COUPLING, JOINT AND METHOD FOR FIXEDLY AND SEALINGLY
SECURING COMPONENTS TO ONE ANOTHER INTRODUCTION
[0001] The present invention generally relates to a coupling, joint and
method for fixedly and sealingly securing components to one another.
[0002] There has long been a need for joining two components in a
manner that fixedly and sealingly couples the components to one another.
One extremely common application concerns the coupling of copper
tubing that is commonly employed to transmit potable water in a building.
[0003] Sweat soldering has long been used for the connection of
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manner that fixedly and sealingly couples the components to one another. One
extremely common application concerns the coupiing of copper tubing that is
commonly employed fo transmit potabie water in a building.
[0003] Sweat soldering has long been used for the connection of
components of copper based supply and disiribution systems for potable water,
especially in single family resideniial constructions, due to its durability and the
relative ease with which lead-based soider connections could be made. Modern
plumbing codes have mandated lead-free solders and water soluble fluxes and
as such, the difficulty in making sweat solder connections has significantly
increased, particularly where relatively large diameter copper tubing is utilized.
More particularly, the lead-free solders and water soluble fiuxes tend to be less
tolerant of certain variables (e.g., the presence of oxidaticn and/or the use of

excessive heat) than the lead-based solders and acid-based fluxes.

Furthermore, sweat soldering can be relatively time consuming.



connections, it was proposed that a two-part epoxy be employed to
adhesively couple the tubing and connectors to one another. More
specifically, it is known to apply a two-part epoxy adhesive between a
copper tube and a copper fitting (the copper fitting being suitable for
coupling to the copper tube via traditional sweat soldering). Such epoxies
have performed well in fixedly coupling components to one another but
have not performed well in forming a seal between the components. Our
analyses reveal a failure mode wherein the sliding of the fitting onto the

tubing (or the tubing into the fitting) has the effect of scraping the epoxy
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sliding of the fitting onto the tubing (or the tubing into the fitling) has the effect of
scraping the epoxy off relatively small portions of the tubing and/or the fitting so
that a void was formed therebetween. While the epoxy generally has sufficient
strength to couple the fitting and the tubing together, the presence of the void
rendered the joint unsuitable for its intended function (e.g., to communicate a
fluid, such as potable water or a refrigerant therethrough without ieaking).

[0005] Another connection process that has been proposed employs
fittings that utilize internal seals wherein the fittings are crimped directly to
iengths or sticks of conventional hard drawn copper tubing. The Profipress
system that is marketed by Viega GmbH & Co. KG of Attendorn, Germany, for
example, includes an inner o-ring seal that is carried on an inner diameter of the |

fitting and which sealingly engages the copper tubing upon insertion into the

fitting. A crimping fool is subsequently employed to crimp the fitting to the tubing



however, is known to suffer from several drawbacks. [0006] One such
drawback concerns the sealing of the fitting to an outside surface of the
copper tubing. It is well known in the art that the outside surface of a
copper tube is relatively susceptible to imperfections (e.g., gouges,
scratches and the like) during its formation via extrusion as well as to
damage during shipping and storage. As such imperfections and damage
may adversely affect the ability of the fittings to seal against the outer
surface of the tubing, manufacturers of the copper tubing typically subject
the extruded sticks of tubing to an eddy current test to verify the integrity
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the ability of the fittings to seal against the outer surface of the tubing,
manufacturers of the copper tubing typically subject the extruded sticks of tubing
to an eddy current test to verify the integrity of each stick’s outside surface. This
testing is costly and as we have found, ieaks are possible even when the tubing
conforms to published standards. Accordingly, it appears that a relatively time
consuming manual inspection must be made of each tube prior to ifs coupling to
a fitting.

[00CT] Another drawback concerns the incompatibility of the known
systems with lengths of annealed copper tubing. In this regard, the annealed
copper tubing is readily deformable and thus the crimping process fails to secure
the fiting and the annealed copper tubing together. Accordingly, plumbing
contractors must equip themselves with two discrete sefs of fitlings: one set of
crimp fittings that are compatibie with the hard drawn sticks of tubing and another
set of fitlings {(e.g., flare or compression fittings) that are compatible with the

anneaied coils of tubing.



[0008] Yet another drawback concerns the cost of the crimp-type fittings
and the tooling for installing the crimp-type fittings. More specifically, the
fittings are relatively heavy and can weigh 25% or more than a
correspondingly sized sweat solder fitting. As copper is relatively
expensive, the manufacture and use of these fittings can be
disadvantageous from a cost perspective. Moreover, the tooling for
installing (i.e., crimping) the fittings tends to be relatively expensive. As
such, it can be relatively costly to equip a crew so that it will have the
caﬁability to install such fittings. [0009] A further drawback concerns the
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capability to install such fitfings.

[C002] A further drawback concerns the joining of conduits in reiatively
high pressure applications, such as cooling or refrigerant systems that utilize the
new high pressure refrigerants such as R410A and others. More specifically, the
known crimp-type fittings appear fo be incapable of use in refatively high
pressure applications as the fitting tends o separate from the tube when
subjected fo elevated fluid pressures. Soldering or brazing can also be
undesirable in high pressure appiications where the fiuid conduit is hard drawn
(i.e., work hardened). The application of heat to faciiitate the soldering or brazing
operation can anneal the conduit and thereby significantly lower its tensile
strength.

[0010] in view of the aforementioned disadvantages with the known
connection systems, there remains a2 need in the art for a conneclion system that
can bhe used to fixedly and sealingly couple components together that is both

reliable and relatively inexpensive.



-4 SUMMARY [0011] This section provides a general summary of some

aspects of the present disclosure and is not a comprehensive listing or

detailing of either the full scope of the disclosure or all of the features

described therein. [0012] in one form, the present teachings provide a

method for forming a joint, The method includes: providing a fitting having

a body and a pair of axially spaced apart seals, the body having an

insertion end; providing a structure; engaging the fitting and the structure

to one another such that the seals sealing engage the body and the

structure; and after the fitting and the structure have been engaged to

one another, installing an adheshéMdlaRZdne disposed between the body,

the structure and the seals to retain the body to the structure. [0013] In
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first seal and a second seal. The body has an insertion end with an end
pregea! tisspodie defhiss@icaraMpidhensétaising ar«eglanelpithgrtipe ful

aperture and a vent aperture. The second mount is spaced axially apart
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second seal is received in the second mount. The fill aperture and the
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engaging the fitting and the structure to one another such that the seals sealing
engage the body and the structure, and after the fitting and the struciure have been
engaged to one another, installing an adhesive to a zone disposed between the
body, the structure and the seals to retain the body to the structure.

[0013] In another form, the present teachings provide fitting that includes a
body, a first seal and a second seal. The body has an insertion end with an end
face. The body defines a cavity with a first mount, a second mount, a fill aperture
and a vent aperture. The second mount is spaced axially apart from the first
mount. The first seal is received in the first mount and the second seal is received
in the second mount. The fill aperiure and the vent aperiure exiend radially through
the body and are disposed between the first and second seals.

[0014] in yet another form, the present teachings provide a fitting
assembly for a fluid conduit assembly. The fitting assembly includes a fitting
body, a piurality of seals and at least one tube stop. The fitting body has an iniet

and an outiet that are disposed concentrically about a siraight line that is



and an outlet that are disposed concentrically about a straight line that is
-5 coincident with a longitudinal axis of the fitting body. The fitting body is
configured to receive first and second tubes therein. The seals are spaced
axially apart from one another along the straight line and cooperate with
the fitting body to establish first and second adhesive coupling zones that
are configured to receive an adhesive for fixedly or fixedly and sealingly
coupling the fitting body to the first and second tubes, respectively. The at
least one tube stop is coupled to the fitting body and establishes a tube

stop zone that is configured to axially separate the first d tubes .
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stop between the Oopposite ends. An adhesive coupling zone is
to 830G LR 8RCNrSl IR second tubes from one another along the straight
line. The tube stop zone has a length LT that is configured to receive heat from
the fluid which is conducted through the fitting body to a first portion of the fitling
body corresponding to the first adhesive coupling zone and a second portion of
the fitting body corresponding to the second adhesive coupling zone. The fitting
body is dimensioned such that a 110°F change in a temperature of the fiuid as
the fluid flows through the fluid conduit assembly will not create a temperature
differential between a temperature of the first portion of the fitting body and a
temperature of another portion of the fitting body that exceeds 20°F.
[0015] in still another form, the present teachings provide a method for
forming a fitting for coupling a pair of tubes along a straight axis. The fitting
includes a fitting body with a pair of opposite ends and at least one stop between
the opposite ends. An adhesive coupling zone is associated with each of the

opposite ends. Each of the tubes is adapted to be received in an associated one

of the ends and adhesively bonded to the fitting body over at least a portion of an



opposite ends. Each of the tubes is adapted to be received in an
associated one of the ends and adhesively bonded to the fitting body over
at least a portion of an -6 associated one of the adhesive coupling zones.
The method includes: selecting a length of the adhesive coupling zones;
determining a first rate of heat transfer through an adhesive in one of the
adhesive coupling zones based in part on a first predetermined
temperature differential; sizing a first portion of the fitting body between
the one of the adhesive coupling zones and the at least one tube stop
such that a second rate of heat transfer through the first portion of the
asiepiRiPbapeiSyFeated ivaivyocoyolintoaneimd SitheaiepdaRchdasaselecting
transfer, the second rate of heat transfer being based in part on the first
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differential, and forming the at least one tube siop to space the {ubes axially
apart from one another o create a iube stop zone, the tube stop zone having a
length such that a third rate of heat transfer through a second portion of the fitting
body associated with the tube stop zone is greater than or equal to two times the
second rate of heat transfer, the third rate of heat transfer being based in part on
a second predetermined temperature differential that is less than the first
predetermined temperature differential.

