamber 16
and which is supported by a suitable bearing housing (not
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shown) provided in one half 12 of the body 11. The rotor 18
has the internal and external configuration of a shell of the
phylum Mollusca, class Cephalopoda, genus Nautilus but
witkout the internal partitions or septa which are normally
present in naturc. The axial face of the rotor opposite the
drive shaft 19 is provided with an inlet opening 21 which is
defined by an annular flange 22 surrounding the opening 21.
The annular wall 22 is concentrically received within an
opening 23 provided In the wall of the other half 13 of the
body 11 epposite the drive shaft. The opening 23 in the wall
of the housing is concentric with the central axis of the
chamber and is associated with an inlet duct 24 in which the
ammular lange 22 on the rolor is clossly received.

The outlet 25 of the rotor is defined by an opening which
is directed generally tangentially to the central axis and the
face of which is generally parallel with a radial axis of the
chamber 16. The internal sub-chamber provided by the
interior of the rotor comprises a duet of a gencrally spiral
configuration and of Increasing cross-section between the
infet and the outlet in which the variation in cross-section
substantially conforms within the formula of the Golden
Section as does the curvature of the surface of the duect,

In use the rotor is caused {0 rotate such that the opening
defining the outlet is directed opposite to the direction of
travel and the edges of the opening 24 define the trailing
edge of the rotor.

As a result of preliminary iests and trials it has been found
that in use that a pump according 1o the first embodiment is
able 1o very efficiently generate a high flow rate of liquid
from the outlet 17 with minimal eavitalion and at a relatively
low rotation rate. As a result, it is believed that the rotor will
be able to conduct fluids at a higher velocity with less
turbulence and cavitation than would normally be expected
of conventional pumps of an equivalent capacity. Since the
degree of cavitation which is be produced is significantly
less than one would expect of a conventional pump of
equivalent dimensions operating at the same speed and
therefore it is anticipated that this will result in a reduced
erosion and wear of the components of the pump and in
particular the rotor. Furthermore, it is believed that the
expanding nature of the cross-section of the sub-chamber of
the rotor between the inlet and the outlet will reduce the
likelihood of foreign matter clogging or choking the passage
through the rotor which is a verv common experience with
conventional pumps.

According o a variation of the first embodiment the rotor
is caused to relate such that the ouflet 25 is directed in the
direction of rotation.

According to a further variation of the first embodiment
the internal partitions or windings which exist in Nalure in
the shell of the phylum Mollusea, class Cephalopoda, genus
Nautilus in addition to the septa previcusly referred to need
not be present and as a resuli the internal configuration of the
surface of the rotor will be in substantial conformity with the
external shape of a shell of the phylum MoHusea, class
Cephalopoda, genus Nautilus.

The second cmbodiment as shown at FIG. 5 also com-
prises a pump. The pump comprises a tubular body 111
which rotatably supporis a rotor 118 which generally takes
the form of a shell of the phylum Mollusca class Gastropoda,
genus Volutidae as shown at FIGS. 7, 8 and 9 where the
inner end of the shell is cut away as shown at FIG. 7 to
provide an entry 121 into the interior of the shell. The mouth
of the shell serves as the outlet 125 for the rotor 118. The
entry 121 is associated wilh a suitable bearing support 126
which is provided within the body 111 whereby the rotor is
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supperted from the body 111 by the support such that the
rotor is rotatable within the body aboult its central axis which
is substantially coincidental with the central axis of the body.
The support comprises a first partition 127 which extends
across the body and is provided with a central opening 123
which is in alignment with the entry 121 of the rotor and
which is surrounded by the bearing support 126 for the rotor.
In addition the rotor is supported at its other ead by a spindle
119 which is rotatably supported from a second partition 128
provided within the body which is spaced from the first
partition 126. A suitable drive means (nof shown) is con-
nected to the bearing support 126 of the rotor 118 to cause
rotation of the rotor whereby the oullet is direcled in
opposed relation 1o the direction of rotation. The second
partition 128 is provided with a set of apertures 129 to allow
fluid flow through it,

A variation of the second embodiment is shown at FIG. 6
where side walls of the body 111 are curved such thal the
cross-section of the body 111 decreases in the direction of
the outlet 125 of the body and where that variation in
cross10 section is in substantial conformity with the Golden
Section.

According to a variation of both forms of the second
emboediment the rotor is caused to rotate such that the outlet
125 is directed in the direction of rotation

As an alternative support arrapgement for both forms of
the second embodiment, the rotor may be supported from a
shatt which is rotatably supported from the housing.

