DEVICE FOR TEMPERATURE CONTROL OF A ROOM The invention relates to a device and a method
for the temperature control of a room according to the preambles of claims 1 and 27. So-called concrete
core activation systems are known from the prior art for the air conditioning of rooms having concrete
ceilings or concrete walls. In these systems pipes catrying heating or cooling media are mounted in,
below or on the concrete ceiling or the concrete wall. By storing the heating or cooling energy in the
concrete mass of the ceilindBVtrEEWaIR areVeEirAG-deifa NG Blke rQFofAhBSIbred heating or cooling
energy, an energy-efficient air conditioning of the rooms can be achieved. Thus, for example, at night a

cooling fluid (for e%ﬂ%‘ﬁl%\,\gﬂ{%i? rg%?elgvf\j/ gaﬁnq Basdseéiemr%g%iae Biq@&iﬂoadcgagre{% gore activated

ceiling or wall whereby the celling o is slowly cooled. The cooling energy stored in the concrete
ceiling or wall canttﬁ@ﬁed@f'&éﬁsecfﬁ% RE roth du%ng tR8Pay 35 SR Nr infthe Wl summer
months, to slowly Ihea&ntheefocth teheratukeandh@ foom. However, the installation of such thermally
activatable ceilings or walls is restricted to new buildings. When renovating old buildings, such concrete
core activation of the geilingg Ok yallscsanngh pe instaligd, subseasieatiyqih the casg, gligeilings or walls
with concrete core activa[tiﬁn it is.furtherrr,gor? disaﬁ vantagreous tréa piBes laid il? the concrete ceiling or
wall could be unintéona )?dgHa%redfafor ex%wp e,eby%e d?iﬂlr}]g' of RO &paif 8

_ " eX hoIe@,gRepair 8P amaged pipes is

scarcely possible 8fte e PAFES Bhfhe88EH IR EONGHeteCHR Hifi It Y6 dceesd for A@pS&ir. The statics and

the stability of ceilingd enwalls pewvidedwish pipedadso sgfferfromothlel pigesredibedded in concrete.

Furthermore, the mamyifaciurenof spehgpneieteneore Retivasingy sysderpsiis vaty thpe epasuming and

costly. Another di%%q]v(ﬁrg@ge%gﬁ .in e 'éqqﬁip tpﬂ éhﬂggﬁq ﬂéstggn ngqh ﬁ#@é&ﬁéﬂr qp the time-delayed
tor m 0

release of the thermal energy stored In the concrete accumula ass to the foom tq e temperature
controlled. In ordero Biifni gféctrh%‘s‘é d@ﬁ&vaﬂ‘ftab%‘?, ERPL AL cdnil %iﬂe?n?ﬁpe Rnown from the
prior art which cart &g B€lppyeided &ubseqyently bAgise-AicedcdIRags B8 wallls CPRéS& emperature
control systems usualhggomprise erdingyoreiviil dlementaiin wbichdipesraglispbsedhehich can be acted
upon with a heating,gh£0Qlikg rpedigphiThrse cefling or wall e@;&tﬁ%qseare;gig(eqilit%me geiling or wall. The
thermal energy st%roeq iinnthe le%alltgﬁ\% pr (r:ogl)i(n rrlleedium \{VQ} h ils Sp%sosqdetoflwrgth ta% i es is diverted via
a frame or a lining Sfthe geifing or wallelements in'to the room o be ?emperaturg controlled by thermal

radiation and free [ddnR8etloh "Sudh BES)sténds BBBEFiIEE fGTB:RarAple KAt B 3AII15"Al in which phase

change materials are vsdd aswhermbyactbmuleedrising or the wall is slowy
cooled. The <cooling energy stored in the concrete
ceiling or wall can then be released into the room

during the day in particular in the warm sunmer nonths,
to slowy lower the roomtenperature in the room

However, the installation of such thermally activatable
ceilings or walls is restricted to new buil dings. Wen
renovating ol d buildings, such concrete core activation

of the «ceilings or walls cannot be installed
subsequently. In the case of ceilings or walls wth
concrete core activation it i's furthernore

di sadvant ageous that pipes laid in the concrete ceiling
or wall could be unintentionally damaged, for exanple,
by the drilling of holes. Repair of damaged pipes is
scarcely possible since the pipes enbedded in concrete
are difficult to access for a repair. The statics and
the stability of ceilings or walls provided with pipes
also suffer from the pipes enbedded in concrete.



These temperature control systems have the disadvantage that the thermal energy from the heating or
cooling medium flowing into the pipelines is released directly and instantaneously by thermal radiation
and convection into the room. In these temperature control systems the surfaces of the ceilings or the
walls are also occupied by the ceiling or wall elemengs.-This has the result that the ceiling or wall surface
is thermally separated from the room to be temperature controlled which is why the mass of the ceilings
or the walls canndtlret heedrforestoragpe coningf(ac heatéingdin tise cightc o8tareng frararthis, it is the object

of the present invetiqr 2 PERYids, atdawice and,arpethpadorchesiempeyate cepyol of a room in which
the mass of the C%{H‘E,Q?] oF Wadgss%gﬁtugl?&as p-*t grmphaegl\@ulqt%y\{iﬁhgut glipes[ fr?é the passage of a

heating or cooling medium for thermal actuation of the accumulator needing to be incorporated in the
ceilings or walls. 1 REfUfHermofaiAB oMBEESF tHSine#tBR toBrovidle thé Bt A1 %G Eficient
temperature controbbpaeen With Shert teXiddle tines. BurtiePiiite linsHAAd B MGAGE §ossible to install
these temperatureaceniral sysiemsmadisequently, frecludiogmvharoreniowating ejgkbaildings. These objects
are solved with a deyicedpr the temperature control of a room having the features of claim 1 and by a
method having the features of claim 27. Preferred embodiments of the device according to the invention
can be deduced from subclaims 2 to 26. The invention is explained in detail hereinafter by means of

