INVENTION TITLE Direct Thermal Transport (DTT) DESCRIPTION Heading Field of Invention [Para
11] This invention relates to the transfer of thermal energy for the purpose of heating or cooling of
systems. Heading Description of Related Artp\Rgid-Rldergpgprortation of thermal energy is needed in
wide spectrum of fields. It is used in different applications on various types of control volumes, from

man-madg; rsysteRs ieaganeraigytvi(onments. [Para 3] The purpose of this transportation is to achieve
cooling or heating of the control volumes, to ensure functions, reliability, efficiency, safety, comfort, etc.

[Para 4] For simpler illustration, we shall take@ESHIRI RTEAIGKer of thermal energy from the target system,
a source, as an illustration. However this invention shall also be applicable to heating. In heating, the
thermal energy is transferred to the target systdeadior@onsistency, we still named the target system as
source. The thermal energy has to be transferred, to or from, a vast reservoir, a sink. [Para 5] The
medium foetehréfkventiame any, or the combination of phases, plasma, gases, vapors, liquids, solids.
Where flowing is concern, we shall not consider solid alone. By definition, solid is not a fluid, cannot flow.
Thermal transport within

[Para 1] This invention relates to the transfer of thermal energy for the purpose of
heating or cooling of systems.
Heading

Description of Related Arts

[Para 2] The transportation of thermal energy is needed in wide spectrum of fields. It
is used in different applications on various types of control volumes, from man-made

systems to general environments.

[Para 3] The purpose of this transportation is to achieve cooling or heating of the

control volumes, to ensure functions, reliability, efficiency, safety, comfort, etc.

[Para 4] For simpler illustration, we shall take cooling, transfer of thermal energy
from the target system, a source, as an illustration. However this invention shall also
be applicable to heating. In heating, the thermal energy is transferred to the target
system. For consistency, we still named the target system as source. The thermal

energy has to be transferred, to or from, a vast reservoir, a sink.

[Para 5] The medium for transfer could be any, or the combination of phases,
plasma, gases, vapors, liquids, solids. Where flowing is concern, we shall not consider

solid alone. By definition, solid is not a fluid, cannot flow. Thermal transport within
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Page 1 of 28 solid is predominantly determined by material properties; only some slight improvement can
be made by design. We shall consider fluids, like plasmas, gases, vapors, liquid; example of liquid like

water, oils SAEIWT, @i AMETIRURIAIHTERE filiern BroNErEsLBhie ipRaginamples where

thermal transport making use of phase changes are refrigeration using volatiles liké alcohol,

fluorocarheipyovanianeafdsyrindel Wy asaemaleshined ek pAricias, Sucoensiad 48 fyud aye
examples of mixed phase media, in this case including solids. [Para 6] For easier understanding, we
shall be usipg@mivigritiatraspblerefasdbaldikle watkajral twalnedww, fooHastiatidnsolPashéakséhe sink
is a vast volume of mass. Other than atmosphere, it can be lithosphere (a mass from the earth in the
tapping of hpotiecomelicrnesty darexerapizy, Exatrusiesemd ¢peuhdrmaket recsmortopkingtespofary mass
that is to be disposed off at designated time (such as red hot chips in machining processes). [Para 8] No
matter hdM A& iRtERs ettt EapEating teitday RIAENgy Ph8sther iivlolito resannesr &1 theneal energy
has to be deposited to the sink. The sink usually is the immediate ambient. This is because of the
proximity i od8VEIVIRg AnipanetaisSRRkaeidasstite sanspendedidud Hisigrsesampiemeing, or
recovery bl%/ tkpa f?érces of rgnother-rﬁature. F?arff\ %] In rgT%enya al, all such systems can be divided into two
classes: DIfSEETHERTal"T éﬁ’sﬁb}; L& it e glh Pansport. [Para 10] Direct Thermal Transport is

one that transfers the thermal energy directly

[Para 6] For easier understanding, we shall be using ambient atmosphere as the sink

and air as the medium, for illustrations.

[Para 7] The sink is a vast volume of mass. Other than atmosphere, it can be
lithosphere (a mass from the earth in the tapping of geothermal energy, for example),
hydrosphere (pound, lake, ocean, etc) or a temporary mass that is to be disposed off

at designated time (such as red hot chips in machining processes).

[Para 8] No matter how many intermediate stages the thermal energy passing
through, eventually the thermal energy has to be deposited to the sink. The sink
usually is the immediate ambient. This is because of the proximity, low cost of the
ambient, the immense capacity, and tremendous ability of self-balancing, or recovery

by the forces of mother-nature.

[Para 9] In general, all such systems can be divided into two classes: Direct Thermal

Transport and Indirect Thermal Transport.

[Para 10] Direct Thermal Transport is one that transfers the thermal energy directly

between the source and the sink without introducing additional media. Such as using
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between the source and the sink without introducing additional media. Such as using Page 2 of 28 fan to
move ambient air (air is the media, which come from atmosphere, the sink, and post process deposited

back to the SikhigROhhoie?R U #diiN LA &I dBRAIAWNTch! R SRFdIFE Rt TIONSs JHNES (Y ikiedsicg

intermediaries’ volume, weight and cost. It does not incur additional intra-intermediaries and interfacial

losses. It hoERgsio e@sirad mssa @lptieR - toane Ler ithecense Rbation gnertie RRiYapf. the energy, the
capacity and energy needed for transport, the constraints imposed on the access to the system, or the

size of the whole system, may limit the application. [Para 12] Many approaches to improve the efficiency,
capacity of direct cooling have not been able to meet the performance requirements of advanced
complex Ratanhd] Innateirding cherdekirat geefo manter ool enote messhig rirsnvaticrand weeativensblution
was implemented on an advanced Military Air-platform. Evaporative spray cooling for the aft power
supply foEEA6E eramAfin FAGRAHHiABRS P Hiet B rordinieshardintertactiaklaeerp fdf HeA9Rls. ["Heat
is on for Cool Technology", Flight International, 22-28 July 2003, Pg 29] This is by spraying some liquid
on the sygf'esrﬁeglﬁflétstﬂﬁ' QEp SINEVSE DR SQUESEY RIAR ARhIBNERHELRS (NS SREFBY Wifotly directly

using the ambient fluid, but the evgp rative fluid is dir , Instantly and final osited to the ambient,
& SR

| d
the Sink. SHRAR AT GBLE B TIECIB o Ll 7 e OR EUBUR DB “Gre IRoASEead
concentrgiedegl 108, ARG RIRETR 620,06 FETIEA N B R BS: (Para 19 Altough

the above example I5 not sfrictly direct, it just underliné
[Para 12] Many approaches to improve the efficiency, capacity of direct cooling have
not been able to meet the performance requirements of advanced complex systems. In
attaining the desired performance, one more recent, dramatic and creative, solution
was implemented on an advanced Military Air-platform. Evaporative spray cooling for
the aft power supply for EA6B Grumman EA6B Prowler supplied by ISR, which
eliminates the need for heat fins. [“Heat is on for Cool Technology”, Flight
International, 22-28 July 2003, Pg 29] This is by spraying some liquid on the system
and let the evaporated vapor escaped to the ambient directly. This is not exactly
directly using the ambient fluid, but the evaporative fluid is directly, instantly and
finally, deposited to the ambient, the sink. This is analogous to the clever design in
cutting tools technology, where intense and concentrated heat from machining

process, can be carried away by fly away chips.

