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Background Art

15 A considerable number of structures have been devised to aid the transfer of heat
energy between a solid material and a fluid. A few examples, only, of these
include heat sinks, radiant heaters, automobile radiators and air-conditioning heat
exchangers. ‘Heat sinks are commonly thought of in relation to the cooling of the
solid material and comprise an array of fins associated with the solid material.

20 The principle object of such devices has been to increase the surface area of
solid material contacting the fluid to thereby increase the transfer of heat energy
to the fluid. Of course, it is well known that finned arrays can also be used in
heating appliances where the object is to heat a fluid. Automobile radiators are
designed to disperse heat from the engine to the atmosphere by transferring heat

25 energy from the coolant to the core of the radiator and then from the core of the
radiator to the atmosphere. This latter transfer is again assisted by fins to
increase surface area. Similar arrangements are found in a multitude of other

applications.



i ncrease surface area. Simlar arrangements are found in a multiithde bf""
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a fire storm.  Prior technology pays little regard to such natural flow

characteristics.

it has been said that nature always follows the path of least resistance.
Movement and growth in Nature flow in a particular, specific, logarithmic
20  geometric progression--that of the three dimensional Golden Proportion or
equiangular spiral. The intention of the invention is to induce optimum energy
transfer by channeliing the fluids into their natural flow tendencies by full or partial
adherence to Nature's equiangular, logarithmic, path of movement. The invention

capitalises on natural vortical flow geometry.

25 Vortical structures act as ‘heat pumps’ i.e. they can only exist if there is a
temperature differential and vice versa. The inveniion seeks to exploit the
exceptional cooling features of vortices. Part of their effectiveness is that vortex
geometry can provide high non turbulent rates of adiabatic expansion i.e. heat

can be dumped or acquired in an optimum time and distance.
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(Figure 13)

Applying the design criteria of the embodiments of this invention, wholly or in part,

will improve performance of existing thermal conductor structures.

15 Disclosure of the Invention

Accordingly, the invention resides in a heat exchanger having an active surface
over which a fluid flows to effect an exchange of heat between the active surface
and the fluid, the active surface having a curvature which conforms substantially

with at least one logarithmic curve conforming to the Golden Section.

20 According to a further preferred feature the active surface conforms substantially
to the vorticity of a natural vortex to generate fluid flow over the active surface
conforming to that of a natural vortex.

According to a preferred feature of the invention, the active surface is adapted to

cause vortical, rotational motion of the fluid flowing across the active surface.



20 According to a further preferred feature the active surface conf Qgﬁsé%ﬁl
substantially to the vorticity of a natural vortex to generate flurd flow
over the active surface conformng to that of a natural vortex. According
to a preferred feature of the invention, sthe active surface is adapted to
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outlet, wherein the curvature of the internal face of the structure
D e R e Al PR R e P T LS sS85 ot oo
of the Col dercobguiratm conforming to the internal configuration of a shell of the phylum
Mollusca, class Gastropoda or Cephalopoda. According to particular forms of the
invention the active surface conforms to the internal configuration of shells
15 selected from the genera Volutidea, Argonauta, Nautilus, Conidea or Turbinidea.

According to a further preferred feature the heat exchanger comprises a duct of
generally spherical or ellipsoidal configuration and having an inlet and an outlet,
wherein the curvature of the internal face of the structure between the inlet and
the outlet conforms to a logarithmic curve substantially or in the greater part

20 conforming to the characteristics of the Golden Section.

According to a preferred feature of the invention the curvature of the active

surface is uni-dimensional.

According to a preferred feature of the invention the curvature of the active

surface is bi-dimensional.

25 According to a preferred feature of the invention, the active surface has a depth
that can vary in accordance with the Golden Section.



According to a preferred feature of the invention the curvature of the
active surface is uni-dinmensional. According to a preferred featufe!of the
invention the curvature of the active surface is bi-dinensional. 25
According to a preferred feature of the gnvention, the active surface has a
depth that can vary in accordance wth the Golden Section. -5- According
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description of several speC| fic enmbodi nents: Brief Description of the

Dr awi ngs Fi gupngeckdihg t@a?ﬁéhe@%nﬂob@m@hk #RNadieE LA hakthoo@Eiguration of
Progression; 10 Figure a schematic side view of a natural vortex which

conforns t tah‘éhorbol den Section; Figure 3 is a graph depicting the
geonetric progression ratio of the structure of a Golden Section vortex;

Figure4is si.de Iev i on of X er ing .to a fi
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exchanger of (fbgvérmr@@mﬂﬁ‘@ﬁmbmnt@s shown in Figure 4; Figures 6 is a
side el evation of a heat exchanger according to a second enbodi nent;

