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Process and apparatus for transferring heat froma
first mediumto a second nmedi um The invention rel ates

W0 2008/0g890£ess and an apparatus for transferri nBCTER1008/051746
froma first, relatively cold nmediumto a second,
relatively hot medium In current power plants, work
is typically generated by neans of a Carnot cycle or
"steam cycl e", enploying a high tenperature source and
a low tenperature source (heat sink) . In practice, a
hi gh tenperature nmedium typically superheated steam

pictded anQl addbicne, rehi ehageneratag wekk, raBdl hSfirst
subsequent |y condensed, (super) heated and once nore

m%iiyq QI%E%%5QHdn§@dPP@;, the difference between the
amount of heat contained in the high tenperature

medi um and the amaunt o eat gunk Lo Lhe Low .,
t enper at Ur e 'sour ce 1's ‘convert ed inbo work, °i
appedertdande nittranse ririingt heaw éftomher frddghanicedatAvely

chighRiaitamer at Wee M f eLeneeschet weenyLhe ki gh and

e
| ow tenperature sources, nore heat can be converted
into work &NFTERE PSS BAGRtEr WREKpASCEERIFAPLYvVes.
gehgriacald yby therendfr enmerhotearthy ser VEseﬁm theikow
t erature .source (heat sink) and tge '
e Ear i & RO CGURBr AELaCBy Bt Al RG s SEpprature
sdursles (Grealby sdwdd)earl nf pgsiconceDEa3Ri88 S6Tprehaties hedaum,
cyiRV09 f QuGeneLaling dagpenal ¥k dof heeenpesel Ofnicn
heating and cooling. Under the influence of an
IERE R "O8Tee 204 L EMFEPECPAFENELY T EPBABBSPS,
(segteahHeshed iahda cgas. mB)teU$bElgt@eEhél Eﬁgahnfégr ¢es. anghe
W1t h gases of high. nolecul ar [ %, this.effect .
P 3SR Reb “edch "hh GIESHT PhalorE FSibe LFRtordst iFopion
tampeimitoale oseliunD208/ 0889200nekabésheatasnekhod tbe low
t RSt %@u&%@ti%n%%ﬂxerﬂgargh@otQSrE?aEneQSEQ¥d5§ce
transmtted into an _
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 environment (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 cooling. Under the
influence of an external force, a temperature difference is
established in a gas. By using centrifugal forces and with
gases of high molecular weight, this effect is increased to
such an extent that it is of interest for technical use.

WO 03/095920 relates to a method 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




10

15

20

25

30

35

i nner chanber (3) of a rotating centrifuge via a first
heat exchanger (4, 4a, 4b), in which inner chanber (3)

W@2@asesoes energy transfer nediumis provi ded, PEGREP2008/051746

wherein the heat is discharged fromthe centrifuge (2)
via a second heat exchanger (5; 5a, 5b) . The anount of
energy used can be reduced substantially by providing
t he gaseous energy transm ssion nedi uminside the
rotor (12) in a state of equilibriumand by radially

he _h fl [ t d di t
- eleralt o oo PhventroR™aREST Py, RESHBY 037895830 B°
r etdhvate dc st ingn aBeé ypbgv embed di pggeh gabastssenéegye)
trang§&%€%%% %%%l&ﬁlthﬁdgotﬂerQEQBFnQHESegnfgrsbggg

spee rotation ed a sourc
eqdrikgil uenepngy bwhédedaslay prdepeinphehy hhetefigw in an

oltacaiediacheabnexghangeesschanher scatge Pl AVEAEHon

d n us material which, dependi ng upon
anded ”ggﬁ?% 024 OPRE 20N EhBEr SONESAT T BEePTEPREUENFFEmDATe

