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FLEXIBLE MULTI-WALLED TUBING ASSEMBLY

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] The present application claims benefit under 35 U.S.C. §119(e) of U.S.
Provisional Application No. 61/104,588 filed on October 10, 2008, entitled “Dual-Walled
Tubing Assembly with Barbed Fitting,” the content of which is hereby incorporated by reference

in its entirety.

BACKGROUND

Technical Field

[002] The present disclosure relates generally to a flexible, multi-walled tubing
assembly and fittings suitable for vapor impermeable, corrosive liquid applications, and more

particularly, to such an assembly with plain and barbed fittings.

Discussion of Related Art

[003] Tubing assemblies that provide fluid communication from one tube to another are
used in many applications, such as plumbing for hydraulics, oil, or gas, for example. It is also
desirable to have a tubing assembly that is flexible in order to be adapted to various applications.
Furthermore, it is desirable for the tubing assembly to provide structural rigidity, because a
pliable tubing assembly can develop kinks which obstruct flow through the tubing assembly.
Additionally, it is desirable for the tubing assembly to maintain a good seal.

[004] TItis also desirable to have a tubing assembly that can be easily assembled and

connected to other tubes, fittings, or assemblies. Conventional tubing assemblies often require
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crimping or tooling or other secondary operations to assemble. Further, it is also difficult to find
tubing assemblies that maintain a seal while being easy to assemble and apply to a particular
application.

[005] Flow cell batteries, for example, include various tubings for the transport of
electrolytic fluids (e.g., a catholyte and an anolyte) into and out of the various cells of the
batteries. For example, both a catholyte and an anolyte liquid are flowed through each individual
cell from holding tanks. In some embodiments, the electrolytes are solutions of Fe and Cr
compounds with Cl in hydrochloric acid, and gasses may form as a result of parasitic reactions.
Therefore, the tubing assemblies in such systems should be corrosion resistant not only to liquids
(e.g., hydrochloric acid), but also be impermeable to gasses (e.g., hydrogen, helium, and
hydrochloric acid vapor).

[006] Therefore, there is a need for better tubing assemblies for various applications.

SUMMARY

[007] Consistent with embodiments of the present invention, a flexible, multi-walled
tubing assembly is disclosed that includes at least an outer tube having corrugations of a first
pitch and an inner tube made from a resilient material and received in the outer tube. The
flexible, multi-walled tubing assembly can receive an insert including a first section, the first
section being inserted into the inner tube.

[008] A flexible, multi-walled tubing assembly can include a flexible, multi-walled
tubing body extending between a first end and a second end, wherein the tubing body includes an
inner tube made from a resilient material and an outer tube with corrugations of a first pitch. The

flexible, multi-walled tubing assembly receives a first insert and a second insert. The first insert
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includes a first section and a second section adapted to connect to another tube, the first section
of the first insert being inserted into the first end of the tubing body . The second insert includes
a first section and a second section adapted to connect to another tube, the first section of the
second insert being inserted into the second end of the tubing body.

[009] A method of constructing a flexible, multi-walled tubing assembly consistent with
the present invention includes inserting an inner tube formed from a resilient material into an
outer tube that has structural rigidity and corrugations with a first pitch; and inserting a first
section of an insert into the inner tube.

[010] An insert consistent with the present invention can include a first section that
includes annular teeth and a fluid passage, the annular teeth disposed with a pitch that matches
that of corrugations on a corresponding outer tube such that if the first section is inserted into a
resilient inner tube that is in the outer tube, the teeth force the inner tube into the corrugations
creating a seal and mechanically fixing the first section into the outer tube; a second section
connected to the first section that couples the fluid passage into a fluid system.

[011] These and other embodiments are further described below with respect to the

following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[012] In order to more fully understand the present invention, reference is made to the
accompanying drawings, with the understanding that these drawings are not intended to limit the
scope of the invention.
[013] FIG. 1 illustrates a cross-sectional view of an exemplary disclosed flexible, multi-

walled tubing assembly according to some embodiments of the invention.
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[014] FIG. 2 illustrates a cross-sectional view of an exemplary disclosed flexible, multi-
walled tubing assembly according to some embodiments of the invention.

[015] FIG. 3 illustrates a view of an exemplary disclosed multi-walled tubing assembly
according to some embodiments of the invention.