[0016] Further areas of applicability will become apparent from the
description provided herein. It should be understood that the description and
specific examples in this summary are intended for purposes of Hliustration only
and are not intended to limit the scope of the present disclosure, its application

and/or uses in any way.



and/or uses in any way. -7 BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The drawings described herein are for illustrative purposes only
and are not intended to limit the scope of the present disclosure in any
way. The drawings are illustrative of selected teachings of the present
disclosure and do not illustrate all possible implementations. Similar or
identical elements are given consistent identifying numerals throughout
the various figures. [0018] Figure 1 is a schematic illustration of an
assembly constructed in accordance with the teachings of the present
disclosure; [0019éggure 2 is a side elevation view of agl&ortion of the

assembly of Fi@ m@%%Té(H"é@mEﬁ?yij)ﬁﬁt% Reludes a pair of
tubular stryctures, a_fitting and an adhesive; [0020] Figure 3 is a
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[0018] Figure 1 is a schematic illustration of an assembly constructed in
accordance with the teachings of the present disclosure;
[0019] Figure 2 is a side elevation view of a portion of the assembiy of
Figure 1 iliustrating an exemplary joint that includes a pair of tubular structures, a
fitting and an adhesive;
16620] Figure 3 is a longitudinal section view of a portion of the assembiy
of Figure 1, illustrating the exemplary joint at a time before the adhesive is
employed to fixedly couple the tubular structures and the fitting to one another;
[0621] Figure 4 is a iongitudinal section view of the fitling;
[0022} Figure 5 is a sectional view of a portion of an alternatively
constructed fitting taken perpendicular to the longitudinal axis of the fitting and
through the apertures in the body;
[0023] Figure € is a longitudinal sectional view of a portion of another
alternatively constructed fitting;

(00241 Figures 7 through 9 are partial sectional views illustrating the

introduction of the adhesive to the fitting;



[0024] Figures 7 through 9 are partial sectional views illustrating the

introduction of the adhesive to the fitting; -8 [0025] Figure 10 is an

exploded perspective view of a portion of an alternately constructed joint

in which a structural member has been modified to include a locking

element; [0026] Figures 11 and 12 are perspective views of structures

with alternately constructed locking members; [0027] Figure 13 is a

longitudinal section view of a joint that employs the structure of Figure 12;

[0028] Figure 14 is a side elevation view of an exemplary tool employed

for forming_the locking member illustrated in Figure 12; [0029] Figure 15 is
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wheels in more detail; [0030] Figure 16 is a longitudinal section view of a
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. of the present djsclosure; [0031] Figure 17 is a longitudinal cross section
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10027} Figure 13 is a longitudinal section view of a joint that employs the
structure of Figure 12;

10028] Figure 14 is a side elevation view of an exemplary tool employed
for forming the locking member illustrated in Figure 12;

[0029] Figure 15 is a top view of a portion of the tool of Figure 14
illustrating the knurling wheels in more detaif;

[0030] Figure 16 is a longitudinal section view of a portion of another
assembly constructed in accordance with the teachings of the present disclosure;
10031} Figure 17 is a longitudinal cross section view of a portion of yet
another assembly constructed in accordance with the teachings of the present
disclosure;

10032] Figure 18 is a schemalic cross section view of a fiuid conduit
system that incorporates the assembly of Figure 17,

[0033] Figure 19 is a plot illustrating a temperature differential of an elbow
fitting illustrated in Figure 18 during a thermal cycling test;

[0834] Figure 20 is a plot iliustrating a temperature differential of the fitting

illustrated in Figure 17 during the thermal cycling test;



fitting illustrated in Figure 18 during a thermal cycling test; [0034] Figure
20 is a plot illustrating a temperature differential of the fitting illustrated in
Figure 17 during the thermal cycling test; -9 [0035] Figure 21 is a plot
illustrating a temperature differential of a union- type fitting during the
thermal cycling test, the union-type fitting being similar in configuration to
the fitting of Figure 17 but employing a stop that spaces the tubes
inserted therein relatively close together; and [0036] Figure 22 is a
longitudinal cross section view of a portion of still another assembly
constructed in accordance with the teachings of the present disclosure.
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With reference to Figure 1 of the drawings, an assembly constructed in
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illustrated and is generally indicated by reference numeral 10. With
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component or structure 12, a fitting 14, and an adhesive 16 that can
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DETAILED DESCRIPTION OF THE VARIOUS EMBODIMENTS
[0037] With reference to Figure 1 of the drawings, an assembly
constructed in accordance with the teachings of the present invention is
schematically illustrated and is generally indicated by reference numeral 10.
With additional reference to Figure 2, the assembly 10 can include a component
or structure 12, a fitting 14, and an adhesive 16 that can cooperate o form a joint
18. In the particular exampie iitustrated, the assembly 10 is suited for use in
communicating (i.e., supplying, delivering, routing) a fluid, such as a gas or liquid
and as such, the structure 12 is illustrated {0 be a length of tubing. More
particularly, the structure 12 in the particular embodiment iliustrated is a length of
drawn (full hard) copper tubing that is suitable for use in a system for the
transmission of potable water. 1t will be appreciated, however, that the teachings
of the present invention have broader applicability and as such, the scope of the

present disclosure (and appended claims) is not limited to the particular
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transmission of potable water. It will be appreciated, however, that the
teachings of the present invention have broader applicability and as such,
the scope of the present disclosure (and appended claims) is not limited
to the particular -10 application of the invention described and illustrated
herein but rather extends to any joint wherein the components of the joint
are fixedly or fixedly and sealingly joined by an adhesive in the manner
disclosed herein. In this regard, it will be appreciated that the structure 12
need not be a tubular structure but rather could be any structure, such as
a shaft, that sufficiently corresponds in size and shape to the fitting 14 so

apphisaties adfesilvaeiengessiaarwithuscaisd tersimbat salreedrngs o
joint 18. [0038] With reference to Figures 2 and 3, the fitting 14 can ,
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[0038] With reference to Figures 2 and 3, the fitting 14 can inciude a body
20 and a pair of sealing elements 22a and 22b. It will be appreciated that
although the particular fitting ilustrated is a straight union, the teachings of the
present invention have applicability to various other types of fittings, including
elbows, tees, caps, adapters, reducers, bushings, etc.

[0039] The body 20 can be made from any structural material, such as
plastic, copper, brass, bronze, stainless steel or another metal. In the example
provided, the body 20 is made of a copper alioy so as to eliminate the potential
for a galvanic reaction with the copper alloy of the structure 12. The body 20 can
include an insertion end 26 that can define an end face 28 and a cavity 30 having
an interior surface 32. The cavity 30 can be configured to receive an associated
end 34 of the structure 12.

1060401 The sealing elements 22a and 22b can be sized to support and the
associated end 34 of the structure 12 within the cavity 30 and sealingly engage

both the body 20 and the exterior surface 40 of the associated end 34 of the
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end 34 of the structure 12. [0040] The sealing elements 22a and 22b can
be sized to support and the associated end 34 of the structure 12 within
the cavity 30 and sealingly engage both the body 20 and the exterior
surface 40 of the associated end 34 of the -11 structure so that the
exterior surface 40 is spaced apart from the interior surface 32 of the
cavity 30 to form a space S therebetween. In the particular example
provided, the sealing elements 22a and 22b are engineered lip seals
having a body 44 and a lip member 46 that cooperate to form an annular
seal cavity 48. As the example provided relates to a system for
strepiviasachahi g auleraicwiammdeIsnsbaeeoarandem e Epmgupagiace
to seallngly e #a e the interior surface 32 and the exterior surface 40.
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from this disclosure that other types of seals, including O-rings, could be used

and that in situations where the formation of a seal is unnecessary, one or both
of the sealing elements 22a and 22b could be formed of 2 material that does not
form a seal against one or both of the interior surface 32 and the extetior surface
40.

[0041] The body 20 can include a pair of mounts 52a and 52b and a stop
54. Each of the mounts 52a and 52b can be spaced axially apart from one
another and can be configured to hold and position an associated one of the
sealing eiements 22a and 22b, respectively. in the particular example provided,
the mounts 52a and 52b have a flattened U-shape with a roct 52r that is sized to
engage a corresponding one of the sealing elements 223 and 22b and leg
portions 52s that are coupied to and diverge outwardly from the root 52r so that
they do not contact the sealing elements 22a and 22b. The stop 54 can be a
feature that can inhibit the insertion of the structure 12 into the cavity 30 beyond

a predetermined distance. In the particular exampie provided, the mounts 52a
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engage a corresponding one of the sealing elements 22a and 22b and leg
portions 52s that are coupled to and diverge outwardly from the root 52r
so that they do not contact the sealing elements 22a and 22b. The stop
54 can be a feature that can inhibit the insertion of the structure 12 into
the cavity 30 beyond a predetermined distance. In the particular example
provided, the mounts 52a -12 and 52b are annular U-shaped grooves 56
that are spaced apart to receive an associated one of the sealing
elements 22a and 22b therebetween, while the stop 54 comprises a

[éfle that is formed in the body 20 mwardly from the insertion end 26,
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eape tures can orme In any esired process, such a

ssd&'mg n@%&f RIHUES: e@r%[ Med vig, n¥ib %gagteerme cavity

xamp e Interior surface oft O ca r the

in AREMUFESAH a1 fQu@ﬁdén@etatled discussion of their conf;guration and/or
operation is not needed herein.

[0042] The body 20 can also define two or more apertures 60 that can be
positioned between the sealing elements 22a and 22b and which can exiend into
the cavity 30. The apertures 80 can be formed in any desired process, such as
drilling or punching. If the apertures 60 are formed via punching, for example,
the interior surface 32 of the body 20 can be rolied after the apertures 60 are
punched and while the mounts 52a and 52b are formed to remove any burr that
may extend from the interior surface 32. If the apertures 60 are formed in a
drilling operation, a center drill (not shown) or similar tool bit can be employed in
the drilling operation such that a chamfer or couniersink 64 is formed on the
outer surface 66 of the body 20. The countersink 64 can be formed with a
predetermined interior angle, such as an interior angle of about 60 degrees. In

the particular example illustrated, one of the apertures 80 is punched and the

other one of the apertures 60 is formed with a center drill in a drilling operation
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drilling operation, a center drill (not shown) or similar tool bit can be

employed in the drilling operation such that a chamfer or countersink 64

is formed on the outer surface 66 of the body 20. The countersink 64 can

be formed with a predetermined interior angle, such as an interior angle

of about 60 degrees. In the particular example illustrated, one of the

apertures 60 is punched and the other one of the apertures 60 is formed

with a center drill in a drilling operation -13 for purposes of illustration

only. Also in the particular example illustrated, only two of the apertures

60 are provided between each set of sealing elements 22a and 22b and
fortRerapeRtires iBestirliansgobed AlshdsArRerAiaHEE REATRIE ditptiatasiognly

but spaced circumferentially 180 degrees apart from one another. It will
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desired circumferential and/or axjal gosi ion. In the example of Figurc-% 5,
ﬁgcgag (I'[Es m the end
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interior surface 32 to aid in, directing th ive 16 (Fig. 1) ,
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apertures 60 are axi paced apart from one anothe
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70 is formed onto or coupled fo the interior surface 32 to aid in directing the
adhesive 16 (Fig. 1} in a predetermined direction (i.e., counter-clockwise in the
example provided). In the example of Figure 6, the body 20" is configured such
that the apertures 60 are axially spaced apart from one another.

