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THERMAL SEAL AND METHODS THEREFOR

[0001] This application claims priority to our copending U.S. provisional application with the

serial number 61/048824, filed April 29, 2008, and which is incorporated by reference herein.

Field of the Invention

[0002] The field of the invention is thermal seals, and especially thermal seals at the juncture

of a sealing blanket with another structure.

Background of the Invention

[0003] Most insulation materials provide relatively homogeneous insulation characteristics
over a large length or area of the material. However, and especially where the insulation
material is flexible, gaps of varying width between two or more sides of adjacent insulation

elements often occur during installation and considerable loss of insulation will occur.

[0004] While such gaps between insulation elements can be eliminated by allowing for
overlap of the elements during installation, such method is not always desirable. For
example, where the overlap is relatively large, the overhanging end may consume too much
space. On the other hand, where the overlap is relatively small, the overlap is often sewn or
otherwise fixed to the remaining insulation material that tends to increase time for
installation. Moreover, where the overlap is fixed to the remaining insulation material,

thermal expansion of the elements may be restrained.

[0005] In still other known manners, the gap may be filled with a second insulating material
to block heat escaping through the gap. Such approach is conceptually simple and often
effective. However, gap filling typically requires an additional installation step and tends to

create a weak spot due to the difference in material property and/or configuration.

[0006] Therefore, while various manners of coupling insulating materials are known in the

art, there is still a need for improved thermal seals and methods therefor.

Summary of the Invention

[0007] The present invention is drawn to configurations and methods of sealing a gap that is

formed between the ends of two insulating structures, wherein a bulb seal is used to sealingly
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and deformably occupy the gap, and wherein the so occupied space blocks thermal leakage

through the gap.

[0008] In one preferred aspect of the inventive subject matter, a method of reducing thermal
leakage through a gap defined by a first end surface of a first insulating structure and a
second end surface of a second insulating structure includes a step of coupling a bulb seal
having a tab portion and a bulb portion to the first end surface such that a first part of the tab
portion and part of the bulb portion sealingly abut with the first end surface. In another step,
the second insulating structure is coupled to the first insulating structure such that first and
second end surfaces oppose each other and such that the bulb portion is disposed in the gap

and sealingly contacts the second end surface.

[0009] Most typically, the insulating structures are a manually deformable thermal insulation
blankets or preformed insulation structures (e.g., half pipes), and most preferably have at
least a metallic surface or are manufactured from a metal. It is further generally preferred
that at least one of the end surfaces will have a generally flat surface. Similarly, it is generally
preferred that the tab portion and/or the bulb portion are formed from a metal or comprise a
metallic surface, and/or that the bulb portion is filled with a metallic or vitreous material.
While not limiting to the inventive subject matter, it is also contemplated that the tab portion
and the bulb portion are coupled to each other via stitching or welding. Moreover, it is
generally preferred that the step of coupling the bulb seal to the first end surface is performed

by welding to so, for example, form at least part of a fire barrier or other thermal barrier.

[0010] Where desirable, the tab portion may include a second part that is angled relative to
the first part of the tab portion. In such case, it is typically preferred that the second part of
the tab portion is angled such that the second part of the tab portion is substantially parallel

with a non-end surface of the second insulating structure.

[0011] Consequently, and viewed from a different perspective, the inventor contemplates a
thermal insulation device that includes a first insulating structure having a first end surface,
and a second insulating structure having a second end surface, wherein the first and second
insulating structures are positioned relative to each other such that a gap is defined by the first
and second end surfaces. Contemplated devices will further include a bulb seal having a tab
portion and a bulb portion, wherein the bulb seal is coupled to the first end surface such that a

first part of the tab portion and part of the bulb portion sealingly abut with the first end
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surface, and wherein the second insulating structure is coupled to the first insulating structure
such that the bulb portion is disposed in the gap and sealingly contacts the second end

surface.

[0012] In typical embodiments it is contemplated that at least one of the first and second
insulating structures is a manually deformable insulation blanket, a flat preformed insulation
structure, or a curved preformed insulation structure, and that the first end surface and the
first tab portion have a metallic surface and are welded together. Contemplated devices may
also advantageously be configured such that the tab portion has a second part that is angled
such that the second part of the tab portion is substantially parallel with a non-end surface of

the second insulating structure.