Brief Description of the Drawings

Figure 1 is a chart of the Golden Section or Fibonacci Progression;

10 Figure 2 is a schematic side view of a natural vortex which conforms to the

Golden Section;

Figure 3 is a graph depicting the geometric progression ratio of the structure of a

Golden Section vortex;

Figure 4 is a side elevation of a heat exchanger according to a first embodiment

15 of the invention;

Figure 5 is an end view of the heat exchanger of the first embodiment as shown

in Figure 4;

Figures 6 is a side elevation of a heat exchanger according to a second

embodiment;

20  Figures 7 is an end elevation of the heat exchanger of the second embodiment as
shown in Figures 6;

Figures 8 is a side elevation of a heat exchanger according to a third

embodiment;



20 Figures 7 is an end el evation of the heat exchanger of the sg ond an
enbodi nrent as shown in Figures 6; Figures 8 is a side elevation ofV ﬁéat
exchanger according to a third enbodinent; -6 Figures 9 is an end

el evation of the heat exchanger of the 1@ird enbodi ment as shown in
Figures 8; Figure 10 is a side view of a fourth enbodi nent of a heat

exchanger acqug@es® istdieerdWiePdtionnss the FeBtieshhhgérSofahs etitd emabdifiedtayi ew of
the fourth enbodinent; Figure 12 is an end elevation of the fourth

embodi nent ; Slbpb’!]r“éﬁﬂgrqsﬁ ‘a schematic view of a Ranque-Hillsch tube. Figure
14 is schematlc view of a refrigerating device according to the fifth
enbodi nment . r is.a schematic vie radi at or .for
Cnternal contiatPol Sehgitais AT Gbafisn: of s hapEre Shgreiad s

cl ose up schem@mv@nwrf;w of vanes of one formof the invention as they

woul d appear in the radiator of Figures 14 and 15. Figure 17 is a schematic
view of the centre of a vortex ring showi ng the node of 15 vortical flow
of fluid aor Heqirednés gypectidetbsitedieBaddne fourtbendfodSped; fi ¢ Enbodi nents Each
of the enbodinents is directed to a heat exchanger which is adapted to
effect the transfer of heat between a solid surface and a fluid. As stated
previ ousl y alHigyre d2dsanket eleyationgofiheltourthissnliogdirhence of the natural 20
forces of Nature, tend to nove in spirals or vortices. These spirals or

vortices generally conp %/ to a nat hemati cal ,Ipro ression known as the CGol den
Section or Figure 13 is a schematic view of a Rangue-Hillsch fube.

Figure 14 is schematic view of a refrigerating device according fo the fifth

embodiment.

10 Figure 15 is a schematic view of a cooling radiator for internal combustion
engines and refrigeration systems.

Figure 16 is a close up schematic view of vanes of one form of the invention as

they would appear in the radiator of Figures 14 and 15.

Figure 17 is a schematic view of the centre of a vortex ring showing the mode of

15 vortical fiow of fluid or heat energy.

Detailed Description of Specific Embodiments

Each of the embodiments is directed to a heat exchanger which is adapted to
effect the transfer of heat between a solid surface and a fluid.

As stated previously all fluids when moving under the influence of the natural
20 forces of Nature, tend to move in spirals or vortices. These spirals or vortices
generally comply to a mathematical progression known as the Golden Section or
the Fibonacci Progression. Each of the embodiments serves to enable fluids to
move in their naturally preferred way, thereby reducing inefficiencies created

through turbulence and friction which are normally found in apparatus commonly
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15 ltis a characteristic of each of the embodiments that the curvature of the surfaces
which form the heat exchanger takes a two dimensional or three dimensional
shape and which substantially 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

20 it 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 Cephalopoda and it is a common
characteristic of at least some of the embodiments that the fluid pathway defined
by the heat exchangers corresponds generally to the external or internal

25 configuration 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 substantially
conforming to that of the Golden Section that the fluid flow over the surfaces is

30 substantially non-turbulent and as a result has a decreased tendency to cavitate.
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their operation as a heat sink. Therefore, in the drawings, like numerals are used

15 to depict like features.

In each embodiment, the heat exchanger has an active surface which shaped in
a similar manner to the cavitation centre of a vortex or to the centre windings or
septa of a volute, cone or other sea shell. Each embodiment has a base 2 which
is adapted to be attached to a thermal energy source to extend therefrom. As

20 heat is fransmitted to the fluid flowing over the active surface of the device from
the base (2), the fluid accelerates towards the remote end of the device and as
the fluid accelerates, it cools adiabatically which serves to maintain a temperature
differential between the active surface of the heat exchanger and the fluid to
facilitate further heat exchange.