[0043] With reference to Figure 9, the adhesive 16 can be any appropriate
adhesive for bonding the structure 12 and the body 20 to one anocther. in the
particuiar‘exampie provided, the adhesive 16 is a two-part epoxy, such as the
DP460 Scotch-Weld™ epoxy adhesive that is marketed by Minnesota Mining
and Manufacturing, Inc. of 3t. Paul, Minnesota, but it has been found that other
adhesives, including the DP100 Plus Scotch-Weld™ epoxy adhesive and the
DP-810NS Scotch-Weld™ acrylic adhesive that are marketed by Minnesota
Mining and Manufacturing, inc. of St. Paul, Minnesota are aiso well suited for the

exemplary assembly 10 described and illustrated herein. Those of ordinary skili

in the art will appreciate that numerous considerations facior into the seiection of
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DP460 Scotch-Weld TM epoxy adhesive that is marketed by Minnesota
Mining and Manufacturing, Inc. of St. Paul, Minnesota, but it has been
found that other adhesives, including the DP100 Plus Scotch-Weld TM
epoxy adhesive and the DP-810NS Scotch-Weld TM acrylic adhesive
that are marketed by Minnesota Mining and Manufacturing, Inc. of St.
Paul, Minnesota are also well suited for the exemplary assembly 10
described and illustrated herein. Those of ordinary skill in the art will
appreciate that numerous considerations factor into the selection of -14 a
particular adhesive, including the shear strength of the adhesive, the peel
2 RARYAroRHNSHYRe MAALIHY VisEoSPRT fHECRGHR ST hthefRRRINE of tRiePee!
adhesive, the cure time of the adhesive, the cost of the adhesive, the
strepgiicll ARG Ind eSO ftenarBsRiRsitisher il of the

structure 12 and the fitting 14, the amount of clefr nce between

h )
adRsRivR G e AFEr MR AT S 2 ALY RtdheAd! a&%%&%f%ﬁ%m'oa'
body 20, th kin f th bl dth f
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Specific reference igure 3, the sealing e nis’22a a b ca
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adhesive 16 is not limited to the particular adhesives that are specifically
disclosed herein or to epoxy adhesives and/or acrylic adhesives generally.

[0044) With specific reference o Figure 3, the sealing elements 22a and
22b can be spaced axialiy apart from one another define a coupling zone 80
therebetween having a iength L. The length L of the coupling zone 80 can be
selected to provide sufficient area so that the adhesive 16 (Fig. 9) will be
sufficiently strong to fixedly couple the structure 12 and the body 20 to one
another so that the joint 18 (Fig. 9) can be subjected to a predetermined
(maximum) pressure without failure of the joint 18 (Fig. 9). As the adhesive 16
(Fig. 9) is disposed between the sealing elements 22a and 22b, a first one of the
sealing elements 22a can be positioned relatively ciose to the end face 28 of the
body 20. Various methods may be employed io determine the length L of the

coupiing zone 80. For exampie, the length L may be related to the internal

diameter of the body 20 of the fitting 14 in a desired manner. In one example
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sufficiently strong to fixedly couple the structure 12 and the body 20 to one

another so that the joint 18 (Fig. 9) can be subjected to a predetermined

(maximum) pressure without failure of the joint 18 (Fig. 9). As the

adhesive 16 (Fig. 9) is disposed between the sealing elements 22a and

22D, a first one of the sealing elements 22a can be positioned relatively

close to the end face 28 of the body 20. Various methods may be

employed to determine the length L of the coupling zone 80. For

example, the length L may be related to the internal diameter of the body

20 of the fitting 14 in a desired manner. In one example -15 that relates to
thafttrigtefotu §ENG6 fobeseaWsminbe s Raeaah it #o fianeist fieRed &5
~4inches, the following formula can be employed to approximate the
inciagfytie 14 inahed7terPiovnd I WAraTCHS iBTRIAVRML RRREEF G Thee

portion of the fitting corresponding to the coupling zone 80. Another
lengtbikod for sizing the length L is to size the length L such that it achieves

a desired burst pressure at a given temperature for a particular sized

fitting as specified in an ASME .g., ASME B16.227(1995), the

disclosure of which is hereljy ificorporatediby r ce aslif ully set forth

in detail hérein§} K Qil76-apprecibte t aghjeyement o sired burst

pressure will be dependerit n the% f adhedfve empfoyled (e.g., the

lap strength of the adhesiyg),tthe thic s of the adhesive;,;the area over

whiiof e s Wil be IRuI=S 20g 11g HURIMD DS NSRS tne

coupling zone 80. Another method for sizing the length L is fo size the length L

such that it achieves a desired burst pressure at a given temperature for a
particular sized fitting as specified in an ASME standard (e.g., ASME B16.22
(1995), the disclosure of which is hereby incorporated by reference as if fully set
forth in detail herein). It will be appreciated that achievement of a desired burst
pressure will be dependent upon the type of adhesive employed (e.g., the lap
strength of the adhesive), the thickness of the adhesive, the area over which the
adhesive will be distributed and the uniformity of the adhesive (e.g., lack of
voids). A desired pressure (P), such as a burst pressure, can be converted to a
desired force (F) by multipiying"{he burst pressure by the cross-sectional area of
the internal space within the fitting (e, F = P x © x CID? where CID is the
interior diameter of the portion of the body 20). The desired force can be
correlated to a lap force (LF) in a desired manner. For example, we were able to
derive the following equations for estimaling lap force (LF) as a function of

desired force (F):
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voids). A desired pressure (P), such as a burst pressure, can be
converted to a desired force (F) by multiplying the burst pressure by the
cross-sectional area of the internal space within the fitting (i.e., F = P x it X
CID2, where CID is the interior diameter of the portion of the body 20).
The desired force can be correlated to a lap force (LF) in a desired
manner. For example, we were able to derive the following equations for
estimating lap force (LF) as a function of desired force (F): -16 Equation
(1): 2.2884 (F) - 2381.592 = LF; and Equation (2): 6.9382x
10-5[(F)-6230.56}2+1.81056(F)-1700.752, where F is_in pounds force and
LF isin pound?@%@@?ﬁé%@oﬁg@ﬁ (5 ks 238ihieeR wit af.square value
of .9724 and a probability of less than 0.000] that the data does not fit the

equatiGiuainatéh @rSasdcitePartr 2 RSG4ARS Fadd A5 78938 and

a probability of less than 0.0001 that the data does not fit the equation.
WheHR al§ fBreeun®s liRmansivideld ByRARTsIDdIceof B RIPIHAAIS #ReRgHAted
_of the adhesive (AS), pi and the interior diameter of the portion of the

witha Bosy eRetAl Mie YEAgRT PP RIBAE RidsSe BRE @ Joohdpat the
ool oIS o s  DIougl S, e g Lt e AOLTLE IO e
o S S e R AR T
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strength of the adhesive (AS}, pi and the interior diameter of the portion of the
body 20 to determine the length L (i.e., (LFY/(AS x n x CID) = 1),

[0045] With reference to Figures 7 through 9, the fitling 14 can be dry fitted
to the structure 12 such that the sealing elements 22a and 22b can be sealingly
engaged to the interior surface 32 of the body 20 and the exierior surface 40 of
the associated end 34 of the structure 12. Depending upon the type of material
or materials used for the body 20 and the structure 12, it may be desirable or
necessary to clean the interior surface 32 and/or the exterior surface 40, In the
parficular example provided, the interior surface 32 of the body 20 was not
cleaned, but the exterior surface 30 of the structure 12 was cleaned by initially
sanding the exterior surface 30 with sandpaper of an appropriate grit (e.g., 120
grit) and thereafter applying an alcohol solvent to the surface 30. The dry friction
between the structure 12 and the fitfling 14 can be tailored fo a desired level by

selection of the type of seals employed for the sealing elements 222 and 22b and

their geometry. In the particular example provided, the dry friction between the
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necessary to clean the interior surface 32 and/or the exterior surface 40.
In the particular example provided, the interior surface 32 of the body 20
was not cleaned, but the exterior surface 30 of the structure 12 was
cleaned by initially sanding the exterior surface 30 with sandpaper of an
appropriate grit (e.g., 120 grit) and thereafter applying an alcohol solvent
to the surface 30. The dry friction between the structure 12 and the fitting
14 can be tailored to a desired level by selection of the type of seals
employed for the sealing elements 22a and 22b and their geometry. In
the particular example provided, the dry friction between the -17 structure

stryctuiRdlihanity fitRg dhdddRi MRS BacR WhtiH MO MRicReaFetsary
prop up vertically oriented portions of the assembly 10 (Fig. 1), if

: any, .
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e selected from adhesives having br nt cure times (€.9

the?gd?‘?%ét%?d%ra' iR nIehashg hoyrs) et Aneneeri abr Y8R -fit the

situation. 46] An applicator 100 with a nozzle 102 can be employed to

aslURSlyCRy TReAdneRMGHAYP B SR WRIBISRRE BlreT iR @PRIERE Adiksive
can include a

16 can be relatively iow. It will be appreciated, however, that the adhesive 16
could be selected from adhesives having broadly different cure times (e.g., from
20 minutes or less to more than 8 hours) to meet the needs of a given situation.

