DESCRIPTION Heat Transfer Pipe The present invention relates to a heat transfer pipe comprising a
pipe element and a number of ribs arranged around the outer circumference of the pipe element and
extending outwards. Furthermore, the invention relates to a heat accumulator comprising at least one
such heat transfer pipe. Various heat accumulators are currently known which differ from one another
with regard to their construction and their megeSgRIFETAOMN. Sensitive heat accumulators use the
tangible heat or the heat capacity of a material. They change the temperature level of the storage
material when loading and unloading. Latent heat accumulators use, for example, the enthalpy of
reversible thprgaedyamsieskijsechanges of a storage medium, in particular the phase transition from
solid to liquid and vice versa. When loading the heat accumulator a phase change material provided in
the latter is melted. During the melting process the phase change material absorbs a large amount of

heat energy Thihgrissemoinientitsion ess. toweredhedeurispIieyconipadigeegsgbe phase change

material gives off this amount of heat again when solidifying. A similar princi%e is followed by so-called

thermochemRialMfE4 2R GrAUARFS A @é@ﬂ%grﬁ%ﬂ(}g RERILTEGUIBIRIERGR 4BRs, such as

for example gipgognsivrR anahdesiniian @ masses PFethupnd ) endsalitibn Mgl asing a heat
accumulator heat must b%ransferred to the storage mediHEH. For this plﬁ(n?se so-called heat transfer

pipes can be LA ERH LS FURRIS ER T L8Rsh O SHR AIRAURARSHR P& dium flowing through to

the storage medium. Heat transfer pipes comprise a pipe element for guiding the medium through. In

order to incr?ase the heat transfer@fﬁrface outwarcﬂg extendin%_riﬁfqg e ?ormallr{ arranged around the
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During the melting process the phase change material absorbs a large

amount of heat energy in the form of the fusion heat. Due to the reversibility

of this process the phase change material gives off this amount of heat again

when solidifying. A similar principle is followed by so-called thermochemical

heat accumulators which use the enthalpy of reversible chemical reactions,

such as for example absorption and desorption processes based upon

chemisorption.

When loading a heat accumulator heat must be transferred to the storage
medium. For this purpose so-called heat transfer pipes can be used by
means of which heat is transferred indirectly from a medium flowing through
to the storage medium. Heat transfer pipes comprise a pipe element for
guiding the medium through. In order to increase the heat transfer surface
outwardly extending ribs are normally arranged around the outer
circumference of the pipe element. The ribs can be formed integrally with the
pipe element, they can be in metallic contact with the pipe element, or they
are connected metallically to the pipe element by a solder or weld connection.



As an alternative to the integral configuration, the ribs can be fastened onto the outer circumference of
the pipe element in the form of separate components. For example it is known to provide annular
elements in the form of metal sheets defining ribs that are arranged around the outer circumference of
the pipe element, whereupon the pipe can be widened from the inside in order to secure the annular
element on the pipe element. However, a poor thermotechnical connection of the pipe element and
ribs is achieved here. The maximum temperature for use is also restricted. Moreover, the wall

thickness of YEHIPE SR8 SR RE RIS MIRTYRed RREAIING AeL W eUHREGIERSegree.
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sheet or the like can be soldered or welded to the outer circumference of the pipe element. The
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use, the possible configurations as regards the rib g?gometrgi)the maximum wall thickness of the pipe
t 5
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configuration possibilities for the rib geometry are restricted by the production
process. Therefore in particular the rib diameter that can be produced by a

rolling process is too small.

As an alternative to the integral configuration, the ribs can be fastened onto
the outer circumference of the pipe element in the form of separate
components. For example it is known to provide annular elements in the form
of metal sheets defining ribs that are arranged around the outer circumference
of the pipe element, whereupon the pipe can be widened from the inside in
order to secure the annular element on the pipe element. However, a poor
thermotechnical connection of the pipe element and ribs is achieved here.
The maximum temperature for use is also restricted. Moreover, the wall
thickness of the pipe element is limited in that it must be allowed to widen to
the desired degree.