[016] FIG. 4 illustrates a view of an exemplary disclosed multi-walled tubing assembly
according to some embodiments of the invention.

[017] FIG. 5 illustrates a view of an exemplary disclosed multi-walled tubing assembly
according to some embodiments of the invention.

[018] FIG. 6 illustrates a view of an exemplary disclosed multi-walled tubing assembly
according to some embodiments of the invention.

[019] FIG. 7 shows a flow chart illustrating the assembly of a flexible, multi-walled
tubing assembly consistent with some embodiments of the present invention.

[020] FIG. 8 shows a flow chart illustrating the assembly of a flexible, multi-walled
tubing assembly consistent with some embodiments of the present invention.

[021] In the figures, elements having the same designation have the same or similar
function. The figures are illustrative only and relative sizes and distances depicted in the figures

are for convenience of illustration only and have no further meaning.

DETAILED DESCRIPTION
[022] In the following description, for the purposes of explanation, specific details are
set forth in order to provide a thorough understanding of the embodiments of the invention.
However, it will be apparent that the invention may be practiced without these specific details.
[023] Consistent with various embodiments of the present invention, a flexible, multi-

walled tubing assembly is presented.
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[024] In some embodiments of the present invention, the flexible, multi-walled tubing
assembly may include at least an outer corrugated tube and an inner tube received in the outer
tube. The inner tube may be made from a resilient material. An insert may be received by the
flexible, multi-walled tubing assembly. The insert may be plain (i.e., without barbs or
protrusions) and used along with chemically compatible adhesives to hold the insert, inner tube,
and outer tube together and form a seal. The insert may also include teeth or barbs that
cooperate with corrugations on the outer tube in order to both seal the inner tube against the
outer tube and interlock the insert, inner tube, and outer tube together. The first section of the
insert may include an outer surface having annular teeth thereon and may be inserted into the
inner tube such that the annular teeth or barbs align with the corrugations in the outer tube. The
inner tube is deformed between the annular teeth or barbs and the corrugation.

[025] According to some embodiments, the flexible, multi-walled tubing assembly may
include a flexible, multi-walled tubing body extending between a first end and a second end.
The tubing body may include an inner tube made from a resilient material and an outer tube with
corrugations. The inner tube may receive a first and a second insert. The second insert may
include a first section being plain and a second section adapted to connecting to another tube.
The second insert may also include a first section having annular teeth thereon and a second
section adapted to connecting to another tube. The first section of the second insert is inserted
into the second end of the tubing body.

[026] According to some other embodiments, the present disclosure is directed to a
method of constructing a flexible, multi-walled tubing assembly. The method may include
providing a corrugated outer tube, providing an inner tube made from a resilient material,

inserting the inner tube into the outer tube, providing an insert including a first section, which
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may be plain or include annular teeth thereon, and a second section, and inserting the first section
of the insert into the inner tube.

[027] FIG. 1 illustrates a cross-sectional view of a flexible, multi-walled tubing
assembly 100 that is consistent with embodiments of the present invention. As shown in FIG. 1,
the multi-walled tubing assembly 100 may include an inner tube 108 and an outer tube 110.

[028] Inner tube 108, which includes a passageway 120 through which fluid materials
can flow, may be made from a resilient material that provides a good fluid seal and also provides
high corrosion resistance to the liquid and/or gas being transported through passageway 120 in
tubing assembly 100. Such liquids and gasses can, for example, include acids, alkalis, alcohols,
electrolytes (e.g., an acid based electrolyte), and/or many other corrosive materials. Although
any elastic tubing with corrosion resistance characteristics can be utilized, in some embodiments
inner tube 108 can be made from a thermoplastic elastomer including elastomeric alloys (e.g.,
SANTOPRENE™), synthetic rubber (e.g., Buna rubber and Ethylene Propylene Diene Monomer
(EPDM) rubber), and the like.