[Para 13] Although the above example is not strictly direct, it just underlined how
important, difficult and innovative, to improve the Direct Thermal Transport to attain
the desired efficiency and capacity. Even with such inventive solutions, the necessity
for the storage and supply of spray media, the energy and equipment necessary to

generate the spray pose significant challenges in many applications, in particular
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important, difficult and innovative, to improve the Direct Thermal Transport to attain the desired efficiency
and capacity. Even with such inventive solutions, the necessity for the storage and supply of spray

media, the SResay ARALAYINBDRTE RBEESSRY o ABBREUE E RN RYSEotiANiIcanb enpfisRgrgdn many

applications, in particular Page 3 of 28 portable systems. Some necessary components In the spray could

also be aspirditiak sontsmMHAPORRENDREIMANGAHGEPHcINRaHiIcHa do StrdaaatidRerating
environment. The potential accidental stoppage of the spray, thermal shocks, uneven cooling are major

issues thahetudidmehhe Tésopuewd eas|ycafttmed gt dhesgansfult e Significahidy ratieshtiek o paraiem
stability, and reliabilities. On a deeper realm, noise from high-pressure jet stream is a well-known issue.
[Para 14]cDiodisw saee Suaje oisteemtmt reselstctotlipectano thed leasd heafifiondakdy dine thesaibde typically
ahead of patent filed, which would be of more refined ideas. Above are just some of the most dramatic,
significantignEicnll g asiig D rRRAHAtaPibie R Feljabilitem SIBxaaReenay e8! Bb matsequate.
Therefore few solutions can boldly claim the name even less so made widely known as Direct Thermal

Transporf. ro[ﬁ'a'f‘é%‘S]ﬂFﬂﬁFé‘éF'FﬁEW&Pﬂdﬁ?pWﬁ 3 %ﬂgvi’l'?a'lsﬁagses the thermal energy from the source,

through one or more intermediate material, media or systems, before passing to the sink. Two most
commonly known examples of Indirect Thermal Transport are: [Para 16] 1. Moving of transistor heats to

heat ﬂnsﬁ Fa[”i‘ﬁgs) Ac daheOszﬁ»ﬂaSB Tn MRS vf#@é&%mﬁddﬂ-e &‘i"dﬁﬂ?'ﬁa%%“ﬁ'é‘&ﬂ‘(ﬁdﬂ?éﬁr% vast

surface on heat fi en using an to blow air to cool the
These are typically ahead of patent filed, which would be of more refined ideas. Above

are just some of the most dramatic, significant ones that may bring breakthrough.
However, they are complex and likely to be inadequate. Therefore few solutions can

boldly claim the name, even less so made widely known as Direct Thermal Transport.

[Para 15] Indirect Thermal Transport is one that passes the thermal energy from the
source, through one or more intermediate material, media or systems, before passing

to the sink. Two most commonly known examples of Indirect Thermal Transport are:

[Para 16] 1. Moving of transistor heats to heat fins (intermediate mode of transport,
material and media - conduction, conductive material, vast surface on heat fins), and

then using fan to blow air to cool the fins.

[Para 17] 2. The circulating of cooling water between internal combustion engines
and radiator, and using fan to blow air to cool the radiator (intermediate mode of
transport, conduction, interfacial conduction, convection [forced water flow], media -
embedded pipes, cooling water, radiator fins; intermediate system - water pumps,
radiator.). In this latter case, there are numerous, massive, complex intermediaries: the

conductive conduits embedded in the engine body, pipes running the cooling water,
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[Para 17] 2. The circulating of cooling water between internal combustion engines and radiator, and using
fan to blow air to cool the radiator (intermediate mode of transport, conduction, interfacial conduction,

convectiggeliershsbwalRh BawkdmR4Re iR dH e FUBRS paeRUBIINISTkRH BN IAS rHeERGHiRIgSystem

- water pumps, radiator.). In this latter case, there are numerous, massive, complex intermediaries: the

conductivg,eRnddissicairigad i) thewrnginglhadyl ARass tneingdhe sRFNdoNV aRHITA%eE 1fy28 bent
pipes embedded in the radiator, closely packed fins, water pumps, etc. Even with such massive

inclusion froavehtuadlgtiatid m edala el énahirabisfed rof terhwat shiatgy firen the radiator, via ambient air
blowing at the radiator fins. [Para 18] In Indirect Thermal Transport, intermediaries are used to improve
access to the system, performance or increase the thermal transport capacity. The intermediaries could
be one or the combinations of fluids and solids. Coolant is one example of liquid intermediaries. Phase
Changed[Byaiih§lid gtirectappesard than maiida tesne dhariesnar prisssl thErpaey erRaeesedearches
in this area, amongst them, research done by Khandekar, Groll and Luckchoura where complex meshes

of miniatt8 S¥RTY PASEEOLRRANCE KNSR NS, [BREINMI AP ERRKEABRRENY: TA% Introduction to
Pulsating. Heat Pi%es'.' Electr

! i, Electrg ics_CooIin VoIé 9, No %tl\ga 2 lID e 85-41 : other elxhaHstive _
means aif CHBRUBHES SRS AGAIcHS o ARTR A R HTA A88, L SeLtona P lBoratory is
el DR Uil U

involved more than one phase. There are many researches in this area, amongst them,

research done by Khandekar, Groll and Luckchoura where complex meshes of

miniature cooling pipes are used [Khandekar, S, Groll M and Luckchoura V., “An

Introduction to Pulsating Heat Pipes”, ElectronicsCooling Vol. 9, No 2 May 2003 Page

38-41]. Another exhaustive means and approaches is via the introduction of nano-

particles in liquids, Argonne National Laboratory is amongst some key sources.

[Nanofluids Takes the Heat” News Link, Federal Laboratory Consortium for Technology

Transfer, February2002 Vol 18, No 2, Page 7,

http://www.federallabs.org/ContentObjects /News /NewsLink] [ “Nanofluids Promise

Efficient Heat Transfer”, News Link, Federal Laboratory Consortium for Technology
Transfer, April/May 2002 Vol 18, No 4, Page 6

http://www.federallabs.org/ContentObjects/News/NewsLink]. This is done to improve

the heat transport capacity. However, the possible impacts of nano-particles to
machinery, to human, its stability stability, etc are issues not fully addressed. These
just underlined the extreme measure taken to achieve improved thermal transport

efficiency.

[Para 19] Some systems using advanced non-moving active intermediaries to move

the thermal energy. One of the commonly used, widely known physical phenomenon,
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http://lwww.federallabs.orcl,ContentObiects,News/ NewsLink] [ "Nanofluids Promise Efficient Heat
Transfer", News Link, Federal Laboratory Consortium for Technology Transfer, April/May 2002 Vol 1 8,
No 4, Page 6 http://www.federallabs.orci/ContentObjects/News,'NewsLink]. This is done to improve the

heat_ t_ranﬁP@Tﬁ?Q@@@We&QY\é@Y&EsIh%@?ﬁﬁ@@d@ﬁ?ﬁ@r&ﬂ@?ﬁ@t&%ﬂkﬂése% rREing halr Hgman, its
stability stability, etc are issues not fully addressed. These just underlined the extreme measure taken to

achieve iandaved|thertien sl Swperbfeffisienaya(&iadss 1k Semecyrians tsheaduangte iRaméenoving
active intermediaries to move the thermal energy. One of the commonly used, widely known physical
phenomexplicRbge 5o€asldrhipelfier RifdstRigdedndiney Hehidenitatefidledhas canfoe €Enetgized to
have cold and hot junctions. Some of these materials are semiconductor. One example is the application
of Cool Chas$ fereanls Riglk IBtineddabidohids Juhed08 brPrR8boBYraetvielbyy pRighhit@& ational,
22-28 July 2003, Pg 29]. By active pumping thermal energy, the different between temperature at the hot
junction EIEYdneidiferRrbRRIVERINERNT A higHe hRIFesHRRcaf S Rsna B Bi®RE refore could

transfer thermal erlﬁgg mare effegf%veg_ t?_ﬁtghe ambient. But tagether with this ngvanta , back
conductinf 6P k=t Rlorhing P A5ISHe eRiLe BREADY theé HHETSNSE UL REFRIRTS C@éﬂ%%}bﬁﬁéated.
Rolls Royge yses difieult solutionlike vagudmdungiiondor the Cal hins: Jeiaht, §ost9ndop glhe
reliability, monitoring ant maintenance of vacuum  are not simpleissues to be overcome.

conducting of heat is becoming a problem. This is one of the major issues currently

being investigated. Rolls Royce uses difficult solution like vacuum junction for the Cool

Chips. Weight, cost, on top of the reliability, monitoring and maintenance of vacuum

are not simple issues to be overcome.

[Para 20] All the above in-direct solutions, no matter how efficient, how effective they
are, in transporting energy from the source, they eventually would be cascaded into a
stage, a final stage, to transport the energy to the sink. These typically are using
expanded areas of good thermal conductor, called Fins, Cooling Fins, Heating Fins,

Heat Exchangers, Radiator, etc.

[Para 21] This final stage is invariably the same as Direct Thermal Transport. Therefore
it shares the same bottleneck AND performance ceiling, with current Direct Thermal

Transport system.
[Para 22] We shall use Cooling Fins as a generic example.

[Para 23] Cooling Fins are examples of solid intermediaries. It is often mistakenly

called Heat Sink, which they are actually not. They are merely an intermediate vessel to
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[Para 20] All the above in-direct solutions, no matter how efficient, how effective they are, in transporting
energy from the source, they eventually would be cascaded into a stage, a final stage, to transport the

energy 1osthR iBigknENrss BolRRliN AR HRBh FXRABAGSH ST & 9004 Asidna! ernsiigior, called Fins,

Cooling Fins, Heating Fins, Heat Exchangers, Radiator, etc. [Para 21 ] This final stage is invariably the

same as gWael dierimaddvapsbarhndesgiatf it shares the same bottleneck AND performance ceiling,
with current Direct Thermal Transport system. [Para 22] We shall use Cooling Fins as a generic example.

