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Process and apparatus for transferring heat froma
first mediumto a second nmedi um The invention rel ates
WO 0008/0p896ex ess and an apparatus for transferri nBCTEPR1008/051752
froma first, relatively cold nmediumto a second,
relatively hot nmedium 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
PrdcedLAAD HdRiue romitchngererahgs nearkk frapdal $irst
$ubs%gyently co densed (super) heated and once nore
me tthes A4 | the difference between the
amount of heat contained in the hi gh tenperature
Tedi um aad G e ATRUN! (af beal (suDkotacLbe Lo an
tenperature godrce s co Verte
appegwrtdan o rwitithnisie riviingt heaw 6t omhar ﬁm@yhanr@éati\vely

cdllog hesaitamer at weedid f eeenceshet weenntheuhi gh and
| ow tenperature sources, nore heat can be converted

into worR &NGFTERE EPMEC BRepPtss PREXpE8cEERIFApLYves.
gehdiaaald by Hé%n%n‘dfr @nmamho(teayt:mé serveseas thelkow
ont gratur urce Er% gkL andatge hi%w tem
erperdt ir e ﬁéd enera edc Sy Burnlng f oS
sdumales (dvealyy Sn@(kl)earlnf mglcanceDEaszles §6Mrechaties medaum,

tycz%aqqyf Yy %%%Idng;tte%mpea@t ¥E8 @bfsel&g@e@ﬁef Ofthich
heating and cooling. Under the influence of an

JeDATHTTH Wodee 208 HEMSHPEEGNENGILYf EPBAERSES.
ﬁﬁi@bh’ie%h:%di :Carmﬁa oﬁl@ mBy eUSiedg toenhei tugahnéor ces.andhe
se g nDIecuI r h hi fect
dl“]“i,ferfeaseed%te%@&@h Ll sFRUE phar9Rt chRbfifkhih bRe pian
temsnsteale oseli WD20BY @%QEQOmertapéshB@taSﬁekhéé tbe low
t NS NG heal jeNeigYe rMRer ehRot herhkeat nenergydhfice

transmtted into an
with the first law of thermodynamics.

PFrature

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

W@ 2@anesIss energy transfer nmediumis provi ded, PEREP2008/051752

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 energytransmn ssin medi um i nside the rotor
(12) in a state of equilibriumand by radially
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CH%%%%&@ ”%%hU&bgﬁlgﬁaﬂ%anfEBﬁ fheidopca sectihopnol
e fluid relatlve fromthe axis of rotation. In

eqﬂﬂgyagﬁeéﬂe @eBFeignF enEAtI BHCREREREr conpri ses
t he steptofisextr abtieng beathkr ppeséne. ig06hthgn the

p Jv&%t ge%&%%E%% %%%n%f%1c1ggtﬁlubgnggaglseCtIQEggt or
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,
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relatively close to the axis of rotation. The hot and
cold nedia thus obtained in turn can be enpl oyed e.g.

W o008@28960r cool buil dings or to generate el eceCT/EP1098/051752
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 the3fluid are thoroughly m xed
to obtain an at |east substantially constant entropy

de!fg{)%ﬁﬁft hesgpsﬂtalgggtwﬁs éﬁ%@ae@m@@taf@rﬁgﬁgamu

eat conduction and
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vention further
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radial circulation in the fluid.

The invention further relates to an 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, 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 is 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
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apparatus conprises a second heat exchanger positioned
at or relatively close to the axis of rotation. In
wa@pwBlesdcaspect, the apparatus conpri ses one OPCTBPBO&051752
| east substantially cylindrical and co-axial walls,
separating, in radial direction, the inside of the
druminto a plurality of conpartnents. In a further
aspect, at |east one of the heat exchangers is coupl ed
to a cycle for generating work. The further cycle can
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A reduced heat resistance further enhances heat
flow from a lower to a higher temperature.