[029] Outer tube 110 may be made from a relatively rigid material (e.g., a metal,
metalized plastic, polyvinyl chloride (PVC), or laminated metal). In some exemplary
embodiments, outer tube 110 may have corrugations 111. Corrugations 111 may have any shape
(e.g., circular, rectangular, pentagonal, hexagonal, etc. shape). In some embodiments, outer tube
110 is pliant enough to be shaped by hand, or in some cases bent with the assistance of tooling.
In some embodiments, outer tube 110 may be shaped during formation for a particular
application. The relatively rigid material of outer tube 110 may also have a low permeability to
gasses (e.g., hydrogen, helium, and acid vapors). In some embodiments, outer tube 110 can be

formed from stainless steel (e.g., grade 316 stainless steel). In some exemplary embodiments, to
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enhance the corrosion resistance of outer tube 110, before use, outer tube 110 may be washed,
etched, and coated with a passivating coating (e.g., PVC, powder coat, and the like).

[030] Multi-walled tubing assembly 100 may be constructed to any suitable size
according to the applications in which the multi-walled tubing assembly 100 is intended to be
used. The inner tube 108 may, for example, have one inch outside diameter and 1/8 inch wall
thickness. The outer tube 110 may, for example, have an inner diameter of one inch and have a
pitch of 5Smm. The multi-walled tubing assembly 100 may be constructed to any suitable length.
However, any relationship that allows for formation of a seal and self-retaining bonding of
assembly 100 can be utilized. During assembly, inner tube 108 is slid into outer tube 110.
Lubricants may be used to facilitate sliding inner tube 108 into outer tube 110, particularly for
constructing longer tubing assemblies.

[031] FIG. 2 illustrates a cross-sectional view of a multi-walled tubing assembly 100
that is consistent with embodiments of the present invention. As shown in FIG. 2, the multi-
walled tubing assembly 100 may include an outer tube 110 and an inner tube 108, and receive a
plain insert 30 inserted in one end of the inner tube 108. In some exemplary embodiments, a
tubing assembly consistent with embodiments of the present invention may receive two plain
inserts 30 connected to two ends of tubing assembly 100 (as shown in FIG. 3).

[032] As shown in FIGS. 2 and 3, in some exemplary embodiments, outer tube 110 has
corrugations 111, Corrugations 111 may have any shape (e.g., circular, rectangular, pentagonal,
hexagonal, etc. shape) and are arranged to have a particular pitch (i.e., number of corrugations
per unit length). Outer tube 110 may be made from a relatively rigid material (e.g., metal,
metalized plastic, polyvinyl chloride (PVC), or laminated metal). In some embodiments, outer

tube 110 is sufficiently pliant to be shaped by hand, or in some cases bent with the assistance of
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tooling. In some embodiments, outer tube 110 may be shaped during formation for a particular
application. The relatively rigid material of outer tube 110 may also have a low permeability to
gasses (e.g., hydrogen, helium, and acid vapors). In some embodiments, outer tube 110 can be
formed from stainless steel (e.g., grade 316 stainless steel). In some exemplary embodiments, to
enhance the corrosion resistance of the outer tube 110, outer tube 110 may be washed, etched,
and coated with a passivating coating (e.g., PVC, powdered coat, and the like) before use.

[033] As shown in FIGS. 2 and 3, plain insert 30 may be formed from any rigid material
with proper strength and chemical resistance, for example, PVC, polyethylene (polythene),
polypropylene, any other rigid polymer, and any metal. Plain insert 30 has a first section 32 and
a second section 34.

[034] As show in FIGS. 2 and 3, a chemically compatible adhesive 50 (e.g., epoxy,
polyurethane, and polyolefin (polyalkene)) is applied such that the adhesive 50 is between the
first section 32 of the plain insert 30 and inner tube 108 to hold the insert 30 and inner tube 108
together and form a seal in the finished tubing assembly 100. A chemically compatible adhesive
40 (e.g., epoxy, polyurethane, and polyolefin (polyalkene)) is applied such that the adhesive 40 is
between the inner tube 108 and outer tube 110 to hold the inner tube and outer tube together and
form a seal in the finished tubing assembly 100. As discussed above, the inner diameter of outer
tube 110 and the outer diameter of inner tube 108 are arranged to be substantially the same so
that inner tube 108 snugly slides into outer tube 110.