[Para 23] Cooling Fins are examples of solid intermediaries. It is often mistakenly called Heat Sink, which
they are actually not. They are merely an intermediate vessel to Page 6 of 28 sinking the heat from the
source anBataed4laSnbnito shecahisieses thtsugho togdirsidanuatradutiensaraisediiabiove ffPara@aicOnly in
special cases, the cooling fins temperature is raised above the source temperature. Some common
current eX@MPRIHHE sy SIRIR S ARIAPPIHEF ot B PIleSsA S TS AL It &9 Pelier fifer fievices
temperature, [Para 25] Otherwise, generally the fins exhibit much lower temperature than the source, due

to overcoRsing HdBHBRS R RUIE I mtRsa{iBE BPRiathtermediaries. If the fins temperature drops, the

temperature difference with the ambient, in terms of proportion, would drop dramatically. The thermal
transport between surface and its ambient is directly proportional to the temperature difference.

Therefor?Px\{Jﬂefstr%therwise, generally the fins exhibit much lower temperature than the
source, due to overcoming additional resistance introduced by the intermediaries. If
the fins temperature drops, the temperature difference with the ambient, in terms of
proportion, would drop dramatically. The thermal transport between surface and its
ambient is directly proportional to the temperature difference. Therefore, when the
temperature difference drops significantly, a lot more ambient air, or much more fins

areas, or both, would be needed to remove the same amount of heat.

[Para 26] Many research and innovative ideas have been conceived, and some have
been developed. But at the current state, it remains inadequate for the ever increasing

sophisticated applications, portable systems and future systems.

[Para 27] The effective and efficient interaction between the sink and the source is the
singular, most critical and constraining factor to improvement. Many air movers, such
as fans, could not reach the center core of the source due to the physical configuration
of the fan and motor. [‘Recognizing the limits of conventional axial hub-motor AHS
devices”, Lopantinsky, E and Waldman, M, ElectronicsCooling Vol 9, no 3, August
2003, Pg 32.]. YSTech has developed a motor-axial-fan configuration (TMD) without
center motor. [www.ystechusa.com, www.dansdata.com/tmdfan.htm, Tip-Magnetic

Driving Fan by YS Tech] This removed one of the critical challenge of current fans used
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temperature difference drops significantly, a lot more ambient air, or much more fins areas, or both,
would be needed to remove the same amount of heat. [Para 26] Many research and innovative ideas

have beep, CABERYRR EHGIRRINGKIAYR D950 HENHORSE (RO RS BB A R ot 4 I B diaglequate for

the ever increasing sophisticated applications, portable systems and future systems. [Para 27] The

effective RRdwHicient iBtaragiion helveeastise dikleaddhe source is the singular, most critical and
constraining factor to improvement. Many air movers, such as fans, could not reach the center core of

the source due to the physical configuration of the fan and motor. ['Recognizing the limits of conventional
axial hub-motor AHS devices", Lopantinsky, E and Waldman, M, ElectronicsCooling Vol 9, no 3, August
2003, Pg[Barh 28I &hwexs deansio ped @ encromagiiiidia e dreidiataniom(YedD) avitliant tbenftovwrofteir
[www.ystechusa.com, www.dansdata.com/tmdfan.htm, Tip-Magnetic Driving Fan by YS Tech] This
removed e YgHE@Niclagrnge icenanatdigbsasedgs distossradvdheriameorigranis may be
new to eIectronlcs applications, this is commonly known in aero-engine design as Shrouded fan. [Para

28] HoweVEt! é!véheﬁﬁlﬁég%ﬁ'hi?%l'%W&JB%FGF}H)?&&%WHHB‘?Iﬁ‘eth8v9'6f' 5P AYe ﬁgﬁlﬂééﬁhfeakage

ff d as di dn th f ly the Jeak be in the f If.
Secondly [ReA EcH S%B%»‘«%‘iﬁﬁ?ﬁ%ﬁ'ﬂét Fr S Rl B, SR Oc Ao o .

Thirdly, ey M(’;ﬁ%ﬂkﬁt@l&‘@ %F%'u %ﬁe%%ﬁﬁﬁi?%n lﬁ:%? JRYRRSHLL AT QU BiRhY Ldoes not

have full conta heat INs to heat can be extract ed
full contact with the heat fins to the full length. ["How much heat can be extracted

from a heat sink?”, Azar, K. and Tavassoli, B. ElectronicsCooling, Vol. 9 No 2, May
2003, Pg 30-36]. On top of leakage, the reach of the air to the heated surfaces and the
interaction of the air with the heated surfaces are inadequate, due to resistance to flow
through tight space in the heat fins. It retards the flow into laminar flow. High
Reynolds number flow, the most critical factor for effective convective heat transfer,

cannot be attained easily.

[Para 29] Indirect Thermal Transport may have improve significantly the efficiency at
the upstream, the speed it moves thermal energy to the penultimate stage. The critical
issues of the effectiveness to transfer the energy to the sink, the final leg remains
daunting. It could be even more so than Direct Thermal Transport. In most cases, due
to the reduction of temperature differential between the final stage (e.g. at the Cooling
Fins) and the sink, greater air movement or bigger surface areas, or both of them, are

needed. Indirect Thermal Transport indeed created a bigger problem down stream.

[Para 30] In summary, many researches have been focusing on increasing surface
areas, increasing intermediaries’ capacity, increasing airflow. The aspect about the

effectiveness of interaction between media (typically fluidic) from the sink with the
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from a heat sink?", Azar, K. and Tavassoli, B. ElectronicsCooling, Vol. 9 No 2, May 2003, Pg 30-36]. On
top of leakage, the reach of the air to the heated surfaces and the interaction of the air with the heated

surfaces gge JpadeFpate. qHie e RRIANGRIR MRV JRFMIELIGhSARSRIN DR WerkiiRRat tptatds the flow

into laminar flow. High Reynolds number flow, the most critical factor for effective convective heat

transfer, ganentipeahainieeaasihe [Faenddl,  aeléegbFheal ik Bepst ek :fsedaprove significantly
the efficiency at the upstream, the speed it moves thermal energy to the penultimate stage. The critical

issues of the effectiveness to transfer the energy to the sink, the final leg remains daunting. It could be
even more so than Direct Thermal Transport. In most cases, due to the reduction of temperature
differentidPaeavaddnithe finab kstekao@. giratedicageslangl FiaBeahdeatiotsirictipodierwerema@iearaht or bigger
surface areas, or both of them, are needed. Indirect Thermal Transport indeed created a bigger problem
down strétgatefPssf 808 In g drideyalectivamnes hafd bedinrldesind b idiFcrd mstudifdbe areas,

increasin?ﬁintermediaries' capacity, increasing airflow. The aspect about the effectiveness of interaction

between FREWRS RYBIESAIfIE) Ao O SHRANIASAEPBL Hees 8 HROl8aY e HaEM GedRA LB SHBR work,
petter exIBPAA (oGP E1F 1A HiORALe A TSR] S TeERIN G FRTSLH SR b GIBH i o
araciont S REoSgE CANg, V8 R R AR R 700%, PE AR At EERREE 1<
surfaces to keep the body warmth from the law of nature’s end, we are indeed working
against the law of nature, by the introduction of cooling fins. The obvious indication is
the trapped dust in the cooling fins of many current solutions. Dust is trapped by the

fins! Thermal energy that is embedded on the surface, much closely adhered to the

fins than dust, can heat therefore be effectively, expediently carried away?
[Para 32] This is faced by both Direct and Indirect Thermal Transport systems.

[Para 33] There were many patents filed in even in the 1980s that show some usage
of high swirl flow, (commonly understood and named as tornado like flow), to improve

the efficiency of thermal transport between fluid and the source.