[0048] An applicator 100 with a nozzle 102 can be employed fo introduce
the adhesive 16 into the coupling zone 50. The applicator 100 can include a
means for dispensing the adhesive 16 (e.g., a pump), which can be operated in
any desired manner, including manually, pneumatically and/or electrically.
Suitable applicators are available commercially from several sources, such as
the Scotch-Weld EPX Plus Hl applicator marketed by the Minnesota Mining and
Manufacturing, inc. of St. Paul, Minnesota. in the particular example provided,
the one of the apertures 60 with the countersink 64 is employed to directly
receive the adhesive 16 (this aperture 80 will be referred to hereinafter as “the fili

aperture 60a”) and the nozzle 102 includes a frusto-conical tip 104 having an

included angle that maiches the included angle of the countersink 64.
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means for dispensing the adhesive 16 (e.g., a pump), which can be
operated in any desired manner, including manually, pneumatically
and/or electrically. Suitable applicators are available commercially from
several sources, such as the Scotch-Weld EPX Plus Il applicator
marketed by the Minnesota Mining and Manufacturing, Inc. of St. Paul,
Minnesota. In the particular example provided, the one of the apertures
60 with the countersink 64 is employed to directly receive the adhesive 16
(this aperture 60 will be referred to hereinafter as the fill aperture 60a")
and the nozzle 102 includes a frusto-conical tip 104 having an inc

luded
Cogpkction: indiinslanesherrideEnpebstnbediprerinRer he fill aperture
Construction in this manner can help to align the nozzle 102 to the fill
60apehlipemEHRSAREAARINAG RRTUGEMENE HeniarPlie His fO4 AREEIRK 64 can
_ countersink 64 id | nting adhesive f [ i d
A BRI SN TAE LS PRI B SRR eI ©f
ejther Qne qof thy t 6 Id b I to direct ive th
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through the nozzle 102.and the fitiing 14 into t S bet th
oo R A s s s
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oY ool oues o sl ARG s ath gt il on v
noJ3RN522 %'g ﬂtﬁf?gow ﬂﬂBb AL Shapnel 12 heleri BB FPAINGnd the
member 22b and the mount 52b. The adhesive 16 will flow out of the

strOigr-Aperiyie e (RersinaftenlaiRTegHoRR "IeWRNow longitudinally toward

the sealing elements 22a and 22b and will flow in a first annular channel 110
between the sealing member 22a and the mount 52a and in a second annular
channe! 112 between the sealing member 22b and the mount 52b. The adhesive
16 will flow out of the other aperture 80 (hereinafter referred to as “the vent
aperture 60b") when the coupling zone 50 has been filled with the adhesive 16.
The sealing elements 22a and 22b confine the adhesive 16 in the coupling zone
50 and as such, the adhesive 16 is not disposed in a portion of the cavity 30 in
the body 20 that is in fluid communication with the interior of the structure 12 in
the example provided. Moreover, as the coupling zone 50 has a predetermined
volume, it is possible to meter a given volume of the adhesive 16 into the
coupling zone 50 to ensure that a desired amount of the adhesive 16 is disposed
within the joint 18 and to conserve the adhesive 16. Adhesive material 114
extending from the aperiures 60 can be employed as a means of verifying that

the joint 18 has been properly assembled.
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aperture 60b") when the coupling zone 50 has been filled with the
adhesive 16. The sealing elements 22a and 22b confine the adhesive 16
in the coupling zone 50 and as such, the adhesive 16 is not disposed in a
portion of the cavity 30 in the body 20 that is in fluid communication with
the interior of the structure 12 in the example provided. Moreover, as the
coupling zone 50 has a predetermined volume, it is possible to meter a
given volume of the adhesive 16 into the coupling zone 50 to ensure that
a desired amount of the adhesive 16 is disposed within the joint 18 and to
conserve the adhesive 16. Adhesive material 114 extending from the

[0Q4s8rtures Gesd BE Bilpioibe atawhkanBreciRannf) that Seriat agne 50
has been properly assembled. -19 [00491 Those of skill in the art will
cogigppecratd ehatilng vl adivslye LouwheR BRiRekEAE Iithgaws to flow
ol 0 Mo e e L Do o ot o oL et 28l e
T . r

BN RAR et Sl b s o s o e e e 1
o R AR RS S AR R R e o
oA R e 16, e preserce of e
OGBS T AR el o
14 is formed by the sealing elements 22a and 22b rather than the adhesive 16,
the presence of one or more voids (not shown} in the adhesive 16 located within
the coupling zone 50 will not affect the sealing capacity of the fitting 14.
Moreover, the adhesive need not bond to both the structure 12 and the body 20.
in the example provided, the exterior surface 40 of the associated end 34 of the
structure 12 was cleaned prior to assembly of the fitiing 14 to the structure 12
and consequently, the adhesive 16 is well bonded to the exterior surface 40.
After curing, the adhesive 16 is structurai and can have a flattened, generally Uf
shape that defines a pair of annutar projections 120 that extend into the channels
110 and 12, respectively. The annular projections 120 can inhibit axial
movement of the fitting 14 relative to the structure 12.

[0050] As the task of sealing (which can be performed by the sealing
elements Z2a and 22b) is separate from the task of fixedly coupling the body 20

to the structure 12 (which can be performed by the adhesive 16 in the coupiing

zone 50), the body 20 and the structure 12 can be formed of different materials

-20-



In the example provided, the exterior surface 40 of the associated end 34

of the structure 12 was cleaned prior to assembly of the fitting 14 to the

structure 12 and consequently, the adhesive 16 is well bonded to the

exterior surface 40. After curing, the adhesive 16 is structural and can

have a flattened, generally U- shape that defines a pair of annular

projections 120 that extend into the channels 110 and 12, respectively.

The annular projections 120 can inhibit axial movement of the fitting 14

relative to the structure 12. [0050] As the task of sealing (which can be

performed by the sealing elements 22a and 22b) is separate from the _
(e.gasicHMixe Yy Cowslinigitessoaieeb cantthe sruptaved Janifientesly 0. while

performed by the adhesive 16 in the coupling zone 5%, the body 20 and
coRe R TIPS ReTbFBITe Al mafeHaR S0 oLy ednesive

PVC, or stainless steel can be employed for the body 20, while copper
angigy Beampriyatiths: Bod#lciite 295ephR IS eat dRPaNthLatiRe RRY 20
and/or treatment of the body 20, the adhesive 16 need not bond to the
SOBH) 211escs B he RTRel2A oSS 235 P 90b KRN Gn P HAHBAIRG e
_on the diff in th I [ f the body 2Q relative, to t
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tructure 1 d/or th 2 b ' d hthatt
100 ecive 18 HU-E GPHGPLSC ied eSO 13 e i bty Jo:ire 12
anf{8 SRMRISR A1 Elges A0hINAN 43, RJPANG FIEMEN}d 3 L8 Rbond o
OPMEd into the adsociated end 34 of the structure: 12in an area

cithFARPeRding o 1he larationgfihe foHRling 2apRSCLFIGUAR 18 through 13,

a locking element 130 can be formed into the associated end 34 of the structure
12 in an area corresponding to the location of the coupling zone 50 (Fig. 13). In
Figure 10, a plurality of dimples 134 are formed about the perimeter of the
associated end 34 of the structure 12. The dimples 134 are iliustrated {0 be
generally V-shaped in the example provided, but couid have any desired shape
(e.g., a spherical segment). in the example of Figure 11, an annular groove 136
is formed about the perimeter of the associated end 34 of the structure 12. In the
example of Figures 12 and 13, the exterior surface 40 of the associated end 34
of the structure 12 is knurled such that the knuried portion 138 has a diameter
that is relatively larger than the diameter of the adjacent sections of the
associaied end 34 of the structure 12. In any of the examples of Figures 10
through 13, the adhesive 16 in the coupling zone 50 need not bond directly to the
structure 12 but rather can be received into the dimples 134, the groove 136 and

the knuris of the knurled portion 138 such that when the adhesive 16 has cured,
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Figure 10, a plurality of dimples 134 are formed about the perimeter of the
associated end 34 of the structure 12. The dimples 134 are illustrated to
be generally V-shaped in the example provided, but could have any
desired shape (e.g., a spherical segment). In the example of Figure 11,
an annular groove 136 is formed about the perimeter of the associated
end 34 of the structure 12. In the example of Figures 12 and 13, the
exterior surface 40 of the associated end 34 of the structure 12 is knurled
such that the knurled portion 138 has a diameter that is relatively larger
than the diameter of the adjacent sections of the associated end 34 of the
thesfititiaré4 cammahpomiiedssampied oheigtiedure Rrovtprarsiingdy, it will be
adhesive 16 in the coupling zone 50 need not bond directly to the

apRFRRARE 1habibeatiieshts i rBEBR PIRE tHeRliRTRe" 120ENtRE BreRrdly 20

136 and the knurls of the knurled portion 138 such that when the
and die S8 RdLcured, -21 the fitting 14 cannot be withdrawn from the

tructure 12. Accordingly, jt will be iated that the adhesive 16 .
100 bond oA BP oIS Eh BB SN S RE BRI BoToRBBIOR 120 i

I T o S B 36y o
R A IS IS 1 B R g
TR O A Lo a0 S AR S oo
eniSﬂ)t%%StoS%aﬁ‘te dimples 134 of Figure 10 or the groove 136 of Figure 11.
Additionally, powered rotary forming tools for forming locking features, such as
grooves, into tubing and piping are commercially available. One such line of
tools is known as a Victaulic roll groover, but such tool may reguire modification
to position the groove 136 (Fig. 11) relative to the end face 58 (Fig. 3) of the
structure 12 (Fig. 3) in a desired location.