[035] First section 32 of barbed insert 30 may include an outer surface which has an
outer diameter equal to or substantially close to the inner diameter of the inner tube 108. The
length of the first section 32 is arranged to provide a stable connection and a proper seal between

the insert 30 and the inner wall of inner tube 108. Second section 34 of plain insert 30 is used for
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connecting with other tubes, for example, other standard plumbing tubes. As such, second
section 34 may be of any configuration appropriate for connection to other tubes, tanks, cells, or
any other system in a sealing manner. For example, second section 34 may include sealing rings
48 (e.g., o-rings) at least partially received in recesses defined on an outer surface of second
section 34. Sealing rings 48 further provide a seal between second section 34 and a receiving
portion or receptacle 60, which may have a portion 64 fitting over the outer surface of the second
section 34 (as shown in FIG. 3). In other embodiments, second section 34 may have an inner
surface 44 having screw threads thereon for connecting multi-walled tubing assembly 100 with a
second tube (not shown).

[036] First section 32 and second section 34 of plain insert 30 may be integrally formed
(i.e., formed as a single piece in a single process). First section 32 may have a passageway 37
fluidly connected with passageway 120 of inner tube 108. Fluids include matter in a liquid state,
in a gaseous state, or in both a liquid and gaseous state. Second section 34 of plain insert 30 may
have a passageway 42 fluidly connected to passageway 37 of first section 32 and passageway 62
of receiving portion or receptacle 60 (as shown in FIG. 3). In some embodiments, second
section 34 of plain insert 30 may have a passageway 42 fluidly connected to passageway 37 of
first section 32 and the second tube (not shown).

[037] FIGS. 4 and 5 illustrate a cross-sectional view of a flexible, multi-walled tubing
assembly 100 that is consistent with embodiments of the present invention. As shown in FIGS. 4
and 5, the flexible, dual-walled tubing assembly 100 may include an inner tube 108 and an outer
tube 110 that includes corrugations 111, and receive a barbed insert 130 inserted in one end of

the inner tube 108. In some exemplary embodiments, a tubing assembly consistent with some
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embodiments of the present invention may receive two barbed inserts 130 connected to two ends
of tubing assembly 100(as shown in FIG. 5).

[038] As shown in FIGS. 4 and 5, inner tube 108, which includes a passageway 120
through which fluid materials can flow, may be made from a resilient material that provides a
good fluid seal and also provides high corrosion resistance to the liquid and/or gas being
transported through passageway 120 in tubing assembly 100. Such liquids and gasses can, for
example, include acids, alkalis, alcohols, electrolytes (such as an acid based electrolyte), and/or
many other corrosive materials. Although any elastic tubing with corrosion resistance
characteristics can be utilized, in some embodiments inner tube 108 can be made from a

E™), synthetic rubber

thermoplastic elastomer including elastomeric alloys (e.g., SANTOPREN
(e.g., Buna rubber and ethylene propylene diene monomer (EPDM) rubber), and the like.

[039] As shown in FIGS. 4 and 5, in some exemplary embodiments, outer tube 110 has
corrugations 111. Corrugations 111 may have any shape (e.g., circular, rectangular, pentagonal,
hexagonal, etc. shape) and are arranged to have a particular pitch (i.e., number of corrugations
per unit length). Outer tube 110 may be made from a relatively rigid material (e.g., metal,
metalized plastic, polyvinyl chloride (PVC), or laminated metal). In some embodiments, outer
tube 110 is sufficiently pliant to be shaped by hand, or in some cases bent with the assistance of
tooling. In some embodiments, outer tube 110 may be shaped during formation for a particular
application. The relatively rigid material of outer tube 110 may also have a low permeability to
gasses (e.g., hydrogen, helium, and acid vapors). In some embodiments, outer tube 110 can be
formed from stainless steel (e.g., grade 316 stainless steel). In some exemplary embodiments, to

enhance the corrosion resistance of the outer tube 110, outer tube 110 may be washed, etched,

and coated with a passivating coating (e.g., PVC, powdered coat, and the like) before use.

10
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[040] Flexible, multi-walled tubing assembly 100 may be constructed to any suitable
size according to the applications in which the flexible, multi-walled tubing assembly 100 is
intended to be used. The inner tube 108 may, for example, have a one inch outside diameter and
1/8 inch wall thickness. The outer tube 110 may, for example, have an inner diameter of one
inch and have a pitch of 5Smm. The flexible, multi-walled tubing assembly 100 may be
constructed to any suitable length. However, any relationship that allows for formation of a seal
and self-retaining mechanical bonding of assembly 100 can be utilized.