exemplary embodifieffsdffth F&fefdic fRife ALGiRpShMRE\RANAIES In tRERRARINYS Figure 1:shows a
schematic sectionabwieww bf aykvices aecerdiptontHe iovehtien for temparatusei aomtrohof a room in a first

embodiment;  also be provided subsequently on pipe-free ceilings or
wal | s. These tenperature control systens usually
conprise ceiling or wall elements in which pipes are
di sposed which can be acted upon with a heating or
cooling medium These ceiling or wall elenments are
fixed to the ceiling or wall. The thermal energy stored
in the heating or cooling nedium which is passed
through the pipes is diverted via a frame or a lining
of the ceiling or wall elenments in to the room to be
tenperature controlled by thermal radiation and free
convection. Such a system is described for exanple in
EP 1371915 Al in which phase change materials are used
as thermal accunul ators.

These tenperature control systens have the disadvant age
that the thernal energy from the heating or cooling
medium flowing into the pipelines is released directly
and instantaneously by thermal radiation and convection
into the room In these tenperature control systens the
surfaces of the ceilings or the walls are al so occupi ed
by the ceiling or wall elenments. This has the result
that the ceiling or wall surface is thermally separated
fromthe roomto be tenperature controlled which is why
the mass of the ceilings or the walls cannot be used
for storage cooling (or heating) in the night.



Figure 2:shows a schematic sectional view of a ceiling or wall element for a temperature control device
according to the invention in a second embodiment; Figure 3:shows a schematic sectional view of the
second embodiment of a temperature control device according to the invention with the ceiling or wall
element from Figure 2. Figure 1 shows a first embodment of a temperature control device according to
the invention. This comprises an element 10 provided on a component 5 made of concrete or brick. The
component 5 can Sbargrisega Eeiting ohasyallidr al oot lo¢ thebjoeot Rad beltemperstarg controlled. The

component 5 can gisaRe iConstictast enyanaihed spnventignal kuildingnpaterigh thatis capable of
toring heat and/ T ment 10 th dipgl i
storing heat an o[recr% rs&{cul}gs %ﬂg%pélnagqradlistpggm rlﬁ %ﬁn@ﬁ‘ r[’lt&e RRACCOF |pgé( comprises a

ceiling, wall or a floor e[ement whi Isposed on the surface 11 of the component 5 pointing into the

room. As a result 6F1t5 14192 Ras¥@hkScdrABoént s fifinfSa thdrhflRcuRfAABH A Hich thermal
energy (in the formidfinadt oPicPRP cadrbe SR rédsHigelephertt 10eedpeis@s a PR@lel Ndontaining
expanded graphitensdicomsistingt ¢rmptetelycafuexpandest graphiteccunul at or needi ng
to be incorporated in the ceilings or walls. It is
furthernore the object of the invention to provide the
nost energy-efficient tenperature control system wth
short response tines. Furthernore, it should be nade
possible to install these tenperature control systens
subsequently, including when renovating ol d buil dings.

These objects are solved with a device for the
tenperature control of a room having the features of
claim 1 and by a method having the features of claim
27. Preferred enbodinments of the device according to
the invention can be deduced from subclainms 2 to 26.

The invention is explained in detail hereinafter by
means of exenplary enbodinments with reference to the
acconpanyi ng drawi ngs. I n the draw ngs:

Figure 1: shows a schematic sectional view of a
device according to the invention for
tenperature control of a room in a first
enmbodi ment ;

Figure 2: shows a schematic sectional view of a
ceiling or wall elenent for a tenperature
control device according to the invention
in a second enbodi nent;

Figure 3: shows a schematic sectional view of the
second enbodi ment of a tenperature control
device according to the invention with the
ceiling or wall elenment fromFigure 2.



The production of expanded graphite (expanded graphite) is known inter alia from US 3,404,061-A. In
order to produce expanded graphite, graphite intercalation compounds or graphite salts such as, for
example, graphite hydrogen sulphate or graphite nitrate are heated in a shock manner. The volume of the
graphite particles is thereby increased by a factor of 4bout 200 - 400 and at the same time the bulk
density decreases to values of 2 - 20 g/I. The expanded graphite thus obtained consists Or Worm- Or
concertina-shapedriaggregates sthaosnpketefy expandedaghapbite iscfongpadtedperderithe directional action

of pressure, the layghiianes efdhraraphite areipreferatly airaeged peeprndiaular tthihe direction of

action of the pressyy, the f% t'&ﬂ i%qi%ilq‘yﬁ! aggr(leg{ae(g% 8&‘50{%‘? gptggﬁ{;& éﬂghig eself-supporting

surface structures such as, for examp s or moulded bodies can be produced from expanded
a

e, webs,
graphite. In order%_ stiftBfi'dtcfinCle BEItRE 'stzfgﬁﬁy 6P IRt apRiteE BAN&I8 B ha6Id8d bodies, the
expanded graphit€ @ahi B¥ miXed ithivellingbinderd baeh aPffortd@amiphemedistdr psstics, in particular
elastomers or duromeser ki onider igaprovel thedstability otpampelsenadesof expardecbgraphite, it is

particularly suitablegiodmix the-axparded grrmate Wil bermopkastic andiox herpesetting plastics which
can be introduced, intq the exgand%p r%[Phitet for.example by im )'%gnact:iglrgpor b%/urpﬁans of a powder

method. After the tblﬂnal er mixéd With the expgngét'j nggﬂap elf’ﬂet has'bedh clre ,'the gr_aph?tse moulded bodies
or plates made frdth@eSd niidureshasé Asuffidiept SRy forl el iRBEhRRCEpHiction provided
according to the imamidrs &heagraphité panelsaplodaceairf thimwaglargentpaviicudar self-supporting and

can readily be fixefl ¥per@@opaNisHeUELAS gedings aswallse faropnela by agbesiverpnding or
screwing. Pure e -pﬁllngeq %app%,rﬁn tr]@ssaéner ayes nB)FturletsSof g)ép%@deg‘%@phi{qqyﬁith binders, has a
1€ - .