According to a further variation of both forms of the
second embodiment the internal partitions or windings
which exist in Nature in the shell of the phylum Mollusca,
class Gastropoda, genus Volutidae need not be present and
as a result the internal configuration of the surface of the
rotor wili be in substantial conformity with the external
shape of a shell of the phylum Mollusca, class Gasiropoda,
genus Yolutidae.

The third embodiment of the invention is illustrated at
FIG. 10 comprises a rotor 218 having a single vane 230
which has a helical configuration conforming to that of the
Golden Section and which is supported upon a central shaft
219. The rotor 218 according to the embodiment may be
located within a uid passageway (not shown) between an
inlet and outlet and subjected to a fluid flow between the
inlet and the outlet and as a result of such fluid flow the rotor
will be caused to rolate to generate a torque in the shaft.
Sirnilarly if the rotor is induced to rotate by application of a
torque to the support shaft 219 then a fluid flow will be
generated as 2 result of such rotation. The substantial
conformity of the curvature of the surface of the rotor to the
Golden Section results in an improved efficiency of the rotor.

The fourth embodiment of the invention as shown at FIG.
11 is similar to the first embodiment with the exception that
the rotor 318 comprises a plurality of vanes 330 which are
of a similar form to the vane of the first embodiment are
mounted to a single shaft 319 where the vanes 330 are
mounted to the shaft 319 to be equiangularly spaced about
the central axis of the shaft.

The fifth embodiment is iilustrated in FIGS. 12, 13, and
14 and is a variation of the second embodiment in which the
rotor 418 is supported within a substantially cylindrical
housing 411 and is rotatably supported in a fluid pathway.
The rotor 418 has generally a similar internal configuration
to that of the phylum Mollusca, class Gasiropoda, genus
Conus or Conidae {(ie Cone shell) and has a spiral vane 430
which is of the form of a conical spiral as illustrated in FIGS.
6, 7, and 8 which defines a duct the surfaces of which
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generally conform to the Golden Section and which defines
a duct which increases in cross section geperally in confor-
mity to the Golden Section, In one form the rotor may be
driven to rotate such that the outlet is in opposed rclation to
the direction of rotation. Alternatively the rotor may be
driven such that the opening is directed in the direction of
rotation.

FIG. 15 illustrates a sixth embodiment of the invention
which does not duplicate the internal configuration of a shell
of the phylum Mollusca. The rotor of the embuodiment
comprises a generally conical inlet 521 which provides a
convergent entry which communicates at its inner end with
a comcal outfet 525 which provides a divergent exit. Both
the internal surface of the inlst 521 and the outlet 525 are
provided with oue or more spiral vanes 530 which substan-
tialty have the characteristics of the Golden Section. As does
the contraction of the inlet 521 and the expansion of the
outlet 525.

FIG. 16 illustrates a seventh embodiment which is a
variation of the previous embodimnent whereby the infei 621
and outlet 625 of the rotor are interconnected by a cylindri-
cal zone 632 which is of generally cylindrical configuration
and which accommodates a set of coaxial angularly equi-
distant helical vanes 634 each of which substantially con-
form to the characteristics of the Golden Section and which
serve to further influence the fluid flow between the inlet and
ikre cutlet. To fusther enhance the fuid flow through the inlet
621 and from the outlet 625 the interior face of the inlet 621
and the interior face of the outlet 625 is provided with a
plurality of spiral vanes 630 which also have z curvature
conforming to that of the Golden Section.

The seventh embodiment of the invention as shown in
FIG. 17 is a variation of the first embodiment and also
comprises a pump having 2 rotor 718 supported within a
housing 713. The rotor 718 has an internal configuration
which generally corresponds {o the configuration of the
phylum Mollusca, class Gastropoda, genus Turbinidea and
is provided with an inlet whick comprises an opening 721
provided at ihe inner end or vertex of the shell at which
position the duct formed within the shell is of the smallest
diameter. The cutlet 725 of the rotor comprises the mouth of
the shell. The rotor is caused to rotate about it’s central axis
such: that the outlet 725 trails the rotation. The housing 713
has an inlet 723 which communicates with the inlet 721 of
“the rotor and an outlet 717 which communicates with the
outlet 725 of the rotor. It has been found that as a result of
rotation of the rotor 718 where the outlet 725 defines the
trailing edge, a fluid flow is induced from the inlet 721 to the
outlet 725 and that the fluid flow through the rotor is
substantially con-turbulent even at high revolutionary
speeds. To further enhance the fluid flow through the
housing, from the outlet 725 of the rolor the interior face of
the housing 7I3 in the region of the outlet 717 may be
provided with a plurality of spiral vanes which also have a
curvature substantially conforming to that of the Golden
Section.

