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INSULATED HOSE ARRANGEMENTS

Cross-Reference to Related Application

[0001] This application claims priority to and all benefit of U.S. Provisional Patent
Application Serial No. 62/818,983, filed on March 15, 2019 and entitled INSULATED HOSE
ARRANGEMENTS, the entire disclosure of which is incorporated herein by reference.

Technical Field

[0002] The present disclosure relates to flexible hose assemblies and to methods of making
flexible hose assemblies. More particularly, the disclosure relates to flexible hoses having thermal
insulation configured to maintain hose flexibility while providing for extreme operating

temperatures (e.g., temperatures as low as -53°C and/or as high as 250°C).

Summary of the Disclosure

[0003] In accordance with an embodiment of one or more of the inventions presented in
this disclosure, a hose assembly includes a hose defining an internal fluid passage and an exterior
surface, an end connection attached to a first end of the hose, an insulation material wrapped onto
the exterior surface of the hose, a cover surrounding the insulation material, and an elastomeric
sleeve extending over and in compressive engagement with at least a portion of the end connection
and the cover. The insulation material, the cover, and the elastomeric sleeve are each rated for

continuous use at a temperature of at least about 135°C.

[0004] In accordance with another embodiment of one or more of the inventions presented
in this disclosure, 2 method of making a hose assembly is contemplated. In the exemplary method,
a hose is provided, with the hose defining an internal fluid passage and an exterior surface, and an
end connection attached to a first end of the hose. An insulation material is wrapped onto the
exterior surface of the hose, and a cover is installed over the insulation material. An elastomeric

sleeveis installed over and in compressive engagement with at least a portion of the end connection
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and the cover. The insulation material, the cover, and the elastomeric sleeve are each rated for

continuous use at a temperature of at least about 135°C.

Brief Description of the Drawings

[0005] Further advantages and benefits will become apparent to those skilled in the art
after considering the following description and appended claims in conjunction with the

accompanying drawings, in which:

[0006] FIG. 1 is a half-longitudinal cross-sectional view of a section of insulated hose, in

accordance with an exemplary embodiment of the present disclosure;

[0007] FIG. 2 is a partial cross-sectional view of an insulated hose assembly, in accordance

with another exemplary embodiment of the present disclosure; and

[0008] FIG. 3 illustrates a chart showing exterior surface temperatures for insulated hose

used in high temperature fluid conditions.

Description of the Exemplary Embodiments

[0009] While various inventive aspects, concepts and features of the inventions may be
described and illustrated herein as embodied in combination in the exemplary embodiments, these
various aspects, concepts and features may be used in many alternative embodiments, either
individually or in various combinations and sub-combinations thereof. Unless expressly excluded
herein all such combinations and sub-combinations are intended to be within the scope of the
present inventions. Still further, while various alternative embodiments as to the various aspects,
concepts and features of the inventions--such as alternative materials, structures, configurations,
methods, circuits, devices and components, software, hardware, control logic, alternatives as to
form, fit and function, and so on--may be described herein, such descriptions are not intended to
be a complete or exhaustive list of available alternative embodiments, whether presently known or
later developed. Those skilled in the art may readily adopt one or more of the inventive aspects,
concepts or features into additional embodiments and uses within the scope of the present
inventions even if such embodiments are not expressly disclosed herein. Additionally, even
though some features, concepts or aspects of the inventions may be described herein as being a
preferred arrangement or method, such description is not intended to suggest that such feature is

required or necessary unless expressly so stated. Still further, exemplary or representative values
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and ranges may be included to assist in understanding the present disclosure, however, such values
and ranges are not to be construed in a limiting sense and are intended to be critical values or
ranges only if so expressly stated. Parameters identified as “approximate” or “about” a specified
value are intended to include both the specified value and values within 10% of the specified value,
unless expressly stated otherwise. Further, it is to be understood that the drawings accompanying
the present disclosure may, but need not, be to scale, and therefore may be understood as teaching
various ratios and proportions evident in the drawings. Moreover, while various aspects, features
and concepts may be expressly identified herein as being inventive or forming part of an invention,
such identification is not intended to be exclusive, but rather there may be inventive aspects,
concepts and features that are fully described herein without being expressly identified as such or
as part of a specific invention, the inventions instead being set forth in the appended claims.
Descriptions of exemplary methods or processes are not limited to inclusion of all steps as being
required in all cases, nor is the order that the steps are presented to be construed as required or

necessary unless expressly so stated.