2,t Hastousrene colcet her mal energy or yield heat to the heat

cxNaGRE: b <35 OB SEbOLl e BLERAL LONETL ML,
speefparitiienneditudt sTeenhies éﬁle@hée@r@cessraecgfdlng

tHé%mbﬁeeﬁ%%§§n%th%%@tan1@9”Eék§§§e£99tﬁé§9519flocated a
rotati cont ai ned anmount of a caonpressible fluid

e&ﬁoﬁﬁcg ngtits 6PAPBEAE| 8RS Pﬁaglaéﬁer%FFﬂ@m%dﬁﬁapﬁla
ga&emmerabmeelgﬂadhenh iﬂepbedﬁhgidpoﬂndtaepbknglbﬂeln the

the uid in_ a section o
R RN LR TEonRa0! £hOR [hd' SopBo8  SFCthRMRl |
en@ﬁQYa§6edﬂelﬁhéeéﬁe§@nthenhéﬁt|@hCh@mgher conpri ses

the steptof sexhraphipg B%athérggbséng 16000t DO the

st mediumb ans _of. in a section at or
pf%%&de a proces% ggr efflclently generating a high

temperature medium.

To this end, the process according to the present
invention comprises the steps of

rotating a contained amount of a compressible
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 far from the axis of
rotation.

In one aspect, the present invention further
comprises the step of extracting heat from, i.e. cooling,
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 employed e.g. to heat or cool buildings or to generate
electricity by means of e.g. a Carnot cycle or “steam
cycle”.

The efficiency of the process according to the

present invention can be further increased if segments,




10

15

20

25

30

relatively close to the axis of rotation. The hot and
cold nedia thus obtained in turn can be enpl oyed e.g.

W@ 2008@28960r cool buil dings or to generate el ece@i/EP1098/051746
by nmeans of e.g. a Carnot cycle or "steamcycle" . The
efficiency of the process according to the present
i nvention can be further increased if segnents, defi ned
in radial direction, of the 3luid are thoroughly nm xed
to obtain an at | east substantially constant entropy

déflqﬁ@6§%h§%%ﬁ%ﬁt%l%%%tggﬁéat Cona hegt Congeﬁgloghly

|on an
migfefd dioe iy dilmc e@ases el Bhéspaessaﬂéyandndeaett9noropy

i e ddlisdgmERys, aB@e%ﬁ%re1b§r85§ﬁeﬁégkyc?ﬂdﬁéegéﬁ Qi tBin

bar__(at the axis of rotation) , nore preferab In
%f 10 bar (at the axis of rotation) . The ratio

of pressure,ahdbhe condewthienenas ﬁ@ﬂc@réﬁﬁﬂbﬁeﬂbythe
xis of rotation is prefer i n_exces

R PSR R0l i ‘DR ELESGr <8 SAPEeTAY BNt PonCRr ERERS. Thus,
presisatres itso pae fappalat us Eacessanﬁférbang(heathéranla of

rJereybn el%b&%eh%e%g&qb H”E&BEQSSS%OTQ 55% &%xekxe axis

hot nedi um conpri sing gastight drumrofa
ofggtedd orn -a Theaket ign@ faPrepstrheat ék@hahg@umﬁgnﬁn@@

and§irég stulte @ﬁuﬁh%eb&th@EyrB@EtEBQ”&Ehﬁréfé%a@iy in

f the dr t Il
BT taPanTor & GABREBELY OF CRESRPSEnt i nvent i on.

t he app&h&tu@veQNppmségrahsecoedaheattexehaagparatus for

tﬂ%%%&%&@&%@ ﬁ%a%r %ha%'¥§E¥tCE%§§t59eﬁg cgfasmgélum to a

rotation. | n anot her aspect e appar tus conpri
Se§ﬁ@doﬁe%éﬁéV§ﬂY|€@§tm§95§manﬁpapryseyg|ﬁdga@anghﬁddrum

rozetaxily meahled separatvbfg, kAgradial direction, the

I nsi de °ffEQ%td%%§k'nghangégrﬁéhﬁ e8f1n51 gr%ggnégam
relatively far from the axis of rotation of the drum, for
instance in the inner wall of the drum.

In one aspect of the present invention, the
apparatus comprises a second heat exchanger positioned at
or relatively close to the axis of rotation.

In another aspect, the apparatus comprises one or
more at least substantially cylindrical and co-axial walls,
separating, in radial direction, the inside of the drum
into a plurality of compartments.

