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Process and apparatus for transferring heat from a first medium to a

second medium The invention relates to a process and an

apparatus for transferring heat from a first, relatively cold medium to a
vaeecansdssedatively hot medium. In current power plants, work RS T #lpjos1 746

generated by means of a Carnot cycle or "steam cycle", employing a high

temperature source and a low temperature source (heat sink). In practice,

a high temperature medium, typically superheated steam, is fed to a

turbine, which generates work, and is subsequently condensed,

10(super)heated and once more fed to the turbine. Il.e., the difference

fefwean %Qa@ggg&%@%atmt@iﬂggg@mﬂigj] termperature megiym.

and the amount o hegt sunk to the low temperature source is converted
“iﬁfiol%rlgﬁnaac%%%)anncemﬁl A the first law of thermodynamics. 15At higher
temperature differences between the high and low temperature sources,
more heat tag berconveited intolwoss and the efficiency ahthesprocess
Approves sTypically, {he eoviropnment fearth) seryes asdhe 1oW1 ot s vely
teféoera&ure source (heat sink) andlthte. high te Olz)teratucge 20 medium is
co M m, to .a %QCOPP’ re % hRY ér L medlunm.
genera?edL%y burning Tossil tlels or by nuclear fission: ~ DE3238
567 relatestto &deviesfoPgeRératingtempéaratiie hifférdnees ¥é¥heating

caine cookny dyndersthe inffluenc:ohan exterhal forcé sa temperatlise’,
Siffersncesis2.established inna @as. Byisiag ggptrifugalforeas-and with
Lases. of igh.moleglar viglan, Jis effect s inereased9.94cn.30 G48tr,
that it Is ot Interest ?OI’ technical use.

typically superheated steam, 1s fed to a turbine, which
generates work, and is subseqguently condensed,
(super)heated and once morxe fed to the turbine. I.e., the
difference between the amount of heat contained in the high
temperature medium and the amount c¢f heat sunk to the low
temperature source 1s converted into work, in accordance
with the first law of thermodynamics.

At higher temperature differences between the high
and low temperature sources, more heat can be converted
into work and the efficiency of the process improves.
Typically, the envirconment {earth) serves as the low
temperature source (heat sink) and the high temperature
medium is generated by burning fossil fuels or by nuclear
fission.

DE 32 38 567 relates to a device for generating
temperature differences for heating and ceooling. Under the
influence of an external force, a temperature difference is
established in a gas. By using centrifugel forces and with
gases of high molecular weight, this effect is increased to
such an extent that it i1s of interest for technical use.

WO 03/0859220 relates te a methed for transmitting
heat energy, wherein the heat energy is transmitted into an
inner chamber {(3) of a rotating centrifuge via a first heat
exchanger {(4,4a,4b), in which inner chamber (3) a gaseous
energy transfer medium is provided, and wherein the heat is

discharged from the centrifuge (2) via a second heat



WO 03/095920 relates to a method for transmitting heat energy, wherein

the heat energy is transmitted into an 30 inner chamber (3) of a rotating

centrifuge via a first heat exchanger (4,4a,4b), in which inner chamber (3)

a gaseous energy transfer medium is provided, and wherein the heat is

discharged from the centrifuge (2) via a second heat 2 exchanger (5; 5a,

5b). The amount of energy used cam be reduced substantially by providing
exdhegaseoussenekgy, transmissior mediwum inside thewcotor (12} via state dfe
refaulipriugyapd byradially oriepting the heat flow iman owdwarddirectionr gy
t rdhis.@ssential tg the inyention yaderlying WO N3/095920 that convegtion ¢
eq P8 Prevenjed @589%2 st sentence), o, 1 HIS 3p029A0 elptes 0f,

r hi hsp e rot tlon At its ce teris Ioca d a saurce of

_rotor
CUtKErfal e#r% Jﬁereas at'its periphery Fthere Ts Iocated a’héat ex}%‘ﬁg%1 -

UnEambars af p?&\/ ded 9&@00%%&%"& ghs88uLmaterial Whidh! (Page
2, depehdiRj:ipes {ts position in the chambers, can receive heat from the
source oPthebmalénéryy orsieltdreat-to the heavexchanyerd for high-
spdembodimentswof the presentsinventiar seek 40 providealprecessdforce  of
 hefficienthngengrating achigh temperatuse medivm; therdAccordingtathe a
neJirst aspect of; the presentinvention, therg jis,proyided aﬂ@@%@%tln?
gai%ée JAQ% Deat from.a JJ%St r%'@{%%'é{;%’f G&?Qh““%%aﬁsg%%%'afi Yene

chagt medium, comprisin the ﬁtlng a contained. amount of |
a compfessﬁle fluid a%ou?an aX|s of rotal%qon us genera?ng aradial

en@téﬁ%e?&tu?éﬁ}éjd@ﬁﬁﬁ the fili§, &t =< @ﬁﬁﬁé the second medium
by mean&®? ¢i5e Rt a Sction ot th& AaRFretatively R Fom the>8%s of ©°
prautation, whereirthescompressibfetiuid isat aypresstire i exsess ¢f 2 bargh
tenfire embadémantidfithe present invention further comprises the step of
extracting heatfrom; i.e; ooling, the first-media by means of the Huiddnn«
in@eSection atqé?@tiyglyw&@eaa)@%gf:@g@ti@f transkRe-hotandez¢