[0010] Many applications have requirements for flexible hose to provide a fluid connection
between two points in a fluid system, with the flexibility of the hose allowing for various fluid line
routing requirements, thermal expansion, misalignment, and intermittent or continuous flexing
(e.g., due to system vibrations). Some flexible hoses may be provided with a core tube material
(e.g., stainless steel) selected for suitability for use with extreme high or low system temperatures
that have relatively high thermal conductivity. Such hoses may require insulation surrounding the
core tube, for example, to provide stability of temperature control, to avoid condensation in low
temperature applications, and/or to protect users from burns in high temperature applications.
Known insulated hose assemblies use fiberglass-based or “black foam” insulation encased around
the hose, which often result in a significant increase in the outer diameter of the insulated hose
assembly, and/or reduced flexibility of the hose assembly. Many insulation materials are prone to
generating excessive dust or other contaminants, which are particularly undesirable in some hose

applications.

[0011] According to an exemplary aspect of the present disclosure, a hose may be provided
with an insulating wrap arrangement that maintains flexibility, facilitates fabrication, provides
cleaner, reduced contaminant construction, and/or further extends temperature ratings. In one

embodiment, an aerogel composite insulation material (e.g., a tape, strip, or sheet) may be wrapped



WO 2020/190528 PCT/US2020/021302

around an outer surface of a hose to provide exterior insulation for the hose. The aerogel composite
may include a variety of suitable materials, including for example, an expanded PTFE (ePTFE)
and aerogel mixture formed, for example, by extrusion or two-roll processing. The insulation
material may, but need not, form a core attached to an outer membrane or film on either or both
sides of the core material. Exemplary PTFE-aerogel composite insulation materials are described

in U.S. Patent No. 7,868,083, the entire disclosure of which is incorporated herein by reference.

[0012] In an exemplary embodiment, a PTFE-based aerogel insulation material may be
selected to provide one or more of the following properties: a continuous use temperature between
about -53°C and about 250°C (for example, for use with system fluids at these temperatures) and
a thermal conductivity of less than about 25 mW/m K (e.g., about 21 mW/m K) at room
temperature (about 23°C), a thermal conductivity of about 26 mW/m K at about 225°C, and
capable of meeting UL94 V-0 flammability ratings. An exemplary PTFE-based aerogel may
include an ePTFE matrix configured to hold aerogel crystals for minimal dust or particle shedding.
Additionally, the material may be hydrophobic to minimize the absorption of moisture yet vapor
permeable to prevent corrosion of a metal surface of the hose (e.g., metal braiding) under the

insulation.

[0013] The insulation material may be provided in a variety of thicknesses, including, for
example, between approximately 0.5 mm and 5 mm thick (e.g., approximately 1.5 mm thick), and
may be cut to a variety of suitable widths, including, for example, between approximately 0.5
inches and 5 inches wide (e.g. approximately 1.5 inches wide). The insulation material may be
wrapped around the hose in a variety of arrangements, including for example, longitudinally or
spiral-wrapped arrangements. In an exemplary embodiment, the insulation material is spiral
wrapped with a predetermined overlap, for example, to prevent exposure of the underlying hose
surface when the hose is bent or flexed. In some embodiments, the degree of overlap may be
selected such that a single strip of the insulation material may provide multiple layers of insulation
material, for example, to provide increased insulation properties, increased operating temperature
range, and/or enhanced handling safety. For example, the insulation material may be provided
with a 50% overlap to provide two layers of insulation material using a single strip of the insulation
material, or a 66% overlap to provide three layers of insulation material using a single strip of the
insulation material. Additionally or alternatively, multiple strips or wraps of the insulation