In accordance with at least some aspects 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 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
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the length of the colum of the conpressible fluid, in
conparison with a column subjected nerely to the
w@er@siospef the earth, and the atnosphere is reQi/ER®AS/051752

by a gas allowi ng a nuch higher tenperature gradient

in the fluid. Mxing is enployed to inprove heat
conduction wwthin the fluid. Wthin the franmework of

the present invention the térm"gradient" is defined

as a continuous or stepw se increase or decrease in
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o e R T RS DEEtntar B P acroRed Tpigs the

he&ttsmMsﬁﬁwﬁe@ﬂk&omdeeﬂa&m&ed wackihegtf igi dddetioihhe the

wJ}q&%f'ﬂ&%‘ ar]f't%r}e %gl%?o%t 4h8, c%%%ﬂ%a%éoﬁ\ ngg‘ider

he wor Ki'ng ter “expansi on“and cool
heatomoa s d&oqiéaitg dsurgevidsel Waghiis Eh@vraé@rwtphu n

cdite J10ttMe 6@ GAMY @1 utike deriskithy tbubdsdeRsivbykihg fluid
cf¥¥ﬂfgtmnrklng fluid circul ation.

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, 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



10

15

20

25

30

35

Simlar nethods and apparatuses are known from US
3,828,573, US 3,933,008, US 4,060,989, and US
W@ 2®8098p88. WO 2006/ 119946 rel ates to devi ce (FO)/EP20d8/051752
met hod for transferring heat froma first zone (71) to
a second zone (72) using nobile (often gaseous or
vaporous) atonms or nolecules (4) in which in one
enbodi nent, the chaotic noticon of the atons/nol ecul es
whi ch usually frustrates the transfer of heat by
i_npl | ec r LQn. | erco I n :
S R LR R e el e B ST e
(483 -a carbon nanotube) to align the atons/nol ecul es and
then subjpeethBgsbheantiogansagesbes aké ngré ot serbatPetype
direction in mhlgh %hs hezt is to be transferred. The
hegtceferari Hy forfeer PE2pFefarabl §° centrfpetat . PTacanses
foal tarmrali venerbedbrenhyoiolieagubhesliéds) omne asveaposh ek
constrai.nt e arrang ansf er y S.
CO&F15%50§8iPnggpgnPPaﬁgseggggg?E%hgfe o%gg?%% %?@%ﬁ +n
suglhorgatedeconst tai profdoy ¢1JPe61¢68500s ahdn JPr
ex23035388 relate to rotary-type heat pipes. US
, 285,202 relates to industrial processes for energ _
conver si'6ff FRVEPVLRY HilfeRsy Bﬁee§Péﬁlﬁﬁ?chnc%ﬂ§?s%%tall
wiith aeffiergner tbetpeeseneenes, avwbeki sghéhat ticé bl gushoa a
Jrnner as to pro u%%bghtggatconpression or expansi on.
PIPRE Ve RETSR Thir SRER BEB%pl ai ned in nore det ai
wi th refégemes foanHe2drani Agperahechivehehari aadl|y side
vighowra ;prresent kynpBuehehtedrerhadhpBatat ik O4EESrdiRGUL S
are a perspective view and a side view of a first
thenpg@isrent 18V ePhd ORppar at us according to the present
i nvent i gigukrieglr @ s3ai 8raseresst$ent oOnNa ofiramdused usedthe
edﬁgdh%%n%n%%d%qengegf1Fgg rgs 1 and 2 . Figure 4 is a
crosdEectiton T8t & secdnd émbodi nent
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.

Figures 6A and 6B are cross-sectional side views
of a third embodiment of the apparatus according to the
present invention.

Figure 7 is a cross-section of an exchanger unit
for use in the embodiment of Figures 6A and 6B.

Figure 8 1s a cross-section of an exchanger tube
for use in the unit of Figure 7.