very good thermal conductivity. The thermal con léctlw a mixture of expanded :j]ag&ite with a binder

is still very high wit?2PS6 @tlos bﬁndéPfr_QEtioﬁacE RiiflG'to tRE S bRbMder' [Sedth&¥ar as graphite
panels are mention@elrifhe fiRVEKg, (thesd Are drddrstobd Begianels vsitH)eith@ncdisist of pure
expanded graphitg o reehixture of expanded graphite with a binder. It is also possible to manufacture
graphite panels from mixtures of expanded graphite with phase-change materials (PCM, phase change
materials). For thlﬁﬁgr%?seeﬁecn mimen Cohasrel-chang%le mate |ali, forne[xample based on f%ﬁxraffln, wax or salt

can be added during thé manuracture of the ésr%?)hl e %%rﬁ% s. Suen & %'rg' Aite Séﬁgpw a phase-change

material can be uSE@RMHEIEMpERIGHS EbRYoLCYRERTLAYCSbIRF RAMEEHVBHABA! 5§ additional thermal

accumulators(latent heat
The production of expanded graphite (expanded graphite)
is known inter alia from US 3,404,061-A In order to
produce expanded graphite, graphite intercalation
compounds or graphite salts such as, for exanple,
graphite hydrogen sulphate or graphite nitrate are
heated in a shock manner. The volume of the graphite
particles is thereby increased by a factor of about 200
400 and at the sane tine the bulk density decreases
to values of 2 - 20 g/l. The expanded graphite thus
obtained consists or wor m or concerti na- shaped
aggr egat es. | f conpletely expanded graphite is
conpacted under the directional action of pressure, the
| ayer planes of the graphite are preferably arranged
perpendicular to the direction of action of the
pressure, where the individual aggregates becone
ent angl ed. In this way, sel f-supporting surface
structures such as, for exanple, webs, plates or
noul ded bodi es can be produced from expanded graphite.



accumulator) along with the component 5 acting as a thermal accumulator. Pipes 9 are embedded in the
graphite panel 1 shown in Figure 1. The pipes 9 are preferably arranged in a serpentine shape in the
interior of the panel 1. Other laying patterns of the pipes such as, for example, a spiral-shaped,
grid-shaped Or meander-shaped arrangement or an@arrangement only in the edge zones of the panel 1 is
feasible. The ends of the pipes 9 running in the panel 1 are connected to a conveying device for passing
a heating or coolingnnediem (suchtad,ffenezanhplecheasecoldevateaptiroughdhe pygs 9. In order to

provide the entire gusligiget L ofthetampenent sopeiatag indedhesoomiRavithesigraiedg 10, a plurality of
such elements 10 e alr dﬁewgg@eﬁqqh%pr ﬂQj%eﬁl&é(? ong another a@%lﬁxed on the
0 h ’ i

surface 11. The ends of the plges, f each element 10 arethen connected to the associated ends of the

adjacent element€£X8TB't6rm 585ipB%irelit BhAThE Bioe LiftuRas ot todthBdHR g device for
passage of the he@tingwr @@ling mMédighndahefikiPgyiahé kferaéatsilDidpreferadifelcdmplished by a
thermally conductingdadlugsiex gabyedhigh apeamne onetprincipshisuifaceak of e pamelds adhesively

bonded to the surfaged of the corpRARER! BrA A fesulliafthe RehesiieRending e principal surface

12 of the panel 1 ishig flat Stré rtm%I coqtggE with t\k/lYﬁisC rfaccg 1Jb of Itr}]? t%ec[lr}%ael dacicutr%ul%%r formed by the
component 5, pre%eraBH/Dover theger‘?ure principal suiface 1. ‘?h_e Othér prlnpipapsurface 13 of the panel 1
can be provided vAHPAREFENiAG INBLE ad BT thE¥XBRISarPmbBRIREREEhEWN BT Fidre 1. The

stiffening layer 6 nmeans of a powder nethod. After the binder mxed with
the expanded graphite has been cured, the graphite
noul ded bodi es or plates made from these ni xtures have
a sufficient stability for the intended application
provided according to the invention. The graphite
panels produced in this way are in particular self-
supporting and can readily be fixed to conponents such
as ceilings or walls, for exanple by adhesive bonding
or screw ng.

Pure expanded graphite, in the sane way as m xtures of
expanded graphite with binders, has a very good thermal
conductivity. The thermal conductivity of a mxture of
expanded graphite with a binder is still very high with
a 50 wt.% binder fraction according to the type of
bi nder used. Insofar as graphite panels are nentioned
in the followi ng, these are understood as panels which
either consist of pure expanded graphite or a mxture
of expanded graphite with a binder.