[0013] In yet another aspect of the inventive subject matter, a bulb seal is contemplated that
includes a tab portion and a bulb portion (which is preferably filled with a metallic or vitreous
material), wherein a first part of the tab portion and the bulb portion are configured to allow
formation of a sealing engagement with a first end surface of a first insulating structure by a
welding process, and wherein the tab portion optionally comprises a second part that is

angled to the first part.

[0014] Most preferably, at least one of the tab portion and the bulb portion is formed from a
metal, and/or it is further contemplated that the tab portion and the bulb portion are coupled
to each other via stitching or welding. Moreover, it is generally preferred that the second part
of the tab portion is angled such that the second part of the tab portion is substantially parallel

with a non-end surface of the second insulating structure.

[0015] Various objects, features, aspects and advantages of the present invention will become
more apparent from the following detailed description of preferred embodiments of the

invention and the accompanying drawing.

Brief Description of the Drawing

[0016] Figure 1 depicts an exemplary thermal seal according to the inventive subject matter.

[0017] Figure 2A depicts the thermal seal of Figure 1 coupled to the juncture surface of an

insulating material.

[0018] Figure 2B depicts a detail view of Figure 2A.
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[0019] Figure 3 depicts an exemplary insulating structure using the thermal seal of Figure 1.

Detailed Description

[0020] The inventor has discovered that thermal leakage through a gap that is defined by the
end surfaces of two adjacent insulating structures can be reduced, or even entirely eliminated
where a bulb seal is coupled to one of the end surfaces with a tab portion and wherein a bulb
portion of the bulb seal is deformably and sealingly pressed against the other end surface. In
especially preferred aspects of the inventive subject matter, at least the tab portion of the bulb
seal is welded to the end surface of one insulating structure, which substantially reduces the

time needed to provide a reliable thermal seal.

[0021] As used herein, the term "thermal leakage through a gap" refers to movement of heat
or cold through a gap wherein the heat is typically emitted from a hot structure (e.g., conduit
or container with medium having a temperature higher than ambient temperature [typically
above 20 °C]) and/or fire or other combustion process, and wherein the cold is typically
emitted from a cold structure (e.g., conduit or container with medium having a temperature
lower than ambient temperature [typically below 20 °C]). As also used herein, the term "end
surface of an insulating structure” refers to the surface of the insulating structure in which one
dimension (typically height) is about the same (+/- 15%) as the average thickness of the
insulating structure, and in which the other dimension (typically length) is about the same as
the length or the width of the insulating structure. Viewed from a different perspective, the
term "end surface of an insulating structure" refers to a surface that connects the upper and
lower surfaces of the insulating structure. Consequently, the end surface of an insulating

structure will have the smallest surface area in the insulating structure.

[0022] As further used herein, the term "sealingly abut" in conjunction with the positional
relationship of a first and second element means that first and second elements are positioned
relative to each other to substantially completely prevent thermal leakage through the
interface between the first and second elements (e.g., less than 90%, and more typically less
than 95% of heat energy travels through that gap). Similarly, the term "sealingly contact” in
conjunction with the positional relationship of the bulb portion and an end surface means that
the bulb portion and the end surface are positioned relative to each other to substantially
completely prevent thermal leakage through the interface between the bulb portion and the

end surface (e.g., less than 90%, and more typically less than 95% of heat energy travels
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through that gap). As also used herein, the term "substantially parallel" refers to an angular
difference between two elements (typically planes) of less than 30 degree, more typically less

than 20 degree, and most typically less than 10 degree.

[0023] As still further used herein, the term "permanently coupling” means the elements that
are coupled together remain in the same coupled relationship throughout the term of intended
use. Therefore, elements that are permanently coupled to each other may still be separable, or
may be separated upon reconfiguration and/or repair (which is not within the scope pf the
meaning of intended use). For example, a door panel and a door frame are not permanently
coupled to each other as they do not remain in the same coupled relationship. On the other
hand, where the only change in coupled relationship is relative movement due to thermal
expansion of one or more elements, the elements will be considered permanently coupled to

each other.