[Para 34] One of the strongest forces of heat transfer is manifested in tornado. And
the most intense force of tornado is at the eye of the tornado, where very high vacuum
is generated by the high swirl of fluid just immediate around the eye. This would
induce a secondary entry of air into the eye of the tornado. A swirl must attain great
enough swirl to be called a tornado. Tornado is most effective when we could generate
high swirl with minimal effort/losses and could make possible the happenings of

secondary entry at the eye.
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Design Conflicts”, David P Johns, Alexandra Francois-Saint-Cyr and Fred German, ElectronicsCooling,
Vol 8, No 4, Nov 2002, Pg 1 8], and how animals used complex surfaces to keep the body warmth from
the law of nature's end, we are indeed working against the law of nature, by the introduction of cooling
fins. The obvious indication is the trapped dust in the cooling fins of many current solutions. Dust is

trapped qpapg F8)s! MheupahrierayshstsisismheHeed o Hap gerfaae omush sitsehpadegtrihtoéee fins

than dust, can heat therefore be effectively, expediently carried away? [Para 32] This is faced by both
Direct and 7ndigs3, Thestisd e anbsport B98EMs P fires 38] sphrtefoaretmgoydeteéntatdeathién even in the 1
980s that show some usage of high swirl flow, (commonly understood and named as tornado like flow),
to improvex chargfécidaey loé therneal ltkharshigh atsveertfiait eatdetehsogere TRafia3vpORidf ihe ot
strongest forces of heat transfer is manifested in tornado. And the most intense force of tornado is at the
eye of th®YoRfiasi iiFrsa ey HIgre0ABuUM B eHEHRBAbINAEHGRr suit of AR J@étammediate around
the eye. This would induce a secondary entry of air into the eye of the tornado. A swirl must attain great
enough swirl to be called a tornado. Tornado is most effective when we could generate high swirl with

28 [Para U8 TIARh AL RS0 For Re A EEn A GLF (o el G DO Y7 o5,

e S O, DRI 5 A R0 TP D"
to pass through some restrictive openings at the junction of the end of the spiral and
bottom of the center openings. The flow is much restrained, slowed down with many
stagnation pockets due to walls form by the fins. There is no particular noted action to

improve the acceleration of flow. Formation of high swirl is also not facilitated. No

secondary entry of air would therefore be induced.

[Para 37] From another angle, the maximum velocity and swirl is determined by the
suction powers. Heating does not help in increasing the final exit state. The whole
invention depends more on the conduction of heat to the high fins that form the
spiral, than by the increased convection efficiency of a higher Reynolds number, high

swirl flow.

[Para 38] This invention can be said to be a much improve way for configuring heat fin
geometry. But less so for improving convection efficiency. Therefore it cannot attain

significant enough improvement. It is not a Direct Thermal Transport as we see it.

[Para 39] Gluck, Joachim (EPO 687 006 A1, Priority Jun 8, 1994, Patentblatt Dec 13,
1995) uses a tall cylindrical containment with a center piped exit. Though it has some

improvement over the previous patent, in that there is less restrictive exits at the
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by pressurized air at the entry, but by suction at the center exit of the spiral. [Para 36] With the suction at
the center of the spiral, the air is induced through the openings located on the peripheral of the spirals,

passing theoigh 2hE shEalcaBA UG BRoRARg WY eHEh sRPRIEHERtME PREANESAREBERIER 9hihe end

of the spiral and bottom of the center openings. The flow is much restrained, slowed down with-many

stagnationgAckRt dwel tiripadsdaime byrinsying. dinere savatBulaheeted adligaionirapeede the
acceleration of flow. Formation of high swirl is also not facilitated. No secondary entry of air would

thereforedumindtaey. {Pacardrhtedns padtied aogieectbafrdnitn vetoeityl anashsfdr ik eeterrained by the
suction powers. Heating does not help in increasing the final exit state. The whole invention depends
more on thepemeducaavi lyf dredbh eottrer mghdimsiinetidorto thee sigeatham dythkenagretisdd cdnvection
efficiency of a higher Reynolds number, high swirl flow. [Para 38] This invention can be said to be a
much imeeVAay defasentitrringVidastis \germfiavyaBan idhe PG RgR PG RAIE A ERRISAEY .
Therefore it cannot attain significant enough improvement. It is not a Direct ThermaI.Trans%%rt as we see

t. [Para S91R8RRIR FRASHITIERD BEFHUERAIPPHLALESH SVEsdhesRipIsw BEe I8N0t uses a tall
oot i SR S AR LT b4 S0 of 20 R MR ek R at the
periphequggt&e}rﬂﬂwﬁ sm’{ben@ecaj%;oagﬁigvggqg_ swirl and improve the scrubbing of the sidewall. But
there is no action forced ’

[Para 40] Opitz, Heinrich. et al. (EP 0 075 175 A2 Priority Sep 17, 1981, Patentblatt

March 30, 1983) uses a circular thin cover with a center bent pipe opening for exit air.

This invention has focused on forcing the flow of air to be in close touch with the

source surface at the base. However, there was no mention of ability to achieve long

contact length with the source surface. From the figures of the flow path presented,

the flow in fact does not achieve significant increase in swirl, nor contact path length.

With this invention, the thermal transfer coefficient could not attain significant

improvement. Neither can secondary entry of air be induced.

[Para 41] Matsui, Shigeo (EP 0 245 110 B1, Priority May 9, 1986, Granted May 13,
1992. EP Publication May 13, 1992) focused on how to generate an artificial tornado
by air-jet from long pipes. From the illustrations and equations presented, it

apparently constrained only to design with pipes at 4 corners, and 4 corners only.

[Para 42] Matsui has identified two key contributions, by this configuration. 1 it would
induce more air, from the side, on top of those actively pumped in through the pipes.
2. the air would gather velocity after leaving the pipes. It accelerates as it moves

towards the center exit.
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against any concentrated, specified source surface. The thermal transfer therefore depends heavily on
the thermal conduction to the sidewall and the magnitude of sidewall surface area. With such
configuration, the advantage of having the air passes through a long, minimal resistance path directly
over the source surface is not fully realized. Induced Secondary entry at the center is also not mentioned
in this patent, if it is ever known, intended or achievable. [Para 40] Opitz, Heinrich. et al. (EP 0 0751 75

A2 Prioritip&ep4BY , TA84e Basesigrafic Mdanch oy B8 tuses: aalticatinvid il coe by a mevieis@nt pipe
opening for exit air. This invention has focused on forcing the flow of air to be in close touch with the
source surfast@b¢lde base. However, there was no mention of ability to achieve long contact length with
the source surface. From the figures of the flow path presented, the flow in fact does not achieve
significant increase in swirl, nor contact path length. With this invention, the thermal transfer coefficient
could not attain significant improvement. Neither can secondary entry of air be induced. [Para 41] Matsuli,
Shigeo (IiBaOaZﬁé?l'ﬂG‘BqVqﬁﬂH?ﬁW? yvegdanificabaory Ut wese nob @gsiestion May 1 3, 1992)
focused on how to generate an artificial tornado by air-jet from long pipes. From the illustrations and
equations presented, it apparently constrained only to design with pipes at 4 corners, and 4 corners only.

[Para 42] E(Iatsw af, ntified two on];rlbutlo %kﬁ( this Conflrgé.lratl d f1 it would mduce ore air,
from the e,ontopo those active )é)urr? r Rr{h [ 1P WO s[h ¥ velocity after
p pe ough the pipes. the &t Wod gather velocity afte

leaving thleng't%eﬁ Hoaﬁ‘&%ﬁfﬁ{et%%t'ttﬂéoé(ﬁsséwgilﬁ/tﬁﬁr?ﬁ'ﬁq%r?ﬁ'f’face such as hottest surface,

side wall, or base. Not all the air would even be in contact with the hottest surface
before exiting the system. This is not important for volumetric air transport, such as
cleaning the air in a controlled volume. But it is significantly inefficient for thermal

transport for hot surfaces.

[Para 46] 2. There is no attempt to move all the air in the longest path that covers the
whole control volume. Air from the top nozzle would escape in a much shorter path.
This may be enough for system with abundance energy and air supply. But the
potential of all the air is not fully exploited. Therefore, combined with point 1, the air
would not achieve maximum velocity and contact length with the hottest surface. Also
not all the air would gain highest possible Reynolds number. Without achieving highest
Reynolds number possible, the potential of better, improved heat transfer coefficient

would not be achieved.

[Para 47] It may be these small points, small but significant points that do not fully tap
the significant effect of Tornados, both formation at the periphery and the highly
intense flow at the eyes, to realize the high potential of direct, prolonged contact

between the source and fluid from the sinks. And the fluid is not facilitated to gain the
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Page 11 of 28 [Para 43] These are significant improvement over and above all the others previously
mentioned. [Para 44] However, there are two significant areas that were not dressed. [Para 45] 1. There
are multiple of air inlets from 4 corners and from various heights. There is no attempt to let the air scrub
any particular surface, such as hottest surface, side wall, or base. Not all the air would even be in contact
with the hottest surface before exiting the system. This is not important for volumetric air transport, such
as cleaning the air in a controlled volume. But it is significantly inefficient for thermal transport for hot
surfaces. [Para 46] 2. There is no attempt to move all the air in the longest path that covers the whole
control volume. Air from the top nozzle would escape in a much shorter path. This may be enough for
system with abundance energy and air supply. But the potential of all the air is not fully exploited.
Therefore, combined with point 1, the air would not achieve maximum velocity and contact length with
the hottest surface. Also not all the air would gain highest possible Reynolds number. Without achieving
highest Reynolds number possible, the potential of better, improved heat transfer coefficient would not
be achieved. [Para 47] It may be these small points, small but significant points that do not fully tap the
significant effect of Tornados, both formation at the periphery and the highly intense flow at the eyes, to
realize the high potential of direct, prolonged contact between the source and fluid from the sinks. And
the fluid is not facilitated to gain the

higher speed and swirl as potentially possible. The higher efficiency of Direct Thermal

Transport is therefore not yet released.