25 The active surface (1) may comprise a single vane or rib, as shown in Figures 6,
7, 10, 11 and 12 or alternatively may comprise multiple vanes. The heat
exchanger (1) may also increase or decrease in profile width (Figure 6 and 8 in
comparison with Figure 4) in full or partial conformance with the Golden Section
depending on desired application. The vanes may be solid, hollow, or represent

30  avortex shaped void as in Figures 14 and 16.
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a nore effig Q?fﬁc@l‘é&teaﬁi%ﬁ%géﬁd the b%fnfaﬁtcc]ﬁf%ﬁﬁgﬂziﬁg%ic?ﬁév@?!:ﬂo%ﬂ%“éurﬁiége@

vortical flui dc’ ow over the surfaces of at exchangers. Th
efficient fl@fd hegjveiebardert Mgt Prepemteinegnition; disa offaE effirtharipechagisn ¢ made

of the heat %Q@é‘ﬂa‘?ﬁpég%b@diﬁﬁbénﬁ&l%r@sgétﬁ?%@ylnbtﬂ?%’ﬁ?dobﬁﬁeﬁ@%@sﬁ&wﬁrﬂ} ijonal

designs. 10 As 1 ndi cat earlier, beyon benerit of 1 nproving
fl ow across thH@reurd e e, when fluid enters the system at the base 2, it is rapidly

accelerated radially in to movement toward the remote end 3 to attain a maximum

15 speed and minimum pressure. As a result, the temperature of the fluid is reduced
adiabatically, causing a temperature differential across the vortex.. This
temperature differential is inherent within a vortical flow. By suitable design, a
body may be constructed fo take advantage of this differential.

Figure 13, illustrates a Ranque-Hilsch tube in which compressed air enters a tube
20 tangentially at 13. A temperature differential is created radially across the tube
with the fluid at the central axis being cooler. In addition, the flow of fluid along
the tube at the centre is opposite fo that of the perimeter. Therefore, cold air exits
at one end 14 hot air exits at the other end 15 as a result of the Rangue effect.
Temperatures of — 50 degrees Celsius are readily attainable in these
25 mechanisms. These devices are not presently very energy efficient. Although
they are seeking fo capitalize on vortical temperature differentials they have not
yet been designed according to Phi vortical geometry. As a resuli, considerable
energy is consumed through turbulence and friction which is generated internally.
The fifth embodiment as shown at Figure 14 comprises a refrigeration device
30 similar to a Ranque-Hilsch tube which is designed in accordance with the

invention. However, it does not use a parallel-sided pipe as shown in Figure 13



of a heat exchanger, the present invention also offers a furthet nephan“l sm
to effect a tenperature differential across a body. In the enbodi‘nents as
shown in Figures 4 to 12, when fluid enters the systemat the base 2, it
is rapidly accelerated r adi ally in to.mgvenment toward the renmote end 3 to
attain a maxi num 15 speed and m ni num pressure. As a result, the

t enperat ure oft ihiend b tolow Sefseuseshe aidthakatbcgidhénits ag 3HEWAGh Riguesgekat ur e
differential across the vortex.. This  tenperature differential | s i nherent

within a vortiechere dlsurgcesyprrIBrBaie dirgerdimensigia), CHYps REcewing fudied to

take advant agg@dh sbdtondiddsss aahiitdd tofd Bll® %p?’r allihg hesé saﬁreaglasrﬁ{@tnﬂw Hi | sch
tube in which conpressed air enters a tube 0 tangentially at . A

t enperat ure dpwede enlista Exratedt acgtelesiparny ealafrft%eq pAPressheE Qmpwvwhr% fluid
at the centrap, ?é&u%ntb%h‘gﬁré:tﬂﬂe' Erro 'ﬂs ‘T’rgg' Fﬁé fle- Hiild8n ftui%"’ Hpdt i 4 Q(rp%h t he

tube at the cenire Is osIt perinmeter. Therefo

air exits athrongh einttﬁat243nH@plCh$ﬂHSéi>eii‘tQ§e@ithf@m @ztﬁéﬁ end 15 as a result of
t he Ranque effect. Tenperatures of - 50 degrees Celsius are readily
attainable in these 25 nechani snms. These devices are not presently very
energy effi civéhgn spgh H’@MGﬁS acrﬁe'?d%‘:‘r‘@‘%jegkiaﬁ%?rg@f’@ammaif‘ﬁz@"“@ﬁ"%lo%llﬂleal