Furthermore, annular elements of the type described above or also ribs in the
form of strips of metal sheet or the like can be soldered or welded to the outer
circumference of the pipe element. The compatibility of the solder must be
guaranteed here however.

Depending on the production method the currently available heat transfer
pipes differ therefore as regards the maximum temperature for use, the
possible configurations as regards the rib geometry, the maximum wall
thickness of the pipe element, the quality of the thermotechnical connection



In order to achieve this object the present invention provides a heat transfer pipe of the type specified
at the start, wherein the annular segments are formgd encompassing the ribs on the pipe element and

fastened to one another with a spring-elastic clamping device, in particular in the form of at least one
spring-elastic clamp element, in particular on two annular segments respectively forming a half shell.

The pfOViSiOBéﬂN@éW"Bh'é%i[éfaaé]@Héhﬁ@ﬁﬂ“ﬂf&%i@@?ﬂﬁ@ﬂﬁﬁﬂggt%iﬁtiii@ﬁtﬁlﬁ??ﬁ@fér@d@ fegtrned to one
another with a spring-elastic clamping device makes it possible to use materials with different

expansion cORficRARaDH and Hiseribenaist hiscorattpltyid hisrpldsagidunel@mperatures of use.

Due to their gpyieggasticity the clamping device always guarantees good thermal contact between the
pipe element and the annular segments, and accordingly a good thermotechnical connection between
the pipe element and the ribs because it reacts flexibly to thermal material expansions. With the design

of the clampmg eleyifingTihia timicridaasionr spjE-61AREQEEIBRt ARSI ©1Eep[uEN the

longitudinal direction of the heat transfer pipe the thermal contact between the piPe element and the

annular segAdRRLE ARSIEL PR OhEra Y BFesRAC TISSHE! BiastathniRel fiRerRE TR hore, the
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another adjotringdbasdamp sections and acting as a push-on aid, for example while pushing onto a
clamping bar formed on the annular segments. Accordingly each clamp element has a substantially
omega-shaped cross-section. The annular segments are preferably in the form of extrusion moulded

profiles, the ribgreterdinhisvidenisngijedinakdiesiion piibestipineeiiest Tbataxamsion moulding
constitutes on the f&le f}g{md an infxpensg/&e gt{oiuc ion method. On the other hand the cross-section of
the ribs is cdHBaRt N rl’(‘?n@%%l H%ﬁ &8 0k WOHER w"ﬂﬁfes,‘ecﬂm%%ﬁr@sed within a heat

accumulatorftris el ergedrapasiingetexpisssionios hipsiiergernatefitddtetied engitedinal direction of
the heat transfer, pi e..ﬁccordin ly, thermgmechanical stresses caused b th(? volunﬂe expansion of
the storage FRRLHEN WA BEsBHREREIRRS L MRS SRS TRe LoHR AR QP AE &t with tatent
heat accumuéaist ohecpiiseytbaptiastanhaeiEnteate iiafsauseasd an dnetiadtannotergegriargs volume
expansion in the phase change from soli liquid or vice versa. Preferably the geometry of the pipe
elepment andrﬁﬁ%:l%ejyaﬁﬁﬂﬁi}gsgé}ﬂ%orﬁ@eﬁeﬁﬁgtgﬁ%ﬂﬂ? B awmeéﬁ%‘ﬁﬁ{e ann)l/JIar seg?n%nts
rest with substgntiatijstbrtanpes sujabe piFansietne e ¢ levienie dntthis e ay oibed Witatdransfer from

the ipe eleMent o 1o AAUar SeqRerks. i alen'SsS: HS1Ee Mstense Uik BinuiGge e e

expansion coefficients for the pipe element and to use the ribs at high
maximum temperatures of use. Due to their spring elasticity the clamping
device always guarantees good thermal contact between the pipe element
and the annular segments, and accordingly a good thermotechnical
connection between the pipe element and the ribs because it reacts flexibly to
thermal material expansions. With the design of the clamping device in the
form of at least one spring-elastic clamp element extending in the longitudinal
direction of the heat transfer pipe the thermal contact between the pipe
element and the annular segments is moreover constant over the length of
the annular segments. Furthermore, the configuration of the ribs, in particular
the rib diameter, can be chosen substantially arbitrarily.