[041] During assembly, inner tube 108 is slid into outer tube 110. Lubricants may be
used to facilitate sliding inner tube 108 into outer tube 110, particularly for constructing longer
tubing assemblies. As discussed above, the inner diameter of outer tube 110 and the outer
diameter of inner tube 108 are arranged to be substantially the same so that inner tube 108 snugly
slides into outer tube 110.

[042] Barbed insert 130, as shown in Figure 4, may include a first section 132 and a
second section 134. First section 132 of barbed insert 130 may include an outer surface that has
an outer diameter equal to or substantially close to the inner diameter of the inner tube 108.
Further, first section 132 also includes annular teeth or barbs 136 extending from the outer
surface of first section 132. In some embodiments, teeth or barbs 136 project in an opposite
direction from second section 134 to first section 132 to prevent the insert 130 from moving
backward and out of inner tube 108 once it has been inserted. In addition, the pitch of teeth or
barbs 136 is related to the pitch of corrugations 111 so that, once inserted, teeth or barbs 136 fall
within individual corrugations 111. Further, inner tube 108 is deformed 125 by teeth or barbs
136 into individual ones of corrugations 111, enhancing the seal of tubing assembly 100.

Further, with teeth or barbs 136 interlocking with corrugations 111, barbed insert 130 is

11
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mechanically fixed inside inner tube 108 once inserted. Insert 130 can be formed from any rigid
material, (e.g., PVC, polyethylene (polythene), polypropylene, any other rigid polymer, or any
metal).

[043] As an example as shown in FIGS. 4 and 5, teeth or barbs 136 each have one edge
projecting substantially radially outward and another edge projecting substantially radially
inward at an angle 150. In some embodiments, angle 150 can be 150°. The height of the barbs
is arranged to provide a proper compression against the inner wall of inner tube 110, resulting in
a good seal for liquid and gas. The length of the first section 132 can also be arranged to provide
a stable connection and a proper seal between the barbed insert 130 and the inner wall of inner
tube 108. For example, although first section 132 may include any number of teeth or barbs 136,
first section 132 may have a length that can accommodate three barbs as shown in FIG. 1. The
spacing between adjacent two barbs can be arranged to match the distance between two
corrugations or multiple times of the distance between two corrugations of the outer tube 110.
As shown in FIGS. 4 and 5, teeth or barbs 136 cause some areas of inner tube 108 to deform or
rise 125. In some embodiments, the inner tube deforms or rises when the inner tube conforms in
shape to the corrugation of the outer tube. The rising areas are partially received in corrugations
111 of outer tube 110. Because outer tube 110 is made from a relatively rigid material, outer
tube 110 will not deform or will deform less than inner tube 108. Outer tube 110 will press inner
tube 108 inwardly against teeth or barbs 136, thereby creating dual compression zones 125.

[044] Second section 134 of barbed insert 130 is used for connecting with other tubes,
for example, other standard plumbing tubes. As such, second section 134 may be of any
configuration appropriate to other tubes, tanks, cells, or any other system in a sealing manner.

For example, second section 134 may include sealing rings 148 (e.g., o-rings) at least partially

12
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received in recesses defined on an outer surface of second section 134. Sealing rings 148 further
provide a seal between second section 134 and a receiving portion or receptacle 60 which may
have a third section 64 fitting over the outer surface of the second section 134 (as shown in FIG.
5). In some embodiments, second section 134 may have an inner surface 144 having screw
threads thereon for connecting multi-walled tubing assembly 100 with a second tube (not
shown).

[045] Barbed insert 130 may be formed from any materials with proper strength and
chemical resistance (e.g., PVC, polyethylene (polythene), polypropylene, any other rigid
polymer, and any metal). As shown in FIGS. 4 and 5, first section 132 and second section 134 of
barbed insert 130 may be integrally formed (i.e., formed as a single piece in a single process).
First section 132 may have a passageway 137 fluidly connected with passageway 120 of the
inner tube 108. Fluids include matter in a liquid state, in a gaseous state, or in both a liquid and
gaseous state. Second section 134 of plain insert 130 may have a passageway 142 fluidly
connected to passageway 137 of first section 132 and passageway 62 of receiving portion or
receptacle 60 (as shown in FIG. 5). Second section 134 of barbed insert 130 may have a
passageway 142 fluidly connected with passageway 137 and the second tube.

