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DESCRIPTION

[0001] The present application relates to an insulated pipe, in particular to a vacuum insulated
pipe for local heat distribution.

[0002] Modern solutions for local heat distribution need to meet the strictest requirements with
regard to safety, reliability, robustness, and efficiency.

[0003] It is known to use pre-insulated pipes for distribution of warm drinking water or for
heating supply networks in different building types, among them hotel complexes, industrial
facilities and single family houses as well as multi storage buildings. Such pipes may be used
to supply heat from the local boiler or a remote heating system.

[0004] Vacuum-insulated pipes are, for example, known from WO 95/00797 A1, WO
17144609, and EP 3354559.

[0005] EP 3354959 A discloses an insulated pipe comprising an encasement pipe and a first
inner pipe arranged inside said encasement pipe, at least one vacuum insulation panel
comprising a porous core material and a multi-layer envelope encasing said porous core
material, wherein said multi-layer envelope comprises at least one layer comprising a metal
material, wherein said at least one vacuum insulation panel is arranged around the
circumference of said first inner pipe, wherein said at least one vacuum insulation panel
comprises an inward-facing side facing towards a longitudinal axis of said first inner pipe, an
outward-facing side facing the opposite direction, and four side faces arranged between said
inward-facing side and said outward-facing side, and said insulated pipe further comprising a
polymer foam filling the space between said vacuum insulation panel and said encasement
pipe, wherein at least at the portion of said multi-layer envelope located at said four side faces
any layer comprising a metal material is at least one metallized polymer layer.

[0006] WO 2017/144609 A1 relates to an insulated pipe comprising one or more inner pipes
comprising a plastic, a flexible vacuum insulation panel surrounding the one or more inner
pipes, and an outer jacket.

[0007] WO 03/068481 A1 relates to a piping element having at least two longitudinal
components, such as flow pipes (4), outside of which there is an insulator (3), outside of which
there is a corrugated outer sheath (2). The piping element is bendable. Fastening means are
arranged to the longitudinal components to prevent the longitudinal movement of the
longitudinal components in relation to each other.

[0008] The object of the present invention is to provide an insulated pipe having a very low
thermal conductivity while being compact and flexible enough such that it can be coiled up.

[0009] This object has been achieved by providing an insulated pipe according to claim 1, a
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method according to claim 8, and an apparatus according to claim 10. Preferred embodiments
are set forth in the subclaims.

[0010] According to the first aspect of the present invention, an insulated pipe is provided
comprising:

= One or more inner pipes comprising a plastic

« a vacuum insulation panel in the form of units forming a web wrapped around the at
least one inner pipes

= one or more insulation layers

« an outer jacket, characterized in that,

an adhesive or adhesive tape is arranged over at least the seam part of one side of vacuum
insulation panels and the the surface of the inner pipe and vacuum insulation panels are joined
together by using the adhesive or adhesive tape.

[0011] The insulated pipe may comprise two or more inner pipes. In this case, each inner pipe
may be surrounded by one web of vacuum insulation panels. Alternatively, only one of the
inner pipes may be surrounded by one web of vacuum insulation panels.

[0012] The one or more inner pipes may be reinforced and thus may comprise a
reinforcement material and a plastic. The reinforcement material can be inorganic or organic.
For example, it is possible to use organic fibers as reinforcement material.

[0013] The one or more inner pipes may be multi-layer pipes, preferably comprising one or
more diffusion barrier layers, such as an aluminum layer. Preferably, the diffusion barrier is
made of a material comprising, preferably consisting of, selected from the group consisting of
ethylene vinyl alcohol (EVOH), aluminium foil, and a combination thereof.

[0014] In a preferred embodiment, the one or more inner pipes consist of a plastic.