[0024] One especially preferred example is depicted in Figure 1 in which a pliable bulb seal
101 is formed from tab portion 110 that is coupled to a bulb portion 120. Most preferably,
both the tab portion and the bulb portion are made from a thermally resistant material 112 and
122, respectively, (e.g., fiberglass cloth or metallic foil), and the bulb portion 120 is further
filled with insulating material 124 (e.g., fiberglass, ceramic, etc.). The tab portion 110 is
preferably sewn (here, via stitching 130) or otherwise coupled to the bulb portion 120 to
complete a pliable (typically manually deformable) seal.

[0025] While the exemplary bulb seal of Figure 1 is drawn with certain proportions, it should
be appreciated that numerous modifications are also contemplated. For example, and with
further reference to the cross sectional view of the bulb seal in Figure 1, the tab portion may
extend significantly further to the left to have a width that is up to 2-fold, up to 5-fold, and
even up to 10-fold (or even more) that the width of the bulb portion. Similarly, the bulb
portion may extend significantly further to the right to have a width that is up to 2-fold, up to
5-fold, and even up to 10-fold (or even more) that the width of the tab portion. Moreover, it
should be noted that additional (e.g., second, third, fourth, etc.) tab portions may be provided
to the bulb portion, wherein the additional tab portions may extend into the same direction or
in opposite directions. Likewise, where desirable, one or more bulb portions may be coupled
to the tab portion(s), especially where the end surface is relatively large. Therefore, it should
be recognized that the bulb seal may include multiple bulb portions that are most preferably

formed from a single sheet. In such alternative structures, the bulb portions are preferably
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sequentially arranged, but may (alternatively, or additionally) also be stacked. Thus, seals are
also contemplated in which at least one of the bulbs is filled with a different insulating

material that the remaining bulbs (e.g., to accommodate to different heat exposure).

[0026] Suitable materials for the tab and bulb portions generally include all materials that are
chemically and structurally stable at the temperature of intended or anticipated use. Thus, the
materials contemplated herein include numerous synthetic polymers, mineral wool, various
vitreous products (e.g., glass fiber, glass wool, etc.), thermally expanded graphite, refractory
composite materials, and most preferably various metals and metal alloys (e.g., aluminum or
stainless steel). Consequently, it should be appreciated that contemplated bulb seals and
methods can be implemented with numerous and different materials other than metal foil or
fiberglass cloth. For example various ceramics, silicone, and certain silicone containing
polymers may be a suitable thermally insulating (and in some cases even structural) material.
However, contemplated seals in especially preferred aspects will be coupled to various rigid
(can not be deformed using manual force), semi-rigid (can be deformed using manual force),
and flexible (can be deformed using manual force and can change configuration under
gravity) metal foil encapsulated insulation products. For example, preferred semi-rigid and
rigid metal encapsulated insulation products may comprise 2 to 10 mil stainless steel
corrugated plates that are pressed into a desired geometry and then welded together (typically

with added insulating materials in the so formed cavity).

[0027] In further preferred aspects, it is contemplated that the bulb seal is configured as a
pliable bulb seal that can be manually deformed. Consequently, it should be noted that the
materials and configurations used in the manufacture of the bulb portion and the tab portion
may be different. For example, the tab portion may be fabricated from an aluminum strip and
have cutouts, perforations, or other elements that afford flexibility of the tab portion, while
the bulb portion may be fabricated from a woven fiberglass or carbon fabric that may be
further filled with a fire resistant material (e.g., mineral wool). Of course, it should be noted
that not only the bulb portion, but also the tab portion may be at least partially filled with a

thermally insulating material.

[0028] Figure 2A depicts an exemplary use of pliable bulb seal 201 A where the bulb seal is
coupled to a half-pipe shaped thermal insulation blanket 250A along one of the end surfaces
252A of the blanket where otherwise a gap would occur when a second insulation blanket

(not shown) is installed. In especially preferred aspects, the bulb seal is welded to the end
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surface of the insulation blanket such that the bulb seal sealably contacts the end surface. As
the bulb portion (typically filled with insulating material) is pliable, the bulb sealably contacts
the end surface of the second insulation blanket. Thus, it should be appreciated that the bulb
seals according to the inventive subject matter can advantageously sealingly couple two
adjoining blankets or other insulating structures, thus plugging a gap even where the gap has

variable dimensions, which greatly reduces thermal leakage through that gap.