[046] Receiving portion or receptacle 60 may be formed from any materials with proper
strength and chemical resistance (e.g., PVC, polyethylene (polythene), polypropylene, any other
rigid polymer, and any metal).

[047] Referring to FIGS. 3 and 5, second section 34, 134 of insert 30, 130 may include a
first flange 38, 138, respectively. Receiving portion or receptacle 60 may include a second
flange 66. When second section 34, 134 is received in the third section 64, the first flange 38,

138 and the second flange 66 are placed in contact with each other (shown in FIG. 6). As shown

13
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in FIG. 6, a retaining clip or clamp 210 may contact and hold the first flange 38, 138 and the
second flange 66 against each other.

[048] FIG. 7 illustrates a process 700 for assembling a flexible, multi-walled tubing
assembly 100 consistent with some embodiments of the present invention. In step 710, outer
tubing 110 may be prepared. In some embodiments, outer tubing 110 may be bent and shaped
for a particular application. Preparation may, in some embodiments, further include cleaning
outer tubing 110 by dipping in a cleaning solution, which may be an acid bath. In addition to
cleaning, outer tubing 110 may be coated with, for example, a PVC coating. A PVC coating
may be applied by dipping outer tubing 110 in liquid PVC and drying outer tubing 110.

[049] In step 720, inner tube 108 is inserted into outer tubing 110. Inner tube 108 of
flexible, multi-walled tubing assembly 100 may first be lubricated with, for example, methanol
and inserted into outer tube 110 so that flexible, multi-walled tubing assembly 100 now includes
outer tubing 110 that is completely lined with inner tubing 108. Flexible, multi-walled tubing
assembly 100 may then be dried so that the lubricant is removed. A chemically compatible
adhesive 40 (e.g., epoxy, polyurethane, and polyolefin (polyalkene)) may be applied such that it
is between the outer tubing 110 and inner tubing 108.

[050] In step 730, plain insert 30 is inserted into one or both ends of flexible, multi-
walled assembly 100. A chemically compatible adhesive 50 (e.g., epoxy, polyurethane, and
polyolefin (polyalkene)) may be applied such that it is between the plain insert 30 and the inner
tube 108. In some embodiments, first section 32 of plain insert 30 may be hand-thrust into
flexible, multi-walled tubing assembly 100, although a tool may also be utilized for this
procedure. Inner tube 108 can be slightly longer than outer tube 110, which allows for the

deformation and compression of inner tube 108 that occurs during the fitting process. Therefore,
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after first section 32 is inserted into inner tube 108, both of inner tube 108 and outer tube 110 can
be firmly butted against second section 34, which can have a larger diameter than that of first
section 32. Once plain insert 30 is inserted into flexible, multi-walled tubing assembly 100,
flexible, multi-walled tubing assembly 100 provides a seal to both the liquid being carried in
multi-walled assembly 100 and to the gasses that may be included in the liquid. Further, multi-
walled tubing assembly 100, once assembled, is fixed and no additional fasteners or other
arrangements are required to hold multi-walled tubing assembly 100 together.

[051] FIG. 8 illustrates a process 800 for assembling a flexible, multi-walled tubing
assembly 100 consistent with some embodiments of the present invention. In step 810, outer
tubing 110 may be prepared. In some embodiments, outer tubing 110 may be bent and shaped
for a particular application. Preparation may, in some embodiments, further include cleaning
outer tubing 110 by dipping in a cleaning solution, which may be an acid bath. In addition to
cleaning, outer tubing 110 may be coated with, for example, a PVC coating. A PVC coating
may be applied by dipping outer tubing 110 in liquid PVC coating and drying outer tubing 110.

[052] In step 820, inner tube 108 is inserted into outer tubing 110. Inner tube 108 of
multi-walled tubing assembly 100 may first be lubricated with, for example, methanol, and
inserted into outer tube 110 so that multi-walled tubing assembly 100 now includes outer tubing
110 that is completely lined with inner tubing 108. Multi-walled tubing assembly 100 may then
be dried so that the lubricant is removed.

[053] Instep 830, barbed insert 130 is inserted into one or both ends of multi-walled
assembly 100. In some embodiments, first section 132 of barbed insert 130 may be hand-thrust
into multi-walled tubing assembly 100, although a tool may also be utilized for this procedure.