In a further aspect, at least one of the heat
exchangers 1is coupled to a cycle for generating work. The
further cycle can comprise 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. The
environment will typically serve as a heat sink, but may
also serve a high temperature source, if the operating

temperature of the cycle if sufficiently low.
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In a further aspect, at |east one of the heat

exchangers is coupled to a cycle for generating work.
wab@snmdsher cycle can conprise an evapor at or RBCT/EP2008/051746

super-heater, which is thermally coupled to the high

tenperature heat exchanger, a condenser, thermally

coupled to the | ow tenperature heat exchanger, and a

heat engi ne. The environnmentg will typically serve as a

heat sink, but may al so serve a high tenperature

f th te f th le_if, .
SUTT1 of &t PG But i PBE A PRPEnor "aepaBprSRRGbIe luid is

a gepressipkedefrbbilg conadagas andcpneistabkyseohialhg of a
mo%n%'t%hace%a%@tem' %VQ%g aﬂvegoﬂﬁen}l&msé?nfﬂg ba¥§ngsuch

an atomc nu asAron
ass@rg§@0h95§fﬁﬂﬁbﬂan~aﬁ@ XEHBA. a$h5ryanﬂta@ﬁ K@ngased

on the irAsi ghtrebhiabn agtaagga BgathBoL Bk iyt fLoys, from

a.fro hi_gher t ntro and hepce from
ATHGHOR 6 s FOREF P AP Ut Eom: B 50081 Bt Greante a
lqw&&nbmmmb@y anmpheasebﬁeoﬁlundhpﬁstblanedweﬁ Behpetdture,

%ﬂh&yoqeﬁk %F%Btﬁ'gre O gggeL8Y§% ?%élgi her%loned

e ear 'S €
31¥éﬂéé§§dtﬁé @éﬁﬁﬂ@ﬁlh?éﬁpéﬂapuféogﬁaEFQMtafl@Wﬁa to a

hﬂéﬂe&ubﬂk%@p¥o @%kﬂhboa%ﬂoaﬁhHﬁé 8ot L KBy r EYdr OROVRL £ Fect
r|nC| A reduced heat

bas on the
o et iral EARRReSkBREAT T REGR T BFOA f oseFCEbated
10a °h:|/gh1ercot enpecaudie s, bn°ag¢ent dapnceopbidr ai sl vaséd sefethe

; he present invention, artificial gravity
Sa?%pgﬁéﬁggé&%to reduce the length of the colum of the

conpr esdi BeEufkdi deatnresiparisenfwithen eohanmes heat

f1sMbjrecked qaw@&ytboath@ggé§VtEMp@£a£@§eearth and the
at nosphere is repl ace gas allowi ng a nuch hi gher

tenpera?&r@C§P58?8ﬁ? Wﬁt%hétfﬂﬁ?ﬁt RPQ?n@SP%CEﬁpng%%e
presentpriavenheah, canduct canl wothirht § hes f &up doy 8 t Bd Nreduce

th%hﬁe% %ﬂE%@r%hgchﬁﬁmRr8§e@£e'QX%BE&QSlEfe 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 fluid.

Within the framework of the present invention the
term “gradient” is defined as a continuous 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 of completeness, it is noted that US
4,107,944 relates to a method and apparatus for generating
heating and cooling by circulating a working fluid within
passageways carried by rotors, compressing said working
fluid therewithin and removing heat from said working fluid
in a heat removal heat exchanger and adding heat into said
working fluid in a heat addition heat exchanger, all

carried by said rotors. The working fluid is sealed within,
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term"gradient" is defined as a continuous or stepw se

i ncrease or decrease in the magnitude of a property
W@b®enw i N passing from one point to anot herPCEEPRR008/051746

along a radius of a cylinder. For the sake of

conpl eteness, it is noted that US 4,107,944 relates to

a net hod and apparatus for generating heating and

cooling by circulating a working fluid within

passageways carried by rotors, conpressing said

rking fluid ewithin and renovji ng heat_from sai d
ARGt Pa PR iEADACREaE 1 SRa0ar ShBLt SHeRarB or SRk
fladdi hgaheatichahgesaid wbdski pgotided to axbeatgaddeédst on