It is also possible to nmanufacture graphite panels from
m xtures  of expanded graphite wth phase-change
materials (PCM phase change nmaterials). For this
pur pose, conmon phase-change mterials, for exanple
based on paraffin, wax or salt can be added during the
manuf acture of the graphite panels. Such a graphite
panel with a phase-change material can be used in the
tenperature control systenms according to the invention



can for example comprise a plaster layer or a glued-on hard cardboard or plasterboard layer.
Combinations of plaster layers and textile materials embedded therein such as, for example, nets, woven
fabrics, knitted fabrics, crocheted fabrics or the like, are also possible. As a result of the stiffening layer 6,
on the one hand the stability of the graphite panel-1 éan be increased and on the other hand the principal
surface 13 of the panel 1 pointing into the room R can be clad in a visually attractive manner. The
application of a stdfeningddye¢n 6 s partichlerlyedpprapratetdbapansls 1(haterdf puteeaxpanded graphite
(without added bingeninlin@PiRgs hrwnyndin the praelcloapn henincasperaiedthguriyg the manufacture of
the graphite paneI[ %.e'[é)rglpi%%%grmpg\qrgply comprise pipes made of metal, for example copper, or plastic
pipes, for example made of polypropylene or cross-linked polyethylene. However pipes made of metal are
to be preferred because of the better heat transfer. As shown in the exemplary embodiment in Figure 1,
The pipes 9 can b @sfpletely enfieriédeih the pamel ar Apidver narehlsd psBsitle tdarrange the pipes
9 so that they endriugir withLa pmheipglisuestace 120e 13 okihe pangl laFoaegeldeddingdhe pipes 9 in the
panel 1, during maRuischiref tgﬁ@th%p%?eq%be fidindhe 0 of wesiedr
concertlna-shape(ii aggre at%? tagrd leocforqtﬁgatloln can bleJ resssed '?&kn&"én manney by action of
pressure (for exampte by means SivoIts or presosu?e pIa%es t0%3tm a dimens%a?ly-s?able graphite
panel 1. In order t8RhéRase ARt ability 7thd paifdRebne of e afordmReAiShed MiREts can be added

during the producton pngeastThe geaphite pagelsehthuspsodutedheitk iees Orerabetided therein
typically have thickpessgaetween Band S8smpn.eT hedansishakthegraphide pangls 1 & usually in the

range of 0.01 to Or%g{ﬁgﬂ (qerpepﬂ'@g §£htg||e frflct‘;(?]ré Ofc%(ﬂ]q]ee%t)mepoﬂ?ae %@p\;}%& els 1 have a
) ne goo
ST

thermal conductiwcg/o t0 6 W/mK. As a result of t ood thermal conductivity of the graphite panel 1, a

certain proportion Gt th& thdrial BAER)Y Stofed 1 h8Zing or C¥BIihBm &bkt é Ythrough the pipes 9
can initially be pagsed by hegxésmdfstiohdforAthe pigksvait@the froe Piftigdl uifhe€ .3 of the panel 1
and released fromptherenbyottwemat tadmton ded free cenvéctondorthagceomiR tif be tremperature

controlled. This releags,atheats(op seleaspPlicald when 3 sealing mediu isRassedibrough the pipes)
takes place very rapidly with. the re§ult theht thF rogm can be heated (or cooled& VRE rarp'dly. Another

. aarl)lural Y 0 .Slﬁ%) anens can §e ar r.an gf‘g é .
portion of the therm energ%/] stored in the heating or coo y heat conduction

_ ing Meditnis trarstere
from the pipes 9 V' theRBEPEON Gl BARBF 118 tRE h&mRaNEcLiRGIatdr@Pm@d BY'the component 5.

By this means, the thidéracal acbumiiatagnsihieated (o quates wheof a eaoling heedinm isassed through

the pipes). The thgfal agewmutdensandhentrieleasrthedusciniewaediately stered tiirmal energy in a

time-delayed manpey 1o the rogm,whete ﬂfi gp8d ]ttbqrma(lico&%tiydj;yr af the pang! 1 gosures that this is
|

accomplished Iar%el free from losses. The ting (or c%oliq%) of the room R accomfolished in this

a
manner takes pla 2 ﬁa%ﬁﬁé't‘ fimé%ceﬁglﬂB g e?/\tl Rod ? %r}\é?r)(ﬁé}%tug@%bﬁﬁol s?fstem according to
the invention is theRF&ARIELRS td Bend &dé rdEMPOR t6 A58 tetpERMALKET ontrolled to a desired room
temperature both rapidly and also slowly using the thermal accumulator. Thus for example, at night in
summer the thermg{ @ccumuylaiey cagie cogled by|RassiHIG a cqeling mediugn ko ex@myple cold water)
through the pipes 9. Cl%unqq gheega)g)the thg:rrggl n%(fquym%lgkoc[u%am %hgena% EEFQ, é‘or 4(?ookl)|gg the room by
means of a tlme-d%‘fayerg)release o] Xola to ﬂ1e_ room: _

whi‘ch means one principal surface 12 of the panel is

adhesi vely bonded to the surface 11 of the conponent 5.

As a result of the adhesive bonding, the principal

surface 12 of the panel 1 is in flat thermal contact

with the surface 11 of the thermal accunul ator forned

by the conponent 5, preferably over the entire

princi pal surface 12.

The other principal surface 13 of the panel 1 can be
provided with a stiffening layer 6 as in the exenplary
enbodi mrent shown in Figure 1. The stiffening layer 6



In a corresponding manner, in winter during the day the temperature control system according to the
invention can firstly be heated for instantaneous heating of the room by passing a heating medium
through the pipes. At the same time the thermal accumulator is loaded with heat. At night the flow of the
heating medium can be stopped since the time-delayed release of heat from the loaded thermal
accumulator is sufficient to keep the room at a (lower) room temperature at night. Figures 2 and 3 show
another exemplarg @ambadimexd b laeteorpgratise conptadsiystenh @ageording & tieuenention. The same or
corresponding parig iy Figaresdaand 3arepeaided ydtuthespspe refgmncmpugerpas in Figure 1. In

the exemplary em&og'gpgpt qfa?ngpgic%@&c?r i Qﬁ%tWPX?PHPE foe(rmg Smpe{%téjlr%i(:ﬁntrol of a room R

shown in Figure 3, a celllré% element 10 Is fixed to a component 5 formed as a concrete ceiling. The