tenperature diddeh ALiehosbRfaherRie) galbrdgatwlest gned according to P

vortical georet result, considerab energy i s consumed through
t ur bul ence and frlctlon mhlch is generated |nternaIIy The fifth

enbodi nent a$u§ﬁjﬁé§/\ﬁil5 ahd FBGiebRt 44aROBPIGuREST dhsr tAfdugB eiradH Rihed @Y iveats3P
simlar to a Ranque-Hil sch 'Ejube whi ch q‘is deg;t: neéljgl n accor dance vmf(h)the

i nventi onl® H&WRRIsediand ddashsrbio firnd agd ﬁ%ﬁrdva"é|89§h%t@@05|%§w§§n%¢ﬂwwm%
Figure 13 - %@velbtmou\ghlthe %i@vsﬁ%é %hyser Alt&matbelP & @by tbeea eAROEbERBE S as

shown in Figures 4 to 12 where all surfaces approXi nate three-di nensi onal
curves accor daignial guehas WEHW%WF'GR verlgs(7) greagw t 111 VareEsaoheeNtHip
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experiences "a pressure
with the prmmples descnbed above. The passage of fluid through vents (7)
15 creates a temperature differential between one side (8) of the tank or block (6)

and the opposed side (9), thereby causing a heat interchange across the block.

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

Throughout the specification, uniess the context requires otherwise, the word
20 “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.



s consequent tenperature drop. As in a Ranque-Hilsch tube. Hot{ainijsyis
expelled through outlet 2 and cold air is delivered through outlet 3. Wien
such devices are redesigned in accordance with the principles of the
present invention, significant efficiency, gains are achieved. Figures 15
and 16 depict a tank of liquid or gas through which vanes or vents (7) io
are passed and attached to front and rear walls so that another fluid

medi um may t rideatlainty defiyling ke irvektichare be followes. Al ternatively (6) may be
a solid block of material such as nmetal through which vents (7) are cut.
The vanes or vents in Figures 14 and 15 nmay be shaped |ike an hourgl ass as
in Figure 16,1.i n Aomfabraxchgngeni havinghan mctivmiSpl‘fw desrcwhibleda SbigyBowsT e

et aeon one g tidfitgkhiial bhveBnchE e Sul PR BudahbteER o).

t hereby causisngaee Heaingi at eznwhmlr@emmm amsfdnime blibstdntiallyt vathoat dedst one
appreci ated that. the scope ent i ntion need not be limted to
the parti cul cggagggggcgrfvetqqg%éwglggp%%%@ ‘daagéFF%d above. Throughout the
speC| fication, unless the context requires ot hervvl se, the word 20

haPll sey LB o hahedtExchidifle 8 AR, 3E Ml 1 ATRIN M ondiblol®

understood to inp e I nclusion o ate |nteger or group o
but not the erolouss @ubstehtiaiimwodhhemmcrty ejer naurgnodpx &b generagefisid flowdl The
clains defi nlo(}gr th

h havi
active surface ovg %ﬁ}acg R{O? %ﬁé@@attgy\ggﬁ%’@ geatexg)r(\gngggg; hg\altlt ng an

bet ween the active surface and the fluid, the active surface having a

curvature whigch CRW@QL%&%ﬁQ@F @&lhﬂédyat"\%é ith #br b%%treiﬁ e ack v]essg.ﬁ‘{ahé Am ¢

curve conf orm ng to Secti on A heat exchanger ared at
clai m | wher @dapiefdo gausesvor§calf wiationglombtiomef mﬁknthﬁowlagleyirdsa theacthar ticity
of a natural _yartex to generate fluid flow

4. A heat exchanger as claimed at any one of the preceding claims wherein
heat energy is caused to propagate in a three dimensional logarithmic vortical

motion in relationship to the secondary medium to which heat transfer is required.

15 5. A heat exchanger as claimed at any one of the preceding claims wherein
the heat exchanger provides a boundary between two sets of fluid flow to
facilitate an exchange of heat from one fiuid to another wherein both faces of the

boundary comprise the active surface.

6. A heat exchanger as claimed at any one of the preceding claims wherein
20 the heat exchanger conforms substantially to the vorticity lines imagined in the

structure of a natural vortex.

7. A heat exchanger as claimed at any one of the preceding claims wherein

the curvature of the active surface is uni-dimensicnal.