-+ Gold mediathus obtained | {0, canhe.employed g.g. 1o heat 91800l s o1
ho bwldmlqls or tocg[?nerate ele%(lmtg bé/ means of e.g. a Carnot cycle or

sPéam cy Véle™ “the e iciency 6fthe process a cording to an

embodlrrfé?ﬁ dE R pr@sen??ﬁ\?e?ﬂl%ﬁdcanaﬁ]é) fikherihcreased Héégiments’ ©

Fluid about an axis of rotation, thus generating a radial
temperature gradient in the fluid, and

heating the second medium by means of the fluid in
a section of the fluid relatively tfar from the axis of
rotation, wherein the compressible fluid 1is at & pressure
in excess of 2 bar.

An embodiment of the present invention further
comprises the step of extracting heat from, i.e. ccoollng,
the first medium by means of the fluid in a section at or
relatively close to the axis of rotation.

The hot and cold media thus obtained in turn can
be emploved e.g. te heat or cool bulldings or to generate
electricity by means of e.g. a Carnot cycle or “steam
cycle”,

The efficiency of the process according to an
embodiment of the presant invention «can Dbe further
increased if segments,



3 defined in radial direction, of the fluid are thoroughly mixed to obtain an
at least substantially constant entropy in these segments and thus
improved heat conduction within the fluid. Also,heatconductionand hence
efficiency increases with the pressure and density of the fluid. Thus,
pressure is preferably in excess of 2 bar (at the axis of rotation), more
preferably in excess of 10 bar (at the axis of rotation). The ratio of
de pressure at the girgumference-and pressure @t theaxis offetation is-oughiy
mi Preferably.inexcess of 5, mete, preferaly. i excess of 8, . o, Aceerding.

1ﬁltotmaessecond asngtect of tge&rlesen.t invention, there is provided an
1 apparatus for fransferAifg heatfrom % firsY rélatVely coldmadiont & thin

thgetdHd Felatively hot medium, comprising a gastight drum rotatably
mountedid acframehaatd  conddirstiheat exchangersmaunteddndgide thecy
indremgetativebrfat frompthesaxis of rotatiar of the drsim, daeinstance inhe s,
prinngrwallof the deum,, wherein the. deum coptains g gompressible flid and, .
rof1e apparatys s ananged o gperate at a pressure, i the flid, In excess,
of 2°bar. ’ Tn Bh‘embodiment of the present invention, thé apparatds ™ *
oL caimpfsesa’secditf heat ekendiigePpESificied atlor FelativeREHae t5 fhece
andxigofrotation. at  the another embodimeat, the apparatusséemprises in
e x ©@RE0IMOEe ahleast substantially,cylindticabard co-axjal walls,
separating, in, radialdiregfion, the inside,of the dsuminto,a plurality gf . ¢ ...«
infQURAMentz, .. ; Jnalyther embodiment, af least.one of the lieat, .
exchgngérs IS coupleé to a cycle %r_genergﬁn Worl%:."ljne furthér cycﬁe d
hedhn comprisé anfév%%raﬁﬁﬁ%ﬁ%+%eaﬁ&}£hi€ﬁ%lﬂ‘i'érm%ﬂy dduptéffgd
re }Ré hihh tenfiserafife hieat exchanget i acondearser  tHermallycoupledtel 1y
moithe dov temperature=heat.exchanger, and a heat engine. The environment
will typicgltlr.\{ senveras @e?%ﬁt @Q%hg%tg;@%y %lé%ﬁ%@@f?ﬂg%é%[mp@&ftur@rum
| operafi erature of the cycle if sufficiently low.
refgy%ﬁ%%%rﬂ?&%rﬁ%%?m%%) the com Or%sgig\ﬁeaﬁd‘i is & %aa% %%d %%euféfabfyor

In
in%%%]f’eﬁﬁs 6F condfsts e8sentidif/ df ahond-atoffidBlentdht Halihg dr  drum
COEMic NGMPBEREZ)SS 18P 3GcH A8 IFger Soréferalbiy =36 tsifchias Kiyptomed
to amckXenenat a pThe swventionns tiasedlonithe insighk thatsaltifoughoar .