component 5 forme“& thefnal akBlmG4ARLEn thBLohcret®hiks bAHd E8ilingds bb&mulator mass.
The ceiling elemehal0irss a fiimde PelvRith sakddC thersurfdee 11 idfehe con®pod®B pointing into the
room R, in particuprgsisereweddhearaass ulhe tiameng isconfiguniathas ayeassgtteowhidieis open on one
side (i.e. its uppergide), Jhe frape & isRreferably made of edhermally sradugtivematgrial such as, for
example a metal sheet. Thgéragrll% 2 hastahbasq[ Rlearte %g a(lm ﬁ;l)ur side walls I2b di§9%sed thereon or

formed integrally with thé base plateoiqa. Al Teadt the base plate eZap(ra'nﬁCc')&%naﬁV a5 the side walls 2b)

is formed from a petdthtdd'ShdNEE. & M&aNShBBt With® pERofRRIM) RA GRlpkite phAEI 1 is inserted in
the frame 2. The F10a conspadiion af theagtaphite et rl. coftespappkitoahe panef 1 af the exemplary

embodiment fromdtigarechi Ag inithiseeXemplay empodivenapiRes iecise gnebedded in the graphite

panel 1 and run t%ﬁﬁé’p@ erpgn 'n%fgr%{stﬁir@;( ﬁnbee%ngqi@ﬁﬁee T‘é‘@i grl,:?tﬁpg'te 1 is preferably
fla means o

adhesively bonde on the surface 11 of the component’s f a thermally conductive
adhesive 4. The prind I)surface 12 of the graphite plate 1 is therefore expediently in thermal contact
with the surface 11 of the component 5 over its entire surface. The adhesive layer 4 can however also be
omitted (see belowheA popewogen tabring aind a heapltestiin 15 ave psefengllyisposed between the

base plate 2a of the, fiame 2 Rad theararhile Bang! 1 Hae penyreven falrie3 can fofgxample comprise
a glass fibre or a carbon figre nog-vy%\ﬁn. In gombination. with the aerf%r]ation {)I%]fhe ase plate 2, the

non-woven fabric 3 énsures é)cg(? gound%bgorrﬂflro'nsoef the %%ﬁinéme ement 10, The gra%hite film 15

comprises a thin FEEPESarRREGrapAlte PTRS thiEkESESH the YraSHiteRIng 188 Dr&tkrably between
0.05 mm and 3 mpalily pasioulanbetvogen Ordandl3 nkad  pol yet hyl ene.  However

pi pes made of netal are to be preferred because of the
better heat transfer. As shown in the exenplary
enbodiment in Figure 1, The pipes 9 can be conpletely
enbedded in the panel 1. However, it is also possible
to arrange the pipes 9 so that they end flush with a
princi pal surface 12 or 13 of the panel 1.

For enbedding the pipes 9 in the panel 1, during
manuf acture of the panel, the pipes 9 can be laid in
the filling of worm or concertina-shaped aggregates
and this conbination can be pressed in a known nanner
by action of pressure (for exanple by neans of rollers
or pressure plates) to form a dinensionally-stable
graphite panel 1. In order to increase the stability of
the panels, one of the aforenentioned binders can be
added during the production process. The graphite
panels 1 thus produced with pipes 9 enbedded therein
typically have thicknesses between 8 and 50 nm The



The non-woven fabric 3 and the graphite film 15 disposed thereon preferably comprises a non-detachable
composite which can be produced for example by calendering. Such a composite can patrticularly
expediently be produced from a carbon fibre non-woven and a graphite film 15 of expanded graphite.
When calendering a thin film of expanded graphite with-a carbon fibre non-woven, the carbon particles of
the non-woven surface and the surface of the graphite film become entangled with one another so that a
firm and non-detadieablet gomypositdés fgmapdibetwaeEmthies catbansfibrs nahhwyoviem 3tdred the graphite film
15. Itis particularfysagrrogfiate, i91useoa peHoteaaragBeddmntp. Aerioratian attheoaraphite film
specifically increages It§ flexihilit th ilit t n(%lji f the fj i raphite
comprises a brittlegfnaggéag?t?éelrpe{%}t e iﬁ%%@%ﬁq%a n?g%lr Pefjalﬁr%g%vhﬂg# I[%?}?I%npg thin films of
expanded graphit€& CPANGIARELY b rediuBd%idhififantly by perforation of the graphite film 15. Figure 2
shows a sectional view of a ceiling element 10 such as can be used in the exemplary embodiment of the
temperature contrasdevicesaegardiog ta the igeeitionrshaven indagu e 8i istgandie sean from Figure 2,

the upper principa), syfacee 2fibe araphjteRaneli hrroiessAvesihe HPR@edarR 2Rl the side walls 2b
of the frame 2. When using such a ceiling element 10, the adheTive borrlT%igg of thBe%%r%o(qute panel 1 to the
t

surface 11 of the ggr%rp%}/wen t§(r:§H bt omittedEor 'ﬁgingrthecgéll ihé‘%lement% 2 component 5, the

frame is specificaliy'6&\¢@edldifto e BSmPorfett 5| WHRkbMewhsy thSPafe PYto B&@5urface 11 of the
component 5, the gpaphité panel flrisroormpeesgegestil the tpoindipal sdinfaee 1 ohttieppdnel 1 ends flush

with the upper edge e afdha siderwallse2hahidie flamedl hecempsassionpf hecg@pbife panel 1 is made
possible by the dqfﬂrépﬁmlityr gfdghgt gamlar}grﬁg grra@@itgomgrqr@g itg on tl%ial %m qrbel 1 compressed
! . i

in the perpendicular direction to the surface 11 is expediently in i ermal contact with the surface 11 over