The maximum wall thickness of the pipe element is in no way restricted either.
According to one configuration of the present invention the clamp element(s)



- 5 - According to one configuration of the present invention the annular segments have clamping bars
which are encompassed by the clamp elements. The clamping bars are form-matched to the clamp
elements here so that the clamp elements are easy'to fit and a secure hold of the annular segments
against the pipe element with good contacting is guaranteed. The annular segments are preferably

produced frqgya8 ahwmén4romlipridigiiesLnAtieyesimim thisimdnyRatisutielioansidmes g aluminium
groups 1xxx, 3xxx and 6xxx. These materials have shown to be particularly advantageous. The pipe

element can$EBKRBRIEATHPE URXRH FIREXRSA:IR. AL HHRNERREHN R BIIRFARIgHroduced from steel

or stainless gigghdcHERYMINED B QIEPREAT HNE MO R AR grivatstiecalialaior comprising at least
one heat transfer pipe of the type specified above, in particular a latent heat accumulator or a sensitive

accumulator®t34ai chemical heat accumulator. In the case of a latent heat accumulator, the
storage material surrounding the heat transfer pipe is a phase change material, particularly salts or salt
mixtures, in particular alkali metal nitrates, such as for example NaNO3 or KNo3-NaNO3, nitrites,

p
sulphates, cAFEHSIBY, OHEIRER HGRFRURTLE! HIBRIESE MHIIE AN RRRAALIRIBRAIE BB binations of
the latter, in aKdicvlar i ydrapaSalisaiite 5eitiog empRaBlseng sbaiehs20Ger salt hydrates with
a maximum ghase transformation up to %OOC. L ,
xtended over one another from opposite sides of the base section, end

sections preferably splayed apart from one another adjoining the clamp

sections and acting as a push-on aid, for example while pushing onto a

clamping bar formed on the annular segments. Accordingly each clamp

element has a substantially omega-shaped cross-section.

The annular segments are preferably in the form of extrusion moulded
profiles, the ribs extending in the longitudinal direction of the pipe element.
The extrusion moulding constitutes on the one hand an inexpensive
production method. On the other hand the cross-section of the ribs is
constant in the longitudinal direction of the heat transfer pipe, and when used
within a heat accumulator this allows free volume expansion of the storage
material in the longitudinal direction of the heat transfer pipe. Accordingly,
thermomechanical stresses caused by the volume expansion of the storage
material can be eliminated or at least reduced. This is particularly significant
with latent heat accumulators because the phase change materials used in
the latter undergo a large volume expansion in the phase change from solid to

liquid or vice versa.

Preferably the geometry of the pipe element and that of the annular segments
are matched to one another such that the annular segments rest with
substantially their entire surface against the pipe element. In this way good
heat transfer from the pipe element to the annular segments is guaranteed.

In order to increase the rib surface area the latter advantageously have
branches.



Preferably, the at least one heat transfer pipe is disposed substantially vertically within the heat
accumulator so as in this way to enable free volume expansion of the phase change material in the
vertical direction within the heat accumulator during the phase change from solid to liquid or vice
versa. - 6 - Further features and advantages of the present invention are described below using one

embodimentdcdRfah Ya w6 cBRRyReaREM I Rdhrdaaniinrnibhreieranaa ity figyaitarged drawings.

These show as follows: Fig. 1la perspective view that shows a heat transfer pipe according to one

embodiment GRE'BBREI RRIEMBIChFRIS BDSRIBRASRES Y MR SaMR SERMSshdAR: in Figure 1
which showsthgfeg bisle aféedaitarariidd to the clamp elements here so that the

clamp elements are easy to fit and a secure hold of the annular segments

against the pipe element with good contacting is guaranteed.

The annular segments are preferably produced from an aluminium alloy or
from unalloyed aluminium, in particular from alloys of aluminium groups 1xxx,

3xxx and 6xxx. These materials have shown to be particularly advantageous.
The pipe element can be a welded or a drawn pipe element.
The pipe element is preferably produced from steel or stainless steel.