[0029] Figure 2B depicts a detail view of exemplary blanket of Figure 2A. Here, bulb seal
201B is welded to the end surface 252B of the half-pipe shaped thermal insulation blanket
250B using spot welds 260B. As can be readily taken from Figure 2B, a portion of the bulb
portion 220B and a portion of the tab portion 210B are in sealing contact with the end surface
252B, while another portion 210'B of the tab portion forms an angle (here: right angle) with
tab portion 210B. It should be particularly appreciated that the angled portion of the tab
portion will not only serve as a mechanical guide during installation, but will also provide a
further shield against thermal leakage. In such case, it should be noted that some or all of the
angled tab portion may be welded or otherwise affixed (e.g., via adhesive) to a non-end
surface of another insulating blanket or other structure. Alternatively, where the angled tab
portion is not welded or otherwise affixed, it should be appreciated that thermal expansion

can be accommodated by the tab while continuously providing an additional thermal barrier.

[0030] In further contemplated aspects, it should be noted that the bulb seal can be coupled to
the end surface in numerous manners other than spot welding, and the most suitable manner
will at least to some degree depend on the particular material used. For example, where the
insulating structure is relatively thick and resilient, non-spot welding processes (e.g., shot
welding, seam welding, SMAW, MMA, GTAW, etc.) may be used. In another example, and
especially where thermoplastic materials are employed, thermal or ultrasonic welding may be
used. Still further suitable manners of coupling the tab portion and/or bulb portion include
use of adhesives, bolting, and screwing, and even releasable coupling (e.g., via loops, hooks,
etc.). Figure 3 is an exemplary illustration where one portion of a bulb seal is welded to the
one end surface of an insulation blanket and where another portion of the bulb seal is angled
to provide a further surface that engages with another insulation blanket. In this example, the
pliable seals 301 are disposed within the gap formed between the end surfaces of insulating
structures 350 and allow for thermal expansion and shrinkage. Thus, it should be especially

recognized that thermal seal structures contemplated herein can be simply, inexpensively, and
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effectively formed such that the seal allows fast attachment to another thermal insulation
blanket in a simple and reliable manner. For example, where the attachment strip is made
from metal, the seal can be welded to another thermal insulation blanket that has a metal

coating.

[0031] Therefore, it should be appreciated that method of reducing thermal leakage through a
gap defined by a first end surface of a first insulating structure and a second end surface of a
second insulating structure can be achieved by permanently coupling a bulb seal having a tab
portion and a bulb portion to the first end surface such that a first part of the tab portion and
part of the bulb portion sealingly abut with the first end surface, and by permanently coupling
the second insulating structure to the first insulating structure such that first and second end
surfaces oppose each other and such that the bulb portion is disposed in the gap and sealingly
contacts the second end surface. Consequently, a thermal insulation device (e.g., fire barrier,
or insulating layer) will typically include a first insulating structure having a first end surface,
and a second insulating structure having a second end surface, wherein the first and second
insulating structures are positioned relative to each other such that a gap is defined by the first
and second end surfaces. Preferred devices also include a bulb seal having a tab portion and
a bulb portion, wherein the bulb seal is permanently coupled to the first end surface such that
a first part of the tab portion and part of the bulb portion sealingly abut with the first end
surface, and wherein the second insulating structure is permanently coupled to the first
insulating structure such that the bulb portion is disposed in the gap and sealingly contacts the
second end surface. Thus, preferred bulb seals will typically include a tab portion and a bulb
portion, wherein a first part of the tab portion and the bulb portion are configured to allow
formation of a sealing engagement with a first end surface of a first insulating structure by a
welding process, and wherein the tab portion optionally comprises a second part that is

angled to the first part.

[0032] It should be appreciated, however, that numerous alternative configurations and
methods of attachment of the seal to the thermal insulating structure will be possible without
departing from the inventive concept presented herein. For example, while it is typically
preferred that the bulb has a generally round cross section, various other configurations are
also deemed suitable and the particular configuration will typically depend on the particular
use. For example, contemplated bulb shapes include angled, patterned, or irregular shapes in

which the thickness is preferably the same along the length of the bulb structure. However,
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the bulb thickness may also change, especially where the insulating structure has a changing

thickness, or where the bulb is configured to bend.