material may be wrapped around the hose to provide multiple layers of insulation material. For
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example, two strips of insulation material may each be wrapped, one over the other, with 0%
overlap to provide two layers of insulation material, or with 50% overlap to provide four layers of
insulation material. The additional strip may be wound opposite the first wrap or longitudinally
offset from the first strip, for example, to prevent exposure of the underlying hose surface when

the hose is bent or flexed.

[0014] According to another aspect of the present disclosure, the insulated hose may be
provided with a cover similarly selected for extreme temperature ratings (e.g., up to 150°C, or
between -200°C and 180°C, for example, for use in environments at these temperatures),
waterproofing, vapor permeability, and flame resistance. While many different cover materials
may be utilized, in an exemplary embodiment, a durable, thermally resistant engineered fabric may
be used as a cover wrap for the hose. The fabric may be provided in an elongated strip having a
suitable width (e.g., between about 1 inch and about 5 inches, or about 3 inches), spiral wrapped
over the insulation material. Exemplary materials include aramid fiber fabrics, such as Kevlar®,
or ePTFE-based engineered fabrics, such as Gore-Tex®. The engineered fabric may be
sufficiently stretchable to maintain bendability/flexibility of the wrapped hose and may be
wrapped on the insulation material without adhesively bonding the fabric cover to the insulation
material to further maintain bendability/flexibility of the wrapped hose. In one such embodiment,
the engineered fabric may include a matrix oriented to minimize stretchability along the length of
the fabric strip (e.g., less than about 1% elongation at 5 lbs tensile force) while provide more
substantial stretchability across the width of the strip (e.g., at least about 10% elongation at 5 Ibs
tensile force). This arrangement provides tension (e.g., about 5 Ibs tensile force) to secure the
wrapped fabric cover in place (even in the absence of an adhesive bond), while maintaining high

flexibility and low bending force of the wrapped hose.

[0015] In an exemplary embodiment, an engineered fabric cover wrap is formed from fire
retardant PTFE/polyester fabric having a density of approximately 5 oz per square yard and an
operating temperature range of -200°C to 180°C, provided in an approximately 3 inch wide strip
and tightly spiral wrapped around an insulation wrapped hose in an overlapped fashion (e.g.,
approximately 50% overlap). FIG. 1 illustrates an exemplary insulated hose section 10 having a
corrugated metal (e.g., stainless steel) core tube 11 defining an internal fluid passage and a braided
metal sheath 12 defining an exterior surface of the hose 10. Other hose materials (e.g., PTFE),

layers, and configurations may additionally or alternatively be utilized. A strip of PTFE-based
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aerogel insulation material 13 (e.g., having one or more of the properties described above)
approximately 1.5 mm thick and approximately 1.5 inches wide is spiral wrapped onto the braided
metal sheath 12 with a 50% overlap, to provide a substantially uniform double layer of insulation
material along the length of the hose 10. A strip of PTFE/polyester engineered fabric 14 (e.g.,
having one or more of the properties described above) approximately 3 inches wide, and having a
density of approximately 5 oz per square yard, is spiral wrapped onto the insulation material 13
with a 50% overlap, to a tension of at least about 5 Ibs, to provide a substantially uniform double

layer of cover fabric 14 along the length of the hose 10.

[0016] In another exemplary embodiment, a heat shrunk polymeric cover may be applied
or installed over the insulation layer, for example, in a material selected to provide a flame
retardant cover and/or to prevent vapor permeability of the insulated hose assembly. In one
example, a polyolefin tube having a thickness of about 1 mm when shrunk and an operating
temperature range of -55°C to about 135°C may be installed over the insulation layer and heat
shrunk into compressive retention (e.g., tension of at least 5 1bs) against the insulation layer. In an
exemplary arrangement, an insulation wrapped hose is inserted through a polyolefin tube (with air
plumbed into the tube to inflate the tube, if needed). The tube is heated (e.g., by a heat gun and/or
oven) to temperatures up to about 177°C to shrink the tube material into compressive engagement

with the insulation layer. Ends of the heat shrunk tube may be trimmed as needed.