heat normally flowsfrerna:feam a bighare a joverentropy, apdhence  ne
apdifra igheL 9,8 Jouet lempeiatiiey 2 GOUMN QT ALISENIONG.  opned ot
or cggl%rgisflbke flél? Joo@snil__oone%};er}} a field c()]ntgrawty eat also ows from a

I6Wef to'a higher entropy” In the afdspHers Bf theé 88rth, this effect

reduces tHe VeHicAYEMPRPAILtE §PadiertTfon RcaléHafe dTO ETkMRd6 afne
or actaak6,5:C/kme #Hydropowet isased gn the samse prindiplend cofaxial
wa regducestheatsesistance furtherenhances heatfigw fram ajlowerdo ar the
drdEQQ%USWH*§§H¥§1ity of compartments.

In a further embodiment, at least one of the heat
exchangers 1s coupled to a cycle for generating work. The
further cycle can comprise an evaporator or super-heater,
which 1s thermally coupled to the high temperature heal
exchanger, a condenser, thermally coupled to the low
temperature heat  exchanger, and & heat engine, The
environment will typically serve as a heat sink, but may
also serve a high temperature socurce, 1f the operating
temperature of the cycle if sufficiently low.



In accordance with at least some embodiments of the present invention,
artificial gravity is employed to reduce the length of the column of the
compressible fluid, in comparison with a column subjected merely to the
gravity of the earth, and the atmosphere is replaced by a gas allowing a
much higher temperature gradient in the fluid. Mixing is employed to
improve heat conduction within the fiuid. Within the framework of
the present inventionsthedgrangradient s defined as @.continuUEUS Ol s i1 e
£1.91gPWise increase. or degrease ip 1hg magnjtude of aproperty observed.n .

assing from one point to another, e,.égt. along a radius of a cylinder.
es
“lg—edf' e

& shke of coniplefBrdas it ¥ dted thaf'0%'4, 107 64 reldtes 16 5™4C
ruvkethod ‘And Appdratus 6 r gerferdtitit heating e é6oling by efreulating:a s
Kr yworkingefhgidethin passageways carried by rotors, compressing said

working fluid therewithin and rergovipg heat from saidavorkingifysid in ana v,
a1 D1t gemoual heat exchanger and,adding heatinte said working fluid in.g
1oieat addiion heat exchanderyall cairied by said rotofs, The working flid
i§ Seaféd Within B antfmay be" 8 Suitabte Gas: Suéh as Hitroger A '
10 workifgHtiid Aeatéxchafber iFalSo pFoviaéd 1§ éxclrarge heativittin the ed
in ratoribetwéen fwoistrearns ohsait wotking fiuidwtS 24,005,587 relates toca a
hiaethodranehapparatus:foe 5 dransperofheat from:a dow temperaturesyeat- -
re SOUECE inta ahigher temperatyre heated sjnk, using a£ompressible. .1 5t eg
10 Warking fluid compressed by centifgal fgrce within a rotating rotor With

an-accompanying Fempera Uré increase. Héat isitransferréd from the
salifaatéd Workih§ fluid into the 10 heat sink at higher temperature, and heat

is addedinto theawerking fhuid aftes expansion dand ctbelingfrdmacsoldenesat
£ 1 heat source. Loaling:s provided ythir ire: roler:to=control the working

fluid density, to-assistaerking fluid circulation, 153imilar methods.and s o
tnaP aratuses are known from US 3,828,573, US 3‘}9%3,008S UusS 4,960,9 9,
i US 5 63 :

a 1,J7ri§.en\ﬁlmnWOafo if&él réfates to' device %5 and e
rediefhol T6r transtEing hebt frond ikt zBhe /') 16 ASEcoTTifzorfe (72Y <
in ysingramobileoftért JasesuslorvaporeiSFdtemsTer20 molsculés (4iavity
of which incene Bmbadimenththe ehaotiopmation afstheratoms/aolebtles: gas
=1 Whieh ysually frustratesithe transfer of heatby;simple molegularnaotion s .
Mi %%COE%@ by, ysi %%é’&ef%‘b'Xn?ﬁ]‘%r}%e%%@si&%%&é‘g&%‘hmsw(f’% {such.
ﬂuaid‘ carbon nanotube) to align the atoms/molecules and then

Within the framework cf the present invention the
term “gradient” 1s defined as a continuocus or stepwise
increase or decrease in the magnitude of a property
observed in passing from one point to another, e.g. along a
radius of a cylinder.,

For the sake ¢f completeness, it 1s noted that US
4,107,944 relates to a method and apparatus for generating
heating and cooling by clrculating & working fluid within
passageways carried Dby rotors, compressing said working
fiuid therewithin and removing heat from said working fluid
in a heat removal heat exchanger and adding heat into said
working £luid in a heat additicn heat exchanger, all

carried by said rotors. The working fluid is sealed within,
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25 subjecting them to an accelerating force in the direction-in which the

heat is to be transferred. The accelerating force is preferably centripetal.