Identical 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
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of the apparatus according to the present invention.
Figure 5 is a schematic |ayout of a power plant

W@ 0p®ss1g t he enbodi ment of Figure 4 . Fi gurBGI/BE0881051752
6B are cross-sectional side views of a third
enbodi nent of the apparatus according to the present
invention. Figure 7 is a cross-section of an exchanger
unit for use in the enbodi ment of Figures 6A and 6B.
Figure 8 is a cross-section of an exchanger tube for
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waq&p%rh@E&B@Ee%%bUEOOEh@nreegk§lga@heggavaian@ppagatus
1, in accordance with the_present invention:
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ceanterec auploed , t@wpthEGSaeymbaDHEeB cyTondedac®, dtag, an
#@P%?e%h yWahhe? i51fiagkeaed EBuBQer85§£¥a3@9|§n§lde the

its circu erence Furt her cylinder 6 Is
OU¢§§1éﬁédn@@rﬁhérr6wsr§néa6#ét35a%8reﬂv@naspévéﬁblsy of
sthad ug taakaomhléhStﬁEO%ndlplEtlgreOSaretbalmyal@ﬂ@é 6he

ise a centre n Pegspex (L out er
S R ther S5lipehS Phnar E91 Hikie BED che
cammuwtedn@o§X|thycwﬂsndertﬁeh@aterteyalnﬁengtﬁ oft Wwp0

mé%@% p@q %§elg 1%”@0 sPbycality of studs 11, with mhich
he end % ates are puIIed onto the cylinders 8

, and tf ec}wmﬁae@§f8ned9by FHetG?ﬁtrﬁanngh%rth?rénner
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3t EREET kg™ atH§ |ﬁﬁ P '

further contalns a plurallty of mixers or ventilators 13.
Finally, a Peltier element (not shown) is mounted on the
inner wall of the 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
cylinder 6 is rotated at a speed of approximately 1000 RPM.
Radial segments of the fluid are thoroughly mixed 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 isolation enables conducting substantially adiabatic
processes, heat transfer within the cylinder 6, from the
axis of rotation to the circumference and vice versa, is
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
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cylinders 9, and the end plates 10, is filled wth

Xenon, at anbient tenperature and a pressure of 1,5
whaoo/ogsye8 f urt her contains a plurality of m xePGI/BP2008/051752

ventilators 13. Finally, a Peltier elenment (not shown)

I's mounted on the inner wall of the ring 7 and

tenperature sensors and pressure gauges (al so not

shown) are present in both the ring 7 and the end

plates 10. During operation, the rotary table 3 and
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posSitioned on a floor, and a rotary drum 6 , nounted,
The drum 6 contains (at leadt) two heat

exchangers, a first heat exchanger 22 mounted inside the
drum relatively far from the axis of rotation of the drum 7
and a second heat exchanger 23 positioned 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 is a schematic layout of a power plant
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rotatable about its |ongitudinal axis, in the base

frame 2 , e.g. by neans of suitable bearings, such as
whados/osses | ngs 20. The drum 6 suitably has a dPEIEPMNS/051752

in arange from2 to 10 neters, in this exanple 4

meters. The wall of the drumis thermally isolated in

a manner known in itself. The apparatus 1 further

conprises a driving nmeans (rbt shown) to spin the drum

at rates in a range fron150 to 500 RPM The drum 6

apge irst_h
cRAR5 (3 GBS e DA BHELaROetapRell 15 s hepk e
qﬁwﬁﬁqﬂ¥§t&%@sw@ﬂknoﬂétKbﬁsoﬁxﬁﬁéléranﬁ¢ aﬁbladséebﬁdm
at e&?ﬁﬁ@?@ﬂez%o&9§h%b@ngg QERQE ﬁ@b@ékv§bycb8§§1é9 to

Sald Xi s heat exc angers
they il ghp g eg atbire eﬁ6b§X883998F ¢f't ATt hBSagPRagRtUs 1,
athHﬂIGMQLa@d &m@mﬁCh&d;tﬁbafaaﬁdrGbmp@tétﬁ@lelﬁ|Uhﬂs

in uppl v._a V|a second .r ot af abl e.
e%%ﬁﬁi c%u%ﬁrbE%ES ﬁfoBa%OSQFPeF %gecgﬁﬁgﬁgngﬂtégﬁoghrSt
heat %&gma@g¢rf@6tbért@@npppsestaa tube P8mpcdaxi ahdwath

eﬂ&ﬁ%ﬂa@%&'%@d'@ﬁk %%b%moEyEﬁg QEUHlZoa@gl§83t@ighngaégr
xial ventilator 27 to forcedly circulate the contents