w1@%ﬁ& %ﬁ%h g& b@kbe%ﬁé&&??ﬁp¥e§ﬂ%dofo£%£§ WJPE%n%lfluld

gas, su@ﬁ ésoﬁﬁtﬁédeﬁelﬁtﬂérkpng meUh@dh@a@ eRphnages for

tﬂdﬁs@b&@ Bﬁoﬁbg%dfE@meéCm@Wgﬁeﬁﬁéka@b£@|Heabeséﬁfgé into a
tween two streaps of said working fluid. US

hl@ 65 C5BPeratarss "eatenet Rkd aﬁanapﬁa?a%ageaa%ble
womman@pdﬂuldfcba@ke%seﬂ1aylemhteﬂﬁa@alUf@rh@awlsnumca

r a heat ed S usi ng_a.
T R SV e
Heﬁ@reé mﬁﬁnsﬁearﬁdtarpmgth@tbeamﬁdhwankan@oﬁban@|n@to the
hea%negh@ta&ehu@ﬁ@%a§@mp5@aeuhé taaasﬁsgfegsféaaé&hfnto the

at rking fluid rnto the heat sink at high
w g&ﬁ 5&@&8 gﬁSrhéaPaP§188d@Hdlﬁ?%lf%% ﬁb?%.%gcalaaa
heattebuexpanSbomla@d1eopkbﬂgdéﬁowiahcﬂldﬁé heabr sodir ce.

n WL . hiin tt1 r ot or .contro
009%9 gh %%éh% %UldtgeEESIgt m%r%s S?IW? Llng fluid
Clépﬂéataphon . Slnllar nmet hods and apparatuses are

known fBQH&y§r3m§%§oéz3an&£§ég§§§t99§s 5 40600 98Pom us

g gz 3,931,713, WO 200 46 rel ates to device
3'?% yoand Het Rod3PoPO8r aHSt &rPPAGOhBat 2R WP a3 F $ 354 713 -
zone (7Wp poOa/second zebhetéd2}ougéngcaobide 40dtedthod

£09a3RAHS QL YAROROUR) (BLRTE OF P! EGhL e {1 d M WAL &g
zone (72) using mobile (often gaseous or vaporous) atoms or
molecules (4) in which in one embodiment, the 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
force 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 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

consists in acting on the presence of a working fluid in
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notion of the atons/nolecules which usually frustrates

the transfer of heat by sinple nolecular notion is
W@BB0MmYed by using preferably el ongated nanosi REUEP2008/051746

constraints (33) (such as a carbon nanotube) to align

t he atons/ nol ecul es and then subjecting themto an

accelerating force in the direction in which the heat

is to be transferred. The acctelerating force is

preferably centripetal. In an alternative enmbodi nent,

st eCHl8HlAC) 1t B AANES é?@h%@n%ﬁ?k@&s%% Be

arranged to transfer heat by neans of an oscillation
excavs\vér-se of the el ongati on of an el ongated
COﬂStraW&b ﬁ%@kntléﬁ ©1165590 BBdedP188A3a388 mekat getail

1 US 4, 28 | at
RIS RTS8 SCeLlEs Far LBREr gy S bhvarSPBACL Figgiv: Agov 2
pratsdrgdst pordgestrepl winbokiioensi.sts in acting on the
presenc%1%%hgﬁyquh@ngggld 'Bégg eétﬁ@@”?&e@saES . side

produce e €r conpression or expansi on e I nventi on
vigW [ofnew e séx sinodéaent edr 6hdebRPRIALLR peferéhbe to

tﬁgu@ﬁygthng§Newah%g schenatlcally show a presently
preferred enbodi nent. %ures 1l and 2 are

per specti"PE LG ewdn@ &§TSFde SGrEwBf O4 9|9§PmeH588|ﬁﬁthe
emﬁbdﬂm@n&pp&r&h@gr@scardmmgzto the present invention.