[0015] Preferably, the plastic is a polyolefine. The polyolefine used for the inner pipe is not
limited. It is possible to use non-crosslinked polyolefines. Preferably, the non-cross linked
polyolefines are selected from the group consisting of polyethylene, preferably PE-RT
(Polyethylene of Raised Temperature resistance), polypropylene, preferable PPR (about 5%
PE in the molecular chain of PP random uniform polymer (random copolymer), polybutylene
terephthalate (PBT), and mixtures thereof. Alternatively, a cross-linked polyolefine can be
used. An example for a cross-linked polyolefine is cross-linked polyethylene (PEX) which is
preferably made from high density polyethylene (HDPE). PEX contains cross-linked bonds in
the polymer structure, changing the thermoplastic to a thermoset. Cross-linking is
accomplished during or after the extrusion of the tubing. The degree of cross-linking is
preferably between 60 and 90%. A higher degree of cross-linking could result in brittleness and
stress cracking of the material while a lower degree of cross-linking could result in an inner
pipe with poorer physical properties. More preferably, the crosslinking degree is set in
accordance with ASTM Standard F876 or ISO 15875. Cross-linked polyethylene (PEX) is the
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preferred material for the one or more inner pipes due to its material properties, in particular
flexibility and high-temperature resistance.

[0016] Vacuum insulation panels (VIPs) are sheets comprising envelopes, in which insulating
materials or inert fillers are completely encapsulated, and the envelope, which has maximum
impermeability to gases, is very substantially evacuated. Very low gas diffusion values are
needed for the envelope material so that once the vacuum has been applied it is retained for
the maximum time.

[0017] In accordance with the present invention, the VIP-panels are produced as short units.
These units are then joined to each other for producing a long set of panels, also referred to as
"a vacuum insulation panel in the form of units forming a web", which can be wrapped around
the pipe. The jointing of the panel units may be done by securing the panel ends together,
preferably by using a method selected from the group consisting of sewing, gluing, laminating
or taping and a combination thereof. The VIP may comprise prepressed silica. Preferably, the
core of the vacuum insulation panel comprises a powdery material, such as powder of
inorganic oxides. Processes for producing such VIPs having a core comprising powdery
material are known, for example, from WO 2014/183814 A1. The VIP preferably has a
thickness from 5 to 40 mm, more preferably 5 to 35 mm, most preferred 8 to 30 mm. The U-

value of the VIP is preferably below 0.3 W/(m?2K), more preferably below 0.25 W/(m?2K).

[0018] In a preferred embodiment, at least one of the sides of the envelope of the VIP has
grooves for enhancing the flexibility. These groves can, for example, be formed by embossing
the prefilled envelope on a mold in a vacuum oven. These groves preferably do not penetrate
the insulation in order to prevent a thermal bridge effect. The number and arrangement of the
grooves is not limited. Preferably, the grooves are arranged regularly. More preferably, the
grooves are arranged such that they form grooves in the direction of the gratest length of the
VIP. In particular, the space between the grooves is between 0.5 and 5 cm, more preferably
between 1 and 4 cm, in particular between 1 and 3 cm.

[0019] The width of the web of VIP-panels is preferably about the same as the pipe
circumference, so that one web of VIP-panels surrounds the inner pipe. For example, the width
can be 300-1300mm. There can be a gap between the VIP-panels of the web, but preferably
the panels overlap.

[0020] In a preferred embodiment, the insulated pipe further comprises a diffusion barrier
between the one or more inner pipes and the flexible vacuum insulation panel. The diffusion
barrier is preferably resistant to humidity. For example, an aluminum foil can be used for the
diffusion barrier. Alternatively or in addition, a layer of ethylene vinyl alcohol (EVOH), which is a
formal copolymer of ethylene and vinyl alcohol, can be used as the diffusion barrier. The
EVOH-layer prevents oxygen from entering the fluids inside the pipe and thus potentially
causing corrosion on radiators. It is possible to extrude the diffusion barrier on the inner pipe.
Alternatively or in addition, it is possible to wrap the VIP in a diffusion barrier, for example an
aluminum foil. The wrapping of the VIP in the diffusion barrier improves the aging properties of
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the VIP. Preferably, the diffusion barrier is made of a material comprising, preferably consisting
of, selected from the group consisting of ethylene vinyl alcohol (EVOH), aluminium foil, and a
combination thereof.