Furthermore, the present invention provides a heat accumulator comprising at
least one heat transfer pipe of the type specified above, in particular a latent
heat accumulator or a sensitive accumulator or a thermochemical heat

accumulator.

In the case of a latent heat accumulator, the storage material surrounding the
heat transfer pipe is a phase change material, particularly salts or salt
mixtures, in particular alkali metal nitrates, such as for example NaNOS3 or
KNo3-NaNOQs, nitrites, sulphates, carbonates, chlorides, hydroxides, bromides,
thiocyanates and fluorides or combinations of the latter, in particular
anhydrous salts with a melting temperature of above 120°C or salt hydrates

with a maximum phase transformation up to 200°C.

Preferably, the at least one heat transfer pipe is disposed substantially
vertically within the heat accumulator so as in this way to enable free volume
expansion of the phase change material in the vertical direction within the
heat accumulator during the phase change from solid to liquid or vice versa.



Fig. 3a diagram that shows the temperature developments over a plurality of melting/solidifying cycles.
Figures 1 and 2 show a heat transfer pipe 10 according to one embodiment of the present invention.
The heat transfer pipe 10 comprises a pipe element 12, two annular segments 16 and 18 forming ribs
14, 15 and which respectively form a half shell disposed around the outer circumference of the pipe

element 12 angpdr aadidieg Biedlaidenmaddyeciraprelinemvetigntareiesdhssrnpelasegments
16 and 18 are fastened to one another and held on the pipe element 12. The pipe element 12 is a

steel pipe wit$ALIPARSMREAMENF A A A FRNPIRTPRE Recreing iR Bs oM i hifs 16 and 18

are respectivghgfigribe fonmechgxsmsirarawinged Prekile showaPfcidwsiminium alloy so that they have
a constant cross-section in the longitudinal direction L. The geometry of the pipe element 12 and that

of the annular segments 16 and 18 are matched to one another so that the annular segments 16 and

18 respectivpigliq with substansiplyttheivientitrRuRAeVEtheaN aanLiar pRsEMRioyamigo22 and 23
having a circular segment-shaped crgss-section agzainst the lateral surface of the pipe element 12. On

the free ends of the annulQPESIRRARITRALASIRS PI8SeebEMRRIO N adially outwardly projecting

clamping bars 24, 25 are formed which are encompassed by the clamp elements 20. In order to

guarantee a secure seat of the clamp eJements 20 the clamping bars 24, 25 are respectively provided
on their free 'gll%gwith sn@pﬁ'i?s"%’,e ?) .tkl‘ﬂﬁﬁﬁtstﬂatﬂst% E‘f?eo Ry 5%&%@9%% 16 and 18 have

a plurality of branches by girans lewhish it sifacearen ghthe ribs 14, 15 is increased. The clamp
elements 20 are flexible parts produced from spring steel comprising a base section 28 and two clamp

sections 30 and 32 to be extended over one another from opposite sides of the base section 28,

against whicRigng@ sectiong dthgreh3thapkhedapas téopcear anadianasichearge as a push-on

aid rest. plurality of melting/solidifying cycles.

Figures 1 and 2 show a heat transfer pipe 10 according to one embodiment of
the present invention. The heat transfer pipe 10 comprises a pipe element
12, two annular segments 16 and 18 forming ribs 14, 15 and which
respectively form a half shell disposed around the outer circumference of the
pipe element 12 and surrounding the latter, and two clamp elements 20 with
which the annular segments 16 and 18 are fastened to one another and held

on the pipe element 12.

The pipe element 12 is a steel pipe with a circular lateral surface as viewed in
cross-section. The annular segments 16 and 18 are respectively in the form
of extrusion moulded profiles made of an aluminium alloy so that they have a
constant cross-section in the longitudinal direction L. The geometry of the
pipe element 12 and that of the annular segments 16 and 18 are matched to
one another so that the annular segments 16 and 18 respectively lie with
substantially their entire surface with an annular segment section 22 and 23
having a circular segment-shaped cross-section against the lateral surface of
the pipe element 12. On the free ends of the annular segment sections 22, 23
respectively radially outwardly projecting clamping bars 24, 25 are formed
which are encompassed by the clamp elements 20. In order to guarantee a
secure seat of the clamp elements 20 the clamping bars 24, 25 are
respectively provided on their free ends with snap tabs 26, 27. The ribs 14,