[0017] A conventional hose includes metal end connections for connecting the hose within
a fluid control system. While these metal connections are usually rated to withstand extreme
temperatures, user handling of the thermally conductive end connections may be hazardous when
the hose is exposed to extreme temperatures. According to another aspect of the present disclosure,
a thermal resistant sleeve may be provided over a metal end connection of a hose, extending over
an end portion of the insulation material and cover of the hose assembly. FIG. 2 and 2A illustrate
an exemplary hose assembly 100, 100a including an inner, sheathed hose 110 (e.g., corrugated
core tube and braided metal sheath, as shown in FIG. 1) extending to a metal end connection 120
(e.g., tube stub end connection for welding or connection with a tube fitting) crimped, welded, or
otherwise attached to the hose 110, an insulation material 130 (e.g., the spiral wrapped strip of
PTFE-based aerogel insulation material 13 of the embodiment of FIG. 1), and a cover 140, 140a.
In the illustrated embodiment of FIG. 2, the cover 140 is formed from a spiral-wound strip of fabric

(e.g., the spiral wound strip of PTFE/polyester engineered fabric 14 of the embodiment of FIG. 1).
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In the illustrated embodiment of FIG. 2A, the cover is formed from a heat-shrunk polymeric tube
(for example, as described above). As shown, the insulation material 130 and cover 140, 140a may
(but need not) extend over a rearmost portion or collar 121 of the metal end connection 120. A
thermally resistant sleeve 150 is installed over a base portion 122 of the end connection and extends
rearward over the end portions of the insulation material 130 and cover 140, 140a. The sleeve may
be provided in a material having a continuous use temperature comparable to that of the insulation
material (e.g., at least about 250°C, or about 260°C), such as, for example, silicone. While only
one end of the hose assembly 100, 100a is shown, an opposite end of the hose assembly may (but

need not) include a similar end connection and sleeve arrangement.

[0018] While some conventional hose sleeves are provided in heat shrunk material to
reliably grip the hose or hose end, the exemplary thermally resistant sleeve may be provided in a
material selected to permit elastic stretching or expansion of the sleeve for alignment of the sleeve
with the hose end (e.g., adjacent portions of the end connection and cover), and subsequent
contraction into gripping or compressive retained engagement on the hose end. In an exemplary
embodiment, a silicone sleeve has a durometer of between about 20 and about 50, or between
about 35 and about 45, or about 40, to permit elastic stretched installation of the sleeve. Further,
the silicone sleeve may be peroxide cured (e.g., black high temperature peroxide cured silicone
tubing, capable of meeting UL94 V-0 flammability ratings) to minimize drying or cracking of the

sleeve due to prolonged exposure to high temperatures.
[0019] EXAMPLE 1:

[0020] Samples of bulk hose product having a 4 inch nominal diameter flexible metal
hose, with corrugated stainless steel core tube and braided metal sheath, are wrapped with two,
four, or six layers of 1.5 mm thick PTFE-aerogel composite insulation, and covered with a spiral
wound strip of PTFE/polyester engineered fabric. FIG. 3 illustrates a chart showing an exterior
surface temperature for the insulated hose assemblies in room temperature (about 24°C)
applications, when exposed to liquid media fluid temperatures up to 250°C, as compared to a bulk
(non-insulated) hose assembly. As evident from the chart, an insulated hose in accordance with
the present disclosure may provide for a “touch safe” (60°C maximum, per ASTM C1055) exterior

surface at fluid temperatures up to about 140°C with two layers of insulation material, up to about
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195°C with four layers of insulation material, and greater than 250°C with six layers of insulation
material.

