WO 03/ 056269 PCT/ AU03/ 00006 Heat Exchanger Field of the Invention The
present invention relates to a heat dispersing structure (heat sink or heat
exchangerworosnaesat or) whi ch assists heat energy to be di eoarAamd/odoem or to
a 5 solid material and optim ses the transfer of the heat energy to or
froma fluid (or vice versa) surrounding the structure nore efficiently
than in state of the art heat sinks or thermal conductors. It may al so be
used where two solid or fluid plasma conductors are adjacent to each ot her
and there iHeat Exchargert ransfer required fromone material to the.other.
Among other uses, this invention relates to heat io sinks for electronic
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conbustlonF'élbeﬁ&e ﬂ\(QnttPr!:arryl ng tubes for radiators and heat
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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 atmosphefe 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.



increase surface area. Simlar arrangements are found in a nultitude of
other applications. WO 03/056269 PCT/ AU03/00006 -2 Typically the design
of such swpuwewsaes used in the transfer of heat energy betwednsao®elid and
a fluid has been directed to maxim sing the surface area nade avail able
between the solid and the fluid. Nevertheless, the efficiency of such
structures in effecting heat transfer al so depends upon the flow of the
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logarithmic spirals, where the ratio of contraction or expansion is approximately

1:0.618, or the celebrated Golden Proportion. An example of this flow structure in

15 afluid is a tornado. Another example is the flame and smoke pattern arising from
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, ,Iogarithmic
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 channelling 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 invention 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 distancé.
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conforns substantially wth at |east one logarithmc curve conform ng to
t he Goloderappeximaiely to the three-dimensional Golden Section or equiangular spiral.

An excellent example of this in prior technology is the Rangue-Hilsch tube.
(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 fiuid, the active surface having a curvature which conforms substantially

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

20  According fo 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 conforns
substantially to the vorticity of a natural vortex to generate fluid flow
over the wotmmss2surface conformng to that of a natural WPoTtAE03/000060r di ng
to a preferred feature of the invention, the active surface is adapted to
cause vortical, rotational notion of thg tluid flow ng across the active
surface. WO 03/056269 PCT/ AU0O3/00006 - 4 According to a preferred
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having an inlet and an outlet, wherein the curvature of the internal face
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| ogarithmic curve substantially or in the greater part 20 conforning to

the characteristics of the Gol den Secti on.
- According to a further preferred feature of the invention the active surface has a

configuration 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.
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Brief Description of the Drawings Figure 1 is a chart of the Gol den Section
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to a first enbodinent 15 of the invention; Figure 5 is an end view of the
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a side elevation of a heat ex ger according o a second enbodi nent;
of several specific embodiments:

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 second

enbodi nent as shown in Figures 6; Figures 8 is a side elevation of a heat

exchangerwassosabng to a third enbodi nent; WO 03/ 056269 PCT/AA08B40O006 -6
Figures 9 is an end el evation of the heat exchanger of the third enbodi nment
as shown in Figures 8; Figure 10 is a gide view of a fourth enbodi nent of

a heat exchanger according the invention; 5 Figure 11 is a sectional side
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enbodi ment;” Figure 13 Is a schematic view of & Ranque-Hi |l sch tube. Figure
14 i s schehawndnFiguwwesfB;a refrigerating device according to the fifth
enbodi nent. io Figure 15 is a schematic view of a cooling radiator for

i nternal conmbustion engines and refrigeration systens. Figure 16 is a

cl ose up Fidweut( s aiside efew ahesfoufthoerabbdimanifoftenbeahexchanger @scordiey

woul d appﬁ_ger. in f,he_ radi ator of Figures 14 and 15. Figure 17 is a schematic
vi ew of t H¥® ERRDH@M0f a vortex ring showi ng the node of 15 vortical flow
of fluid or heat energy. Detail ed Description of Specific Enmbodi ments Each
of the enhodinents is directed to a_heat exchanger ich is adapted to
effectStH%'WQrﬂsﬂf'éra %ﬁé{ S'S’@t%‘%ﬁ’fgﬁ%{ﬂui %Bg‘iw\,‘\"gﬂd a fluid. As stated
previously all fluids when noving under the influence of the natural 20
forces of Nature, tend to nove in spirals o'rm%ortices. These spirals or

vortices Fi@Herd isyanceng eleveton ofiie i @BPOHMSEessi on known as the

CGol den Section or

Figure 13 is a schematic view of a Ranque-Hillsch tube.