[0053] While the assembly 10 (Fig. 1) has been described thus far as
including structures 12 (Fig. 3) that are received into a cavity 30 (Fig. 3) in a
fiting 14 (Fig. 3}, it should be appreciated that in the aliernative, the fitling 14’
could be received into the structure 12’ as illusirated in Figure 16. in this
example the apertures 60" are formed through the structure 12°, the mounts 52
and 52b’ are configured to position the sealing elements 22a° and 220" on the

exterior of the body 20" and the adhesive 16 is received between the body 20

and the structure 12,
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grooves, into tubing and piping are commercially available. One such line

of tools is known as a Victaulic roll groover, but such tool may require

modification to position the groove 136 (Fig. 11) relative to the end face

58 (Fig. 3) of the structure 12 (Fig. 3) in a desired location. [0053] While

the assembly 10 (Fig. 1) has been described thus far as including

structures 12 (Fig. 3) that are received into a cavity 30 (Fig. 3) in a fitting

14 (Fig. 3), it should be appreciated that in the alternative, the fitting 14"

could be received into the structure 12" as illustrated in Figure 16. In this

example the apertures 60’ are formed through the structure 12, the
[008#lnts 525'%3%@5%%@'65%#@@%%W&%ﬁww&e&% HeRRiMEs 12230

and 22b' on the exterior of the bady 20' and the adhesive 16 is received
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ody 20 need not be circular). ing on the particular requirements
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coupling zone 50 can be selected so as to

Depending on the particular requirements for a given situation, the diametrical
clearance and the length L of the coupling zone 50 can be selected so as to
increase or decrease the lap shear strength for a given adhesive 16. For
exampie, the length L of the coupling zone 50 can be lengthened or shortened
for a given adhesive 16 and a given diametrical clearance to provide more or less
surface area over which the adhesive 16 can be disposed. it will be appreciated
that lengthening the coupling zone 50 can increase the lap shear strength of the
joint 18 to a degree, while shortening the coupling zone 50 can decrease the lap
shear strength of the joint 18.

[0055] As another exampie, the diametrical clearance can be increased or
reduced to a degree for a given adhesive 16 and length L of the coupling zone 50
to affect not oniy the lap shear strength of the joint 18, but also the peel strength
of the adhesive 16. It will be appreciated that lengthening the coupling zone 50
may nof necessarily increase the peel strength of the adhesive 16 in some

situations, especially when the diametrical clearance is relatively low, as modest
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increase or decrease the lap shear strength for a given adhesive 16. For
example, the length L of the coupling zone 50 can be lengthened or
shortened for a given adhesive 16 and a given diametrical clearance to
provide more or less surface area over which the adhesive 16 can be
disposed, It will be appreciated that lengthening the coupling zone 50 can
increase the lap shear strength of the joint 18 to a degree, while
shortening the coupling zone 50 can decrease the lap shear strength of
the joint 18. [00551 As another example, the diametrical clearance can be
increased or reduced to a degree for a given adhesive 16 and length L of
axiglly ehiigsied asns tenemittedtitusiyiindalp dRearsheifiiist ahpie 16
18, but also the peel strength _of the adhesijve 16. It will be appreciated
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(e SBREAS) ANG-PEBLAYAKSIRE HSIMRIY A peel away from the tubing. In
systems with relatively iarge diameter tubes and/or piping, it is possible o
transfer heat to/from the tubing/piping reiatively guicker than the body of the
fitting and consequently, a relatively temperature difference (e.g., 20°F or more)
between the tubing/piping and the body of the fitting in the relevant area is
possible. We note, too, that where different materials are employed for the
tubing/piping and the body of the fitting, differences in rates of thermal expansion
can further exacerbate this condition.

[0056] We have found, too, that it was not possible to modify this other
adhesive coupling system to sufficiently enlarge the diametrical clearance as a
portion of the tubing/piping in the body of the fitling was unsupported and would
adversely affect the connection. In this regard, we noted that diametrical
clearances of 0.030 inch permitted sufficient movement of the tubing/piping

relative to the body of the fitting so that line-to-line contact between the

tubing/piping and the body of the fitting occurred. As a result of such line-to-line
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systems with relatively large diameter tubes and/or piping, it is possible to
transfer heat to/from the tubing/piping relatively quicker than the body of
the fitting and consequently, a relatively temperature difference (e.g., 20F
or more) between the tubing/piping and the body of the fitting in the
relevant area is possible. We note, too, that where different materials are
employed for the tubing/piping and the body of the fitting, differences in
rates of thermal expansion can further exacerbate this condition. [0056]
We have found, too, that it was not possible to modify this other adhesive
coupling system to sufficiently enlarge the diametrical clearance as a

copi@dlor? B tHERUBRIYIBIKIMG A thReh RRPBEIR flRind Waseapd¥riéiradd the
would adversely affect the connection. In this regard, we noted that
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e coupling zone 50 to INimiz ereby savin
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'zomee 50 is sufficiently thick at all points around its perimeter so as to jimit
elongation of the adhesive 16 in the zone 50 {o inhibit peel failures of the adhesive
16 in the zone 50 and shear failures of the joint 18 when a femperature differential
of at least 25°F between a temperature of the body 20 at a location adjacent the
zone 50 and a temperature of the structure 12 at a location adjacent the zone 50.
In such tests on a joint constructed in accordance with the teachings of the present
disclosure, four inch nominal diameter tubing and diametrical clearances of 0.030
inch were empioyed and elongation of the adhesive was reduced o 10% or less (in
some instances, elongation was reduced to 6% for a temperature differential of
35°F).

[0057] We have noted that a relatively large diameirical clearance can
facilitate the use of different adhesives 16. For example, an adhesive of a first

viscosity may be employed if the ambient air temperature is within a first

temperature range (e.g., less than 50 degrees F), while a different adhesive of a
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zone 50 is sufficiently thick at all points around its perimeter so as to limit
elongation of the adhesive 16 in the zone 50 to inhibit peel failures of the
adhesive 16 in the zone 50 and shear failures of the joint 18 when a
temperature differential of at least 25F between a temperature of the
body 20 at a location adjacent the zone 50 and a temperature of the
structure 12 at a location adjacent the zone 50. In such tests on a joint
constructed in accordance with the teachings of the present disclosure,
four inch nominal diameter tubing and diametrical clearances of 0.030
inch were employed and elongation of the adhesive was reduced to 10%_
segndsSighesuirombtaneedcRRBiREH ieramRisntdictripesature is within
temperature differential of 35F). [0057] We have noted that a relatively

2 FGRHISMBRTRHIEISARARCE SandfaRIMaYAh SRR S (P IRUBRR SiVes
16. For example, an adhesijve of a first viscosity may be employed if the
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palogy 0GRt Aents 22a and 22b. The body 20c can be made from an
appropriate structural material, such as copper, and can have a pair of insertion
ends 26 (e.g., an iniet and an outlet) that are disposed concentrically about a
straight iine 500 that is coincident with a iongitudinal axis 502 of the body 20c.
Those of skill in the art will appreciate that although the particular fitting 14c¢ that
is shown is a straight union-type fitting for joining two fluid conduits, the teachings
of the present disclosure have application fo other types of fittings, such as to T-
type fittings. Each insertion end 26 can define an end face 28¢ and a cavity 30c.
The cavity 30c can have an interior surface 32c and can be configured to receive
an end 34 of an associated one of the structures 12.

100591 Each pair of sealing elements 22a and 22b can axially spaced apart
from one another aiong the straight line 500. Each pair of sealing elements 22a
and 22b can be sized to support the end 34 of the associated structure 12 within

the cavity 30c and sealingly engage both the body 20c and the exierior surface

40 of the end 34 of the associated structure 12 so that the exterior surface 40 is
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pair of sealing elements 22a and 22b. The body 20c can be made from an
appropriate structural material, such as copper, and can have a pair of
insertion ends 26 (e.g., an inlet and an outlet) that are disposed
concentrically about a straight line 500 that is coincident with a
longitudinal axis 502 of the body 20c. Those of skill in the art will
appreciate that although the particular fitting 14c that is shown is a
straight union-type fitting for joining two fluid conduits, the teachings of
the present disclosure have application to other types of fittings, such as
to T- type fittings. Each insertion end 26 can define an end face 28c and a
SPReRrhPBBE. ek BRVIRJeSiR: SHH3RR/E%h FhiBRoFRNINaER%BY AR aanAglesive
configured to receive_an end 34 of an associated one of the structures 12
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provided relates to a system for communicating a fluid, the sealing

typ?éemﬁyé%@%anelﬁg@ aeyeonfigrred inaalealynangader thetipterior

surface 32c and the exterior
100607 The body 20c can include two pair of mounis 52a and 52b ana a
pair of stops 54¢. Each of the mounts 52z a.nd 52b can be spaced axially apart
from one another and can be configured to hold and position an associated one
of the sealing elements 22a and 22b, respectively. Each of the stops 54¢ can be
a feature that can inhibit the inserfion of an associated one of the structures 12
into the cavity 30c beyond a predetermined distance. in the particular example
provided, each of the stops 54c comprises a dimple that is formed in the body
20c. The dimple can extend radially inwardly into the cavity 30c to an extent
where it will contact the end face 58 of the associated one of the structures 12 to
inhibit further insertion of the associated one of the structures 12 into the cavity
30c. The stops 54c¢ can be spaced apart from one another to establish a tube
stop zone 510 that is disposed between the end faces 58 of the structures 12,

The tube stop zone 510 has a length LT.
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surface 40. Those of skill in the art will appreciate from this disclosure that
other types of seals, including O-rings, could be employed in the
alternative. [0060] The body 20c can include two pair of mounts 52a and
52b and a pair of stops 54c. Each of the mounts 52a and 52b can be
spaced axially apart from one another and can be configured to hold and
position an associated one of the sealing elements 22a and 22b,
respectively. Each of the stops 54c can be a feature that can inhibit the
insertion of an associated one of the structures 12 into the cavity 30c
beyond a predetermined distance. In the particular example provided,

[0Q&{dh of theTsFo8vEeorphisisa iRt T PReinal f70 Rupostioned
The dimple can extend radially inwardly into the cavity 30c to an extent

bejyrsre ibatecinSlameBiudaR 8 Pthant SXIpNe i dnsr pRyity 30c. The
structures 12 to inhibit further insertion of the associated one of the ,
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one anqther to establish a tupe stop,zone 510 that is dispose tween .
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length LT. -27 [0061] The body 20c can also define apertuyres 60, that .
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or more of the apertures 60 Iinto esive coupllng Zone or space

ﬁxBSWVSﬁB g@af?ﬁ%ﬁ%ﬁﬂ@%%%@@@@ 24:8E.G structure 12. Those of

skill in the art will appreciate that because the sealing elements 22a and 22b
support the ends 34 of the structures 12, the difference between the extemal
diameter of the ends 34 and the internal diameter of the body 20c can be sized
so that the adhesive 16 can achieve a desired (wall) thickness, such as about
0.015 inch to about 0.035 inch, preferably about 0.020 inch to about 0.025 inch.