the entire principaP Surft@ 5 Ae fixifig The Celifly eldibht 1CtERREcoMpoRERt 5. W a result of the
good deformability 6 &#s §raffhikOhtht¥hgnofaheqsindld , TRévéfnkessed eIt loffiUBUEHS in the surface
11 of the componemhie5 ¢ampeaiso beat@upgnsated. vely - capipdingntd chrresgondsdalthe exemplary

embodim_ent of Figyrs 1_pﬁ§cr§pﬁ§halg%yp.gg1eﬂg9pgoof@grm ggshe\,tgmyperrgmrgﬁgntrol device of
Figure 3 is the SarRr?o?%g]rth%c?rxteimopnlargfen}%ogln?%rétr?mllzlguerﬁelr'gy stored in the
heating or <cooling nmedium is transferred by heat
conduction from the pipes 9 via the heat conducting
panel 1 to the thermal accunmulator fornmed by the
component 5. By this neans, the thermal accunulator is
heated (or cooled when a cooling nedium is passed
through the pipes). The thermal accunulator can then
rel ease the thus internediately stored thermal energy
in a time-delayed manner to the room where the good
thermal conductivity of the panel 1 ensures that this
is acconplished largely free from | osses. The heating
(or cooling) of the room R acconplished in this manner
takes place on a longer tinme scale (of a few hours).
The tenperature control system according to the
invention is therefore able to bring the room R to be
tenperature controlled to a desired room tenperature
both rapidly and also slowy wusing the therma
accurrul ator. Thus for exanple, at night in sumer the
t hermal accunul ator can be cool ed by passing a cooling
medi um (for exanple cold water) through the pipes 9.
During the day the thermal accunul ator can then be used



- 13 - PATENT CLAIMS 1. A device for the temperature control of a room, wherein the device comprises
at least one component (5) which forms a thermal accumulator and has a surface (11) pointing into the
room, as well as pipes (9) thermally coupled to the component (5) which can be acted upon by means of
a heating or cooling medium, characterised in thatth@ pipes (9) are embedded in a panel (1) which
contains expanded graphite or consists of expanded graphite and the panel (1) is in flat thermal contact
with the surface (IDrofabel corgpbhent poimiiby intathne @om. 2. Tike dielvegeedcc@idass o claim 1,
characterised in that thgiranal (Lheadshaf expanded graphite is fixed to the surface (11) of the
component (5) by means of a thermally conducting adhesive layer (4). 3.
Thedeviceaccordinﬁtoclaim10r2, characterised in that the pipes (9) run in a serpentine manner, in a grid

shape, in a spiral SRafe ©7'if SSRRARGRANGESIE  ih Ihiddr (Bfir i ng the day the

tenperature control system according to the invention
can firstly be heated for instantaneous heating of the
room by passing a heating nedium through the pipes. At
the same tine the thermal accurmulator is |oaded wth
heat. At night the flow of the heating nedium can be
stopped since the tine-del ayed rel ease of heat fromthe
| oaded thermal accunulator is sufficient to keep the
roomat a (lower) roomtenperature at night.

Figures 2 and 3 show anot her exenplary enbodi ment of a
tenperature control system according to the invention.
The sanme or corresponding parts in Figures 2 and 3 are
provided with the sane reference nunbers as in Figure
1.

In the exenplary enbodinent of a device according to
the invention for the tenperature control of a room R
shown in Figure 3, a ceiling element 10 is fixed to a
conmponent 5 formed as a concrete ceiling. The conponent
5 forms a thermal accunulator with the concrete mass of
the ceiling as accunul ator nmass. The ceiling el enent 10
has a frane 2 which is fixed to the surface 11 of the
conmponent 5 pointing into the roomR, in particular is
screwed thereon. The frame 2 is configured as a
cassette which is open on one side (i.e. its upper
side). The franme 2 is preferably made of a thermally
conductive material such as, for exanple a netal sheet.
The frane 2 has a base plate 2a and four side walls 2b
di sposed thereon or fornmed integrally with the base
plate 2a. At least the base plate 2a (and optionally
also the side walls 2b) is formed from a perforated
sheet (i.e. a netal sheet with a perforation). A
graphite panel 1 is inserted in the frame 2. The



4. The device according to any one of the preceding claims, characterised in that the panel (1) is in
heat-conducting contact with the surface (11) of the component (5) over its entire principal surface (12)
facing the surface (11). 5. The device according to any one of the preceding claims, characterised in that
the density of the panel (1) lies between 0.04 and-0.1@ g/cm3. - 14 - 6. The device according to any one
of the preceding claims, characterised in that the panel (1) has a thermal conductivity of more than 2
W/mK. 7. The devicarposotding t@any lomegrfahbigrecedingl cldintyg rahesactedset on the the panel (1) is
made of a mixturepafh@xpandgfl graghitsangiabinderybdiartieelar Adesipi @ud elastic.A3. The device
according to clair'r] Zg/‘f}?ﬁ@cg{gﬁﬁll iQr'{)aEW&oﬁ?ﬁ@%Q omfbeegingegiseS 19 ?Q V&'ﬁ%"eﬁ'&% a)referably lies

between 8 to 12 wt.%. ) _ _
In the graphite panel 1 and run there in a serpentine,

grid, spiral or neander shape. The graphite panel 1 is
preferably adhesively bonded flat on the surface 11 of
the conponent 5 by neans of a thermally conductive
adhesive 4. The principal surface 12 of the graphite
plate 1 is therefore expediently in thermal contact
with the surface 11 of the conponent 5 over its entire
surface. The adhesive layer 4 can however also be
onmtted (see bel ow).