In an alternative embodiment, molecules (4c) in a nanosized constraint
wiayebsoassanged to transfer heat by means of an oscillation 3@ tramsymyse: 746
of the elongation of an elongated constraint (40). JP 61165590 and JP
58035388 relate to rotary-type heat pipes. US 4,285,202 relates to

industrial processes for energy conversion involving at least one step

which 35 consists in acting on the presence of a working fluid in 6 such a
manner as to produce either compression or expansion. The
IRFermitn will oW betesplaingdsn morhdetailviitiy raferende tocthieing
tiranings: avhiel schematically shew a5 presently:- prefered:embadiment.
oy Loz an s e e At gl ol v
Egu?e ms%Scré}és%- g 6 of &' dftRTUSEd Tn BreETE SnisbtimirR Bf tus for
Pighfert arfe2.neat IFjguré 448 drodsssettionof sesdcomelirce into a
reigbedinmentyef the apparatus atcofding tadhe presemhipvention1e
WdguEs.g is 8 schematiclayautota power plant comprising the 11, 5
reo@ggghr%er}toqo@g%&etﬁ' ]égldgggg%l aar{gfs:i_ggd ‘g grggeprez{!a%%n%rtxg?:gg g]ee,
ﬁgat is transferred from the heated working fluid into the
heat sink at higher temperature, and heat is added into *the
working fluid after expansion and cooling from a colder
heat source. Cooling is provided within the rotor to
control the working fluid density, to assist working fluid
circulation.

Similar methods and apparatuses are known from US
3,828,573, US 3,933,008, US 4,060,989, and US 3,931,713.

WO 2006/119946 relates to device (70) and method
for transferring heat from a first zone (71) to a second
zone (72) using mobile (often gaseous or vaporous) atoms or
molecules (4) in which in one embodiment, %he chaotic
motion of the atoms/molecules which usually frustrates the
transfer of heat by simple molecular motion is overcome by
using preferably elongated nanosized constraints (33) (such
as a carbon nanotube) to align the atoms/molecules and then
subjecting them to an accelerating force in the direction
in which the heat is to be transferred. The accelerating
ferce is preferably centripetal. In an alternative
embodiment, molecules {4c¢) in a nanosized constraint may be
arranged to transfer heat by means of an oscillation
transverse of the elongation of an elongated constraint
(40) .

JP 61165580 and JP 58035388 relate to rotary-type
heat pipes. US 4,285,202 relates to industrizl pProcesses
for energy conversion involving at least one step which

consists in acting on the presence of a working fluid in
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substantially the same function will be denoted by same numeral. Figure 1
shows an experimental setup of an artificial gravity apparatus 1, in
accordance with the 20 present invention. The apparatus 1 comprises a
Blatggpagwdtame 2, firmly positioned on a floor, and a rotary ®&teE8z008/051746
mounted on the base frame 2. Driving means, e.g. an electromotor 4 are
mounted in the base frame 2 and are coupled to the rotary table 3. To
reduce drag, an annular 25 wall 5 is fagtened to the rotary table 3, along

its circumference. Further, a cylinder 6 is fastened to the rotary table 3

and extends alongda r@dius thgrecof. Ch As %Qnown in Figure 3, the
TYlindér 6 comprises a CeRitré Ting 7. two (PerspexT v duter &finders 8,
B30{PeFspexTM) inner cylinders 9 mounted coaxially inside the outer
cylinders 8,Ttwo énd platesAOyand anpharakty ofstuds 24, withwdieh theail

endplates1Q.are Me@wtgmgxwﬁr@@i&ua@@ﬂ@ﬁﬂﬂ@@@zrﬁf&dm 2
1:glfﬂrenSeorpt(i the cg_rtntrg Jing é.n;%%%g%dce.r 6 has a total length of 1,0 35
meter. II—:Ig{H‘g% is 70 Seale;

Figures 1 and 2 are a perspective view and a side
view of a first embodiment of the apparatus according to
the present invention.

Flgure 3 is a cross—section of a drum used in the
embodiment of Figures 1 and 2.

Figure 4 is a cross—section of a second embodiment
of the apparatus according to the present invention.

Figure 5 is a schematic layout of a power plant
comprising the embodiment of Figure 4.

Tdentical parts and parts performing the same or
substantially the same function will be denoted by same
numeral.