Figure %rQ%S S%%%%%n %Et?&grgg]gsggcoﬁdtgﬁbodlment
enbodlnent o I gur es
ofe rtdiss ap@eiriadn sof ca ogeldond tenb b méﬂtseat th@eappanrat us

accordl@gghgetBelgr%S%%hemaﬁﬁetugpouEleﬁfs Bol&raplant
schenmati c ant “conpri sing the

u 0
CQﬂﬂﬁﬁﬁlﬁghth&feﬁgﬁﬁﬂgeﬁg O?dgﬁQPESI iparts and parts
per f or mlngntheadaparas subspartsapkyfbhaisgmenhéubaheoor

sd@ééanQQaq%@OE%% %%m%agﬁng%qgﬁakill 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
circumference. Further, a cylinder 6 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 coaxially 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 8, 9, and the cylinders 8, 9, in turn, onto the
centre ring 7. The cylinder 6 has a total length of 1,0

meter. Figure 3 is to scale.
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Figure 1 shows an experinental setup of an artificia
gravity apparatus 1 , in accordance with the present
WO p0p8N890h. The apparatus 1 conprises a stati CPGEER2008/051746

frame 2 , firmy positioned on a floor, and a rotary
table 3 , nounted on the base frane 2 . Driving neans,
e.g. an electronotor 4 are nounted in the base frane 2
and are coupled to the rotary table 3 . To reduce

drag, an annular mall 5 is fastened to the rotary

table 3, an ci rcunference. Further, | i nder
6is fastene&‘ élPSFaE& FgﬁlgeﬁtaﬁdréQEe dstBfohgner
Cxihﬂﬂhm%S%hemmbtheAsnghQWHteB EDguie BilleHeweyhi Rdeén,

at® RIS 2GR a'n'&ga7p %%rgPsteeg( ) guter
cylinders , g nner “cyl i nde
re&q@ﬁé%mélByplN§ﬁdétwh@fomﬂéﬁreybrndans18at0taol3

Fignd 181, ab€$elQae&n@l@mﬁh@rth%ysﬁgwﬁaug§ %gunﬁéahowhtgg
t he eaﬂ 10 .are onto t i nders
inned, ¥elie © déﬁ§98 a@ t?ﬁpFE?ﬁurﬁnﬁénﬁﬁéscéﬁ@re

pnesayfé gaﬁ@escybﬂﬁdemoﬁ baawa)takalpkasghh oh Bofh the

r [ cal.e. The [unmen defined by the
n?rgng'Q% e%d lg%n%e?bcylrnders 9, and the end

plates f@rlmg ppﬁﬂé@l@ﬁbhtkenantaay aabiend and hence the

cylleRRralkur e QBQa@e@r§§SHr§p9Edlo§ Qﬁﬁroeﬂﬂaégighf500 RPM.
cantal ns a |Ur m.Xers or venti

RaEL, ||S>?gm§n &l ©i Ftha édEnt eR6t LRABANYNLYE HbHRAtelY opeans
oﬂlﬂhelNﬂﬁthGhbr@lehetblbgtilandnt&ﬂDEéaéﬂfguﬁgﬂéﬁtﬁally

e ayge s noL ho are present
CO%%%ﬁREhE%FIH 97ﬁgn§hg%e gﬁ % m@§ov1%ﬁ ?ﬁ gﬂ %act
thesecdei @FoCEke A6t aeyetcabbéesaaddlhemewthé tly«isl nderm$l

1sb§a&@b@t§QO@Hd@dSB?e@h@f1ﬁHQEO§hHBEG£¥r19?915@@@5 % 9,
are thorou m Xe

egnents o
Whﬁggné583a?ﬁ@“v@HFLPSFOanfECtﬂagoﬁ?%Fﬁa%ﬁl%%lYe@@%abatlc
progpstsant i akby tenstdbt enthopyths tPeEseASEJEENESom! Hhe

ax&'veo%oE%%loﬁckotgﬁg Eh%cem%g%éﬁcésaﬁgv${§éb%SrQQF ig
substantially isentropic.