[Para 48] Many arduous searches amongst US patents on this approach have not been
successful. Some most recent patent like US Patent 6883596 by Kim et al has
demonstrated inventive ideas on fluid flow in refrigeration, but not significant effort on
convective efficiency, such as improving turbulent, increasing swirl flows of

refrigerants, of coolants, etc.
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Page 12 of 28 higher speed and swirl as potentially possible. The higher efficiency of Direct Thermal
Transport is therefore not yet released. [Para 48] Many arduous searches amongst US patents on this
approach have not been successful. Some most recent patent like US Patent 6883596 by Kim et al has
demonstrated inventive ideas on fluid flow in refrigeration, but not significant effort on convective
efficiency, such as improving turbulent, increasing swirl flows of refrigerants, of coolants, etc. Page 13 of
28 Heading Summary of the invention [Para 48j&sagnidingly, besides being able to transfer thermal
energy as designed, the objects and advantages of the Direct Thermal Transport (DTT) described in this
patent, demonstrated several additional important objects and advantages: [Para 50] DTT can be applied
to both heating and cooling. To simplify descriptions, we shall use a common cooling of a heated system
in air as WPl YopilllstratismiofPara 51 ] Most systems cannot be intruded, adulterated. The only way
thermal energy is to leave the system would be through the surface. We called the target system surface

as the solfRE 48hodsKers ngtrekssidentning ablstmbdias fparaesmal RSsBuahseHE Rethattecan be
singular or, multiple, connected or disconpected, jnternal or external ces. It can be extended to
complox SIURTRLE AL RS ThE R TFE o BCRE S iaat o] ) Cescribed i this paent,

demonstrated several additional important objects and advantages:

[Para 50] DTT can be applied to both heating and cooling. To simplify descriptions,

we shall use a common cooling of a heated system in air as example for illustrations.

[Para 51] Most systems cannot be intruded, adulterated. The only way thermal energy
is to leave the system would be through the surface. We called the target system

surface as the source, atmosphere as the sink, ambient air as media.

[Para 52] It is noted that the surface can be singular or multiple, connected or
disconnected, internal or external surfaces. It can be extended to complex systems,

where some of the internal surfaces are accessible.

[Para 53] This invention consists of the followings:

[Para 54] 1. to provide adequate coverage, but not necessarily continuous, nor full,
nor complete, contact with the source. It can be in various forms, or consist of multiple

of units, that may not be of same geometry. It shall be called cover for simplicity.

(Reference to singular entity is also applicable to multiple entities.)
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[Para 53] This invention consists of the followings: [Para 54] 1. to provide adequate coverage, but not
necessarily continuous, nor full, nor complete, contact with the source. It can be in various forms, or

consist ofpapllipley of waiisJiRiRMENAL PRI FARKS BROTREELAL SHA i Galted GPYG for shqlicity.

(Reference to singular entity is also applicable to multiple entities.) Page 14 of 28 [Para 55] 2. to provide

one or mo/rdrdetreOBdhrcEqYaidonlle enliyifhairaitcasai Ry SRHFIOWS T allenigsinBiate and
sustain a high swirl flow, the air must be induced at adequate speed to generate the subsequent effect.

The air candattaith suadespeed byassing, debaxttknied td denivem adheaerihEns indaodattion fcuch
machinery can be at more than one inlet, more than one such machinery. This would introduce the

elementssefefed bolerisng, dndk seldiniite éoralifferbot-oparhtireycapbeitptrfrivet 6] 6f tuplovide one or
more passages, within the cover, to guide the air enter through the inlets, directly over the source. The

air shall tAt3eRbRE Yot R [RLH ASCHRNIAS iNtRle BBHRERANIBNtheUsbureacing addzigershdd be,
generally smoath, so that it does not cause significant losses due to counter productive eddies, removal

of stagnalfBROSta&tE ot AV RO bR Jo 1haN 1N hera R en T HEGFE N ARG e ARRMBY - The

speed and swirl would increase tremendously even with nominal input speed and swirl. The passage
may be consists of physical walls or virtually guided by the streams formed by the fluid flow. The physical

mltl; sgﬁ:gp%g\‘;v V?;%ée%@"ﬁé% OB SRNSLRLS GeSUSIRRAPIR LI R IG dE e RAT P ATl
through the inlets, directly over the source. The air shall therefore not be able to
escape before due contacts with the source. The passage shall be, generally smooth,
so that it does not cause significant losses due to counter productive eddies, removal
of stagnation pockets for flow. The passage shall be, increasing in curvature, in the
general trend. The speed and swirl would increase tremendously even with nominal
input speed and swirl. The passage may be consists of physical walls or virtually
guided by the streams formed by the fluid flow. The physical wall shall be of adequate

length to initiate, generate a sustainable high swirl flow. The passage shall induce the

flow towards the exit.

[Para 57] 4. to provide one or more outlets on the cover for the air, after due contact

with the surfaces.

[Para 58] 5. to allow Secondary Inlets within one, or more, or all outlets. Without
material separation between inlet and exhaust air. The high vorticity flow of exhaust
air shall induce air from the ambient into the cover, and coming into contact with the
source. This additional, secondary inlet air would enhance further the transport of

thermal energy from the source.
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[Para 57] 4. to provide one or more outlets on the cover for the air, after due contact with the surfaces.
[Para 58] 5. to allow Secondary Inlets within one, or more, or all outlets. Without material separation

between '[P%@Q]%ﬁﬂ%fr%b@& ly'.ga gg(;gq{tt)égggvagfeexhaust air shall induce air from the ambient into

the cover, and coming into contact with the source. This additional, secondary inlet air would enhance
further the transport of thermal energy from the source. Page 15 of 28 [Para 59] Further objects and
advantages are: [Para 60] a. Having an enclosed and controlled movement of air that scrub through the
surfaces [Ptaty60ihapiotvige csaniakis fidaaad thhithisdvouddeensuteofmairet tieraraliendgnagugd the
transported per unit air used. [Para 62] 2. This would also lower unproductive eddies current that would
induce styfetiztotalily hath paploeg dtbadrtades, during the said process. [Para 63] 3. The high
turbulent mixing would assist in reducing steep temperature difference within the system. [Para 64] b.
The entry and exit of air are directed, this would significantly reduce disturbances to the surrounding
environment. [Para 65] ¢, With a high speed, hi%lvsﬁwirl exit air, an additional amount of air would be

induced dPaFBEY the TRISt¥UH thEHISEMNE MRl SRIEHABRRARICOFIRS RSl YRhiflartsfivantage

gained in this fluidic system. We could perceive it as even superior to mechanical advantage in
mechanical system, amplifier in electronics

[Para 62] 2. This would also lower unproductive eddies current that would induce

stagnation of air, heat trapped, head-losses, during the said process.

[Para 63] 3. The high turbulent mixing would assist in reducing steep temperature

difference within the system.

[Para 64] b. The entry and exit of air are directed, this would significantly reduce

disturbances to the surrounding environment.

[Para 65] c. With a high speed, high swirl exit air, an additional amount of air would be
induced at around the center of the outlets and form the Secondary Inlets. This is a
significant advantage gained in this fluidic system. We could perceive it as even
superior to mechanical advantage in mechanical system, amplifier in electronics
system. This is because in those cases, mechanical advantage is gained at the
decreased of velocity ratio; amplification of electronic signal at the consumptions of
more electrical power. Whereas, in this case, the exit energy is tapped to further
enhance the system performance in a simple, concise manner. Another significant
advantage is that ambient air, the coolest, from the sink, is directly and forcible
impinged at the center of the heated surface, typically the hottest. This is what is

most desired to achieve in many system design. Prior till to date, cannot be easily
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system. This is because in those cases, mechanical advantage is gained at the decreased of velocity
ratio; amplification of electronic signal at the consumptions of more electrical power. Whereas, in this
case, the exit energy is tapped to further enhance the system performance in a simple, concise manner.