[0033] It is generally preferred that the bulb seals according to the inventive subject matter
are manufactured (and packaged) as a continuous structure that can be cut to suitable sizes.
Alternatively, the continuous structure may also include perforations at predetermined
lengths to simplify sizing. In still further contemplated aspects, the bulb seal may be provided
in fixed lengths and may additionally include an attachment portion that can be used to

connect two bulb seal portions together.

[0034] Thus, specific embodiments and applications of thermal seals and methods have been
disclosed. It should be apparent, however, to those skilled in the art that many more
modifications besides those already described are possible without departing from the
inventive concepts herein. The inventive subject matter, therefore, is not to be restricted
except in the spirit of the appended claims. Moreover, in interpreting both the specification
and the claims, all terms should be interpreted in the broadest possible manner consistent
with the context. In particular, the terms “comprises” and “comprising” should be interpreted
as referring to elements, components, or steps in a non-exclusive manner, indicating that the
referenced elements, components, or steps may be present, or utilized, or combined with
other elements, components, or steps that are not expressly referenced. Where the
specification claims refers to at least one of something selected from the group consisting of
A, B, C .... and N, the text should be interpreted as requiring only one element from the

group, not A plus N, or B plus N, etc.
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CLAIMS

What 1s claimed is:

1.

10.

A method of reducing thermal leakage through a gap defined by a first end surface of

a first insulating structure and a second end surface of a second insulating structure,

the method comprising:

permanently coupling a bulb seal having a tab portion and a bulb portion to the first
end surface such that a first part of the tab portion and part of the bulb portion
sealingly abut with the first end surface; and

permanently coupling the second insulating structure to the first insulating structure
such that first and second end surfaces oppose cach other and such that the
bulb portion is disposed in the gap and sealingly contacts the second end

surface.

The method of claim 1 wherein at least one of the first and the second insulating

structures is a manually deformable thermal insulation blanket.

The method of claim 1 wherein at least one of the first and the second insulating

structures has a metallic surface.

The method of claim 1 wherein at least one of the first and the second end surfaces

has a flat surface.

The method of claim 1 wherein at least one of the tab portion and the bulb portion is

formed from a metal.

The method of claim 1 wherein the tab portion and the bulb portion are coupled to

cach other via stitching or welding.

The method of claim 1 wherein a second part of the tab portion is angled relative to

the first part of the tab portion.

The method of claim 7 wherein the second part of the tab portion is angled such that
the second part of the tab portion is substantially parallel with a non-end surface of

the second insulating structure.

The method of claim 1 wherein the bulb portion is filled with a metallic or vitreous

material.

The method of claim 1 wherein the step of permanently coupling the bulb seal to the

first end surface is performed by welding.

10
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11.

12.

13.

14.

15.

16.

17.

18.
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The method of claim 1 wherein the first and second insulating structures form at least

part of a fire barrier.

A thermal insulation device, comprising:

a first insulating structure having a first end surface, and a second insulating structure
having a second end surface;

wherein the first and second insulating structures are positioned relative to each other
such that a gap is defined by the first and second end surfaces;

a bulb seal having a tab portion and a bulb portion, wherein the bulb seal is
permanently coupled to the first end surface such that a first part of the tab
portion and part of the bulb portion sealingly abut with the first end surface;
and

wherein the second insulating structure is permanently coupled to the first insulating
structure such that the bulb portion is disposed in the gap and sealingly

contacts the second end surface.

The insulation device of claim 12 wherein at least one of the first and second
insulating structures is configured as manually deformable insulation blanket, as a flat

preformed insulation structure, or as a curved preformed insulation structure.

The insulation device of claim 12 wherein the first end surface and the tab portion

have a metallic surface and are welded together.

The insulation device of claim 12 wherein the tab portion has a second part that is
angled such that the second part of the tab portion is substantially parallel with a non-

end surface of the second insulating structure.

A bulb seal comprising:

a tab portion and a bulb portion, wherein a first part of the tab portion and the bulb
portion are configured to allow formation of a sealing engagement with a first
end surface of a first insulating structure by a welding process; and

wherein the tab portion optionally comprises a second part that is angled to the first

part.