[0062] We have identified the iength LT of the tube stop zone 510 as
having an effect on the operating life of the assembly 10¢ when the assembly
10c is subjected to thermal cycling. When a tube stop zone 510 of a relatively
short length LT is employed, as in Figure 3, heat transfer from the heated fluid
passing through the structures 12 to the body 20 of the fitting 14 is significantly
impeded due to an insulating effect of the adhesive 16 (Fig. 9) and to an
insulating effect of an annular layer of fiuid that is disposed between the sealing
elements 22b, the exterior surface 40 of the end 34 of the structures 12 and the

interior surface 32 of the cavities 30. In this regard, the thermal conductivity of
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associated structure 12 and the interior surface 32c of the cavity 30c to
fixed or fixedly and sealingly couple the body 20c to associated structure
12. Those of skill in the art will appreciate that because the sealing
elements 22a and 22b support the ends 34 of the structures 12, the
difference between the external diameter of the ends 34 and the internal
diameter of the body 20c can be sized so that the adhesive 16 can
achieve a desired (wall) thickness, such as about 0.015 inch to about
0.035 inch, preferably about 0.020 inch to about 0.025 inch. [0062) We
have identified the length LT of the tube stop zone 510 as having an
thectfdloeeinaHé dpisraBhanidhss thwddbedissrpnsroffd Ahirsi gk dempliucipess 12
subjected to thermal cycling. When a tube stop zone 510 of a relatively
(e-ghoteataiytharTis ampleyertay it ERauAIdeRegh AW dRRTIAlSdhRTy the

fluid passing through the structures 12 to the body 20 of the fitting 14 is
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considerably higher than the rate at which the body 20 of the fitting 14 can be
heated. As those of skill in the art will appreciate, conventional practice is io
configure union-type fittings such that the tubes inserted therein are as close to
one another as possible to thereby reduce the amount of material that is used fo
form the fitting. In systems that employ sweat soldering to secure fittings and
tubes to one another, the tubes that are inserted into a union-type fitting are
typically positioned such that they nearly touch one another. In systems where
the fittings are crimped to the tubes, the positioning of the tubes can be dictated
by the width of a crimping too!, but this offset still relatively close as the wall
thickness of such fittings is typically larger than the wall thickness of the tubes
that are inserted thereto.

100637 The differences between the rates at which heat is transferred 1o

the structures 12 and the body 20 causes the structures 12 and the body 20 to

heat {(and thus expand) at different rates, which applies a thermally induced
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forms the structures 12 and the body 20 of the fitting 14 in the example
provided can be about 401 W/ mK). Consequently, the ends 34 of the
structures 12 can be heated from the heated fluid passing therethrough at
a rate that is considerably higher than the rate at which the body 20 of the
fitting 14 can be heated. As those of skill in the art will appreciate,
conventional practice is to configure union-type fittings such that the
tubes inserted therein are as close to one another as possible to thereby
reduce the amount of material that is used to form the fitting. In systems
that employ sweat soldering to secure fittings and tubes to one another
shege gifrssiiat e neBerRivENiS a(ﬁ‘rgio@typgﬁﬂﬁ%@t%‘i‘e”ﬁ?ﬁi’%’ll)}’b@&ﬁoﬁééhe
such that they nearly touch one another. In systems where the fittings are
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width of a crimping tool, but thi t still relatively cl thewal]
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structures 12 into the body 20c¢ so as to reduce the difference between the rates
at which the structures 12 and the body 20c expand and contract fo thereby
reduce the magnitude of the thermally induced shear stress that is appiied to the
adhesive 16. In this regard, the tube stop zone 510 is sized to reduce or
eliminate the insulating effect of the fluid in the area of the tube stop zone 510 as
compared to the example of Figure 3 fo permit the heated fluid within the
structures 12 to more readily transmit heat to the body 20c. The sizing of the
tube stop zone 510 preferably balances several design considerations, including
the rate of heat transfer through a portion P1 of the body 20c between the
sealing elements 22b and the amount of material that is used io form the body
20c.

{0065] With reference to Figure 18, heat transfer through the assembly
10c is schematically illustrated. Heat can be transferred from the fluid F that is

communicated through the structures 12 into the body 20c of the fitting 14c

indirectly through the adhesive 16 (as represented by reference character Ha), as
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[0064] In contrast, the tube stop zone 510 of the fitting 14c of Figure 17 is
sized relatively larger in relation to the diameter of the body 20c of the
fitting 14c to facilitate improved heat transfer from the heated fluid that
passes through the structures 12 into the body 20c so as to reduce the
difference between the rates at which the structures 12 and the body 20c
expand and contract to thereby reduce the magnitude of the thermally
induced shear stress that is applied to the adhesive 16. In this regard, the
tube stop zone 510 is sized to reduce or eliminate the insulating effect of
the fluid in the area of the tube stop zone 510 as compared to the
welhaiEci R Gre 10 HarritithE NESEREATE WA MEHe bersloRAIE AP 28
more readily transmit heat to the body 20c. The sizing of the tube stop
reRIEREMAY MefERiIN SR e S AT sightBBIRerdtBhd"hditing! Neat

the rate of heat transfer through a portion P1 of the body 20c between the
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by reference c?aracter HA -30 well as directly (e.g., from the fluid F
re?r%g%ﬂ%%réérg % eenﬁjebghs%%ap&;orn%%slo as represented by reference
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from the fiuid F into the portion P3 of the fitting body 20¢ corresponding to the
tube stop zone 510 at a rate that permits the fitting body 20c to heat relatively
evenly. For example, if the fluid F that flows through the assembly 10c
experiences a change in temperature of 11G°F‘(e.g., water heated to 180°F is
circulated through the assembly 10c, the flow of heated water through the
assembiy 10c¢ is halted, the water in the assembiy 10c is permitted to cool to an
ambient air temperature of 70°F and thereafier flow of the heated water resumes
such that the temperature of the water in the assembly 10¢ rapidly rises from
70°F to 180°F), the length of the tube stop zone 510 can be sized such that a
temperature of a first portion of the fitting body 20¢ and a temperature of another
portion of the fitting body will not be different by more than a predetermined
temperature differential, for example 20°F, 15°F or 12°F. Stated another way,
the difference between the maximum temperature of the surface of the body 20¢

and the minimum surface of the temperature of the surface of the body 20c at

- any given time will not exceed the predetermined temperature differential. The
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with HA, heat will flow from the area of the body 20c associated with the
tube stop zone 510 in two directions toward the adhesive coupling zones
or spaces S as represented by reference character HTCS. [0066] The
length of the tube stop zone 510 can be sized to draw heat from the fluid
F into the portion P3 of the fitting body 20c corresponding to the tube stop
zone 510 at a rate that permits the fitting body 20c to heat relatively
evenly. For example, if the fluid F that flows through the assembly 10c
experiences a change in temperature of 110F (e.g., water heated to 180F
is circulated through the assembly 10c, the flow of heated water through
prafietesgieechigrpenatuestdifemniizitermhb e aysempsr abiesthatnsitesstéhan
cool to an ambient air temperature of 70F and thereafter flow of the
o fREAPVResiesLimaY R tenaReri e HiErianERb raHeh AR SOt the
assembly 10c rapidly rises from 70F to 180F), the length of the tube stop
[00&Fe 510 crbRIsHRs Steh ARt RiEBIaRIrd AU sERBHENYPRiRYed to

_fitting bod¥/ 20c and a temperature of another portion of the ﬁ&tin% bod\}/ _
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differentjal, for example 20F, 15F or 12F. Stated another way, the .
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can be any temperature tha ess than “or equalto a desir maximum

[oé%gﬁperat”rﬁo‘?‘fé%?ﬂﬂ?é; %}B@@%c may be sized by approximating several

heat transfer rates. In this methodology, the rate at which heat is transferred into
the portion P’I of the body 20c associated with each adhesive coupling zone or
space S (from the portion P2 of the body 20¢ extending between the ciosest tube
stop 54¢ and the adhesive coupling zone or space S) can be greater than or
equal to about three times the rate at which heat is transferred into the body 20c
through the adhesive 16 in the adhesive coupling zone or space S (i.e., the rate
of Hycs can be greater than or equal to about three time the rate of Ha). The tube
stop zone 510 can be sized such that the rate of heat transfer into the
corresponding portion P3 of the body 20c provides sufficient heat to the portions
P2 of the body 20c between the tube stops 54c and their associated sealing
element 22b (i.e., the rate of Hysz can be greater than or equai to twice the race
of Hyeg). In some instances, the length of the adhesive coupling zone or space
S is within £15% of twice the length LT of the fube stop zone 510 (i.e., 1.85xLT <

L<2.15LT).
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[0067] Techniques such as finite element analysis can be employed to

size each of the portions of the body 20c in a way that optimizes various

structural, heat transfer and physical (e.g., mass) characteristics to a

desired degree. It will be appreciated, however, that other techniques,

including calculations and experiments, may be employed to size the

body 20c. [0068] For example, the body 20c may be sized by

approximating several heat transfer rates. In this methodology, the rate at

which heat is transferred into the portion P1 of the body 20c associated

with each adhesive coupling zone or space S (from the portion P2 of the
[00683y 20c dkwilidny annieetiatd b desgtipeingdps dsENEthe ladnigsivé) of

coupling zone or space S) can be greater than or equal to about three
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adhesive 16 in the adhesive coupling zone or space S (i.e., the rate of
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in practice, a maximum difference between a maximum temperature and a
minimum temperature on the surface of the exemplary fitting at a given time
when the fluid flowing through the fitting is experiencing a relatively high change
in temperature (e.g., from 70°F to 180°F) can be employed as the predetermined
temperature differentiai that is referenced above.