In order to fit the heat transfer pipe 10 shown in Figures 1 and 2 the annular segments 16 and 18 are
laid with their annular segment sections 22, 23 around the lateral surface of the pipe element 12. The
four clamp elements 20 are then pushed onto the clamping bars 24, 25 formed on the annular
segments 16 and 18 so that the annular segments 16 and 18 are fastened to one another and held by

pressure againgfthrRina alaBeghichtt 18iafRiS thevena piar SRYBEDEEAHIEs B Amda s the annular

segments 16 and 18 lie with substantially their entire surface against the lateral surface of the pipe
element 12. ¥h¥RiGRAGERYEAS e ehIRRARR Hige 18 1856RaS FFigures 1 and 2 is advantageous

in that by providing a number of annular segments 16 and 18 surrounding the pipe element 12 and
fastened to gne another with clamp elements 20, the use of materials with different expansion

coefficients fOPEHEHTR IRMRIMNE PG IR RiR RAMS PrAHERM B RPHTER RS htures of use is made

possible, suglo@pisihg RieseanteasersEeHiN t RiRerpleBen A2 3mdan 3pudmiséim alloy for the ribs
14, 15. Moreover, the clamp elements 20 always guarantee afr%)]od thermal contact between the pipe

element 12 SXEPRESHARACEGANNEET HARLPROSHE SIAGS LG Q3RSOEIAE M6t chnical connection

between theZjamsiammst d3dBEdtendB41ldnd 3bepmirsutapy edroraanidlexibiiide dhermal material
expansions. Fu,rtEermore, the c&%igurati(gn of the ribs 14, 15 can substantially be chosen arbitrarily,

and this app¥UGR BENR ASARHE SR Ai&ESeter of the ribs 14, 15. The maximum wall thickness of
the pipe element 12 is in no way restricted either. - 8 - Figure 3 shows the results of a series of tests

which was carried out with a heat transfer pipe 10 of the type shown in Figures 1 and 2. For this
urpose the e Qs 1 461 A0S ERER ho S BAE BN R At T BHec). 1070 g
sodium nitrag gt eenedtingde B ek \oit B 868 was wsedegnacpiiasetibiange material. The heat
was introduced and removed via the heat transfer pipe 10 ans of air cooling and electrical
neating. TheAPLT EUR B LG SRS A TE B dt £ 0P dai S i SRS 5 Setween the
pipe elemenp@2anththe pushdarsagrientiakiping B8rwag desdonined ovend Emmuediing/solidifying
cycles. One cycle was sub-divided here into four consecutive ses ollows: %i’)séothermal heating
2500 Tor SHTTETE) T AR SRR A AN AL SRR e B85S P A dhenmal
heating at 33e torciHmuiadansld by pressure against the pipe element 12. In this state

the annular segment sections 22, 23 of the annular segments 16 and 18 lie

with substantially their entire surface against the lateral surface of the pipe

element 12.

The configuration of the heat transfer pipe 10 shown in Figures 1 and 2 is
advantageous in that by providing a number of annular segments 16 and 18
surrounding the pipe element 12 and fastened to one another with clamp
elements 20, the use of materials with different expansion coefficients for the
pipe element 12 and the ribs 14, 15 at high maximum temperatures of use is
made possible, such as in the present case steel for the pipe element 12 and
an aluminium alloy for the ribs 14, 15. Moreover, the clamp elements 20
always guarantee a good thermal contact between the pipe element 12 and
the annular segments 16 and 18, and accordingly a good thermotechnical
connection between the pipe element 12 and the ribs 14, 15 because they
can react flexibly to thermal material expansions. Furthermore, the
configuration of the ribs 14, 15 can substantially be chosen arbitrarily, and this
applies in particular to the outer diameter of the ribs 14, 15. The maximum

wall thickness of the pipe element 12 is in no way restricted either.