The bulb seal of claim 16 wherein at least one of the tab portion and the bulb portion

is formed from a metal.

The bulb seal of claim 16 wherein the tab portion and the bulb portion are coupled to
cach other via stitching or welding.

11
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The bulb seal of claim 16 wherein the bulb portion is filled with a metallic or vitreous

material.

The bulb seal of claim 16 wherein the second part of the tab portion is angled such
that the second part of the tab portion is substantially parallel with a non-end surface

of the second insulating structure.

12
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AMENDED CLAIMS

received by the International Bureau on 24 August 2009 (24.08.09)

A method of reducing thermal leakage through a gap that is defined by a first end

surlace of a first insulating struclure and a second end surface of a sccond insulating

structure, the method comprising:

permanently coupling a bulb seal having a tab portion and a bulb portion to the first
end surfacc such that a first part of the tab portion and part of the bulb portion
scalingly abul with the first cnd surface; and

permanently coupling the sceond insulating structure to the first insulating structure
such that [irst and second end surfaces oppose each other and such that the
bulb portion is disposed in the gap and scalingly contacts the second end

surluce.

The method of claim 1 wherein at least one of the first and the second insulating

structures is a manually deformable thermal insulation blanket.

The method of ¢laim 1 wherein at least one of the first and the sceond insulating

structures has a metallic surface,

The method of ¢claim 1 wherein at least one of the first and the second end surfaces

has a flat surface.

The method of claim 1 whercin at least one of the tab portion and the bulb portion is

formed from a metal,

The mothod of claim 1 wherein the tab portion and the bulb portion are coupled to

each other via stitching or welding.

The method of claim | wherein a second part of the tab portion is angled relative to

the first part of the tab portion.

The method of ¢laim 7 wherein the sccond part of the tab portion is angled such that

the second part of the tab pottion is substantially parallel with a non-end surface of

. the second insulating structute.

13
AMENDED SHEET (ARTICLE 19)
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The method of claim 1 wherein the bulb portion is filled with a metallic or vitreous

material,

The method of claim 1 wherein the step of permanently coupling the bulb seal to the

first end surface is performed by welding.

The method of claim | wherein the first and sceond insulating structures form at least

pari of a [ire barrier.

A thermal insulation device, comprising:

a {irst insulating structure having a first end surluce, and a second insulating structure
having a sccond end surface;

wherein the first and second insulating structures are positioned relative to each other
such that a gap is delined by the first and sccond end surfaces;

a bulb seal having a tab portion and a bulb portion, wherein the bulb seal is
permanently coupled to the first end surlace such that a first part of the 1ab
porlion and part of the bulb portion sealingly abut with the first end surface;
and

wherein the sccond insulating structure is permanently coupled to the fivst insalating
structure such that the bulb portion is disposed in the gap and scalingly
contacls the second end surlace, and such that thermal leakage through the gap

is reduced.

"T'he insulation device of claim 12 wherein al Teasi one of the first and sccond
insulaling structures is configured as manually deformable insulation blanket, as a flat

preformed insulation structurc, ot as a curved preformed insulation structure.

The insulation device ol claim 12 wherein the (irst end surface and the tab portion

have a metallic surface and are welded together,

The insulation device of claim 12 wherein ihe tab portion has a second part that is
angled such that the second parl of the tab portion is substantially parallel with a non-

end surlace of the sccond insulating structure.

A bulb seal comprising:
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17.

18.

19.

20).

a tab portion and a bulb portion, wherein « lirst part of the tab portion and the bulb
portion are conligured to allow [ormation ol a sealing engapement with a first
end surfacc of a first insulating structure by a welding process to sa allow for a
reduction of thermal leakage along the first end surface; and

wherein the tab portion optionally comprises a second part that is angled to the first

part.

The bulb scal of claim 16 wherein at least one ol the tub portion and the bulb portion

s formed from a metal.

The bulb seal of claim 16 wherein the tab portion and the bulb portion are coupled to

cach other via stitching or welding.

The bulb seal of clatm 16 wherein the bulb portion is filled with a metallic or vitrcous

material.

The bulb scal of claim 16 whercin the sccond part of the tab portion is angled such
that the second part of the lab porlion is substantially parallel with a non-end surface

ol'the sceond insulating structure.

15
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