Upon rotation, 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 rotary drum 6, mounted,
rotatable about its longitudinal axis, in the base frame 2,

e.g. by means of suitable bearings, such as ball bearings
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i solation provided by the inner and outer cylinders 8

9 , which isolation enables conducting substantially

Wli0aketsL processes, heat transfer wi thin thePCHEP200%051746

6 , fromthe axis of rotation to the circunference and
vice versa, is substantially isentropic. Upon
rotation, the tenperature and the pressure of the
Xenon at the end plates 10 igcrease and the
tenperature and pressure at the ring 7 drop. Wen,

pon, I b a_stepped heat pulse is
2O SR 27 FlY e 7% HARECRF CRovrbrrey ron e to
1%|néﬁ@ms, tlenmpérist @m@n@d@ |ér mssere.afheheatingf7the drum

id ngkﬁﬁéqlgzpsoq%Q%%qq%ngl%anhgqpﬁﬁe& rﬁna;éseﬁ?sswﬁs

he en | ates 10 1 ncrease 1. e. lows from a
a v ithg tRereCRIPFASE S| BwiE éfpegalares ({Retgasodr)
td rs@nrnu m.gl)e e um S@URGEcRavinng @ah@batwﬁl yohtghs00 rRPM.

th th d re 4.is
2 oF oso LEoFr o of Sreedand (ar FEReF ol LhPabPEY
& XahPaoRtngs E Enra¢c@eaaneachﬁhbethé2pmeaanédlmnemﬁEOﬂhe
dﬂﬁ?ﬁ%ﬁ%% %%ﬂ@ %a O%Q h??ﬁe a§£§té% 98§?t£5§n8f t%e drum 7

y positione aro
a%@nﬁ@@@%@@@ébl@écél@@aﬁru £3 p@ﬁg?:wa?ﬁaﬁtaQrsreilﬁtm%ly

clhase tfor aR d2 axie..g Inb&fhr:{%a€§afﬁfal§l«“ babhenbgar éﬁgﬁangers

bal.l b 0. tab
2 oL RFUI o8 FafG JFPofPE%: GO10 fot BL6P PRt fifSs of
ragyednpine addnebensectEhle wakl aofithe dbuatabléhélﬁmdly
Cdd%yl%be@4lnt% %a§ﬂ§5&§”QWB Iglgtge%éc eré@?%%gigsffuld

farther conprlse i Vi n§g nmeans shown
cquped 1@durmdat tPads ouflgtrange from 50 to 500 RPM The

drum 7 Q@@t@m&ﬁdﬁ&%nkegﬁb%nt?ﬁdhﬁéﬁrgx@?ﬁﬁggﬁér @omprises
t at exchanger. e | NSl de e
ar?glgilg Iy PaFf gWﬁFﬁ tgglanglFBaéF?%naﬁfstﬂ51H?%n??um

7 amdl @ogé@@ndnbean exdhdngent2Baposi 27onedfatcedly
CI&%bqgh%ekxecbe%%eEQSsgkdtﬁéiaru$n H o féagggﬁglgot

heat exchangers conprise a coiled tu oaki alc
drpm B st hé lagds waih Xenon at a pressure of bar (at
ambient temperature), whereas the heat exchangers 22, 23
are filled with water.

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
cycle”. The cycle comprises an super-heater 30, coupled to
the high temperature heat exchanger 22 of 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, and an
evaporator 34. The steam cycle is also 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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rotation and connected, via a first rotatable fluid
coupling 24, to a supply and, via a second rotatable
w0 Raosdsdoupl i ng 25, to an outlet. The enbodi mMePET/BPRIOSI051746

in Figure 4 further conprises an tube 26, coaxial wth
the longitudinal axis of the drum 7 and containing an
axial ventilator 27 to forcedly circulate the contents

of the drum In this exanples the drumis filled with
Xenon at a pressure of 5 bar (at anbient tenperature),
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I,Si.ng, n_thi e 31, condenser ,
w3 TUIRIEY 5t o e ToR RetbelabiknyRra tstninger 05 1
fe@p&@rah&scbndeaspmnﬁ233Thandtaameugpbeageneﬁéteghaork in
a §k§ﬁg&ci9 %n|§n %gegklled wth water. Ot her suitable

ia are known in the art. Rotating the drumw |
gener at éNa2Pgdnalr cBRpeiachfe §hadpreRErahus heoepbpes two
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ter at exc
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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 of the drum.