Figure 1 shows an experimental setup of an
artificial gravity apparatus 1, in accordance with the
present invention. The apparatus 1 comprises a static base
frame 2, firmly positioned on a floor, and a rotary table
3, mounted on the base frame 2. Driving means, e.g. an
electromotor 4 are mounted in the base frame 2 and are
coupled to the rotary table 3. To reduce drag, an annular
wall 5 is fastened to the rotary table 3, along its
cifcumf@rence. Further, a cylinder & is fastened to the
rotary table 3 and extends along a radius thereof.

As shown in Figure 3, the cylinder 6 comprises a
centre ring 7, two (Perspex™) outer cylinders 8, two
(Perspex™) inner cylinders 9 mounted cocaxially inside the
outer cylinders 8, two end plates 10, and a plurality of
studs 11, with which the end plates 10 are pulled onto the
cylinders €, 9, and the cylinders 8, 9, in turn, ontoc the
centre ring 7. The c¢ylinder € has a total length of 1,0

meter. Figure 3 is to scale.
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The lumen defined by the centre ring 7, the inner cylinders 9, and the end
plates 10, is filled with Xenon, at ambient temperature and a pressure of
1,5 bar, and further contains a plurality of mixers or ventilators 13. 5
Wihaillgg/epPetltier element (not shown) is mounted on the innerwalkefods@s1746
ring 7 and temperature sensors and pressure gauges (also not shown) are
present in both the ring 7 and the end plates 10. During operation, the
rotary table 3 and hence the 10 cylinder 6 is rotated at a speed of
approximately 1000 RPM. Radial segnfents of the fluid are thoroughly
mixed by means of the ventilators 12, to obtain an at least substantially
constant entrofy THifEseledgmaftd In Misw oftie factihat the proeessissr
reViersibler andl in aiely of ¢he thermal d&sisolationsprovidedby, the.inrer and
outencylipders: 8xdowbiciisolajon.enahles gondieting substantally,
adiabatic Rrocesses, heat ﬂlagﬂertwnhl? the cylinder 6, rom‘tjﬁe axis of
rotation to the circumfererice and vice Verda s SUbtantdliyidéitdsic 1 3 -

nrotatiort the $EnpEfARRE ahdtheitessurelsf theuxdroh abthehe
ereelates!10 intrease anddhd temperatuse antlpressurasatiheding 7
sirep s\Wheng sipepgeashing equilitiium,a stepped beat pulse is fed to the
98satthe ting. 7 by mgaps of the ggl_tier element, temperature and 25

pressure at the ring 7 increase and, subsequently, temperature and

pressure at'thé €l PRIES16 Ferehss, i€ Tt flows fof asduicaice the
havinly s refativelytenstesnberaturesitive gas aitdhe ring) ta a<souree haviagy .
rearclatively higintemperatiire (the gasatdhe RNERIALes). nixed by means
of the ventilators 12, to obtain an at least substantially
constant entropy in these segments. In view of the fact
that the process is reversible and in view of the thermal
isolation provided by the inner and outer cylinders 8, 9,
which isclation enables cenducting substantially adiabatic
processes, heat transfer within the cylinder &, from the
axis of rotation to the circumference and vice versa, is
substantially isentropic.

Upon rotaticn, the temperature and the pressure of
the Xenon at the end plates 10 increase and the temperature
and pressure at the ring 7 drop. When, upon reaching
equilibrium, a stepped heat pulse is fed to the gas at the
ring 7 by means of the Peltier element, temperature and
pressure at the ring 7 increase and, subsequently,
temperature and pressure at the end plates 10 increase,
i.e. heat flows from a source having a relatively low
temperature {(the gas at the ring) to a source having a
relatively high temperature (the gas at the end plates).

Figure 4 is a cross-section of a second artificial
gravity apparatus 1 in accordance with the present
invention. The apparatus 1 comprises a static base Frame 2,
firmly positioned on a floor, and a rotery drum €, mounted,
rotatable about its longitudinal axis, in the base frame 2,
€.g. by means of suitable bearings, such as ball bearings
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30Figure 4 is a cross-section of a second artificial gravity apparatus 1-in
accordance with the present invention. The apparatus 1 comprises a static
base frame 2, firmly positioned on a floor, and a rotary drum 6, mounted,
Vanaslevstveut its longitudinal axis, in the base frame 2, 8 2QedTiherdeuse 746
suitably has a diameter in a range from 2 to 10 meters, in this example 4
meters. The wall of the drum is thermally isolated in a manner known in

itself. The apparatus 1 further comprises a driving means (not shown) 5 to
spin the drum at rates in a range from 80 to 500 RPM. The drum 7

contains (at Ieas% two heat exchangers, a first heat exchanger 22

AoUNtBd ifSHE the HidrPriatively far fRORTRE Bikist6f rotawsef fiecdruim to
Ylamkasecontrhedt iexchaagell 23 positioned . atTorerelativel\o 10 closedtonm
5aidtal>éj§mtrlu¢§8 @éam&;@th F@dﬁ@%g@%n%r&g%g,i% ‘i‘%f@@ﬁi%? al@él%“ed