Figure 14 is schematic view of a refrigerating device according to 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 flow 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



t he Fi bonacci Progression. Each of the enbodi nents serves to enable fluids
to nove in their naturally preferred way, thereby reducing inefficiencies
created whbrostsdred ur bul ence and friction which are nor nal IPgTIAGWB/MOGOR

appar atus conmonly WO 03/ 056269 PCT/ AU03/ 00006 -7 used in such heat
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15 It is 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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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 transmitted 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 a vortex shaped void as in Figures 14 and 16.
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' Figures 4 to 12, 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
temperatdre differential is inherent within a vortical flow. By suitable design, a

body may be construéted to 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 to 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 Ranque 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 to capitalize on vortical temperature differentials they have not
yet been designed according to Phi vortical geometry. As a result, 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



Figures 4 to 12, when fluid enters the systemat the base 2, it is rapidly’
accelerated radially in to novenent toward the renote end 3 to attain a
maxi nrum MNoIpesdéand m ni mum pressure. As a result, the tecpat@asoemsof the
fluid is reduced adiabatically, causing a tenperature differential across
the vortex.. This tenperature differegpial is inherent within a vortical
flow By suitable design, a body may be constructed to take advantage of

this diffgrephicd a fdiIBW @e%ﬁm b S bf M enodaNeHe 48 B6RNtiNFRgures Which

conpressed air enters a tube .20 tangentially at 13. A tenperature
di f f er ent il 2l wiharec akk stuethcea dipprbyimsaie obhsee-dinengienawpines hredording tat thene

central axi s, being.cooler.. | ditio the f.l of flMi I ube
at the cotrelien SSiiberes s admited bt Souba S ialiiervarld BB tet 3
exits atfops t¢Bdildd3.heh-Riute, Skaddeldatdan@ ehperiemsksld prsssurs @rap withfa t he
Ranque effect. Tenperatures of - 50 degrees Celsius are readily attajnable

in these eonsastieahiemperatuisdrapeyAscis amanmie-pieariithey Halr gir énexpglled

ef ficient I eeki i Lg&' on vortical
tenperatuﬁgégé$$§€%%%%Eﬁ%mﬁﬁ§§ﬁﬂggb%%%§ﬁwggghéggﬁggésigned according to Ph
vortical -geonetry. As a result, considerable energy is consuned through
turbul encg,and friction which i r at I e T oy

embodi monfVEE SHErORCes HiF JeiByBERALR EEebaRER M e Bndich f
simlar tpreseRamventibh sighifitameidieaby paindesegeeibved. accordance with the

i nvention. However, it does not use a parallel-sided pipe as shown in

Figure 13 WD 03/056269 PCT/ AU0O3/00006 - 10 but will be a hollow version

of one of FidiReeABAHdTE Uepits aXBAKDTiiGui Glgasthtotigh whichignes of versg(TRces
approxi mat € t hree-di mensi onal curves according to the ol den Section. Gas

i s adif t t et passechand etiached t froniandrrarsvalls sutiatianpter fluithtnediurg iRay o
out Lot 2 0l b e BRIEL AL, RADETRED) gl BRsATeI g " @ o
expel | ed midiepaicduchuas ehetadl girdugielvehiel vens (1Bl areectd Tihe vagbs antvesits T
Figures 14 and 15 may be shaped like an hourglass as in Figure 16, in conformity
with the principles described 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, unless 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.



When such devices are redesigned in accordance with the principles of the
present invention, significant efficiency gains are achieved. Figures 15
and 16 dewoas/oss2s@ank of |iquid or gas through whi ch vanesPer/At®anenoé7) io
are passed and attached to front and rear walls so that another fluid
medi um may travel through the tank via4the vanes. Alternatively (6) may be
a solid block of material such as netal through which vents (7) are cut.
The vanes or vents in Figures 14 and 15 nay be shaped |ike an hourgl ass as
i n Fi gur e The, claims alefiming the inventiomargasrfollpimss descri bed above. The
passage of fluid through vents (7) 15 creates a tenperature differenti al

bet ween one side (8) of the tank or block (6) and the opposed side (9),
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A heat exchanger as clained at claim1l wherein the active surface conforns

substantially to the vorticity of a natural vortex to generate fluid flow
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exchanger "as clalned at alm erein the active surface is
10 adapted fo cause vortical, rotational motion of the fluid flowing across the active

surface.

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 fluid 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-dimensional.

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.



| 0 adapted to cause vortical, rotational notion of the fluid flow ng across
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1r2§| n A heat exchanger as claimed at any one of the preceding claims 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 Gastropoda 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.



to the active surface conforns to the external configuration of shells
selected from the genera Vol utidea, Argonauta;-Nautilus, Conidea or

Tur bi ni dew0 03856269 heat exchanger as cl ai med at any one of PChaypsea®di ng
clainms wherein the active surface has a configuration conformng to the
internal configuration of a shell of. yhe_phyl um Mol |l usca, class Gastropoda
or Cephal opoda. 15 14. A heat exchanger as clained at any one of the
precedi ng44! ai ' if yasife wherdinties Raht
configura??bn gfhéﬁﬁﬁ$§y%?gFgg?g%ﬁ?¥%ﬁ$q%he geﬁgggﬁggFJ?ghea, Ar gonaut a,
Naut i | us, exvdndes, fwas ther configdeatiorad. a whhdat exchanger as cl ai med at any one
of clains 1 to 9 wherein the heat exchanger conprises a duct of generally
spherical or ellipsoidal configuration 20 having an inlet and an outl et,
wher ei n t hg. cuAvaal excléngdresubstantially af neceinfdasissbed.r uct ure bet ween t he
inlet and the outlet conforns to a logarithmc curve substantially or in
the greater part conformng to the characteristics of the Golden Section.
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extending froma body in respect of which heat is to be exchanged. WO
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of clainms | to 9 wherein the heat exchanger, has the configuration of a
whorl. 18. A heat exchanger substantially as herein described.