[0021] As the material for the outer jacket, the same plastic as specified above for the one or
more inner pipes can be used. Preferably, the outer jacket is corrugated. The corrugation
enhances the ring stiffness of the piping element.

[0022] The insulated pipe further comprises one or more, preferably foamed, insulation layers
beneath the outer jacket. The insulation layer may be made of polyethylene (PE), cross-linked
polyethylene (PEX), polypropylene (PP), polyurethane (PUR) or aerogel. Preferably, they are
made of, preferably cross-linked, polyethylene foam or polyurethane. They are most preferably
made of cross-linked closed-cell polyethylene foam. In view of a diminished brittleness, cross-
linked or non-cross-linked polyethylene foam is preferred. This flexible layer ensures that the
temperature of the VIP will not be too high during the processing of the outer jacket and also
provides for mechanical protection of the VIP. More specifically, the flexible layer provides for
thermal insulation / mechanical protection of the VIP panel during processing (i.e. the high
temperatures that the VIP will be exposed to when the outer plastic layer is extruded on the
outside of the pipe). This enables continuous production of pipe. Another function is
mechanical protection of the VIP and and thermal insulation. Moreover, the PEX-foam has a
lower humidity uptake than the PE-foam.

[0023] The insulated pipe may further comprise one or more spacer between the vacuum
insulation panel and the outer jacket, preferably made of a foamed polymer.

[0024] Preferably, the core of the vacuum insulation panel comprises inorganic oxides in the
form of a powder, preferably silica powder, more preferably fumed silica powder. Such a
powder of inorganic oxides is preferred because it improves the flexibility of the VIP, particularly
in comparison to prepressed silica. Silica is preferred as it is more resistant to ageing (i.e. a
pressure increase due to the in-diffusion of gasses increases the lamba at a slower rate for the
silica powder due to its nano-structure). In addition, silica has a small pore size and thus is not
as pressure sensitive as, for example, glass fiber. Therefore, silica is suitable for long term
applications, especially at elevated temperatures, when the diffusion is more rapid. Fumed
silica, also known as pyrogenic silica because it is produced in a flame, consists of microscopic
droplets of amorphous silica fused into branched, chainlike, three-dimensional secondary
particles which then agglomerate into tertiary particles. The resulting powder has an extremely
low bulk density and high surface area. Fumed silica is made from flame pyrolysis of silicon
tetrachloride or from quartz sand vaporized in a 3000 °C electric arc. Major global producers

are Evonik (Aerosil®), Cabot Corporation (Cab-O-Sil®), Wacker Chemie (HDK®), Dow Corning,

and OCI (Konasil®). Fumed silica is particularly preferred because VIPs comprising fumed
silica degrade about 100 times slower than glass fiber panels, and are therefore preferable for
elevated temperature applications. For example, the core of the VIP can comprise fumed silica,
IR opacifiers, and a small amount of organic fibers. The core material is preferably non-
combustible. It is preferably sealed in a high gas barrier film and an extra glass fibre textile for
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mechanical shock protection.

[0025] Preferably, the vacuum insulation panel further comprises an outer shell made of an
element selected from the group consisting of metallized foil, polyester or polyamide, and a
combination thereof, preferably metallized foil. It is noted that aluminium foil contains -for the
same area, 21 times more aluminum compared to metallized film. In addition, aluminum
posseses a high heat conductivity. Thus, one would expect more heat bridges in the VIP
comprising aluminum foil compared to the VIP comprising metallized foil, resulting in a lower
lambda value of the VIP. Therefore, the metallized foil is preferred in view of the heat
conductivity.

[0026] Preferably, the vacuum insulation panel comprises ethylene-vinylalcohol-copolymer
layers inside the vacuum insulation panel. Such ethylene-vinylalcohol-copolymer layers are
preferred in view of the aging characteristerics.