ial with, 1 is of rotation and connected, via a first rotatable
%I%?%gggg%g%fu t%%%pﬁ@m nd, via aasec%ﬁglr%?atrgﬁﬁnﬁuiz%%Epﬁﬁa%),
16 afFoitiet 5 FREBnibodimet showh iRaFigaret s Hntiér dsmBSeSEY -
tube 26, codkial @ithrthe |longitudinal ajds of thesdium weang: gantaining an

axial veptilator 37 to fercedhseiradatethg.contents af the drums (i thisy, o
examnleathe: gy i llled wilh Xenon.gt g pessure of S 0oL @A), o
ambient (emperqlire). whefees e et exchengers 22, 23 e fifca i
ang 8 poesitioned at or relatively
close to said axis. In this example, both heat exchangers
22, 23 comprise a coiled tube coaxial with the axis of
rotation and connected, via a first rotatable fluid
coupling 24, to a supply and, via a second rotatable fluid
coupling 25, to an outlet.

The embodiment shown in Figure 4 further comprises
an tube 26, coaxial with the longitudinal axis of the drum
7 and containing an axial ventilator 27 to forcedly
circulate the contents of the drum. In this example, the
drum is filled with Xenon at a pressure of 5 bar {at
ambient temperature), whereas the heat exchangers 22, 23
are filled with water.

Figure 5 1s a schematic layout of a power plant
comprising the embodiment of Figure 4, coupled to a cycle
for generating work, in this example a so~called “steam
cycle”. The cycle comprises an super-heater 30, coupled to
the high temperature heat exchanger 22 of the apparatus 1,
2 heat engine, known in itself and comprising, in this
example, a turbine 31, é condenser 32 coupled toc the first
heat exchanger 23 of the apparatus 1, a pump 33, and an
evaporator 34. The steam cycle is alsc filled with water.
Other suitable media are known in the art.

Rotating the drum will generate a radial
temperature gradient in the Xenon, with a temperature
difference (AT) between the heat exchangers in a range from
100°C to 600°C, depending on the angular velocity of the
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‘Figure 5 is a schematic layout of a power plant comprising the

embodiment of Figure 4, coupled to a cycle for generating work, in this
example a so-called "steam 25 cycle". The cycle comprises an
wigessigeter 30, coupled to the high temperature heat exchaPfgBERGFE51746
the apparatus 1, a heat engine, known in itself and comprising, in this
example, a turbine 31, a condenser 32 coupled to the first heat exchanger
23 of the apparatus 1, a pump 33, andgan 30 evaporator 34. The steam
cycle is also filled with water. Other suitable media are known in the art.

Rotatln%}the drum Wlllggm_nerate a radial temperature %hadlent in the

SE&fon, Wit A tBmipstAkTE diffdiente 1) betweerihe hédt exthangérs in
ZeFaNge fromi 85 4 008 ee6B0C r depéndingorcthe @igulat velopity o tlve @l y
rort Indhissaxanplepthe deundds rotated ah35@ RPMresultigg:ie &2, 23.

ﬁsma@f@ﬂﬁe@@sefgu95%9;@« majely §Qﬁg)  WAIRLALA0G s fod to

both heat h 23. Heated steam (320C) from the high
%o peregaFu?g ezg%(g( o |§Lf88’foW@Eﬁﬁe?ﬂea@%ﬁe%eﬁﬁéea

EetEd wetéF {10C) frormthelow tepiperanire hreadb exthangde2® &-fethtol s
fthe condenser32dEhe stearn.cyrie genetates work injarsvanneskrewn inn

dtself- gngm;r@rgppqig}jeﬁfthe apparatus comprises two 10 or more
drums cou;}ted in sgges orm%ggrallel For wstance in confl%uratlons

g & apparatus comprises two
comprising two arums In series
or more drums coupled in 'series or in parallel. For

instance, in configurations comprising two drums in series,
the heated medium from the first drum is fed to the low
temperature heat exchanger of the second drum. As a result,
heat transfer to the high temperature heat exchanger in the
second drum 1s increased considerably, when compared to
heat transfer in the first drum. The cooled medium from the
first drum can be used as a coolant, e.g. in a condenser.

In another embodiment, and as an alternative or
addition to the aforementioned tube (26), the apparatus
comprises a plurality of at least substantially cylindrical
and co-axial walls, separating the inside of the drum into
a plurality of compartments. The fluid in each of the
compartments is thoroughly mixed, e.g. by means of
ventilators or static elements, so as to establish a
substantially constant entropy within each of the
compartments and thus enhance mass transport within each of
the compartments. As a result, an entropy gradient,
stepwise and negative in outward radial direction, is
achieved which enables heat transfer from the axis of
rotation of the drum to the circumference cf the drum.