[0021] The inventive aspects have been described with reference to the exemplary
embodiments. Modification and alterations will occur to others upon a reading and understanding
of this specification. Itis intended to include all such modifications and alterations insofar as they

come within the scope of the appended claims or the equivalents thereof.
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What is claimed is:

1. A hose assembly comprising:

a hose defining an internal fluid passage and an exterior surface;

an end connection attached to a first end of the hose;

an insulation material wrapped onto the exterior surface of the hose;

a cover surrounding the insulation material; and

an elastomeric sleeve extending over and in compressive engagement with at least a portion
of the end connection and the cover;

wherein the insulation material, the cover, and the elastomeric sleeve are each rated for

continuous use at a temperature of at least about 135°C.

2. The hose assembly of claim 1, wherein the insulation material comprises a PTFE-based
aerogel.
3. The hose assembly of any of claims 1 and 2, wherein the insulation material is rated for

continuous use at temperatures between about -53°C and about 250°C.

4. The hose assembly of any of claims 1-3, wherein the insulation material is rated for

continuous use at a temperature of at least about 250°C.

5. The hose assembly of any of claims 1-4, wherein the insulation material has a maximum

thermal conductivity of less than about 25 mW/m K at about 23°C.

6. The hose assembly of any of claims 1-5, wherein the insulation material is capable of

meeting UL94 V-0 flammability ratings.

7. The hose assembly of any of claims 1-6, wherein the insulation material comprises a first

strip of insulation material spiral wrapped onto the exterior surface of the hose.
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8. The hose assembly of claim 7, wherein the first strip of insulation material is spiral wrapped

onto the exterior surface of the hose with an approximately 50% overlap.

9. The hose assembly of any of claims 7 and 8, wherein the insulation material comprises a

second strip of insulation material spiral wrapped onto the first strip of insulation material.

10.  The hose assembly of any of claims 7-9, wherein the first strip of insulation material has a
maximum elongation along the length of about 1% at 5 Ibs tensile force, and a minimum elongation

across the width of about 10% at 5 1bs tensile force.

11. The hose assembly of any of claims 1-10, wherein the cover comprises a fabric cover

wrapped onto the insulation material.

12. The hose assembly of claim 11, wherein the fabric cover comprises a PTFE/polyester

engineered fabric.

13. The hose assembly of any of claims 11 and 12, wherein the fabric cover comprises a fabric

strip spiral wrapped onto the insulation material.

14. The hose assembly of claim 13, wherein the fabric strip is spiral wrapped onto the

insulation material with an approximately 50% overlap.

15. The hose assembly of any of claims 13 and 14, wherein the fabric strip is spiral wrapped

onto the insulation material without adhesive.

16. The hose assembly of any of claims 13-15, wherein the fabric strip is spiral wrapped to

maintain a tension of at least about 5 1bs.

17. The hose assembly of any of claims 1-10, wherein the cover comprises a heat shrunk

polymeric tube.
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18. The hose assembly of claim 17, wherein the polymeric tube comprises polyolefin.

19.  The hose assembly of any of claims 1-18, wherein the elastomeric sleeve comprises

silicone.

20. The hose assembly of claim 19, wherein the elastomeric sleeve comprises a peroxide cured

silicone.

21.  The hose assembly of any of claims 1-20, wherein the elastomeric sleeve is rated for

continuous use at a temperature of at least about 250°C.

22.  The hose assembly of any of claims 1-21, wherein the hose comprises a corrugated metal

tube defining the internal fluid passage.

23. The hose assembly of any of claims 1-22, wherein the hose comprises a braided metal

sheath defining the exterior surface.

24, The hose assembly of any of claims 1-23, further comprising a second end connection
attached to a second end of the hose, and a second elastomeric sleeve extending over and in

compressive engagement with at least a portion of the second end connection and the cover.