[0027] Preferably, the longitudinal ends of each of the one or more webs of vacuum insulation
panels independently wraped around at least one or more of the inner pipes are secured
together, more preferably by using a method selected from the group consisting of sewing,
gluing, laminating or taping and a combination thereof.

[0028] This is achieved by arranging an adhesive or adhesive tape over at least the seam part
of one side of the web of vacuum insulation panels and joining together the pipe surface and
the web of vacuum insulation panels by using the adhesive or adhesive tape.

[0029] Preferably, the insulated pipe further comprises a fastening means made up of plastic
film that is wound independently around at least one inner pipe outside the web of flexible
vacuum insulation panels and inside of the one or more foamed insulation layers in the form of
helical curve for preventing the longitudinal movement of each of the one or more inner pipes
with respect to the web of of flexible vacuum insulation panels.

[0030] Alternatively or in addition, in the event the insulated pipe comprises two or more inner
pipes, the insulated pipe may further comprise a fastening means made up of plastic film that
is wound around both inner pipes outside the web of flexible vacuum insulation panels and
inside of the one or more foamed insulation layers in the form of helical curve and arranged to
surround both of the inner pipes together for preventing the longitudinal movement of the inner
pipes with respect to each other.

[0031] In a second aspect of the present invention, a method for manufacturing the insulated
pipe according to the first aspect of the present invention is provided comprising winding plastic
film, thus producing a fastening means made up of plastic film, independently around at least
one or more of the inner pipes outside the web of flexible vacuum insulation panels and inside
of the one or more foamed insulation layers in the form of helical curve for preventing the
longitudinal movement of each of the one or more inner pipes with respect to the web of of
flexible vacuum insulation panels and/or, wherein the insulated pipe comprises two or more
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inner pipes, winding plastic film, thus producing a fastening means made up of plastic film
around the two or more inner pipes outside the web of flexible vacuum insulation panels and
inside of the one or more foamed insulation layers in the form of helical curve and arranging
plastic film to surround the two or more inner pipes together for preventing the longitudinal
movement of the inner pipes with respect to each other, arranging foamed insulation layers
outside the plastic film beneath the outer jacket , and forming a, preferably corrugated, outer
jacket outside the, preferably foamed, insulation layers, further comprising arranging an
adhesive or adhesive tape over at least the seam part of one side of vacuum insulation panels
and joining the surface of the inner pipe and vacuum insulation panels together by using the
adhesive or adhesive tape.

[0032] Preferably, the one or more foamed insulation layers beneath the outer corrugated
jacket are formed by wrapping an insulation sheet around the one or more inner pipes.

[0033] In a third aspect of the present invention, an apparatus for manufacturing an insulated
pipe is provided, wherein the apparatus comprises means for feeding longitudinal components,
whereby at least one of the longitudinal components is an inner pipe and one of the
longitudinal components is a web of of flexible vacuum insulation panels, which is arranged
around one or more of the at least one inner pipes, means for arranging one or more,
preferably foamed, insulation layers outside the longitudinal components, an extruder and a
corrugator for forming a preferably corrugated, outer jacket outside the one or more,
preferably foamed, insulation layers, and means for arranging fastening means made up of
plastic film in the form of helical curve to the longitudinal components to touch each of the
longitudinal components in such a manner that the fastening means prevent the longitudinal
movement of the longitudinal components with respect to each other, further comprising
means for arranging an adhesive or adhesive tape over at least the seam part of one side of
vacuum insulation panels and joining the surface of the inner pipe and vacuum insulation
panels together by using the adhesive or adhesive tape.