The walls mutually separating the compartments may
be solid, thus preventing mass transfer from cne
compartment to the next, or may be open, e.g. gauze~ or
mesh-1like, thus allowing limited mass transfer. The walls
may alsc be provided with protrusicns and/or cther features
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the heated medium from the first drum is fed to the low temperature heat
exchanger of the second drum. As a result, heat transfer to the high
temperature heat exchanger in the 15 second drum is increased
weonsideratdy, when compared to heat transfer in the first drumcTiezo08/051746
cooled medium from the first drum can be used as a coolant, e.g. in a
condenser. In another embodiment, and as an alternative or addition to

the aforementioned tube (26), the apparatus 20 comprises a plurality of at
least substantially cylindrical and co-aXxial walls, separating the inside of
the drum into a plurality of compartments. The fluid in each of the
ChpdftierisTs thordughly friRed 289, Byiredss bf venmates drstatren
elepentsieso-as to establish a 25 substantially constant entropy within

e?;:h of theﬁﬁ@@@g&&i@&%@ed %ﬁ%@@%@ﬂ%@ %%t&t@z@?&%mthi%ﬁ@%

e compartmen s a result, an entropy. gradient, stepwise a
f:]ieo t“}asti”\/eeihgo’ut\/lvrall'?d‘L ?aedigﬁé%%ggtitl Sac |(éy\3/”§§ wHiEH &ha Fe%”hé%ie
‘i?éﬁ%‘?@r froffR i axis Bf 3OTOHRGIT 6FHFR difinthetHé eifburiferenes &R ing
fheafrupsl enerfhe wallspmetsally separatingithe compardments mayibe
salide thus geaventing mass qangferﬁglaia@%@urg”qm@,artiia%ﬁtitg the next,
: - or mesh-like, thus_allowing limited mass
S?r%n@s%}.p%r?g Szvnaﬁ?sf%%gr%%ée% sob%e%?g\%%ea Wittr?%roji%ugsafo{nﬁ”sv gd%éf/or Dther
TR 88516 tRatintredsé i face’ R A and thudhésidrarister befgeriall
cdorfipartAiaiits. Vapoump yetsnothérembadiment; ansadditiemaldiguid to
Hflaws,eegrinside adialy-extending ibes, fsam-theld geptredpwardsithe it
Sircumferance pf the,drum, thus gaining netenfial e @%f@%&{%i%ﬁs
d to

c‘(l;li%hlc%kgn %egggjr_%!{%wglcggy §%g§2erator, e.g. a (hydro)turbine, an

embodiment tan’ be use
directly drive a generator.

The invention is not restricted to the above-
described embodiments, which can be varied in a number of
ways within the scope of the claims. For instance, other
media, such as carbon dioxide, hydrogen, and CF., can be

used in the heat exchangers in the drum.



subsequently evaporated by means of the relatively hot compressible fluid
(e.g., Xenon) at or near the inner wall 10 of the drum. Vapour thus
obtained is transported back to the centre of the drum, at least partially by
employing its own expansion, and condensed by means of the relatively
cold compressible fluid. This embodiment can be used to directly drive a
generator. 15The invention is not resfricted to the above- described
embodiments, which can be vari%gi%&§umber of ways within the scope
of the claims. For instance, other media, such as carbon dioxide,
hydrogen, and CF4, can be used in the heat exchangers in the drum. 11
CLAIMS.. ProdeProceSstofdransterring heatftromrta first relatively cold

re dnedium to-a secapdirelatively Qotsr@sgwén,m@!@&'&_weﬁ%@pﬁg&ﬁ um,

rotating a contained amount of a compressible fluid about an axis o
Comg)r&la?i%nf;thﬁ ege%%?&t?ngog radial temperature gradient in the fluid, and
heating ¢ secorid eeciunm byrmdangofithie fluid in asectioreefithedluid uid

apoelativelyfasfrem thewaxis ofrotations wherein the ggmpressible fluid is at
a pressure in ex(%c_ags of2b : Proceas according to claim 1,

temperature gra n fl E%he l"zd . .
~‘comprising the step oif expractlng ﬁééjtjfrdmafﬁe first medium by means of

the fluidifee $86tion'dt GrTeRitiveHTIosE I e tds6f rofatidne f1luigd, in
a s<Rrotess accardingaoclaimr-t 08 25 whetein segments ofthefluid arer
xot§@9%W9hbH@P%¥k the compressible fluid is at a pressure in
excess of 2 bar.

2. Process according to claim 1, comprising the
step of extracting heat from the first medium by means of
the fluid in a section at or relatively close to the axis of
rotation.