A non-woven fabric 3 and a graphite film 15 are
preferably disposed between the base plate 2a of the
frame 2 and the graphite panel 1. The non-woven fabric
3 can for exanple conprise a glass fibre or a carbon
fibre non-woven. In conbination with the perforation of
the base plate 2, the non-woven fabric 3 ensures good
sound absorption of the <ceiling elenent 10. The
graphite film 15 conprises a thin film of expanded
graphite. The thickness of the graphite film 15 is
preferably between 0.05 nm and 3 mm in particular
between 0.2 and 3 nm

The non-woven fabric 3 and the graphite film 15
di sposed thereon preferably conprises a non-detachable
conposite which can be produced for exanple by
cal enderi ng. Such a conposite can particularly
expediently be produced from a carbon fibre non-woven
and a graphite film 15 of expanded graphite. Wen
calendering a thin film of expanded graphite with a
carbon fibre non-woven, the carbon particles of the
non-woven surface and the surface of the graphite film
becone entangled with one another so that a firm and
non- det achabl e conposite is formed between the carbon
fibre non-woven 3 and the graphite film 15. It is



9. The device according to any one of claims 1 to 6, characterised in that the panel (1) is made of a
mixture of expanded graphite and a latent heat storage material (PCM), in particular based on salt, wax or
paraffin. 10. The device according to any one of the preceding claims, characterised in that the
component (5) comprises a concrete ceiling or conctdte-wall. 11. The device according to any one of the
preceding claims, characterised in that a plurality of panels (1) with pipes (9) embedded therein are fixed
adjacent to one amather oul thel suriager(dd) ichtlee tompseerd (PelloTheedeviceapbcoreling to claim 11,
characterised in that|the pipepEDrfemtadiacent panely (hpdne iatarcornegesl; toifermn g pipe circuit and
that the pipe circu]trﬁrﬁgg§gesd to,a cquegylirbg ple%/ge Jﬂ??qﬁép%&/hqa%\p] o %chgwgtrngdium through the

pipes (9). - 15-13. evice according to any one of the preceding claims, characterised in that a

stiffening layer (6) 18" 4PHIRY to%he ddtface (13]'0f the Hefhel 4 PRINIAG aney/ REISER cémponent (5).

brittle material, there is the risk of the filmtearing
or breaking when handling thin filns of expanded
graphite. This risk can be reduced significantly by
perforation of the graphite film 15.

Figure 2 shows a sectional view of a ceiling elenment 10
such as can be used in the exenplary enbodi nent of the
tenperature control device according to the invention
shown in Figure 3. As can be seen from Figure 2, the
upper principal surface 12 of the graphite panel 1
projects over the upper edge 2c of the side walls 2b of
the franme 2. When using such a ceiling elenent 10, the
adhesi ve bonding of the graphite panel 1 to the surface
11 of the conmponent 5 can be omitted. For fixing the
ceiling element 10 to the conponent 5, the frame is
specifically screwed onto the conponent 5. \Wen
screwing the frane 2 to the surface 11 of the conponent
5, the graphite panel 1 is conpressed until the
princi pal surface 12 of the panel 1 ends flush with the
upper edge 2c of the side walls 2b of the frame. The
conpression of the graphite panel 1 is nmade possible by
the deformability of the expanded graphite. The
graphite material of the panel 1 conpressed in the
per pendi cul ar direction to the surface 11 is
expediently in thermal contact with the surface 11 over
the entire principal surface 12 after fixing the
ceiling elenent 10 to the conponent 5. As a result of
the good deformability of the graphite material of the
panel 1, unevennesses and protrusions in the surface 11
of the conponent 5 can al so be conpensat ed.

The arrangenent of the ceiling element 10 or plurality
of adjacent ceiling elenents on the surface 11 of the



14. The device according to any one of the preceding claims, characterised in that a stiffening layer (6) is
applied to both surfaces (12, 13) of the plate (1). 15. The device according to any one of the preceding
claims, characterised in that the plate (1) is disposed in a frame (2) fixed to the component (1). 16. The
device according to claim 15, characterised in that th& frame (2) is made of a thermally conductive
material, in particular of a metal sheet. 17. Thedeviceaccording toclaim 150r16, characterised in that the
panel (1) is glued ootipofrante &)cd8r €hp awlsca acddrdingxengrhyaope afietalmedd t@fl7, characterised

in that the frame igcgnfiguredRs erGassgtiaday whiahis GRRR abPNe &t i on of the
tenperature control device of Figure 3 is the sane as
in the exenpl ary enbodi nent of Figure 1.



19. The device according to any one of claims 15 to 18, characterised in that the panel (1) disposed in the
cassette projects over the frame edge (2c) thereof on the open side of the cassette. 20. The device
according to any one of claims 15 to 19, characterised in that the frame (2) is configured as a cassette
with a perforated base plate (2a). - 16 - 21. The devi8e -according to claim 20, characterised in that a
non-woven fabric (3) and a perforated graphite film (15) are disposed between the base plate (2a) of the
frame (2) and the panel (1).

PATENT CLAI M5

1. A device for the tenperature control of a room
wherein the device conprises at | east one
component (5) which fornms a thermal accumul ator
and has a surface (11) pointing into the room as
well as pipes (9) thermally coupled to the
component (5) which can be acted upon by neans of
a heating or cooling nedium characterised in that
the pipes (9) are enbedded in a panel (1) which
cont ai ns expanded graphite or consists of expanded
graphite and the panel (1) is in flat thernmal
contact with the surface (11) of the conponent
pointing into the room

2. The device according to claim 1, characterised in
that the panel (1) made of expanded graphite is
fixed to the surface (11) of the conponent (5) by
means of a thermally conducting adhesive |ayer

(4).

3. The devi ce accordi ng to claim 1 or 2,
characterised in that the pipes (9 run in a
serpentine manner, in a grid shape, in a spira

shape or in a nmeandering pattern in the panel (1).