[0034] Preferably, the apparatus comprises a winding device for winding plastic film in the form
of a helical curve independently around at least one inner pipe outside the web of flexible
vacuum insulation panels and inside of the one or more foamed insulation layers in the form of
helical curve for preventing the longitudinal movement of each of the one or more inner pipes
with respect to the web of of flexible vacuum insulation panels and/or, wherein the insulated
pipe comprises two or more inner pipes, winding plastic film, thus producing a fastening means
made up of plastic film, around two or more inner pipes outside the web of flexible vacuum
insulation panels and inside of the one or more, preferably foamed, insulation layers in the
form of helical curve and arranging the plastic film to surround the two or more of the inner
pipes together for preventing the longitudinal movement of the inner pipes with respect to each
other.

[0035] Preferrably, the apparatus comprises means for arranging a prefabricated insulator
around the longitudinal components. More preferably, the means is a wrapping device for
wrapping a prefabricated insulation sheet around the one or more inner pipes.
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[0036] In the following, the Figures are briefly described:
Fig. 1 shows an apparatus for producing an insulated pipe

Figs. 2 to 5 show a number of vacuum insulated pipes comprising one inner pipe, wherein the
longitudinal ends of the web of VIP are secured in different ways.

[0037] Figure 1 shows an apparatus for manufacturing a piping element 10, wherein Figure 2
shows the individual layers of the piping element 10. The inner pipes 11 are manufactured in
advance and wound into coils. The apparatus thus comprises means 1 for feeding the inner
pipes 11 from the coils. The inner pipes 11 are fed through a winding device 3, in which a web
of VIP 12 fed from means 2 is wound around the inner pipes 11. In means 4, foil 16 is wound
over the web of VIP.

[0038] Because the inner pipes 11 move continuously forward in the apparatus, i.e. to the left
in Figure 1, and the winding device 4 winds the plastic film roll around the inner pipes 11, the
plastic film 16 settles on the web of VIP around the pipes 11 in the form of a helical curve or
spiral. The plastic film 16 is wound tightly on the web of VIP 12 and independently around at
least one or more of the inner pipes 11 outside the web of VIP 12 and inside of the one or
more foamed insulation layers in the form of helical curve for preventing the longitudinal
movement of each of the one or more inner pipes 11 with respect to the web of of VIP 12
and/or, wherein the insulated pipe 10 comprises two or more inner pipes 11, the plastic film 16
is wound around the two or more inner pipes 11 outside the web of VIP 12 and inside of the
one or more foamed insulation layers 13, 14 in the form of helical curve thus arranging the
plastic film 16 to surround the two or more inner pipes 11 together for preventing the
longitudinal movement of the inner pipes 11 with respect to each other.

[0039] The insulating layers 13, 14 are prefabricated insulators in a sheet-like form on a coil 6.
From the coil 6, the insulating layers 13, 14 are fed through a wrapping device 6, in which the
insulating layers 13, 14 are wrapped around the inner pipes 11. The sides of the insulating
layers 13, 14 are joined with a welding device (not shown). The seam formed by the two sides
of each of the insulating layers 13, 14 placed against each other is for instance melted closed
with hot air in such a manner that the insulating layers 13, 14 completely surround the inner
pipes 11. The welding device can also melt the seam closed in some other manner known per
se than by utilizing hot air. Instead of the welding device, the sides of the insulating layers 13,
14 can also be joined with a gluing device, for instance.

[0040] In addition or alternatively to using a plastic film 16, the web of VIP 12 may be secured
to the inner pipe 11. Preferably, this is made by using an adhesive (17) between the inner pipe
11 and the web of VIP (12) (please see Figs. 2c and 2d) or an adhesive (18, 19) between the
longitudinal ends of the web of VIP (please see Figs. 3¢, 3d, 4c, and 4d). It is also possible to
use an adhesive tape (20), which can be, for example, applied above the seam outside of the
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web of VIP (please see Figs. 5¢ and 5d).

[0041] The inner pipes 11 and the insulating layers 13, 14 wrapped around them are led
through the die 8 of an extruder 7. The extruder 7 and die 8 extrude outside the insulating
layers 13, 14 a plastic layer, from which the corrugated outer jacket 15 is formed for the
insulated pipe 10 in the corrugator 9. The corrugator 9 has two sets of moving chill moulds in a
manner known per se. The structure and operation of the extruder 7, die 8 and corrugator 9
are not described in more detail herein, because they are fully known to a person skilled in the
art.