According {o a variation of the seventh embodiment the
rotor may be driven such that the outlet 725 is directed in the
direction of rotation of the rator.

A further embodiment of the invention which may take a
variety of forms involves a rotor having a external surface
which has a curvature corforming gererally to that of the
Golden Section. The rotor may have the external configu-
talion of shells of the phylum Mollusca, classes Gastropada
or Cephalopoeda. Partictlar examples of the rolors have the
configuration corresponding to the external shape of shells
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of the genera Volutidea, Conidea and Turbinidea. It has been
found that when such rotors are mounted in substantial
conformity with the arrangements shown and described in
relation to the first, second, fifth and seventh embodiments
but where the fuid flow is directed over the external surface
that the advantages referred to above can be achieved

A further embodiment of the invention comprises a some-
what conventional centrifugal pump with a variation to the
rotor such that it conforms to the requirements of the
invention. The variation comprises forming the vanes of the
rotor such that they have a curvature which generally
conforms 1o the characteristics of the Golden Section. Such
curvature may be two dimensional or three dimensional in

~ order that the rotor will conform to the existing requirements

of a conventional pump. As a result at least some of the
advantages of the invention can be at least partially achieved
by replacing the conventional rotor of an existing pump with
a rotor according to the embodiment

1L 15 2 common characteristic of each of the embodiments
described above that they can be used as a rotor which can
be mechanically cavsed to rotate to provide a pump to
induce fluid flow in a non-turbulent manner between an inlet
and an outlet or alternatively as a rotor of a turbine or like
motive power means to produce a torque and 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 pumps or turbines of
equivalent capacity.

It is a characteristic of the invention that the rotor as
generally described in relation to the invention as described
in relation to each of the embodiments can operate effec-
tively in chambers which have both small and large toler-
ances or spacings between the chamber in which the rotor is
received and it has been found that in ifs use with a pump the
rotor need not be accommadated within a chamber. In this
regard a rotor of the [orm described in relation to the first,
second, fourth, fifth and seventh embodiments is able to be
used without a chamber by being supported in the body of
fluid into which fluid is to be delivered and having its inlet
connected to-the source of fluid, where rotation of the rotor
within the body of fluid will cause fluid to be pumped from
the source.

In addition it is a characteristic of the invention that the
rotor of the invention and each of the embodiments can be
used with gaseous, liquid and slurry forms of flvid medium,

It is a further characteristic of the invention that the flow
of Buid over the surface of the rotor results in significantly
less friction and impact forces being imposed upon the
surface and the rotor. As a result of this and the reduced
turbulence created by the rotor there is less heat and noise
generated as a result of the action of the rotor and thus
imparted into the fluid. In addition the rotor recuires less
energy to effect similar flow rates to conventional pumps.
This means that the rotor when used in a prunp can be driven
by a smaller drive motor and/or at a Jower speed. However
because of the nature of the surface of the rotor it is also
more effective at high speeds than conventional rotors
because of the reduced friction and likelihood of cavitation.

In the case of the first, second, fourth and seventh embodi-
ments the inlet provides the mimimum clearance for the fluid
entering the rotor and as a result any materials which are
able pass into the inlet will be able to pass through the duet
provided through the rotor which reduces the possibility of
the rotor becoming clogged.

The rotor of the invention has application to use in pumps,
turbines, and fluid powered motors and can be used to
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advantage in any proposed application of such, at least
because of the enhanced fluid Hlow, reduced friction, and
reduced heat gain when used in a pump and heat foss when
used as a turbine.

It should be appreciated that the scope of the present
invention need not be limited to the particular scope
described above,

¥ claim:

1. A rotor for use with a fluid Aow generator or reactor,
said rotor being intended to rotate about a central axis and
having a surface which defines an arcuate fluid pathway for
fnid flow about the central axis about which the rotor is able
lo rotate, wherein the surface has the configuration of a
logarithmic curve substantially conforming to the Galden
Section.

2. Arotor as claimed at claim 1 wherein the curvature is
transverse to the central axis. '

3. Arotor as claimed at claim 1 wherein the curvature of
the surface can be in a direction parallel 10 the central axis.

4. Arotor as claimed at claim 1 wherein the curvature of
the surface is both transverse to the central axis and is
parailel to the direction of the central axis to define a three
dimensional surface conforming to the Golden Section.

5. Arotor as claimed at claim 1 wherein the fluid pathway
has a spiral configuration.

6. A rotor as claimed at claim 5 wherein the spiral
configuration is in the form of a helix or a volute.

7. Arotor as claimed at claim 1 wherein the fluid pathway
comprises a duct. .

8. A rotor as claimed at claim 7 wherein the cross-
sectional area of the ducts varies logarithmically in substan-
tial conformity to the Golden Section.