Another sigRilicaat MAugiane i KELAIBRICA AN dha ceriassiFEmTRtRRyhiak: tefipretyaachfangidle

impinged at the center of the heated surface, typically the hottest. This is what is most desired to achieve
in many sysiesn designtdrget sl deeaade, cannot be easily Page 16 of 28 achieved. Many current solutions
resulted in undesirable highest temperature at the center of the target systems. [Para 66] In according to
the present invention, a cover comprising one or more inlets, one or more passages and one or more
outlets complete with Secondary Inlets. Heading Brief Description of The Drawings [Para 67] In the
drawings[Rasadipldiateer aodives tavbetnesane inyeTHée hud diefeee s AmIpriaidioBaffike8oRrarles] Fig 1
shows the basic configuration of a rectangular cover with four entrances, four spirals and one single
outlet. A SBERIIEIYHR2ISIGEEA WRAR Aot QU HeartBERIeiparithe fsORE@y et utlet flow,
without material separation. Heading Detailed Description of The Invention [Para 69] A preferred
embodiment of the thermal transport system of the present

Heading
Brief Description of The Drawings
[Para 67] In the drawings, closely related figures have the same number but different

alphabetic suffixes.

[Para 68] Fig 1 shows the basic configuration of a rectangular cover with four
entrances, four spirals and one single outlet. A Secondary Inlet is located within the

outlet. It can be an aperture formed by the outlet flow, without material separation.

Heading

Detailed Description of The Invention

[Para 69] A preferred embodiment of the thermal transport system of the present
invention is illustrated in Fig 1 (Isometric view) [Fig 2 (Sectional View)]. To simplify the
description, the system is described as a cooling system that cools a hot source. It is

using ambient air as the coolant and the ambient as the sink.

[Para 70] The followings describe a target system using a singular DTT. Plural units of

DTT on target system can also be done.
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invention is illustrated in Fig 1 (Isometric view) [Fig 2 (Sectional View)]. To simplify the description, the
system is described as a cooling system that cools a hot source. It is using ambient air as the coolant
and the ambient as the sink. [Para 70] The followings describe a target system using a singular DTT.
Plural units of DTT on target system can also be done. Page 17 of 28 [Para 71 ] The system has a cover
1 of solid or skin construction. The cover shall be attached to the surfaces of the source, enclosing
around or embedded within the source. [Para 72] One or more inlets 2 shall be arranged on the cover,
where air from the sink can enter to the system. They can be natural or forced flows. One or more air
movers can be used. When more than one air movers is used, scalability and fault tolerant are achieved.
[Para 73] One or more passages 3 (singular passage would also be applicable to multiple passages).
The curvélara dlthd hasysgenstl i euresrdl efeselidhercdde ¢poatteitaly TR« pyesabalkhall guide
the air, from the inlet in a spiral path formed by the passage (which may be formed by the flow itself, with
or withouBHARBREItQ&ParatBR-erref dheetP iRkt SNHRANSREAUACHEALH BRAARERMIN A T air passes

through theé)assage in this configuration. This would make possible the next claims. [Para 74] The air is
then exit a? Blftfet 4. [Para 75] With a high swirl at the outlet, additional air is induced into the center of the
outlet. They shall enter through the Secondary Inlet 5 into the said system.

[Para 72] One or more inlets 2 shall be arranged on the cover, where air from the sink
can enter to the system. They can be natural or forced flows. One or more air movers
can be used. When more than one air movers is used, scalability and fault tolerant are

achieved.

[Para 73] One or more passages 3 (singular passage would also be applicable to
multiple passages). The curvature of the passage shall, in general trend, increase
monotonically. The passage shall guide the air, from the inlet in a spiral path formed
by the passage (which may be formed by the flow itself, with or without material
separation). The speed, swirl of the air shall increases significantly, as the air passes

through the passage in this configuration. This would make possible the next claims.
[Para 74] The air is then exit at outlet 4.

[Para 75] With a high swirl at the outlet, additional air is induced into the center of the

outlet. They shall enter through the Secondary Inlet 5 into the said system.
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Page 18 of 28 Heading Additional Embodiment [Para 76] Additional embodiment could include vortex
generators, turbulators, along the flow path of the air, on any appropriate side of the cover, passage. Fig
3. [Para 77] Another additional embodiment could include breathing holes on the cover 1. Fig 4. It can
be consists of single or multiple of holes, located at top, bottom, sidewalls or as made possible by the
geometry of the cover or source. [Para 78] ThepraigiMayious possibilities with regards to the various
mode of transport. [Para 79] 1. It could be used for heating. [Para 80] 2. The sink can be any bulk,
including Athdisiareriek fsbioiaseusing geothermal heat source for heating), hydrosphere (such as pound,
lake, ocean), other liquid reservoirs (such as sodium), atmosphere and other gaseous or vapor bulk
(such as[Ratargbgaisdslibhpn alaenmbibdéxiets conldnmbdtestoraee g Oteetsirsks by latcitsiealovsmic
space for space and bio-bodies in medical application. [Para 81] 3. Though DTT conceived with the
purpose, ifdEpsapatAgPaibaBie PNidpPraRPiee Bfteisi ¢ 8iJo v rantsicp@IrAgs; thig hvention can also
be extended to improve efficiency of thermal transport where no ambient fluids are available, or when
intermediary fluids are used. An example is to improve transport of thermal energy from space system,

ia int diaries, to the radi to dissipate th I y 1o t [ . Thi Iso b d
RS Ee ralilice ISR i R e T ek e
devices. 1. Fig 4. It can be consists of single or multiple of holes, located at top, bottom,

sidewalls or as made possible by the geometry of the cover or source.
[Para 78] There are various possibilities with regards to the various mode of transport.
[Para 79] 1. It could be used for heating.

[Para 80] 2. The sink can be any bulk, including lithosphere, (such as using

geothermal heat source for heating), hydrosphere (such as pound, lake, ocean), other
liquid reservoirs (such as sodium), atmosphere and other gaseous or vapor bulk (such
as natural gas sump, naturally exists or man-made storage). Other sinks may include

cosmic space for space and bio-bodies in medical application.

[Para 81] 3. Though DTT conceived with the purpose, understanding and able to
improve the efficient usage of ambient fluids, this invention can also be extended to
improve efficiency of thermal transport where no ambient fluids are available, or when
intermediary fluids are used. An example is to improve transport of thermal energy
from space system, via intermediaries, to the radiator to dissipate thermal energy to
the cosmic space. This can also be used to transport thermal energy, between systems

embedded within living bodies, such as bio-medical devices.
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Page 19 of 28 [Para 82] 4. The passages are not restricted to be layout only on a plane, they can be
spiral around any geometrical forms (Fig 5,6,7). The entries and exits can utilize existing aperture(s) on
target systems or specially perforated access where there is none, inadequate or inefficient accesses
available. [Para 83] 5. The cover can be constructed by comprising more than one surface that wrap
around the source. (Fig 5,6,7) [Para 84] 6. The cover can be constructed by the boundary of the source.

(Fig 7) [RpsaS8RY -4Teheqyes eaye baemhrdestrivtidintthe stayeat Gridy 70 dRapHR], #hky applibations
where Secondary Inlet is undesirable, or impractical, Secondary Inlets can be omitted. Heading
Operatiors escaiptiondFig il jearadicAnfeifficsedi & pstein nElee: tures most skitplifid ukili2E T, the air is
moved through the inlets 2, and guided along the passage 3 and passing through the outlet 4 to the
ambient. ®xigHios AREr wialse e targelghsteaipductiorcr theexio ritenraages owhare drerenser through
the Secondary Inlet 5, which is about the center of 4. Heading Advantages Page 20 of 28 [Para 88] From
the descrilith AMRARI A8 AbEN ST iSiRAnREGES B AYANREE Thermal Transport become evident:

[Para 83] 5. The cover can be constructed by comprising more than one surface that

wrap around the source. (Fig 5,6,7)

[Para 84] 6. The cover can be constructed by the boundary of the source. (Fig 7)

[Para 85] 7. The cover can be embedded within the source. (Fig 7)

[Para 86] 8. In applications where Secondary Inlet is undesirable, or impractical,

Secondary Inlets can be omitted.