I e idehhe MROtRi §TexSRAWE, 1hnelEraftis filled with
Xenon aRoz apriegsthe aftum banl(génaﬁbt@né %@F?gaathﬁ)
at exch ers 22 23. are filled, wt
romp ey e e N R oA Ly Ebn BT e patar it
dqﬂﬂﬁﬁﬁ@@ﬁprﬁgln@eﬁWQeenbbalhEﬁt ekcRaggers4in gouphed from

1ob@cat%y@b@ohordggeﬁaahgnanmeﬁg ahauigksvsfaay£g 8f the
so-calle st eam cycl e The cycl & conpri ses

draffetihé ére§6mp&8upF58 FBthéShF@EaF%ﬁp%Fa§@9eRﬁ%at
resxdiidngerin?2 ebmpbeaappar atiisetenca heaj 6ﬂgap§rokﬂﬂﬁﬂely

sogpc (Leand SRTRT L3l 03, L0 L0LS BXaMPLEgolachl e o
He@$edfSﬁﬁémaﬁﬁéﬁ§€MSfxom ahpuhpgB3tempdranueyapeziat or
ex3hanbbe sbeam ¢xal €oi $hal sQpbilhedt Wit BoWaiflreas cooled
water (10°C) from the low temperature heat exchanger 23 is
fed to the condenser 32. The steam cycle generates work in
a manner known in itself.

In another embodiment, the apparatus comprises two
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 is 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
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O her suitable nedia are known in the art. Rotating
the drumwi ||l generate a radial tenperature gradi ent
WO pooBhgsosenon, with a tenperature difference (BIT/EP2008/051752
bet ween the heat exchangers in a range from 100C to
600 OC , depending on the angular velocity of the
drum In this exanple, the drumis rotated at 350 RPM
resulting in a tenperature tpfference (DT ) of
approxi mately 300C. Water at 20C is fed to both heat

exchangers 22, .23. Heated steam (320 f he. hi gh
R S R e TR
vesupértheat er SOatwheréasentsl eso was efo (A9tDT Istiram
suble kwa&ﬁgg%%ggﬁth@a&rsgg2@99%2§a¢§ §edc o the

condenser steam cy generates work in a
compRieReRREWANEN ChE§ePRha A aldE hek randoar et thipeeach of

thRPRIMBEHSMEARBI I 88Sat WBsANtDEL EhtABp GOy Ph&den,
seri.es or |nﬁ§arallet. Fog I n tanﬁeé In, configurations

StERMIEPsPRG PRECGRTfE LPnOBEPFER, T AL helt ERChbdh Ut T r om

adhhevkidr shidhuemebltedhtatt heahsfiet efipenatiue eaheatof

ré%é%q%gg%% %Eetg§ ﬁe%gnghgrgﬂkc@ﬁfﬁréﬁégl6% Pﬁ@tdrum.
transter to the ngh t enperature heat exchanger in the
second dheniied lisnabEugedycoaBrder abPythanepmearpaeels may

bd @d1eat, tharsbeeveAttiRg hkkst tdatBFefhere@obed nedi um
fromthe first drum can be used as a cool ant e.9. in

COpPEFAIERSetC FheaRsther CEnBodi RENPPCAndS a8 - a2 u2e ™ ©F

meadh-drifkat,i ve@uer adddiwtingn 1ttoithe mbeseteahsbaed Thbewalls

rm4 éhs@ %ﬁip@%@%r%bu i%%nPQg§g§s§oHEyéﬁB&g¥l§£h@£ k@§§ﬁres

ubstan 'y cylindrica CO- axi a ,
thedpdnatienget B rifasedarep eRE 8hum NARDE BUPREFEFi PytBeen
c et s. The fluid in each of theconpartnents is
t horoughl y m xe