4) implementation of a temperature jump from 330C to 280C. The temperature progressions T1, T10,
T35, -150 and T115 (the index corresponds to the ¢ycle number) in Figure 3 show that the time until
there is total introduction of the heat with a jump from 280C to 330C at the time "5 minutes" (phases 2
and 3) is kept almost constant over the number of cycles. After approx. 35 minutes there is a state of

equilibrium vrily a8 HEABWEIRESIMENGS alateidRedlausty WariroR dicctaiesal surinan af the pipe

element 12 is almost 0. Therefore the results show that the contact resistance between the pipe

element 12 A52tHERERIRNRIRS {hehita HBRFHAWE (RAciuRy JrRRd ryebBVbisIRE RSB g/solidifying
cycles. -9 -thbABABtransidesibbarsifa Pipe dHeHaAMMIRNEha iRe slemedldfet) @b a number of ribs

arranged around the outer_circumference of the pipe element (12) and extending outwards (14, 15),
characterised§R{IEY arhfrd Qeﬁ?ﬁ%"(ﬁ@tﬁw'&@W&ﬁ%ﬁ%@gﬁ’lﬁfﬁ@@?&‘(‘@ﬁ 15) on the pipe

element (12),g8d t2stepRede engrrRoaenwih araerinsaelrataivbniig ¢pdaenivhadtigalar on two
annular segments r%16, 18) respectively forming a half shell. 2. The heat transfer pipe élO) according to

Claim 1, chaPREUARTIRLRIRS A QRYimEALTiAl A% SAPIERBAS EStHtR R anBRlement (20).

3. The heat tjaasfgopipr: (6N rsswsdipeoiuasy Withehy esednthelaigiapaslarastagasl in that the clamp
elements (2@ are produced from sprinq steel
etween the pipe element 12 and the annular segments 16 and 18 was
determined over 115 melting/solidifying cycles. One cycle was sub-divided

here into four consecutive phases as follows:

1) isothermal heating at 280°C for 3 hours;

2) implementation of a temperature jump from 280°C to 330°C;
3) isothermal heating at 330°C for 3 hours; and

4) implementation of a temperature jump from 330°C to 280°C.

The temperature progressions T+, T1o, T30, Tso and T115 (the index
corresponds to the cycle number) in Figure 3 show that the time until there is
total introduction of the heat with a jump from 280°C to 330°C at the time “5
minutes” (phases 2 and 3) is kept almost constant over the number of cycles.
After approx. 35 minutes there is a state of equilibrium with all measurements.
In this state the flow of heat on the lateral surface of the pipe element 12 is
almost 0. Therefore the results show that the contact resistance between the
pipe element 12 and the annular segments 16 and 18 is practically
unchanged over 115 melting/solidifying cycles.



4. The heat transfer pipe (10) according to Claim 2 or 3, characterised in that each clamp element (20)
is a flexible part comprising a base section (28) and two clamp sections (30, 32) to be extended over
one another from opposite sides of the base section (28), end sections (34, 36) preferably splayed
apart from one another adjoining the clamp sections (30, 32) and acting as a push-on aid. 5. The heat
transfer pipe (10) according to any of the precegjp@mggms, characterised in that the annular segments
(16, 18) are in the form of extrusion moulded profiles, the ribs (14, 15) extending in the longitudinal
direction of the pipe element (12). 6. The heat transfer pipe (10) according to any of the preceding

claims, chargcterisedtadhgaifgaaspemoyichiepizmelapan eldnand thaf ahtha A0RMar segments

(16, 18) are matched to one another such that the annular segments (16, 18) rest with substantially

their entire sRFARE GANARARI D dRghRfier Loicumigrencerpbiie i /E3 b e A5 cording to

any of the prgreddn §laimsarda(aater e ¢ HalatsmsBasihithatdririaregeiwas 16 he heat transfer
pipe (10) according to any of Claims 2 to 7, characterised in that the anni;lar segments (16, 18) have

clamping barS{2H SIS MALRGRBARSHIPRLE AR thé el Ripg gt Tie RBSt transfer pipe

(10) accordingstesaty ©f dhe piesedingigtoinpripeiatriised ipingt deeissniyseammeanss (16, 18) are
produced from an alugginium alloy or from unalloged allu?ﬂnium, iana}¥ti%ulﬁr from alloys of aluminium
groups 1xxx,t"§%8{‘QH gsggments (16, 18) respectively forming a halt shell.