Heading

Operation Description Fig 1

[Para 87] An Efficient System needs to be most simplified. In DTT, the air is moved

through the inlets 2, and guided along the passage 3 and passing through the outlet 4

to the ambient. Additional air shall enter, through the induction of the exit air through

outlet 4 and enter through the Secondary Inlet 5, which is about the center of 4.
Heading

Advantages
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[Para 89] 1. It takes in air in a manner that the inlet location, direction and speed are easily determined.
This helps to ensure only desirable amount of air with desired condition is inducted. [Para 90] 2. It directs
the air to have full and long path of contact with the source surfaces before exit. Full body of the inlet air

would be[pheiP88CPRARIWENIER SRHISE aD\Ved IORGRTRARS A GhaNtRE ADKF I asivettora dhgranal
energy away. [Para 91] 3. The source can be enveloped by the flow path or vice versa. This gives

significant fiexdpidity tedemgreadatiguration of systems. [Para 92] 4. The flow path in general, is smooth.
However, other special profile may be introduced, to improve performances, turbulent mixing, or
overcome constrains. [Para 93] 5. The flow path has, in general trend, monotonic increase in curvature.
This would increase the speed and swirl of the flow. [Para 94] 6. As the speed and swirl of air increase,
the pressii@rav89H droj.tAkeappraprisa [BeHtioristidictb e rakyulRCALS ar shrasdi atctithraN efetfération
on the cover, would enable induction of more air, or breath-in of additional air. [Para 95] 7. The air is
entrappe@aér'lh’ et e el isghtlRsy e dE AN bodRrs BabR Mgt R HiYAtedeH "88d generate
high turbulenéand strang swirl, These are Page 21 of 28 important key to improved thermal transfer
between {78! M@e‘%tﬁ?&%@?gnd the flowing fluid. Premature air escape, leakage is minimized. [Para 96]
8. High speed and strong vortices would prevent clogging of the passage, which is one of the issues that
many conventional systems could not overcome.

[Para 90] 2. It directs the air to have full and long path of contact with the source
surfaces before exit. Full body of the inlet air would be in close contact with the source

over a longer path. It shall be able to carry more thermal energy away.

[Para 91] 3. The source can be enveloped by the flow path or vice versa. This gives

significant flexibility to design, configuration of systems.

[Para 92] 4. The flow path in general, is smooth. However, other special profile may

be introduced, to improve performances, turbulent mixing, or overcome constrains.

[Para 93] 5. The flow path has, in general trend, monotonic increase in curvature. This

would increase the speed and swirl of the flow.

[Para 94] 6. As the speed and swirl of air increase, the pressure would drop. At
appropriate locations where pressure has dropped adequately, perforation on the

cover, would enable induction of more air, or breath-in of additional air.

[Para 95] 7. The air is entrapped and therefore, even highly pressurized air could be

moving at very high speed and generate high turbulent and strong swirl. These are
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[Para 97] 9. Strong vortices are helpful in directing the exhaust gas rapidly and affirmatively away from
the system. Thus exhaust gas would be easier to manage and would minimize negative effect to the

immediatﬁ—ﬁ%'i%‘ﬁ@l{%{%@&%bég AEAHINEIREsE AEinECERE by theresHiRashigh swirl, strong

vortices at the outlet, there are two key advantages to this: [Para 99] a. More air than primary entry is

participatingwine ¢l the!Pal ansrogirracass, lthisageinuimiyingaffect for a small air intake. [Para 100]
b. The secondary air is directed at the core of the surfaces, which in many cases would be most difficult

to cool by conventional method because of limited direct access. This center-directing intake would
improve the thermal transport significantly for the usually hottest center spot, surrounded by other heat
sources. [fR#a296) 18 Hig skt aindslunregiy asédsdwioerdfore semdlidogginedrthe pasdade Savings in
cost, space and energy are therefore achievable. Less air intake also reduces dust induced into the
system. [PAIShLE2P N ofe inpevdh e anBreliaaakporietinAeH ha ShRMRIEQStem could be
used for the same thermal load rating of subject system. Page 22 of 28 [Para 103] 1 3. Multiple passages
can be configured together. This is a significant fault tolerant design into the whole invention. [Para 104]

14. Multl air |ch may be su Ie air- over an be incorpprated. This would
rorove AT S e B I G P R RN & anaport
affirmatively away from the system. Thus exhaust gas would be easier to manage and

would minimize negative effect to the immediate surrounding.

[Para 98] 10. Additional fresh air is induced by the resultant high swirl, strong vortices

at the outlet, there are two key advantages to this:

[Para 99] a. More air than primary entry is participating in the thermal transport

process. This is a multiplying effect for a small air intake.

[Para 100] b. The secondary air is directed at the core of the surfaces, which in
many cases would be most difficult to cool by conventional method because of limited
direct access. This center-directing intake would improve the thermal transport

significantly for the usually hottest center spot, surrounded by other heat sources.

[Para 101] 11. Smaller air volume is needed therefore smaller air-mover is
needed. Savings in cost, space and energy are therefore achievable. Less air intake also

reduces dust induced into the system.

[Para 102] 12. With improved effective thermal transport, thinner and smaller

system could be used for the same thermal load rating of subject system.
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Heading Conclusion, Ramification and Scope [Para 105] Accordingly, the reader will see that this
invention has substantially improved the interaction of sink and the source. The fundamental approach
opens up a host of flexibility for various design and requirements, spanning many applications and
opens up ways and means for refinement, optimization. [Para 106] This patent applies to thermal
transport, not limited to cooling. The sink, media are not limited to atmosphere and air. [Para 107] In
addition, the invention opens up possibility for: [Para 108] 1 Directed input would simplify many systems
design wikaeath©Bjlet airiialityltipéep 4 Jar) beitan donirohéid) | Raraddth2 Mutiiglésaar sigmiéikanould be
used with one or more passages. This would remove single point of failure and thus achieve better fault
tolerant. Paujé R8eshn8 fRsian r0p3heowHifterntespirating conditions, none, one or more air movers
could be activated to cater for the system requirements. This introduced scalability, would significantly
improve performance and save energy. [Para 111] 4. The directed output would reduce the harms to
components, systems neighboring to it. [Para 112] 5. The high speed and high swirl of the air, would

improve H@RAHI transEbrMiRIAS bdlRten WL ME8 e aHRREERI[PY A Y18 2ffe high speed

and high rsnvg)l\r/le(r)g,ﬂégl'?llg’e\/\llﬁlcjcl)dr&l)erg?eﬁp Wﬁs would remove single point of failures and make

scalability possible for different level of thermal transport.

Heading
Conclusion, Ramification and Scope
[Para 105] Accordingly, the reader will see that this invention has substantially
improved the interaction of sink and the source. The fundamental approach opens up
a host of flexibility for various design and requirements, spanning many applications

and opens up ways and means for refinement, optimization.

[Para 106] This patent applies to thermal transport, not limited to cooling. The

sink, media are not limited to atmosphere and air.
[Para 107] In addition, the invention opens up possibility for:

[Para 108] 1.Directed input would simplify many systems design where the inlet

air quality needs to be better controlled.

[Para 109] 2.Multiple air-movers could be used with one or more passages. This

would remove single point of failure and thus achieve better fault tolerant.
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passage. [Para 114] 7. The higher speed and higher temperature exhaust would raise the economic
values of waste heat and make waste heat recovery for subsequent use an economical, viable
consideration. [Para 115] 8. It could take in thermal energy from any of the faces. This gives flexibility for
complex system or multi-system design. [Para 116] Thus the scope of the invention should be determined
by the appended claim and their legal equivalents, rather than by the example given. Page 24 of 28
What is claimed is: [Claim I] A Transport System having openings for guiding media entry, for the media
traveling [Rapadnl @hg appopuatelif grdded pasthgg cassistitre metha togaiorspesd andnioceesse swirl,
while increase interaction, reaction, transport among target surfaces, media. and exit with very high
speed andosdrb§Glatina2p O perdatss for gbielisys rotliceenirg ine@tainT hisuimiteruroeiti esatadmlity , for
improving the control over the source, condition and quantity of media into the system. [Claim 3]
OpeningveH Lrdg Y fisatidydmsraveRatf arfoane? pRelisRYMEBREINdr managing, optimizing the
interaction with the surrounding. [Claim 4] Openings for guiding media entry in Claim 1 further provides
the means to make more efficient usage of higher speed, higher pressure media, actuators, sources.

[Para 111] 4. The directed output would reduce the harms to components,

systems neighboring to it.

[Para 112] 5. The high speed and high swirl of the air, would improve the thermal

transport efficiency between the surfaces and the air.

[Para 113] 6. The high speed and high swirl of the air, would clean up the
passage.
[Para 114] 7. The higher speed and higher temperature exhaust would raise the

economic values of waste heat and make waste heat recovery for subsequent use an

economical, viable consideration.

[Para 115] 8. It could take in thermal energy from any of the faces. This gives

flexibility for complex system or multi-system design.

[Para 116] Thus the scope of the invention should be determined by the

appended claim and their legal equivalents, rather than by the example given.