[0070] In the particular example provided, we employed a 90°elbow E, but
those of skill in the art will appreciate from this disclosure that other fitling types,
such as reducing bushing, 45° elbow and portions of a T-fitling may also be
useful. A first one of the points is disposed on the body 20 of the exemplary
fitting proximate the inlet and between the seals 22a, 22b, whiie a second one of
the points is disposed on the body 20 at a location in which fluid traveling through
the body 20 will directly contact an internal surface of the body 20, such as at a
location in which the body 20 is defined by a radius. A piot iliustrating the data

taken during a test of one 90° elbow fitting is iliustrated in Figure 19.
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the tube stop zone 510 beyond a given dimension would not provide

significant heat transfer benefit. To guard against such situations, it may

be desirable to compare the portion of the body 20c in the area of the

tube stop zone 510 to a fitting having relatively good heat conducting

properties (i.e., a fitting in which the temperature of the surface of the

fitting remains fairly uniform when a fluid flowing through the fitting

experiences a relatively large change in temperature). In practice, a

maximum difference between a maximum temperature and a minimum

temperature on the surface of the exemplary fitting at a given time when
[0QR&lfluid flowity tefericehdditiagriccexpriendintfa reldboeRahidestharie is

in temperature (e.g., from 70F to 180F) can be employed as the
coprastadremir ribperitdfe bRferdingaltthaeiiysiarstee dPabig thgotastiihe

the particular example provided, we employed a 90elbow E, but those of
elbgul & theitrt APApPre @RS ithiddiseRRTEAHEEB & fitlRg RS, E 23

such as reducing bushin%g45 elbow and portions of a T-fitting may also be
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exemplary fitting proximate the inlet and between the seals 22a, 22b,
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with thermocouples to generate the data that is shown in the plot. As is shown,
the absolute value of the maximum difference in femperature of the two points on
the body 20 of the elbow E was 12°F. The plot of Figure 20 illustrates the
performance of the fitting 14c under identical thermal cycling test conditions and
illustrates its maximum temperature differential as being iess than 20°F. We also
tested a union-type fitting that spaced the tubes inserted thersin by a
conventional distance (i.e., nearly touching) but was otherwise simiiar to the
fitting 14c. Figure 21 illustrates a piot showing the maximum difference in
surface temperature of the body of the fitting was nearly 30°F when the fitting
was subject to the above-described test conditions.

[0G672] While we employed thermocouples to verify the performance of
particular fittings constructed in accordance with the teachings of the present

disclosure, we note that other verification methods could also be employed. For
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conducted on the elbow E to base-line its performance. During the test,

the elbow E (with tubes 12 installed to the opposite sides of the elbow E

as discussed above) was initially at an ambient temperature of 70F.

Water at 180F was circulated through the elbow E and tubes 12 and after

a predetermined amount of time, the flow of heated water was halted so

that the elbow E and tubes 12 could return to the ambient temperature.

The temperature at the two above-described points on the body 20 of the

elbow was measured with thermocouples to generate the data that is

shown in the plot. As is shown, the absolute value of the maximum
exaiffelenteimanipagigréeshtieusso poiitssn: theodgramoraie kebuset in

was 12F. The plot of Figure 20 illustrates the performance of the fitting
veliigngnidet rieatiielgidiiing dydingiesnedndtRpRIraddnanRSates its

maximum temperature differential as being less than 20F. We also tested
[0Q7 hion-typé/RtnBatries BREECPAHICR PEY iRScHRR It RRR By ate the above-

conventional distance (i.e., nearly touching) but was otherwise similar to
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difference in surface temperature of the body of the fitting was nearly 30F
APRINAT IHE R UINZESubject to the above-described test conditions.

[0072] While we employed thermocouples to verify the performance of

particular fittings const in acc@ﬁce with ihzteachings of the
present disciopure, weno Maé%:h pificatio ehxd Id also be

employed. -347€Xamp r§|r aJli agin erjmiq S5 hasa
thermogram, can be usgfyl 2-% y

where:

Ha is the rate of heat transfer rate into the portion P1 of the body 20c¢ through the
adhesive 16 expressed in BUT/hr;

TCa is the thermal conductivity of the material that forms the adhesive expressed
in W/(m°K);

1.73 is a conversion factor (W/m°K to BTUsft/hreft*°F);

CAp is the cross-sectional area of the adhesive 16 on one side of the body 20¢
taken perpendicular to the direction of the flow of heat through the adhesive in
the adhesive coupling zones expressed in square inches;

144 is a conversion factor (square inches to feet);

12 is a conversion factor {inches to feet);

Tx is the thickness of the adhesive over through heat is conducted into the
portion P1 of the body 20c through the cross-sectional area of the adhesive

16 in the adhesive coupling zones; and
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verifying that a particular fitting 14c performs in a desired manner. [0073]
While several approaches may be used to approximate the above-
described heat transfer rates, we employed the following three equations
in the approach that we utilized. TCA CA 12 x x XAT 1.73144TA 1
where: HA is the rate of heat transfer rate into the portion P1 of the body
20c through the adhesive 16 expressed in BUT/hr; TCA is the thermal
conductivity of the material that forms the adhesive expressed in W/(mK);
1.73 is a conversion factor (W/mK to BTUNMt/hrft2.F); CAA is the
cross-sectional area of the adhesive 16 on one side of the body
nak%rﬁﬁe?ﬁ@%i@&aﬁemeﬁ@aﬁ@cﬁeﬁﬁmﬁa'ﬂemﬁh@aﬂrﬁaaaﬂqh@mugh the
adhesive in the a (gheswe coupling zones expressed in square inches; 144
@SBRI G AR (SIS GSRE Shithes to feet): 12 is a conversion factor
(inches to feet); TA is the thickness of the adhesive over through heat is
conducted into the portion P1 of the body 20c through the cross-sectional
area of the adhesive 16 in the adhesive coupling zones; and -35

TG CAy 2 A7
173 144 L,

where:

Hres is the rate of heat transfer rate through the portion P2 of the body 20c¢ to the
portion P1 of the body 20c expressed in BUT/hr;

TCr is the thermal conductivity of the material that forms the body 20c expressed
in WI{m°K);

1.73 is a conversion factor W/m°K o BTUsft/hreft?°F);

CAp, is the cross-sectional area of the portion P2 of the body 20c {aken
perpendicular to the direction of the flow of heat that is transmitted from the
portion P3 of the body 20c to the portion P1 of the body, the cross-sectional
area being expressed in square inches;

144 is a conversion factor (square inches to feet),

12 is a conversion factor {inches io feet);

Les is the distance over which heat is conducted through the cross-sectional area
CAp: (i.2., the length of the portion P2 of the body 20c¢) expressed in inches;

and
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AT, is an expected temperature differential of the fluid passing through the
assembly 10c and is expressed in OF. TCT 12 xClp7x xAT TCS-1.73
144 L 2 1 where: HTCS is the rate of heat transfer rate through the
portion P2 of the body 20c to the portion P1 of the body 20c expressed in
BUT/hr; TCF is the thermal conductivity of the material that forms the body
20c expressed in W/(mK); 1.73 is a conversion factor (W/mK to
BTUft/hrmft2F); CAP2 is the cross-sectional area of the portion P2 of the
body 20c taken perpendicular to the direction of the flow of heat that is
transmitted from the portion P3 of the body 20c to the portion P1 of the

AThody atheespestesedaomarairea sifisgantiole oéclien Bujdaraasir@dhiaugis dhe
conversion factor (square inches to feet); 12 is a conversion factor
(ArSesRlly fl)anp B igpetrstitefover which heat is conducted through
the cross-sectional area CAP2 (i.e., the length of the portion P2 of the
body 20c) expressed in inches; and -36 AT, is an expected temperature
differential of the fluid passing through the

g o 1Ce, Chn 120
1.73° 144~ WT,

where:

Hrsz is the rate of heat transfer rate from the fluid F into the portion P3 of the
body 20c expressed in BUT/hr;

TCe is the thermal conductivity of the material that forms the body 20c expressed
in W/(m°K);

1.73 is a conversion factor (Wim°K to BTUs«ft/hreft*«°F);

CAg: is the internal surface area of the portion P3 of the body 20c¢ in square
inches;

144 is a conversion factor (square inches to feet),

12 is a conversion factor {inches to feet),

WTr is the wall thickness of the portion P3 of the body 20¢; and

AT, is a desired maximum iemperature differential between the maximum and

minimum temperatures of the body 20c at any given time.

Example 1-1: 2” Nominal Diameter Copper Tubing
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assembly 10c and is expressed in F. X 12 X x AT TSZ 1.73 144 WTI. 2

where: HTSZ is the rate of heat transfer rate from the fluid F into the

portion P3 of the body 20c expressed in BUT/hr; TCF is the thermal

conductivity of the material that forms the body 20c expressed in W/(mK);

1.73 is a conversion factor (W/mK to BTUft/hrft2F); CAo3 is the internal

surface area of the portion P3 of the body 20c in square inches; 144 is a

conversion factor (square inches to feet); 12 is a conversion factor

(inches to feet); WTF is the wall thickness of the portion P3 of the body

20c; and AT2 is a desired maximum temperature differential between the
[0GFkimum ahe fittinenddim hemp drefiirédolndlel HERITE0CACaRY Yivehithbas a

Example 1-1: 2" Nominal Diameter Copper Tubing -37 [0074] The fitting
theta@haend welite g hal iVEAed Stespfel) whidh Ragh Aiedag @ nominal

conductivity of 401 W/mK (TCF = 401) The body 20c has a nominal

intefpa PPASIRE AN B0l 201RSNAR RES hBoAIGRh REPLR AT IS HhED) of
2.2%N3E%)cggs so that CAp, is 0.409 sq. inches (i.e., CApz = 3.14x[(NED)*-