[0042] As shown in each of Figs. 2a, 2b, 3a, 3b, 4a, 4b, 5a, and 5b, the insulated pipe 10 has
a corrugated outer jacket 15. Inside the outer jacket 15, there are insulating layers 13, 14.
Inside the insulating layers 13, 14, there are longitudinal components comprising inner pipe 11
and a web of VIP 12.

[0043] The material of the plastic film 16 can be low-density polyethylene PE-LD, for instance,
and its thickness 20 ym, for instance. The width of the plastic film 16 can then be 60 to 120
mm, for instance.

[0044] In the event of using more than one inner pipe 11 for the insulated pipe 10, the inner
pipes 11 may be in the form of a spiral or a helical curve. This winding also in turn helps in that,
when the insulated pipe 10 is bent, the inner pipes 11 do not endeavour to move in relation to
each other. When manufacturing the insulated pipe 10, the inner pipes 11 can be wound with a
separate winding device. Conducted tests show, however, that the inner pipes 11 try to some
extent to wind in relation to each other even without any separate winding arrangement. It has
been found that this type of self-winding provides a suitable winding in most cases.

[0045] The insulating layers 13, 14 may be made of PE, PEX, PP, PUR or aerogel. They are
most preferably made of cross-linked closed-cell polyethylene foam. The insulating layers 13,
14 can be formed of one or several prefabricated insulating sheet layers. The thicknesses of
the different layers can be the same. Naturally, the width of an outer layer must be greater than
that of an inner layer.

[0046] The corrugated outer jacket 15 can be made of PE or PP. It is most preferably made of
polyethylene PE. Most preferably, the inner pipes 11, insulating layers 13, 14 and outer jacket
15 of the insulated pipe 10 are all made of either cross-linked or conventional polyethylene.
For instance, the handling of the insulated pipe 10 during winding is then simple and easy. It is
naturally also possible to use other materials. For instance, the insulating layers 13, 14 can
also be made of foamed polypropylene. Correspondingly, the outer jacket 15 can also be made
of polypropylene.

[0047] The outer jacket 15 is preferably corrugated. This enhances the ring stiffness of the

insulated pipe 10, for instance 8 to 12 kN/mZ2. The insulated pipe 10 is especially well suited for
underground use. Possible applications are district heating networks and tap water systems,
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for instance. Due to the optional corrugation, the softness of the insulating layers 13, 14, and
the flexibility of the web of VIP, the piping element is bendable. The fact that the insulated pipe
10 is bendable means that the insulated pipe 10 can be coiled for storage and transport and
uncoiled for installation. The outer diameter of the insulated pipe 10 can typically be 100 to 300
mm. Piping elements 1 of this kind can be coiled for storage and transport into a coil with a
diameter of 0.8 to 3 m, for instance.

[0048] The drawing and the related description are intended only to illustrate the idea of the
invention. The invention may vary in detail within the scope of the claims. Thus, most
preferably, the insulating layer is formed of a prefabricated insulating sheet. The insulator can,
however, also be made of a material that is prefabricated into a tube, in which case the tube
has a longitudinal slot, through which the longitudinal components, such as inner pipes 11, are
installed inside the insulating tube.

List of reference numbers

[0049]

1
Inner pipe is fed to the line

2

Web of VIP is fed to the line
3

Web of VIP is wound over the inner pipe
4

The longitudinal ends of the web of VIP are secured together
5

Foil is wound over the web of VIP
6

Insulation layers are fed to the line
7

Extruder plastifies material for outer jacket
8

Die extrudes outer layer
9

Corrugator creates the form of outer layer
10

Insulated pipe
11

Inner pipe
12

Web of VIP

13, 14
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Insulation layers

15
Outer jacket
16
Foil
17,18, 19
Adhesive
20

Adhesive tape
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ISOLERET ROR

Patentkrav

1. Isoleret rgr (10), der omfatter:

- et eller flere indre ror (11), der omfatter en plast

- et fleksibelt vakuumisoleringspanel i form af enheder, der er forbundet med hinanden
(12) og viklet omkring mindst et af det ene eller flere indre ror (11)