(T oual L Tt 3.0 LIRS 2l VERLL LSO By,
ascansttanrt eamioddmenwist kidoveacheet the compestiment snand
addIHS FNRANGE MRTR AN TRAGL W HBLE @9@&:9& thEd mass

conpartnents. s aresult, "an entropy gradi ent,
flow. An embodiment of an artificial gravity apparatus 1
based on heat transfer through heat capacity and mass flow
is shown in Figures 6A to 8. In this embodiment, the first
and second heat exchangers comprises a plurality of
radially extending exchanger units 22A, 23A evenly
distributed, both in axial and in tangential direction,
over the surfaces of the inner walls of the drum 6.

As shown in more detail in Figure 7, each unit
comprises a double-walled exchanger tube 40, shown in
cross-section in Figure 8. Each exchanger tube 40 comprises
an inlet 41, a central feed tube 42 , an outer return tube
43 concentric with the feed tube, and an outlet 44. The
outer tube 43 in turn is provided on its outer surface with
means for enhancing heat exchange, e.g. features, such as
fins 45, increasing the outer surface of the outer tube 43.

Each unit further comprises a siphon 46 positioned

concentrically about the exchanger tube 40 and spanning at
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stepwi se and negative in outward radial direction, is
achi eved which enabl es heat transfer fromthe axis of

WO 210809898 of the drumto the circunference of PCEEP20081051752
The walls nutually separating the conpartnents nmay be
solid, thus preventing mass transfer from one
conpartnment to the next, or nmay be open, e.g. gauze-
or nesh-like, thus allowi ngllimted nmass transfer. The
wal | s may al so be provided with protrusions and/or

1e%%%eﬁoﬁeakugeSSEB§E BﬁgrSﬁsghéufgéfgla&f@t@ﬁget@@§ween

rans et ween conpa tments. | nstead
ther yadfer PRngoReaf Fh?oéghmcéndﬁ%t@qv%%lzgstm% ¢Heropy

ln%qa@dbﬁgnbﬁtgbaéethaeaﬁpﬁaﬁ HGséﬁaﬂe@étlﬂh@dﬂhﬁé@ns@ﬁface

nsferred throug apac
O TeBBdPTEHETof CanSSPEPT L LI Wb BV Sh et st bl deat
exchaheat, érgnsﬁeatuhesugbuhhahscﬁpa9|4?,anﬂcn5531m@OMhe
lnh Eg .0 Fkggkg ? 58 8c- In this enbodiment, the
I'Ts sSecon exchangers conprises a plurallty
of radlQpﬁynéxpﬁﬁ@ﬁhgoéxchaQQQllU@|m%dQQA; Q3N ewakty, 1is

fe@'%brhﬁétﬁgchgﬁbgr|Bu@ébahoaﬂgatnai@”ﬂ@@itﬁ&ned
|rect|on over ‘the surfaces of the, inner wal

regphivE YA §rsﬁ6ﬁﬁ~|HenﬁﬁésdgFaFPt?El??g%Fetbe gﬁﬁ%h
thumlﬂocgﬂnylseslandoubbefmahﬁeﬂnexnéa@gem 6ubed40Docally

. . [ =se 0 e c r
B e B Tt
arousd 6hEerXFEBENEATEUbEDLAS @8AcehLEikewfohcefieofpedrds by

arktybeciandqanveutl et 44. CEh@ueyéﬁflyupﬁtHSth@ A Or i Snd
on its outer surface th ans for enhanC|ng

toﬁééﬁse% Rafyé&ere Wéllféétaﬁeghesﬂﬁﬂm rfPRE gaused to
spireereasemngitbBeianter saurtacee of the outer tube 43.
Each uniyt f .her LI Ses_a n 4 itio
concentblcagkaggbg%ggpﬁé gkghaﬁéggg g ggﬁ E$ bgd
eX§baﬁ§ﬁﬁgtabEéa§€A7©h@teage ab@ytl@@@§ofelh@lvgbya¢lose to

th@|5&@@0%fb%bw@%aohh@fw@hgsdﬁém 6B hukhRe St UMy Bthe TRIUid
ine%% h%ﬁmt e cglly decreasing density and increasing

éhe

entropy. The fluid around the exchangers tubes 40 will be
displaced inwards (buoyancy) as a result of artificial
gravity, i.e. co-currently with the water and towards the
inner wall 6B of the drum 6, and caused to spread over its
surface.