Inner tube 108 can be slightly longer than outer tube 110, which allows for the deformation and

15
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compression of inner tube 108 that occurs during the fitting process. Therefore, after first
section 132 is inserted into inner tube 108, both of inner tube 108 and outer tube 110 can be
firmly butted against second section 134, which can have a larger diameter than that of first
section 132. Once barbed insert 130 is inserted into multi-walled tubing assembly 100, multi-
walled tubing assembly 100 provides a seal to both the liquid being carried in multi-walled
assembly 100 and to the gasses that may be included in the liquid. Further, multi-walled tubing
assembly 100, once assembled, is mechanically fixed and no additional fasteners or other
arrangements are required to hold multi-walled tubing assembly 100 together.

[054] Several advantages over the prior art may be achieved with embodiments of the
multi-walled tubing assembly 100. Some embodiments of the flexible multi-walled tubing
assembly 100 provide a good seal for liquid or gas and provide fluid communication between
two tubes or pipes that are connected to two plain or barbed inserts (as shown in FIGS. 2-5).
Some embodiments of multi-walled tubing assembly 100 are flexible and can be formed to a
desired angle, thereby providing a flexible routing solution. Some embodiments of flexible,
multi-walled tubing assembly and 100 have structural rigidity and are not prone to becoming
kinked. Moreover, some embodiments of the flexible, multi-walled tubing assembly 100 may be
constructed without any tooling. Inner tube 108 and outer tube 110 with precut lengths may be
assembled one inside the other to form a flexible, multi-walled tube, and the flexible, multi-
walled tube may be fitted over the first section 132 of the barbed insert 130 by hand. The same
process may be repeated for the other end (as shown in FIGS. 3 and 5). As indicated above, once
inserted barbed insert 130 is self retaining and does not require a secondary crimp sleeve to

retain insert 130.
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[055] It will be apparent to those skilled in the art that various modifications and
variations can be made to the flexible, multi-walled tubing assembly. Other embodiments will
be apparent to those skilled in the art from consideration of the specification and practice of the
disclosed flexible, multi-walled tubing assembly. As those of ordinary skill in the art will readily
appreciate, for example, an additional tube or tubes may also be included in the flexible, multi-
walled tubing assembly. For example, an innermost tube received in the inner tube, a middle
tube received in the outer tube and receiving the inner tube, an outermost tube receiving the outer
tube, and the like. The additional tubes may contribute to the rigidity, corrosion resistance, gas
impermeability, thermal insulative, electrical insulative, operating temperature, operating
pressure, etc. properties of the multi-walled tubing assembly. It is intended that the specification
and examples be considered as exemplary only, with a true scope being indicated by the

following claims and their equivalents.
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WHAT IS CLAIMED I8S:

1. A flexible, multi-walled tubing assembly, comprising:

an outer tube, the outer tube having corrugations of a first pitch and low permeability to
gasses;

an inner tube received in the outer tube, the inner tube comprised of an elastic material
and having corrosion resistance to liquids and gasses; and

a first chemically-compatible adhesive, the first chemically-compatible adhesive being
compatible with the outer tube and inner tube, and being in-between a section of an inner surface

of the outer tube and an outer surface of the inner tube.

2. The multi-walled tubing assembly of claim 1, wherein the outer tube is comprised of a

metal, a metalized plastic, or a laminated material.

3. The multi-walled tubing assembly of claim 1, wherein the elastic material is a

thermoplastic elastomer or a synthetic rubber.

4. The multi-walled tubing assembly of claim 1, wherein the first chemically-compatible

adhesive is comprised of at least one of epoxy, polyurethane, and polyolefin (polyalkene)).

5. The flexible, multi-walled tubing assembly of claim 1, further comprising:

a first insert, the first insert including a first section, the first section being inserted into
the inner tube; and

a second chemically compatible adhesive, the second chemically compatible adhesive
being compatible with the first insert and the inner tube, and being in-between the first section of

the first insert and the outer surface of the inner tube.
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6. The multi-walled tubing assembly of claim 5, wherein the first insert is made from

polyvinyl chloride, a rigid polymer, or a metal.

