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(54) Title: FLEXIBLE PIPELINE

(57) Abstract: A flexible pipeline (2) to transport a
frozen medium has an outer transversely to its lon-
gitudinal direction undulated limiting pipe (4), ar-
ranged inside said pipe (4) there are at least one
metal pipe (5) for guiding the frozen medium as
well as a metal cooling pipe (9) for guiding a
second frozen medium. Hollow areas of the limit-
ing pipe are evacuated. Fitted inside the limiting
pipe are at least two transversely to their longitud-
inal direction undulated metal pipes (5, 6) for guid-
ing the frozen medium, which are each surrounded
by a thermal insulation (7, 8). During the operation
of the pipeline the frozen medium is led in differ-
ent directions through both the metal pipes. At-
tached around both the metal pipes (5, 6) and the
cooling pipe (9) is a pipe shaped closed sleeve (10)
composed of a thermally good conductive material
that is in contact with the cooling pipe (9).
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Flexible Pipeline
Specification

The 1nvention relates to a flexible pipeline to transport a
frozen medium which has an outer transversely to its
longitudinal direction undulated limiting tube, arranged inside
are its at least one transversely longitudinal to its direction
undulated metal pipe to guide the frozen medium, as well as a
metal composed cooling pipe to guide a second frozen medium, and
by which it 1is evacuated in the available cavity in the limiting

tube.

Such a pipeline would, for example, be used for supplying super
conductive magnetic systems or cryogenic pumps or larger
refrigeration units requiring a cooling medium. They should be
flexible and possibly also have a longer length. The pipes used
should preferably be composed of high grade steel. They are
transversely to their longitudinal direction undulated and as a
result not only bendable, but also stable against radial loads.
The transversely to their 1longitudinal direction extending

undulations can be constructed helically shaped or ring shaped.

In the known pipeline according to EP 2 253 878 Bl there is a
second pipe system arranged, between the guiding pipe and the
limiting pipe, to guide a thermal screen for the frozen medium
conducted through the guiding pipe serving other frozen mediums.
The second pipe system 1is composed of an inner transversely to
its longitudinal direction undulated pipe of metal and one with
distance and coaxially to the same arranged outside, also

transversely to its longitudinal direction wundulated pipe of
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metal. The inner pipe of the second pipe system is arranged
spatially close to the guiding pipe of the pipeline and between
the guiding pipe of the pipeline and the 1inner pipe of the
second pipe system is a guiding pipe in its relative position to
the inner pipe is arranged an immovable holding spacer composed
of insulation material. This known pipeline has proven valuable
in practice. However, 1t definitely has a relatively large
outer diameter because of the four concentric pipes arranged at

a distance from each other.

From the previously mentioned US 3,565,118 A, a pipeline 1is
described which has a guiding pipe composed of metal to guide a
frozen medium, where, for example, it deals with a 1liquid
helium, which is fed into the guiding pipe with a temperature
of, for example, 4,5 K. Wrapped around the guiding pipe is a
rectangular cross section helically shaped band serving as a
spacer, that can also be composed of metal. Wound around that
band together 1in the same reverse impact direction 1is a
helically shaped cooling pipe, which guides an outer frozen
medium, which deals with a liquid nitrogen with a temperature
of, for example, 80 K. Around the unit of guiding pipe and
cooling pipe 1s a placed a metal layer, around which is wound a
second helically formed spacer constructed as a band. Over the
spacer lies an insulation composed of a plurality of layers,
which 1s surrounded Dby a transversely to 1its 1longitudinal

direction undulated outer limiting pipe.

The invention meets the object to further construct the
previously described pipeline so that the outer diameter can be

reduced compared to the known pipelines.
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This object is met according to the invention in

— that 1in the inside of the 1limiting pipe at least two
transversely to their longitudinal direction undulated
metal pipes are provided to guide the frozen mediums, which
each are surrounded by a thermal insulation and through
which the frozen medium during the operation of the

pipeline is led in different directions, and

— that surrounding the two metal pipes and the cooling pipe
is provided a pipe formed closed sleeve composed of a
highly conductive thermal material which is in contact with

the cooling pipe.

The outer diameter of this pipeline is essentially determined by
the diameter of the two metal pipes and the cooling pipe. Their
outer diameter <can be kept small, taking into account a
sufficiently large clear cross section to lead the frozen medium
through. The three pipes can be arranged 1in confined places
having contact with each other, so that the diameter of the same
surrounding sleeve composed of thermally good  conductive

material also can be kept small.

The sleeve composed of thermally good conductive material acts
in connection with the cooling pipe guiding the frozen medium,
which lies on it with good contact, as a thermal screen for the
frozen medium in the two metal pipes to counteract the outer
occurring warmth. In addition, the frozen medium in the two
metal pipes is moved in different directions. As a result, the
cooling medium, for example, liguid helium from a coocling plant,

is fed into one of the metal pipes. It flows then, for example,
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as gaseous helium in the other metal pipe back to the cooling

plant.

The limiting pipe can basically be attached directly over the
sleeve. Practically, another thermal insulation is arranged over
the sleeve, and between the sleeve and the limiting pipe,
advantageously, an evacuation area 1is provided between the
sleeve and the limiting pipe. The outer diameter of the limiting
pipe, which corresponds to the outer diameter of the pipeline,

can still, in comparison to the known pipelines, be kept small.