- et eller flere isoleringslag (13; 14)

- en ydre kappe (15),

kendetegnet ved, at,

der er anbragt et kleebemiddel (17, 18, 19) eller kleebeband (20) over i det mindste en
sgmdel af den ene side af enhederne af vakuumisoleringspanelet (12) og overfladen af
det indre ror (11) og enhederne af vakuumisoleringspanelet (12) er forbundet med
hinanden ved hjeelp af kleebemidlet (17, 18, 19) eller kleebebandet (20).

2. lsoleret ror ifolge et af krav 1, hvor det isolerede ror (10) omfatter to eller flere indre
ror (11).

3. lIsoleret ror ifglge krav 2, hvor hvert indre ragr (11) er omgivet af enheder af
vakuumisoleringspanelet (12).

4. Isoleret ror ifolge krav 2, hvor kun et af de indre rgr (11) er omgivet af enheder af

vakuumisoleringspanelerne (12).

5. lIsoleret ror ifalge et af de foregaende krav, hvor de langsgdende ender af hvert af
det ene eller flere vakuumisoleringspaneler (12) er fastgjort sammen, fortrinsvis ved at
anvende en fremgangsmade, der er valgt fra gruppen bestadende af syning, limning,

laminering, omvikling og en kombination deraf.

6. lIsoleret ror ifolge et af de foregaende krav, der vyderligere omfatter et
fastgerelsesmiddel, der bestar af plastfolie (16), som er viklet uafhaengigt omkring mindst
et indre ror (11) uden for enhederne af det fleksible vakuumisoleringspanel (12) og inden
i det ene eller flere isoleringslag (13, 14) i form af en spiralformet kurve for at forhindre
den langsgaende beveegelse af hvert af det ene eller flere indre ror (11) i forhold til
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enhederne af vakuumisoleringspanelet (12).

7. lsoleret ror ifolge et af de foregaende krav, hvor det isolerede rgr (10) omfatter to
eller flere indre rar og yderligere omfatter et fastgerelsesmiddel, der bestar af plastfolie
(16), der er viklet rundt om de to eller flere indre ror (11) uden for enhederne af det
fleksible vakuumisoleringspanel (12) og inden i det ene eller flere isoleringslag (13, 14) i
form af en skrueformet kurve og anbragt til at omgive to af de indre rgr sammen for at

forhindre den langsgaende bevaegelse af de indre rgr (11) i forhold til hinanden.

8. Fremgangsmade til fremstilling af et isoleret ror ifalge et hvilket som helst af kravene
1 til 7, der omfatter vikling af plastfolie (16), saledes at der fremstilles et
fastgarelsesmiddel, der bestar af plastfolie (16), uafhaengigt omkring mindst ét indre rar
(11) udenfor enhederne af det fleksible vakuumisoleringspanel (12) og indersiden af det
ene eller flere isoleringslag (13, 14) i form af en spiralformet kurve, for at forhindre den
langsgaende beveegelse af hvert af det ene eller de flere indre ror i forhold til enhederne
af vakuumisoleringspanelet (12) og/eller, hvor det isolerede rgr omfatter to eller flere
indvendige ror (11), der er viklet i plastfolie (16), hvilket séledes frembringer et
fastgarelsesmiddel bestaende af plastfolie (16), omkring to eller flere indre rar (11) uden
for enhederne af det fleksible vakuumisoleringspanel (12) og indersiden af et eller flere
isoleringslag (13, 14) i form af en spiralformet kurve og anbringer plastfolie (16) til at
omgive to eller flere af de indre ror (11) sammen for at forhindre den langsgaende
beveegelse af de indvendige ror i forhold til hinanden, der anbringer det ene eller flere
isoleringslag (13, 14) uden for plastfolien (16) under den ydre kappe (15) og danner den
ydre kappe (15) uden for den ene eller flere isoleringslag (13, 14), der yderligere omfatter
at anbringe et klaebemiddel (17, 18, 19) eller kleebeband (20) over i det mindste samdelen
af den ene side af enhederne af vakuumisoleringspanelet (12) og forbinde overfladen af
det indre ror (11) og enhederne af vakuumisoleringspanelet (12) sammen ved at bruge
kleebemidlet (17, 18, 19) eller klaebebandet (20).