3. Process according to claim 1 or 2, wherein
segments of the fluid are thoroughly mixed.

4. Process according to any one of the preceding
claims, wherein the compressible fluid is at a pressure in
excess of 10 bar.

5. Process according te any one of the preceding
claims, wherein the compressible fluid is contained in a
drum having a diameter of at least 1,5 meter and is rotated
at at least 50 RPM, preferably at at least 100 RPM.

6. Process according to any one of the preceding
claims, wherein work is generated by means of at least the
first medium, preferably by means of both the first and
seceond media, and preferably by means of a Carnot or steam
cycle.

7. Process according to any one of the preceding
claims, comprising two or more steps, in series or in
parallel, of rotating a contained amount of the compressible
fluid about an axis of rotation.

8. Process according to any one of the preceding

claims, comprising the further steps of



4. Process according to any one of the preceding claims, wherein the
compressible fluid is at a pressure in excess of 10 bar. 5. Process
according to any one of the preceding claims, wherein the compressible
fluid is contained in a drum having a diameter of at least 1,5 meter and is
rotated at at least 50 RPM, preferably at at least 100 RPM. 6.
Process according to any one of thejpreceding claims, wherein work is

generate means. of at least the first medium, preferably by means of
“both theai‘?%it}é and secon r%ecejaéiiéj,“gﬁa br%@éﬁ@b@%é&%%@@érﬁ%ﬁ%? the
axistedm éptet o, 7. Process according to any one of the preceding

claims, comprising awg ef aorestepsi imseries onigpatallel, of rotating a
Contamegv%qﬂeyemfﬁ?eﬁgPﬁ?ﬁ%‘%‘& floud ghout. an axis,of rotation, dn a
B, Process according to any one of the pF/eceglng claims; comprising the
SeChirier Yfeps st 1241d I%I%Wﬁ’féﬁ’ additiohaPRyuid fo figw away from
rotgielaxis of rotation, driving a generator with the quui(_j, _ evaporating
the liquid bymeans atthefuid in a section ot the fluid telatively far from, |
the axis of rotation, pumping the vapour towards the axis of rotation, and,
tondensing the vapour by means of the fluid in a section at or relatively
close to &¥é dgis<ofrotaioh. vapoug, Processiascorflingte dryudne ofithe

secplegeding elaims, \wherel the.compressible.fluid contains or.consjsts
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clalims, wherein the compressible fluid contains or consists
essentially of a mono-atomic element having an atomic number
(Z) 2 18, preferably = 36,

10. Apparatus for transferring heat from a first
relatively cold medium to a second relatively hot medium,
comprising a gastight drum rotatably mounted in a frame, and

a first heat exchanger mounted inside the drum
relatively far from the axis of rotation of the drum,
wherein the drum contains a compressible fluid and the
apparatus 1s arranged to operate at a pressure, in the
fluid, in excess of 2 bar.

11. Apparatus according to claim 10, comprising a
second heat exchanger positioned at or relatively close to
the axis of rotation,

12. Apparatus according to claim 10 or 11,
comprising one or more at least substantially cylindrical
and co-axial walls, separating the inside of the drum into a
plurality of compartments.

13. Apparatus according to any one of the claims
10-12, wherein at least one of the heat exchangers comprises
a coilled tube coaxial with the axis of rotation.

l4. Apparatus according to any one of the claims
10~13, wherein at least one of the heat exchangers is

coupled to a cycle for generating work.



10. Apparatus for transferring heat from a first relatively cold medium to a
second relatively hot medium, comprising a gastight drum rotatably
mounted in a frame, and a first heat exchanger mounted inside the
drum relatively far from the axis of rotation of the drum, wherein the drum
contains a compressible fluid and the apparatus is arranged to operate at
a pressure, in the fluid, in excess of 23par. 11. Apparatus according
to claim 10, comprising a second heat exchanger.positioned at or.
relativeI)}]?C:)Ifos%p The axis (;gﬁgtoa%oﬁ?g e fg a&%p?rgfus‘%cec%?&%g %1 ©
CYC LRimCIPor BE Scotpising Ohe of st atfésst stibatantially éylindrieal
theandcbyaxialywalls] separatingrthe insidenpttherdrum intea phuraliyafer, a

con&QMpapments. . 1 1,13 Appatatus according o aay one of H}%C'ﬁ‘%

10-12, wherein at least one of the heat exchangers comprises a coile

X CHINS EGaxi&NWith tHe abis BF Fotafion. 14. Apparatus according to
any one of the claims 10-13, wherein at least one of the heat exchangers
is coupled to a cycle for generating work. 13 15. Apparatus

according to claim 14, wherein the cycle comprises an evaporator or
super-heater, which is thermally coupled to the high temperature heat
exchanger, a condenser, thermally coupled to the low temperature heat
exchanger, and a heat engine.