8. A heat exchanger as claimed at any one of claims 1 to 7 wherein the

25  curvature of the active surface is bi-dimensional.



over the active surface conformng to that of a natural vortex.. 3. A heat
exchanger as clainmed at claim1l or 2 wherein the active surfa é BN s
adapted to cause vortical. rotational notion of the fluid flow ng across
the active surface. 4. A heat exchanger,as claimed at any one of the
preceding clains wherein heat energy is taused to propagate in a three

di mensional Ipgar it g Gy r@bPQ& clalfRbd %E‘ghy EE@E’?**‘AQO@%M”Q QhhS wherpdary

medi um to which heat trans I's requlred. anger as

cl ai med at arife @stiveofsutfaee precedeply biahicas weheireiagcordarcenwith tor cheldger

provi des a b g,?y between two sets of fluid flowto facilitate an
exchange of heat fromone fluid to another wherein both faces of the
boundary conprise the active surface. 6. A heat exchanger as clainmed at any

one of the precedhngfl-abiBhgshgs @iaimed 8t hh@oh@%ﬁ‘ X GRBEHRG cRAns Wh@?em
substantially to the vorticrty lines imagined in the structure of a

natural vdrt dRe heat sxChager exoResfgemneas nedraivaees.at any one of the preceding
clains wherein the curvature of the active surface is uni-dinensional. 8,

A heat exchanqer as clained at any one of clains 1 to 7 wherein the 25
curvature of the Actaajé&xshanggeas cirped gt aBhene Rhthe pregeding) claimy, wherein

exchanger as g ébﬁ@%%c@%s%@rﬂéu@ﬂ&n B6EBAEhY % %eaéﬂﬁm\éh@drﬁig[lratneﬂ%f active
surface has a deﬁ@é hat can vary in accordance with t | dén  Secti on.

10. A heat e hegehyiing MeBdscat Cfaﬁﬁ/Géﬁ'féORﬂdatQﬁ@eﬁh@@@Qﬂaqg cl ai ms wherein
5 the heat exchanger conprises one or nore vanes. 11. A heat exchanger as

clained at an of the precedi ains wherein the actjve surface has
a configuratiién c ISt FKHGNOET ?ﬁé%‘?é?haﬁ‘y EB%PF%@FF%”%F’HWS wherein

10 the active surface conforms to the external configuration of shells selected from

the genera Volutidea, Argonauta, Nautilus, Conidea or Turbinidea.

13. A heat exchanger as claimed at any one of the preceding claims wherein
the active surface has a configuration conforming to the internal configuration of a

shell of the phylum Mollusca, class Gasiropoda or Cephalopoda.

15 14, A heat exchanger as claimed at any one of the preceding claims wherein
the active surface conforms to the internal configuration of shells selected from

the genera Volutidea, Argonauta, Nautilus, Conidea or Turbinidea.

15. A heat exchanger as claimed at any one of claims 1 to 9 wherein the heat
exchanger comprises a duct of generally spherical or ellipsoidal configuration
20 having an inlet and an outlet, wherein the curvature of the internal face of the
structure between the inlet and the outlet conforms to a logarithmic curve
substantially or in the greater part conforming to the characteristics of the Golden

Section.

16. A heat exchanger as claimed at any one of claims 1 to 9 wherein the heat
25 exchanger comprises a heat sink comprising one or more vanes extending from a
body in respect of which heat is to be exchanged.



a shell of the phylum Ml lusca, class Gastropoda or Cephal opoda., 12. A heat
exchanger as clained at any one of the preceding clains wherein# Jolites
active surface conforns to the external configuration of shells sel ected
from the genera Vol utidea, Argonauta, _ tilus, Conidea or Turbinidea. 13.
A heat exchanger as clained at any one of the preceding clains wherein the
active surfa ha i L O ) : I it ; fdgur ati on
of & shell af the SRNar T o ca ey aca O, bEns L CuRerEeE e S g
A heat exchasygehtangsr.dieaithredordiguration ohe whbrit he precedi ng cl ai ns wherein the
active surface conforns to the internal configuration of shells selected
from the genera Vol utidea, Argonauta, Nautilus, Conidea or Turbinidea. 15.
A heat exchar§er Adegl afchanoe(sUBHRNHY agherginfagciPedo 9 wherein the heat
exchanger conprises a duct of generally spherical or ellipsoidal
configuration 20 having an inlet and an outlet, wherein the curvature of
the internal face of the structure between the inlet and the outl et
conforms to a logarithmc curve substantially or in the greater part
conform ng to the characteristics of the Golden Section. 16. A heat
exchanger as clainmed at any one of clains 1 to 9 wherein the heat 25
exchanger conprises a heat sink conprising one or nore vanes extending from
a body in respect of which heat is to be exchanged. - 13 17. A heat
exchanger as clainmed at any one of clains 1 to 9 wherein the heat

exchanger, has the configuration of a whorl. 18. A heat exchanger
substantially as herein descri bed.