9. Arotor as claimed at claim 1 wherein the fluid pathway
has the configuration generally conforming to the internal
configuration of a shell of the phylum Mollusca, class
Gastropoda or Cephalopoda.

10. A rotor as claimed af claim 9 wherein the configura-
tion of the surface generally conforms to the internal con-
figuration of a shell selected [rom the genera Volutidea,
Conidea or Turbinidea.

11. Arotor as claimed a1 claim 9 wherein the configuration
of the surface generally conforms to the internal configura-
tiors of shells selected from the genera Argonauta or Nautilus
with the internal septa removed.

12. A rotor as claimed at claim 8 wherein the internal
partitions which exist in the shells in Nature are absent from
the interior of the rotor.

13. Arotor as claimed at claim 1 wherein the surface has
a configuration generally conforming to the external con-
figuration of a shell of the phylum Mollusca, class Gas-
tropoda or Cephalopoda.

14. A rotor as claimed at claim 13 wherein the configu-
ration of the surface generaily conforms to the exlernal
configuration of a shell selected from the genera Volutidea,
Conidea or Turbinidea.

15. A ratar as claimed at claim 1 wherein the rotor is
adapted to be subjected to a fluid flow over said surface to
induce a rotation of the rotor about the central axis.

16. A rotor as claimed at claim 1 wherein the rotor
comprises an impelier which is adapted to be driven to rotate
about its central axis to induce fluid flow over the surface.

17. A fuid flow reactor having a rotor which is rotatably
mounted and is adapted to be subjected to a fuid flow
wherein the rotor is of the form as claimed at claim 1.
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18. A fluid flow reactor as claimed at claim 17 wherein the
fluid eomprises a liquid.

19. Afluid flow reactor as claimed at claim 17 wherein the
fluid comprises a gas.

20. Afluid flow reactor as claimed at claim 19 wherein the
fluid comprises air.

21. A fluid flow generator having 2 rolor which is caused
to rotate by a drive means in order to generate said fluid flow,
wherein the fluid comprises & liquid and said roior takes the
form of a rotor as claimed at claim 1.

-22. A fluid flow generator having a rotor which is caused
to rotate by a drive means in order to generate said fluid flow,
wherein the fluid comprises a gas and said rotor takes the
form of a rotor as claimed at ¢laim 1.

23. A fluid flow generatoras claimed at claim 22 wherein
the gas comprises air.

24. A pump comprising a body defining 2 chamber; said
chamber having a central axis, an outiet formed in the wall
of the chamber, and an opening formed in the wall which is
concentric with the central axis; a rotor rotatably supported
in said chamber for rotation about said central axis; a drive
shafl concentric to the central axis being adapted to be
driven by a drive shaft; said rotor having a sub-chamber
having an intet which is concentric with the central axis and
which is received in the opening and having an outlet which
is directed generally tangentially or circumferentially; the
surface defined by the inner face of the sub-chamber having
a substantially spiral profile between the inlet and outlet
wherein the curvature of the surface has the characteristics
of a logarithmic curve substantially conforming to the
Golden Section.

25. A pump as claimed at claim 24 wherein the outlet is
directed in opposed relatien to the direction of rotation.

26. A pump as claimed at claim 24 wherein the outlet is
directed in the direction of rotation of the rotor. :

27. A pump as claimed at claim 24 wherein the surface
comprises a duct,

28. A pump as claimed at claim 27 wherein the cross-
section of the duct generally increases between the inlet and
outlet where the variation in cross-section of the duct varies
logarithmically in substantial conformity to the Golden
Section.

29. A pump as claimed at claim 24 wherein the sub-
chamber of the rotor generally has the configuration of the
interior of shells of the phylumn Mollusca; classes Gas-
tropoda or Cephalopoda.

30. Apump as claimed at claim 29 wherein the surface has
the configuration generalty conforming 1o the interior of a
shell selected from the genera Volutidea, Conidea or Tur-
binidea.

31. Apump as claimed at claim 29 wherein the surface has
the configuration generally con forming to the interior of a
shell selected from the genera Argonauta, or Nautilus with
the internal septa removed.

32. A rotor as claimed at claim 30 wherein the internal
partitions which exist in the shells in Nature are absent from
the interior of the rotor.

33. A pump as claimed at claim 26 wherein the chamber
is of a generally spherical or ellipsoidal configuration, where
the curvature of the internal face of the chamber between the
opening and the outlet conforms to a logarithmic curve
substantially conforming to the characteristics of the Golden
Section.
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