The thermal insulation of the two metal pipes can be composed of
conventional insulation material. They can at the same time be
constructed of a plurality of bands or non-woven mesh arranged
over one another, from which at least one has at least one layer
composed of synthetic material, which is coated on one side or

both sides with metal.

Advantageously, also the cooling pipe is constructed
transversely to the 1longitudinal direction of the undulated

metal pipe.

Copper or aluminum can be advantageously used as a thermally

good conductive material for the sleeve.

An embodiment of the subject of the invention is illustrated in

the drawings.
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In the drawings:

Fig. 1 shows schematically an arrangement for conducting a

frozen medium.

Fig. 2 shows a cross section of a usable pipeline 1in the

arrangement in Fig. 1, according to the invention.

Helium can be used, for example, as a transporting frozen medium
and nitrogen as a second frozen medium for the operation of the
pipeline. Advantageously, the helium can be contained in one of
the pipelines at a temperature of 4,5 K, fed into thermally
insulated metal ©pipes and circulated through the second
thermally insulated metal pipe and guided back to the point of
insertion. Advantageously the nitrogen is fed into the cooling
pipe with a temperature of 80 K. Basically, also another cooling
medium and alsoc another temperature can be used. The cooling
medium and their temperature will not be described 1in more

detail in the following.

When more than two undulated thermally insulated metal pipes are
arranged in the pipeline, there can be, for example, four pipes
available with two separate circulations of two different frozen
mediums. Instead of helium, other mediums can be used, for

example, hydrogen.

Fig. 1 shows a schematic illustration of a transmission path for
a frozen medium from a cooling plant, preferably a helium

cooling plant 1, that is fed into a pipeline 2 attached to the
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same. The frozen medium 1is transferred through the pipeline 2 to

a plant 3, which may be, for example, a larger cooling plant.

The pipeline 2 has an outer limiting pipe 4 of metal, that is
transversely of its longitudinal direction undulated and
therefore easily bendable. In the center of the limiting pipe 4
are arranged two transversely to their longitudinal direction
undulated metal pipes 5 and 6, which each are surrounded by a
thermal insulation 7 or 8. Also, 1n the center of the pipeline
2 1s found as well a cooling pipe 9 composed of metal, that
advantageously also can be undulated transversely to its

longitudinal direction.

All the described pipes 4, 5, 6, and 9 are preferably composed
of high grade steel. They can advantageously all have

approximately the same outer diameter.

The three pipes 5, 6 and 9 are surrounded by the same sleeve 10
composed of a thermally good conductive material. They are
preferably constructed of at least one band, that 1s twisted
around the three pipes 5, 6 and 9. The sleeve 10 1s composed

advantageously out of copper or aluminum.

The sleeve 10 1s surrounded by a thermal insulation in the

illustrated embodiment.

For the thermal insulation 7 and 8 the two metal pipes 5 and 6

as well as 11 of the sleeve 10 the usual insulation material can
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be used. Advantageously also more bands layered on top of each
other can be twisted around the metal pipes 5 and 6 as well as
the sleeve 10, which are composed of a layer of synthetic
material, on one side or both sides coated with metal. The
synthetic material layer can, for example, be composed of
polyethylene or out of a biaxially oriented polyester. For the

metal, aluminum for example can be used.

All the hollow spaces inside the limiting pipe 4 are evacuated.

By the operation of the pipeline 2 for example, liguid helium
from a helium cooling plant 1 is fed into the metal pipe 5 and
transported to the plant 3. From the plant 3 gaseous, thus warm
helium, 1s transported through the metal pipe 6 back to the
helium cooling plant 1. Simultaneously, during the total
operation, liguid nitrogen is 1in the cooling pipe 9. It will

advantageously be moved through the same.
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Claims

1. Flexible pipeline to transport a frozen medium which has an
outer transversely to its longitudinal direction undulated
limiting tube, arranged inside are its at least one
transversely longitudinal undulated metal pipe to guide the
frozen medium, as well as a metal composed cooling pipe to
guide a second frozen medium, and by which it is evacuated
in the available cavity in the limiting tube characterized

in

— that in the inside of the limiting pipe (4) at least
two transversely to their longitudinal direction undulated
metal pipes (5, 6) are provided to guide the frozen
mediums, which each are surrounded by a thermal insulation
(7, 8) and through which the frozen medium during the
operation of the pipeline (2) is led 1in different
directions, and

— that surrounding the two metal pipes (5, 6) and the
cooling pipe (9) is attached a pipe formed closed sleeve
(10) composed of a highly conductive thermal material which

is in contact with the cooling pipe (9).

2. Pipeline according to Claim 1, characterized in that the

sleeve (10) is composed of copper or aluminum.

3. Pipeline according to Claim 1, characterized in that the
thermal insulation (7, 8) of the two metal pipes (5, 6) guiding
the frozen medium are composed of a plurality of bands or non-

woven mesh arranged one over the other, of which each has at

8
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least a one sided or a two sided synthetic layer coated with

metal.

4, Pipeline according to Claim 1 or 2, characterized in that the
sleeve (10) is surrounded by a plurality of bands or non-woven
mesh of which each has at least a one sided or a two sided

synthetic layer coated with metal.

5. Pipeline according to Claim 1, characterized in that the
cooling pipe (9) 1s a transversely to its longitudinal direction

undulated metal pipe.

6. Pipeline according to Claim 1, character in that the metal
pipes (5, 6) and the cooling pipe (9) can all have approximately

the same outer diameter.
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