These two phenomena together generate a
circulation between the heat exchangers, which enhances
heat transfer outwards from the heat exchanger 23
relatively close to the axis of rotation of the drum 6 and
towards the heat exchanger 22 relatively far from the axis
of rotation of the drum 6.

In this embodiment, the length of the exchanger
tubes 22A, 23A, is selected such as to prevent these tubes
from reaching the zone of the fluid inside the drum where

the temperature is about equal to the temperature of an
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i nside and outside the siphon 46 at |east the inner
surface of the siphon 46 is provided with neans for

wepwanedony) heat exchange, e.g. features, such BST/EP2088/051752

47, increasing the inner surface of the siphon 46.
During operation, a cooling nedium e.g. water, is fed
to the exchanger tubes 40 that are positioned
relatively far fromthe axi ¢2of rotation of the drum®6
, thus locally cooling the fluid in the drum 6 and
adaldned MeR2as g densiviy %@dtg@059§§bﬁﬁdgﬂﬁéog¥ tgge
dense fluid around the exchangers tubes 22A
ARG Sout war ds by artificial gravity, i.e
co- curr ant lyetwiati thlke walbediasdtt owar dadibecadt erivwakh

6A of the drum 6 and .cause ad over_its_jnner
i yaded Ath&FFnéagéﬁla%leéqﬁngﬁﬁsef gﬁg f &6°Fo b
Caam@ﬁaﬁgéwlwub@@eZ@ArEMmﬁeaEBCposfttbaedrumbathuelgalnlng
038 10 g BXia8 P lLon tht
pheatlﬁb f%e ﬁ%ﬁﬁddi%regg grunF ESPOEEFFguagC?ggg%%g
dHAFS By IERE e easi-fg ent(hgpyo) THébﬂpavdaaﬂo@ﬁd t he

lﬂjﬁéhﬁfé@ﬁll%/ tebbl@@s;ré@e\& bly BeadissplFacgpd kBMAtHSely hot
sult o artlflglal ravi

buo
Cén current dh%thg “Wat&FCRhd? oﬁér §afhéx?nﬁEPeﬁaWFll
Oﬂﬂzhﬁ Ariven . dN@md&r tame cbtisedetioispteadspuwetedtback to

tRUdAGE e QSR EM%HPh%QOHEQQtt E§£935196§§ Q%Sleylng its

circul ati on between t heat excthangers
Oﬂﬁﬂﬁﬁﬂﬁ§§lﬁéataPﬂaﬁ@P@ﬁnéﬁﬁmﬁwd@eﬁﬂénPfhéhﬁeaﬁlatlvely

coaxt kangee sa3 pnel auvel.y TeiesembedtRen8xXksnober Qkali 08
.Qf 2 e drum rds the heat exchanger 22

dlr riv, 6 and t%mﬁ r
at| VEry “Faf £FBNEERSTaxis of rotation of the drum 6
In thﬂ@eeanN@hWQQH isheoktemgthrbottéetetexthangeove-

déé&%%%e%zémb%%émeh%ssehﬁgEﬁdCQHCBea§a¥Fe&rfMth &ﬂ?ﬁ? of
tubes fromreaching the zone of Ui d i nSid
waySumlimhéfe 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. Also, to reduce
rotational resistance, the drum can be operated in a low

pressure or vacuum environment.
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the tenperature is about equal to the tenperature of
anassoci ated heat buffer, such as the surroundi ngs of
W bh@sagges at us . I n yet another enbodi ment, anPCT/EP2008/051752
additional liquid flows, e.g. inside radially
extendi ng tubes, fromthe centre towards the
circunference of the drum thus gaining potentia
energy and pressure. The hilgh pressure liquid drives a
generator, e.g. a (hydro) turbine, and is subsequently
evapor ated by means of t tively hot conpressible
fluid (e.g., Xenon) at or near the inner wall of the
drum Vapour thus obtained is transported back to the