2. The heat transfer pipe (10) according to Claim 1, characterised in that
the clamping device has at least one spring-elastic clamp element (20).

3. The heat transfer pipe (10) according to any of the preceding claims,
characterised in that the clamp elements (20) are produced from spring
steel.

4. The heat transfer pipe (10) according to Claim 2 or 3, characterised in
that each clamp element (20) is a flexible part comprising a base section (28)
and two clamp sections (30, 32) to be extended over one another from
opposite sides of the base section (28), end sections (34, 36) preferably
splayed apart from one another adjoining the clamp sections (30, 32) and
acting as a push-on aid.

5. The heat transfer pipe (10) according to any of the preceding claims,
characterised in that the annular segments (16, 18) are in the form of
extrusion moulded profiles, the ribs (14, 15) extending in the longitudinal
direction of the pipe element (12).

6. The heat transfer pipe (10) according to any of the preceding claims,
characterised in that the geometry of the pipe element (12) and that of the
annular segments (16, 18) are matched to one another such that the annular
segments (16, 18) rest with substantially their entire surface against the pipe
element (12).



10. The heat transfer pipe (10) according to any of the preceding claims, characterised in that the pipe
element (12) is a welded or a drawn pipe element.  11. The heat transfer pipe (10) according to any of
the preceding claims, characterised in that the pif)e1 [ement (12) is produced from steel or from
stainless steel. 12. A heat accumulator comprising at least one heat transfer pipe (10) according to
any of the precedingHdai®g: iraRSfEEpiped 1BlCAt LSRGt BNAEIING PRRIRYING AgrHBE)ulator or a
thermochemical heat accumulator. 13. The heat accumulator according to Claim 12, characterised in
that the stor&p@rasterised inthafipanibadit i hrsha Vs Ha8ehs8ase change material, in particular in
the form of salts and salt mixtures, in particular alkali metal nitrates, nitrites, sulphates, carbonates,
chlorides, hydroxides, bromides, thiocyanates and fluorides or combinations of the latter, in particular

anhydrous s8its with RERIHEARNGPREE QBTSSR & 80y N drakrstiPa’maximum phase
transformatighfavieised i thataZeaanuidt sédmidindem, adunaviaisia agsiating sq2ither of

Claims 12 or 13, characterised in that the at least one heat transfezrog)ipe (10) is arranged substantially

vertically withm tHBIRRA'E &NFRTIRGSed by the clamp elements (

9. The heat transfer pipe (10) according to any of the preceding claims,
characterised in that the annular segments (16, 18) are produced from an
aluminium alloy or from unalloyed aluminium, in particular from alloys of

aluminium groups 1xxx, 3xxx and 6xxx.

10. The heat transfer pipe (10) according to any of the preceding claims,
characterised in that the pipe element (12) is a welded or a drawn pipe

element.

11.  The heat transfer pipe (10) according to any of the preceding claims,
characterised in that the pipe element (12) is produced from steel or from

stainless steel.

12. A heat accumulator comprising at least one heat transfer pipe (10)
according to any of the preceding claims, in particular a latent heat
accumulator or a sensitive accumulator or a thermochemical heat

accumulator.

13. The heat accumulator according to Claim 12, characterised in that
the storage material surrounding the heat transfer pipe is a phase change
material, in particular in the form of salts and salt mixtures, in particular alkali
metal nitrates, nitrites, sulphates, carbonates, chlorides, hydroxides,
bromides, thiocyanates and fluorides or combinations of the latter, in
particular anhydrous salts with a melting temperature above 120°C or salt
hydrates with a maximum phase transformation temperature of up to 200°C.
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14. The heat accumulator according to either of Claims 12 or 13,
characterised in that the at least one heat transfer pipe (10) is arranged
substantially vertically within the heat accumulator.
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Key to Fig. 3

Elektrische Leistung vom luftgekihlten Stab [W]

= electrical power of the air-cooled bar [W]

Zeit [min] = time [mins]