25. A method of making an insulated hose assembly, the method comprising:

providing a hose defining an internal fluid passage and an exterior surface, and an end
connection attached to a first end of the hose;

wrapping an insulation material onto the exterior surface of the hose;

installing a cover around the insulation material; and

installing an elastomeric sleeve over and in compressive engagement with at least a portion
of the end connection and the cover;

wherein the insulation material, the cover, and the elastomeric sleeve are each rated for

continuous use at a temperature of at least about 135°C.
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26. The method of claim 25, wherein the insulation material comprises a PTFE-based aerogel.

27.  The method of any of claims 25 and 26, wherein the insulation material is rated for

continuous use at temperatures between about -53°C and about 250°C.

28.  The method of any of claims 25-27, wherein the insulation material is rated for continuous

use at a temperature of at least about 250°C.

29.  The method of any of claims 25-28, wherein the insulation material has a thermal

conductivity of less than about 25 mW/m K at about 23°C.

30.  The method of any of claims 25-29, wherein the insulation material is capable of meeting

UL9%4 V-0 flammability ratings.

31. The method of any of claims 25-30, wherein wrapping the insulation material onto the
exterior surface of the hose comprises spiral wrapping a first strip of insulation material onto the

exterior surface of the hose.

32.  The method of claim 31, wherein spiral wrapping the first strip of insulation material onto
the exterior surface of the hose comprises spiral wrapping the first strip of insulation material onto

the exterior surface of the hose with an approximately 50% overlap.

33. The method of any of claims 31 and 32, wherein wrapping the insulation material onto the
exterior surface of the hose further comprises spiral wrapping a second strip of insulation material

onto the first strip of insulation material.

34.  The method of any of claims 31-33, wherein the first strip of insulation material has a
maximum elongation along the length of about 1% at 5 Ibs tensile force, and a minimum elongation

across the width of about 10% at 5 Ibs tensile force.
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35. The method of any of claims 25-34, wherein the cover comprises a fabric cover, and
installing the cover around the insulation material comprises wrapping the fabric cover onto the

insulation material.

36. The method of claim 35, wherein the fabric cover comprises a PTFE/polyester engineered
fabric.
37. The method of any of claims 35 and 36, wherein wrapping the fabric cover onto the

insulation material comprises spiral wrapping a fabric strip onto the insulation material.

38. The method of claim 37, wherein spiral wrapping the fabric strip onto the insulation
material comprises spiral wrapping the fabric strip onto the insulation material with an

approximately 50% overlap.

39. The method of any of claims 37 and 38, wherein spiral wrapping the fabric strip onto the
insulation material comprises spiral wrapping the fabric strip onto the insulation material without

adhesive.

40. The method of any of claims 37-39, wherein spiral wrapping the fabric strip onto the
insulation material comprises spiral wrapping the fabric strip onto the insulation material to
maintain a tension of at least about 5 1bs.

41. The method of any of claims 25-34, wherein the cover comprises a polymeric tube, and
installing the cover around the insulation material comprises heat shrinking the polymeric tube
against the insulation material.

42. The method of claim 41, wherein the polymeric tube comprises polyolefin.

43. The method of any of claims 25-42, wherein the elastomeric sleeve comprises silicone.
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44.  The method of claim 43, wherein the elastomeric sleeve comprises a peroxide cured

silicone.

45. The method of any of claims 25-44, wherein the elastomeric sleeve is rated for continuous

use at a temperature of at least about 250°C.

46. The method of any of claims 25-45, wherein installing the elastomeric sleeve over and in
compressive engagement with the portion of the end connection and the cover comprises
elastically expanding the elastomeric sleeve, aligning the expanded elastomeric sleeve with the
portion of the end connection and the cover, and allowing the elastomeric sleeve to contract into

compressive retained engagement with the portion of the end connection and the cover.

47. The method of any of claims 25-46, wherein the hose comprises a corrugated metal tube

defining the internal fluid passage.

48.  The method of any of claims 25-47, wherein the hose comprises a braided metal sheath

defining the exterior surface.