4. The device according to any one of the preceding
clainms, characterised in that the panel (1) is in
heat - conducting contact with the surface (11) of
the conponent (5) over its entire principa
surface (12) facing the surface (11).

5. The device according to any one of the preceding
clainms, characterised in that the density of the
panel (1) lies between 0.04 and 0.10 g/cn?.



22. The device according to any one of claims 20 or 21, characterised in that the graphite film (15)
comprises a film made of expanded graphite with a perforation. 23. The device according to any one of
claims 20 to 22, characterised in that the perforated graphite film (15) is firmly connected to the
non-woven fabric (3). 24. The device according to afhy one of claims 20 to 23, characterised in that the
non-woven fabric (3) comprises a glass fibre non-woven or a carbon fibre non-woven. 25. The device
according to any d@ne of €leémd&@d toe according to any one of the preceding

clainms, characterised in that the panel (1) has a
thermal conductivity of nore than 2 WnK

7. The device according to any one of the preceding
clainms, characterised in that the panel (1) is
made of a mxture of expanded graphite and a
bi nder, in particular a resin or a plastic.

8. The device according to claim 7, characterised in
that the fraction of the binder is 5 to 50 w.%
and preferably lies between 8 to 12 wt. %

9. The device according to any one of clainms 1 to 6,
characterised in that the panel (1) is nmade of a
m xture of expanded graphite and a |atent heat
storage material (PCM, in particular based on
salt, wax or paraffin.

10. The device according to any one of the preceding
clainms, characterised in that the conponent (5)
conprises a concrete ceiling or concrete wall.

11. The device according to any one of the preceding
clainms, characterised in that a plurality of
panels (1) with pipes (9) enbedded therein are
fixed adjacent to one another on the surface (11)
of the conponent (5).

12. The device according to claim1ll, characterised in
that the pipes (9) from adjacent panels (1) are
i nterconnected to forma pipe circuit and that the
pipe circuit is coupled to a conveying device for
passing a heating or cooling medium through the

pi pes (9).



24, characterised in that the non-woven fabric (3) comprises a carbon fibre non-woven which is
connected to the perforated graphite film (15) by calendering. 26. The device according to any one of the
preceding claims, characterised in that the panel (1) with the pipes (9) embedded therein is
self-supporting. 27. Method for temperature control @ba-room bounded at least on one side by a
component (5), wherein the component (5) has a surface (11) pointing into the room and the mass of the
component (5) fortrds a thbemaeasaandatwnwinicd i$ theamallpceupled to pipese@ dhraugh which a

heating or cooling mediumds passethahmiaetarised in that fae pwesti 17 edPhgre apdedded in a
thermally conducting pa 3 (1} go%tﬁ' iri]%&xp?nq grgqp'ﬁg(% C?Tg ti%g oftt%o fg{lr%glgraphite and the
| l)oft

panel (1) is in flat thermal contact the surface e component (5) pointing into the room, so
that at least a part of thel therfrff e rgV&YorbHIM thEh <RIBS W oIy medium is transferred by heat

conduction from the pipes (9) via the thermally conducting panel (1) to the thermal accumulator for
intermediate storage. andfinttereds detivergichig the reay in@etinoe-detayeprreasdeng

clainms, characterised in that a stiffening |ayer
(6) is applied to both surfaces (12, 13) of the
plate (1).

15. The device according to any one of the preceding
clainms, characterised in that the plate (1) is
di sposed in a frane (2) fixed to the conponent

(1).

16. The device according to claim 15, characterised in
that the frane (2) is mde of a thermally
conductive material, in particular of a netal
sheet .

17. The device according to <claim 15 or 16,
characterised in that the panel (1) is glued in
the frame (2).

18. The device according to any one of clains 15 to
17, characterised in that the frame is configured
as a cassette (2) which is open at one side.

19. The device according to any one of clains 15 to
18, characterised in that the panel (1) disposed
in the cassette projects over the franme edge (2c)
t hereof on the open side of the cassette.

20. The device according to any one of clains 15 to
19, characterised in that the frame (2) is
configured as a cassette with a perforated base
plate (2a).



21.

22.

23.

24.

25.

26.

27.

- 16 -

The device according to claim 20, characterised in
that a non-woven fabric (3) and a perforated
graphite film (15) are disposed between the base
plate (2a) of the frame (2) and the panel (1).

The device according to any one of clains 20 or
21, characterised in that the graphite film (15)
conprises a film nade of expanded graphite with a
perforation.

The device according to any one of clains 20 to
22, characterised in that the perforated graphite
film (15) is firmy connected to the non-woven
fabric (3).

The device according to any one of clains 20 to
23, characterised in that the non-woven fabric (3)
conprises a glass fibre non-woven or a carbon
fi bre non-woven.

The device according to any one of clainms 20 to
24, characterised in that the non-woven fabric (3)
conprises a carbon fibre non-woven which is
connected to the perforated graphite film (15) by
cal enderi ng.

The device according to any one of the preceding
clainms, characterised in that the panel (1) wth
the pipes (9) enbedded therein is self-supporting.

Met hod for tenperature control of a room bounded
at least on one side by a conponent (5), wherein
t he conponent (5) has a surface (11) pointing into
the room and the mass of the conponent (5) fornms a
thermal accunulator which is thermally coupled to
pipes (9) through which a heating or cooling
mediumis passed, characterised in that the pipes
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(9) are enbedded in a thermally conducting panel
(1) containing expanded graphite or consisting of
expanded graphite and the panel (1) is in flat
thermal contact with the surface (11) of the
conmponent (5) pointing into the room so that at
| east a part of the thermal energy stored in the
heating or cooling nmedium is transferred by heat
conduction from the pipes (9) via the thermally
conducting panel (1) to the thernmal accunul ator
for internediate storage and from there s
delivered to the roomin a tinme-del ayed manner.