7. The multi-walled tubing assembly of claim 1, wherein the second chemically-compatible

adhesive is comprised of at least one of epoxy, polyurethane, and polyolefin (polyalkene)).

8. A flexible, multi-walled tubing assembly, comprising:

an outer tube, the outer tube having corrugations of a first pitch and low permeability to
gasses; and

an inner tube, the inner tube comprised of an elastic material, having corrosion resistance

to liquids and gasses, and received in the outer tube.

9. The multi-walled tubing assembly of claim 8, wherein the outer tube is comprised of a

metal, a metalized plastic, or a laminated material.

10.  The multi-walled tubing assembly of claim 8, wherein the elastic material is a

thermoplastic elastomer or a synthetic rubber.

11.  The multi-walled tubing assembly of claim 8, further comprising:
a first insert, the first insert including a first section with an outer surface having annular
teeth thereon, the annular teeth having a second pitch related to the first pitch, and the first

section received by the inner tube such that the annular teeth engage with the corrugations.

19



WO 2010/042899 PCT/US2009/060280

12. The multi-walled tubing assembly of claim 11, wherein
the distance between two adjacent annular teeth is a non-zero integer multiple of the

distance between two adjacent corrugations of the outer tube.

13.  The multi-walled tubing assembly of claim 11, wherein the first insert is made from

polyvinyl chloride, a rigid polymer, or a metal.

14, The multi-walled tubing assembly of claim 11, wherein
each of the annular teeth is comprised of at least two edges, a first edge which projects

substantially radially outward and a second edge which projects substantially radially inward.

15. The multi-walled tubing assembly of claim 11, wherein the annular teeth cause areas of

the inner tube to deform and the deformed areas are generally received in the corrugations.

16. A multi-walled tubing assembly, comprising:

a multi-walled tubing body extending between a first end and a second end, wherein the
tubing body is comprised of an inner tube being corrosion resistant and comprised of an elastic
material, and an outer tube having a low gas permeability and corrugations of a first pitch;

a first insert received by the inner tube at the first end; and

a second insert received by the inner tube at the second end.

17.  The multi-walled tubing assembly of claim 16, wherein the first and second inserts each
include a second section, the second section being adapted to connect to a receptacle or a tube,
and including an outer surface with at least one recess thereon, each recess configured to receive

a sealing ring.

20



WO 2010/042899 PCT/US2009/060280

18.  The multi-walled tubing assembly of claim 16, wherein the first and second inserts each
include a second section, the second section being adapted to connect to a receptacle or a tube,

and including an inner surface with screw threads thereon.

19.  The multi-walled tubing assembly of claim 16, further comprising:

a first chemically-compatible adhesive in-between a section of an inner surface of the
outer tube and an outer surface of the inner tube, wherein the first chemically-compatible
adhesive is compatible with the outer tube and inner tube; and

a second chemically compatible adhesive in-between a first section of the first and
second inserts and the inner surface of the inner tube, wherein the second chemically compatible

adhesive is compatible with the first and second inserts and the inner tube.

20.  The multi-walled tubing assembly of claim 16, wherein:

the first and second inserts each include a first section with an outer surface having
annular teeth thereon, the first section being inserted into the inner tube such that the annular
teeth engage with the corrugations, and the annular teeth having a second pitch related to the first

pitch.

21.  The multi-walled tubing assembly of claim 20, wherein:
the distance between two adjacent annular teeth is a non-zero integer multiple of the

distance between two adjacent corrugations of the outer tube.

22. A method of constructing a multi-walled tubing assembly comprising:
inserting an inner tube into an outer tube, wherein
the inner tube is comprised of an elastic material and has low permeability to
gasses, and
the outer tube has corrugations of a first pitch and low permeability to gasses.
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23.  The method of constructing a multi-walled tubing assembly of claim 22, further
comprising:

applying a first chemically-compatible adhesive, wherein the first chemically-compatible
adhesive is compatible with the outer tube and inner tube;

applying a second chemically compatible adhesive, wherein the second chemically
compatible adhesive is compatible with the insert and the inner tube; and

inserting a first section of an insert into the inner tube.

24.  The method of constructing a multi-walled tubing assembly of claim 22, further
comprising:

inserting a first section of an insert into the inner tube such that teeth of the first section
deform the inner tube into corrugations of the outer tube, the teeth having a second pitch related

to the first pitch.
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