centre af %@%c@%%”bfaErhﬁ§§ErE§ﬁg'ﬁééy P¥oﬁ”§'§¥k§9

its own expansi on, and condensed y neans
relgitaiiegal yoéah Begdnpr é3s) bEe fI aﬁaoanhrgl@%ﬁamelﬁ@t

me@ahmbg 2056d chapdi seall Yher | Is\i@p@ @ﬁner ator. The
i nvention |%lnot rgstrgcteg g ?g ve eSCélbed ble
enbodi mEREETHRAi 8h CERRAHES aFFSH“ n'8) nOhbRr CerPhEyEL

flwiitthiabctulie agcepe sobft hetekabns. thos gastaatengodheadial
t%ﬁ?@f@t %CBr%algﬂEbQH @h@xkgﬁldhygﬁ gen, and Cr4, can

heat "exchangers In the drum Also, to
reduce P@ﬁﬁﬂpénéheré§9§ﬂ§n@édlﬂﬁe a7 UnP¥ ame 1S opbr Bhed

flul da inOW BE@SSBHE ol thaCHURk an¥El 80Ral y CEAF MBrdm. the
Proc ssggf transferring heat froma first relatively

axd8) #Tn€Q M e23) to a second relatively hot medium
(22), canprirsicegst hecstredpagotor ofatmny, acooptasined the

st%gp%%te&@ka@ElﬁgcﬂggEe§§bml%hglEH @bﬂgéléﬂ ?%B? B§ means

tation, thus dgenerating a radia n§e ature
ofgit&gi éft1icdh iphe PRGitdonand ﬁéaf?h@t#ﬁ@ ¥e€bpdenkdi tae
axid2b by oweansnef the fluid in a sectlon of the fluid
relativ§ y far fromthe axis, of gotat Process
9

accor di g £GOEPSPNPECOTE5REr F&i figithe 5, whE28ER the

first medium and/or the second medium flows along at least
one radius of the contained amount, generating an at least
partially radial circulation in the fluid.

4. Apparatus (1) for transferring heat from a
first relatively cold medium to a second relatively hot
medium, comprising a gastight drum having a lumen for
holding a compressible fluid and 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.

5. Apparatus (1) according to claim 4, comprising
a second heat exchanger (2) positioned at or relatively
close to the axis of rotation.

6. Apparatus according to claim 4 or 5, wherein
the first and/or the second heat exchanger (23, 22)
comprise(s) a plurality of tubes (40) radially extending

into the lumen.



step of extracting heat fromthe first nedium (23) by
nmeans of the fluid in a section at or relatively close

W o008he89exi s of rotation. 3 . Process accor di neCT/BP2008/051752
claiml or 2, wherein the first medi um and/or the
second nedium flows al ong at | east one radius of the
cont ai ned anount, generating an at |east partially
radial circulation in the fhyid. 4 . Apparatus (1) for
transferring heat froma first relatively cold nedi um
to a second relatively hot nmedium _conprising a,
gasti ght’ -dPERERATRg 5 PareRIf 6P ﬁ%ﬁaﬁ“néfaWhgreln a

s igomspr €4%i) blpesfiltiictieandonetatabbyl muabedti heastrao®ke of

n fir heat exchanger (23) nounted inside the

th%r%r%%(eg) (r%tgl)atively far fromthe axis of rotation of
the drum 5 . Apparatus (1) according to claim4 ,
conprising a second heat exchanger (2) positioned at
or relatively close to the axis of rotation. 6 .
Apparatus according to claim4 or 5, wherein the
first and/or the second heat exchanger (23, 22)
conprise (s) a plurality of tubes (40) radially
extending into the lunen.7 . Apparatus according to
claim6 , wherein a siphon (46) positioned
concentrically about |east sone of the tubes (40)