9. Fremgangsmade ifalge krav 8, kendetegnet ved at danne det ene eller flere
isoleringslag (13, 14) under den ydre kappe (15) ved at vikle et isoleringsark rundt om det

ene eller flere indre ror (11).

10. Apparat til fremstilling af et isoleret ror (10), hvilket apparat omfatter midler til at
fremfgre langsgaende komponenter, hvorved mindst en af de langsgaende komponenter
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er et indre rgr (11) og en af de langsgdende komponenter er et fleksibelt
vakuumisoleringspanel i form af enheder forbundet med hinanden (12), som er anbragt
omkring et eller flere af de mindst ene indre rar (11), midler (6) til at anbringe et eller flere
opskummede isoleringslag (13, 14) uden for de langsgaende komponenter, en ekstruder
(7) og en korrugator (9) til dannelse af en ydre kappe (15) uden for det ene eller flere
opskummede isoleringslag (13, 14), og midler (5) til at anbringe fastgerelsesmidler, der
bestar af plastfolie (16) i form af en skrueformet kurve til de langsgadende komponenter
for at bergre hver af de langsgaende komponenter pa en sadan made, at
fastgarelsesmidlerne forhindrer den langsgaende bevaegelse af de langsgaende
komponenter i forhold til hinanden,

der yderligere omfatter midler til at anbringe et kleebemiddel (17, 18, 19) eller klaebeband
(20) over i det mindste en somdel af den ene side af enhederne af
vakuumisoleringspanelet (12) og forbinde overfladen af det indre ror (11) og enhederne
af vakuumisoleringspanelet (12) sammen ved at bruge klseebemidlet (17, 18, 19) eller
kleebende tape (20).

11. Apparat ifglge krav 10, kendetegnet ved, at apparatet omfatter en viklingsindretning
(5) til at vikle plastfolie (16) i form af en skrueformet kurve uafhaengigt omkring mindst et
indre rgr (11) uden for enheder af det fleksible vakuumisoleringspanel (12) og indersiden
af det ene eller flere opskummede isoleringslag (13, 14) i form af en spiralformet kurve
for at forhindre den langsgaende beveaegelse af hvert af de en eller flere indre ror (11) |
forhold til enhederne af det fleksible vakuumisoleringspanel (12) og/eller, hvor det
isolerede ror (10) omfatter to eller flere indvendige ror (11), viklet plastfolie (16), hvilket
saledes frembringer et fastggrelsesmiddel, der bestar af plastfolie (16) omkring to eller
flere indvendige ror (11) uden for enhederne af det fleksible vakuumisoleringspanel (12)
og indersiden af et eller flere opskummede isoleringslag (13, 14) i form af en spiralformet
kurve og anbringer plastfolie (16) til at omgive to eller flere af de indre ror (11) sammen

for at forhindre den langsgaende beveegelse af de indre ror (11) i forhold til hinanden.

12. Apparat ifelge krav 10 eller 11, kendetegnet ved, at apparatet omfatter midler (6) til
at anbringe et eller flere praefabrikerede isoleringslag (13, 14) omkring de langsgaende

komponenter.

13. Apparat ifglge krav 12, kendetegnet ved, at apparatet omfatter en
omviklingsindretning (6) til at vikle et eller flere preefabrikerede isoleringslag (13, 14)
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omkring det ene eller flere indre ror (11).
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