The walls mutually separating the compartments may
be solid, thus preventing mass transfer from one
compartment to the next, or may be open, e.g. gauze- or
mesh-like, thus allowing limited mass transfer. The walls

may also be provided with protrusions and/or other features




I n anot her enbodi nent, the apparatus conprises two or
nmore drunms coupled in series or in parallel. For
WO pB/asoed in configurations conprising two drREBEPI908/051746
series, the heated nediumfromthe first drumis fed
to the | ow tenperature heat exchanger of the second
drum A s aresult, heat transfer to the high
tenperature heat exchanger o the second drumis
i ncreased consi derably, when conpared to heat transfer
tl’{d?l[t tlb)%rfelars%t Sglr g@ceTg%egogl’lgdtHSQI Hg‘é{rgﬁﬁg I ESEW?GH
um can be uséd as a coolant, e g. In con ser. TI'n
commetth@enasbodi nent, and as an alternat|ve or addition
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conprises & plurality of | east substantla Iy
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potential energy and pressure. The high pressure
liquid drives a generator, e.g. a (hydro) turbine, and
WO g00sdeuent | y evaporated by nmeans of the rePCE/ER®DY/051746
hot conpressible fluid (e.g., Xenon) at or near the
inner wall of the drum Vapour thus obtained is
transported back to the centre of the drum at | east
partially by enploying its blwn expansion, and _
condensed by means of the relatively cold conpressible
fluid. This enbodi ment cagrRfmgised to directly drive a
generator. The invention is not restricted to the
abovedescri bed enbodi ments, which can be varied in a
nunber df. waysesist kifh tirfae s¥eepengl hthe €kains. fEekt

' - t i a, ch as carbon dioxide
r%#%ﬁéi%ﬁ? C%ﬁgﬁkf ,%ghﬁzég (Se FSCPHQ ﬁgg?té¥?ﬁ¥n88Fs
mqs%WMeﬂﬁHumqgmNHMSing.tpﬁo@ésssobftransferring heat

froma figisl kgl at idkehik 16ekd a%%_\ﬂm_(%??%ﬁt 9 @oﬁigggggible
rel atively hot “medium (22), conprising the stepS of
tlpih ey ta aCortdicned &Rba@Rt ope) thPSaJeBRpRESEPbReradial

t et rch taheuty rarl i@xits 16f é:lh@t a&tiuea, hbhus _ggner ag i Eg ?
radi al tenperature gradient in t ujd, an eat i
t he sec%ﬁw%%ggiﬁke(%ffo RESHET Z%keBVIﬂFanFnog the
flgd@t iion aofserchie ol wifd thel dtliuvel yeflatifedm fhe axbm ohe

adiot &fd QR+ 52 1 onProcess according to claim1l , _
conprising the step of extracting heat fromthe first

medi um C23FBFeReaRsCOroiReg tPuFdain &, seempsasangokhe
stregl alfi ealtyacltase heatherax shef rietatineliud (2B 06@SHeans
oSG T QCLALDL o 2. ahereln.seqe 3 of LD,
axdecorfdiregatdoany one of the preceding clains, wherein

the conpresshblgsf bukd 1308t 8 BLEPRAYLEoLN2, wherein
segments of the fluid are thoroughly mixed (12; 27).

4. Process according to any one of the preceding
claims, wherein the compressible fluid is at a pressure in
excess of 2 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 the preceding
claims, wherein work is generated by means of at least the
first medium (22), preferably by means of both the first
and second media (22, 23), and preferably by means of a
Carnot or steam cycle (30-34).

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 (6) of the
compressible fluid about an axis of rotation.