Page 24 of 28



[Claim 5] . Openings for guiding media entry in Claim 1 further provides the means to initiate, guide the
media direction, to improve the contact with target surfaces so as to improve interaction, reactions,
transport, among target surfaces, media. [Claim 6] Appropriately guided passage in Claim 1 further
provides the means for managing interaction with surroundings, among media. [Claim 7] Appropriately
guided passage in Claim 1 further providg g Meangiiere 1qke efficient usage of higher speed, higher
pressure media, actuators, sources. [Claim 8] Appropriately guided passage in Claim 1 further provide
the mef@iaton iNtENAY thesiptartadtsrr mdaotion, taaspays, famagndgdinganesimnedisy, Fagehzbrméadt [Claim
9] Appropriately guided passage in Claim 1 further provides the mean for gaining higher speed, higher
swirl ot theehedith nhain loediamvsivpei iied selfideidings sagtces sphydieamnsatisdgega il seekmthgad
necessary - faster downstream contacting slower upstream, and thereby accelerate upstream. [Claim 1
0] GainlHg ¢RgRsMYpe N itRgiNer 235ie BTtaTacHediarRRCimM YransRer tHE\Rae tregabaHsiaseDwering the
pressure of the media, downstream. [Claim 1 1 ] Lowering the pressure of the media downstream in

Claim TeeFiRtRI DAY EheVIYaRY o RRGE A YBed, swirl. [Claim 1 2] Lowering the pressure of the

media downstream in Claim 10 further provide the means for media to cling closer to the target surfaces,
increase interaction, reaction, transport among target surfaces, media. [Claim 1 3] Lowering the pressure

of the T@fﬁﬂ#%”gtfeam &%m%sl%r guiding media entry in Claim 1 further provides means

for improving the control over the source, condition and quantity of media into the
system.

[Claim 3] Openings for guiding media entry in Claim 1 further provide means for
managing, optimizing the interaction with the surrounding.

[Claim 4] Openings for guiding media entry in Claim 1 further provides the
means to make more efficient usage of higher speed, higher pressure media, actuators,
sources.

[Claim 5] . Openings for guiding media entry in Claim 1 further provides the
means to initiate, guide the media direction, to improve the contact with target surfaces

so as to improve interaction, reactions, transport, among target surfaces, media.

[Claim 6] Appropriately guided passage in Claim 1 further provides the means for
managing interaction with surroundings, among media.

[Claim 7] Appropriately guided passage in Claim 1 further provide the means for
more efficient usage of higher speed, higher pressure media, actuators, sources.
[Claim 8] Appropriately guided passage in Claim 1 further provide the means to

intensify the interaction, reaction, transport, among surfaces, media.
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further provide the means for inducing more media into the flow, further increase interaction, reaction,
transport among target surfaces, media. [Claim 1 4] Gaining higher speed, higher swirl of the media in

Claim 9eEia 41 furtiagyp @‘%@IWﬁdﬂf@d’%é@QH%HQHﬁQ%ﬁeﬁ?H%éPIB@WH’éB HRORROLhaReng target

surfaces, media. [Claim 1 5] Gaining higher speed, higher swirl of the media in Claim 9, Claim 11 further

providefathmBaagisdio spebg e Nl LAvnaF ineulAbam |avhepaaddsiaansitien b @iy ifigregy increase
interaction, reaction, transport among target surfaces, media. [Claim 1 6] Gaining higher speed, higher

swirl olvtheicesdighyscialimadsedgiwdll rioriteyg @roddesdmryne st dodestinclieanaingoditiieei pgssages,
which provides the means to mitigate choking of passages. [Claim 1 7] Gaining higher speed, higher
swirl ostheenadiatire@airarg] Glanebyladoelheaterovisirehmmeans, to improving perturbation for media
mixing, reaction, even out steep temperature difference among target surfaces, media; increase
interactfelRi feakfdn, tran§Foni Acnbideir§eesdrtaighe rramid. ofFthigemecin 28 fdadim L fertheans for even
out steep temperature difference in Claim 17 further provide the means for mitigating shocks, cracks.

[Claim Ar8Y i p4B&ags fetiams A nartherpitidse aid hsemsd B, Haymai'eR8ts from Claim 6 to Claim
R e Il e ey B SACA Ot TR e e
further provide the means for increasing speed, swirl.
[Claim 12] Lowering the pressure of the media downstream in Claim 10
further provide the means for media to cling closer to the target surfaces, increase
interaction, reaction, transport among target surfaces, media.
[Claim 13] Lowering the pressure of the media downstream in Claim 10
further provide the means for inducing more media into the flow, further increase
interaction, reaction, transport among target surfaces, media.
[Claim 14] Gaining higher speed, higher swirl of the media in Claim 9, Claim 11
further provides the means to improve the reaction, interaction, transport among target
surfaces, media.
[Claim 15] Gaining higher speed, higher swirl of the media in Claim 9, Claim 11
further provides the means to reduce media laminar insulation, low speed, stagnation of
media thereby increase interaction, reaction, transport among target surfaces, media.
[Claim 16] Gaining higher speed, higher swirl of the media in Claim 9, Claim 11
further provide the means for self-cleansing of the passages, which provides the means
to mitigate choking of passages.
[Claim 17] Gaining higher speed, higher swirl of the media in Claim 9, Claim 11
further provide the means, to improving perturbation for media mixing, reaction, even
out steep temperature difference among target surfaces, media; increase interaction,

reaction, transport among target surfaces, media. .
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[Claim 21 ] Magnifying effects in Claim 19, more actuators, media in Claim 20 provide the means to
multiply Claim 6 to Claim 18. [Claim 22] A transport system having means for multiple passages. [Claim
23] Me, iple passages of media in Claim 22 further provide the ans to isglatjon of critical

;
compoﬁfﬂé?‘['mr?t te risk of pas¥5G8% BR@HEB&BQEQ%HQ@%‘H%H%% ﬁﬂéﬁdﬂc%%‘l"?)alséages etc.

[Claim 41%(?61@%\1;0[‘ IélpAqeegas%ag frgqglal CI |SmC2r2 further provide the means to target media
at extreme heat 10ads concentratson Jke V\%C} hgaf Ioa Stlvely provide additional means to

preemptively isolate, overcome extreme skewed dlstrlbutlon of energy. [Claim 25] Means for multiple
passages of media in Claim 22 further provide the means to apply different material for media, wall.
[Claim 26] Means to apply different material in Claim 25 further provides the means for reactions among

these erlaIS| lpse proxim |nc ing electro- chemic ctions. P e 27 of. F‘ml
Traner e g e P P TR A T PR A R 67
attaining highs $paed; Higly Swirl in Claim 27 at exits further provides the means to inducing, starting and

directing secondary entry of fresh media. [Claim 29] Means for starting and directing secondary entry of

fresh medlia in %'T&%WIE‘%@%QH'@% MeRAR e Eﬁf(ﬂﬂ&l@ﬁ%%@%ﬂtﬂb’sﬁ% BMAL SHROtS otherwise
openings, multiple units of actuators, induces multitude of media into the system.
[Claim 21] Magnifying effects in Claim 19, more actuators, media in Claim 20 provide

the means to multiply Claim 6 to Claim 18.

[Claim 22] A transport system having means for multiple passages.

[Claim 23] Means for multiple passages of media in Claim 22 further provide the
means to isolation of critical components, mitigate risk of passage choked, passage
collapsed, enable maintenance of passages, etc.

[Claim 24] Means for multiple passages of media in Claim 22 further provide the
means to target media at extreme heat loads concentration, skewed heat-load, and
actively provide additional means to preemptively isolate, overcome extreme skewed
distribution of energy.

[Claim 25] Means for multiple passages of media in Claim 22 further provide the
means to apply different material for media, wall.

[Claim 26] Means to apply different material in Claim 25 further provides
the means for reactions among these materials in close proximity, including electro-

chemical reactions.
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surrounded, blocked. [Claim 30] Means for attaining High Speed, High Swirl in Claim 27 at exits further
provides means of directed media that facilitate management of interaction with surrounding. [Claim 31]
Means for attaining High Speed, High Swirl in Claim 27 at exits further provide the means of using it for
actuation, energy recovery with improved efficiency. Page 28 of 28

[Claim 27] A Transport system having means for attaining High speed, High swirl at
exits.

[Claim 28] Means for attaining High Speed, High Swirl in Claim 27 at exits further
provides the means to inducing, starting and directing secondary entry of fresh media.
[Claim 29] Means for starting and directing secondary entry of fresh media in
Claim 28 further provide the means to target these at control spots, even spots otherwise
surrounded, blocked.

[Claim 30] Means for attaining High Speed, High Swirl in Claim 27 at exits further
provides means of directed media that facilitate management of interaction with
surrounding.

[Claim 31] Means for attaining High Speed, High Swirl in Claim 27 at exits further

provide the means of using it for actuation, energy recovery with improved efficiency.
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