8. Process according to any one of the preceding

claims, comprising the further steps of
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excess of 2 bar. 5 . Process according to any one of
the preceding clains, wherein the conpressible fluid

WO 2008098964 ned in a drum having a di anmeter of aRCT/BRDS/051746
1,5 neter and is rotated at at |east 50 RPM
preferably at at |east 100 RPM b. Process according
to any one of the preceding clains, wherein work is
generated by neans of at |eda8t the first nedium (22),
preferably by neans of both the first and second nedi a

(22, Zskil@QQnBr%Beéégh¥lgﬁaﬂeﬁﬂgu9& @ocgngtaQéySf§§ﬂ1

cycle (3 . Process according to any one of th
ther exddi rg épéﬁﬁéonconpr|5|ng two or nore steps, in

series @Elhﬂn@aéabbﬂbraﬁﬁrrQﬁﬂhlﬂﬁealﬁ@ﬁiélned amount
(6) of the conpressi EI g out _an aﬁig of d
fot at i off 2B°rprBgede &&8Pa gyt%e3ﬂ§ BhetBf fhald in a
seprtecediofig tbkaifis idcarpricsvagyt herf firdherhst epss of
roob@lklgwi ng an additional liquid to flow away fromthe
axi s of rotation, driving a generator with the |iquid,
evaporaPPW@lﬂﬁethﬁqﬂﬁéoﬁy ferAsdef thheakiai dfi nobation,
anggction of the fluid relatively far fromthe axis of

rotation, i.n e vapour tomards th axi s
rotatioﬁ?ng gglegnagﬁsyﬁ OFhe¥ aBBarS by nE%ﬁsfg?l?hén a

selcdtuiod et arseefleanval yorlpekatbvehy akbseofordhethaxns

of 10t 31,08 8.5 PLACESS AGOOLILNG L0- 0K PRE T LhSing

pr ecedi ng ai s he conpr essi
Cl@émﬁauw@eéﬁl@oﬁéﬁsp§mé§§éﬁ@béﬁ|§l@idaC©@h@l@@oﬁrccon81sts

esglameal 1havieng aanataﬂbﬁleuaESﬁeﬁZ)hgvi§g prefecablty >
up%th Félagﬁéatu% % % Eg nggs erring heat froma
Vel YTESFd3edi anrPo a second rel atively
hot 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 (23) mounted inside the
drum (6) relatively far from the axis of rotation of the
drum.

11. Apparatus (1) according to claim 10,
comprising a second heat exchanger (2) positioned at or
relatively close to the axis of rotation.

12. Apparatus (1) according to claim 10 or 11,
comprising one or more at least substantially cylindrical
and co-axial walls, separating the inside of the drum (6)
into a plurality of compartments.

13. Apparatus (1) according to any one of the
claims 10-12, wherein at least one of the heat exchangers
(22, 23) comprises a coiled tube coaxial with the axis of
rotation.

14. Apparatus (1) according to any one of the
claims 10-13, wherein at least one of the heat exchangers

(22, 23) 1is coupled to a cycle (30-34) for generating work.




medi um conprising a gastight drumrotatably nounted
ina frame, and a first heat exchanger (23) nounted

W0 a®Bdesdshe drum (6) relatively far fromthe akCBERF008/051746
rotation of the drum 11. Apparatus (1) according to
claim 10, conprising a second heat exchanger (2)
positioned at or relatively close to the axis of
rotation. 12. Apparatus (1) laccording to claim 10 or
11, conprising one or nore at |east substantially
cylindrijeal %%r%%u@;x' %l \é@ Io§d1§1§p@5atﬂggmt tﬂ@ ' Qﬁ%ggln
of the drum into a pluralit conpartment s
%M%§O@PF1§@§O@@| ﬁgap@raﬁyrorﬁé%f orheupparhsater

(300-,12hiwiner el &h@trnﬂaﬁqs_}/t c@ﬂ@l@fﬂ EBetHSafqléPﬁCB@ﬂ k8ture
oaxli al W XIS

coi |l ed tube
he%f% F&&Cﬁ?ﬂngﬁrgp (7275 aarcaflﬁlgnéff éé%brdFHﬁrFBEéﬁyCBHﬁlﬁﬁ to
5 thehé ool diempelBtlde \Nealteleﬁcatanlgeast (26n¢ ahdt behbeat engine
(3%échangers (22, 23) is coupled to a cycle (30-34) for
generating work.15. Apparatus (1) according to claim
14, wherein the cycle conprises an evaporator (34) or
super-heater (30), which is thermally coupled to the
hi gh tenperature heat exchanger (22), a condenser
(32), thermally coupled to the | ow tenperature heat
exchanger (23) , and a heat engine (31)