(NID)?}+4) and the wall thickness 0.059 inch (WTg = [(NED)-(NID)}/2). The stops
54c are positioned so that the length LT of the tube stop zone 510 is 0.25 inch,
while the portions P2 of the body 20c on opposite sides of the tube stop zone
510 have a length of 0.25 inch {i.e., Lpp = 0.25). The cross-sectional area of the
portion P3 of the body 20c is 1.634 square inches (i.e., CApz = 3.14x(NID)<LT)
The ambient air temperature is 70°F, while the temperature of the fiuid (water)
that passes through the structures 12 is 180°F so that AT, is equal to 110°F (i.e.,
ATy = 180°F - 70°F). The structures 12 have an external diameter (SED) of
2.125 inches so that the adhesive 16 has a thickness of 0.1 inch (Ta = [(NID)-
(SED)}/2). The adhesive 16 has a thermal conductivity of 0.6 Wim°K (TCx = 0.6)
and is disposed over a distance LL of 0.553 inch on each side of the body 20c.
The cross-sectional area of the adhesive (CA,) is 3.69 sq. inches (ie., CAx
=3.14xSEDxLL), A maximum desired temperature differential across the surface
of the body 20c is 12°F (ie., AT: = 12°F). The heat transfer rate Hres is
approximately 3470 BTU/hr, while the heat transfer rate H, is approximately 587
BTU/hr and the heat transfer rate Hrsz is approximately BTU/hr. Accordingly the

magnitude of the heat transfer rate Hycs is about 5.9 times the magnitude of the
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2.263 inches so that CAP2 is 0.409 sq. inches (i.e., CAP2 = .
3.14x[(NED)2- (NID)2]=4) and the wall thickness 0.059 inch (WTF =
[(NED)-(NID))/2). The stops 54c are positioned so that the length LT of
the tube stop zone 510 is 0.25 inch, while the portions P2 of the body 20c
on opposite sides of the tube stop zone 510 have a length of 0.25 inch
(i.e., LP2 = 0.25). The cross-sectional area of the portion P3 of the body
20c is 1.634 square inches (i.e., CAP3 = 3.14x(NID)XLT) The ambient air
temperature is 70F, while the temperature of the fluid (water) that passes
through the structures 12 is 180F so that AT, is equal to 110F (i.e., AT, =
heaisuensimrpteHd saoditiesneoniveaniherhapbisansier coteDhion s19eout
inches so that the adhesive 16 has a thickness of 0.1 inch (TA = [(NID)-
1.96tmsprernacinveaf feheshifRBpRarebhbiaesivity of 0.6 W/mK (TCA
=0,6) and is disposed over a distance LL of 0.553 inch on each side of
the body 20c. The cross-sectional area of the adhesive (CAA) is 3.69 sq.

inches (i.e., CAA =3.14xSEDXxL]). A maximum desired temperature
Exaifteiedd Achuingl Lismele’s ﬁ?é’%%@%@ is 12F (i.e., AT2 = 12F).

h fer. TCSi ' ly 3470 BTU/hr, while th
1078, ransiEPeA e 4 RGN 500 B AP P K REs i 2
te HTSZ i j ly BIUWlhr. ' '
R (NG FFC e AR o SRR o I agrme!
. f h | f Z
e e P P P AR e e ™

stob@53. NPminal RIARalE AR THIRSS the tube stop zone 510 is 0.3 inch,

while the portions P2 of the body 20c on opposite sides of the tube stop zone
510 have a length of 0.375 inch. The ambient air temperature is 70°F, while the
temperature of the fluid (water) that passes through the structures 12 is 180°F.
The structures 12 have an external diameter of 3.125 inches. The adhesive 16
has a thermal conductivity of 0.6 W/m°K and is disposed over a distance of 0.644
on each side of the body 20c. A maximum desired temperature differential
across the surface of the body 20c is 12°F. The heat transfer rate Hres is
approximately 4302 BTU/hr, while the heat transfer rate H, is approximately
1008 BTU/hr and the heat fransfer rate Hrgz is approximately 8585 BTU/hr.
Accordingly the magnitude of the heat transfer rate Hrcs is about 4.3 times the
magnitude of the heat transfer rate Ha and the magnitude of the heat transfer

rate Hysz is about 2.00 times the magnitude of the heat transfer rate Hrcs.
Example 1-3: 4” Nominal Diameter Copper Tubing
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[0075] The fitting 14c has a body 20c that is formed of copper, which has
a thermal conductivity of 401 W/mK. The body 20c has a nominal internal
diameter of 3.149 inches and a nominal external diameter of 3.299 inches.
The stops 54c are positioned so that the length of the tube stop zone 510
is 0.3 inch, while the portions P2 of the body 20c on opposite sides of the
tube stop zone 510 have a length of 0.375 inch. The ambient air
temperature is 70F, while the temperature of the fluid (water) that passes
through the structures 12 is 180F. The structures 12 have an external
diameter of 3.125 inches. The adhesive 16 has a thermal conductivity of
[0@r6IW/mK die fittthgpbhe tia ertmdistedialf ©. Bt mashafacipside wiitiehas a
body 20c. A maximum desired temperature differential across the surface
theshiiae pooguzbivity 1IF4GheMant frandtes rardW 1205 isagpprayamitalyinternal
4302 BTU/hr, while the heat transfer rate HA is approximately 1006
diggreiairad fd PR Weher aivler rmingisxierappbiamaiesipisbosBnaigs. The
Accordingly the magnitude of the heat transfer rate HTCS is about 4.3
stapsSmharesifieRRIcTaHBa dheansie ofdRerivbaricRE msgritide Bft inch,

the heat transfer_rate HTSZ is about 2.00 times the magnitude of the heat

Wrtpéngf%r%%oﬂﬁeg. e hin hecy. 20p %ﬁﬁﬁ&%ﬁﬂ%‘?@r @JﬁﬁeW?ﬁtﬁF@D zone
S R A L o AR YA SRR N8 A= he
R e Dy R R
Thséoﬁrﬁgpu?“efssl%%ca)'\ﬁei%%hexternai diameter of 4.125 inches. The adhesive 16
has a thermal conductivity of 0.6 W/m°K and is disposed over a distance of 0.7
inch on each side of the body 20c. A maximum desired temperature differential
across the surface of the body 20c is 14°F. The heat transfer rate Mrgs is
approximately 5682 BTU/hr, while the heat transfer rate Hy is approximaiely 961
BTU/hr and the heat transfer rate HMysy is approximately 1423 BTU/hr
Accordingly the magnitude of the heat transfer rate Hycs is about 5.9 fimes the
magnitude of the heat transfer rate Hy and the magnitude of the heat transfer

rate Hrsz is about 2.49 times the magnitude of the heat transfer rate Hycs.
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while the portions P2 of the body 20c on opposite sides of the tube stop
zone 510 have a length of 0.50 inch. The ambient air temperature is 70F,
while the temperature of the fluid (water) that passes through the
structures 12 is 180F. The structures 12 have an external diameter of
4.125 inches. The adhesive 16 has a thermal conductivity of 0.6 W/mK
and is disposed over a distance of 0.7 inch on each side of the body 20c.
A maximum desired temperature differential across the surface of the
body 20c is 14F. The heat transfer rate HTCS is approximately 5682
BTU/hr, while the heat transfer rate HA is approximately 961 BTU/hr and
Exgremie drfiahSidNeattn i Fame s freRPRAEUPI4R3 BTU/hr. Accordingly
the magnitude of the heat transfer rate HTCS is about 5.9 times the
[0§72hnitude BiarikiReat 4rahater RAEH RGPS IABRIRICOPRAE NENEh has 2

transfer rate HTSZ is about 2.49 times the magnitude of the heat transfer

GRS A ENPRAD S T KN o9t GBBper TORNG (001
SiRa L ARG or IOt SRR PP SR DO Rk Rt e The
SRR 0e B3 WBSHERANR LD HHRNS RO R B oot
Wi (R SR Hong Sr Raeck FogiR PO R PR AR o 2one

5 (PRSI 70F Ui e SREIRIIR of e ML INpLED PAEPassRs ne

rough the structures 12 i1s 180F. A" maximum de temperature

teMGraNIa Reresh iB]WHIERrthat IR DAMNAOGSS the structures 12 is 180°F. A

maximum desired temperature differential across the surface of the body 20c¢ is
12°F. The heat transfer rate Hycs is approximately 2302 BTU/hr, while the heat
transfer rate Ha is approximately 535 BTU/hr and the heat transfer rate Hrgy is
- approximately 4681 BTU/hr. Accordingly the magnitude of the heat transfer rate
Hics is aboui 4.3 times the magnitude of the heat transfer rate Ha and the
magnitude of the heat transfer rate Hrgz is about 2.03 times the magnitude of the

heat transfer rate Hres.

Exampie 1-5: 1.25” Nominal Diameter Copper Tubing

[0078] The fitling 14¢ has a body 20c that is formed of copper, which has a
thermal conductivity of 401 W/m°K. The body 20c has a nominal internal
diameter of 1.390 inches and a nominal external diameter of 1.478 inches. The
stops 54c are positioned so that the length of the tube stop zone 510 is 0.175

inch, while the portions P2 of the body 20c on opposite sides of the tube stop
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12F. The heat transfer rate HTCS is approximately 2302 BTU/hr, while the

heat transfer rate HA is approximately 535 BTU/hr and the heat transfer

rate HTSZ is approximately 4681 BTU/hr. Accordingly the magnitude of

the heat transfer rate HTCS is about 4.3 times the magnitude of the heat

transfer rate HA and the magnitude of the heat transfer rate HTSZ is

about 2.03 times the magnitude of the heat transfer rate HTCS. Example

1-5: 1.25" Nominal Diameter Copper Tubing [0078] The fitting 14c has a

body 20c that is formed of copper, which has a thermal conductivity of

401 W/mK. The body 20c has a nominal internal diameter of 1.390 inches
zopg @ Honoaninal lexaimal Gidhéeh of ha ZebigidRimiesneespiiBuis e’ . while

positioned so that the length of the tube stop zone 510 is 0.175 inch,
thentpreRREIBORIGHSIPR BrihdWats nbwbPappRLilBreHgR dhenstiustigspt2 is

-41 zone 510 have a length of 0.25 inch. The ambient air temperature is
1800, white sHuGBHASerkduRRY? 8 fﬁﬁﬁﬁ(ﬁﬁit&ﬂﬁ&ﬁagge&%ﬁ%a@% The

structures 12 is 180F. The structures 12 have an external diameter of

adheghéeirinBesTRANSHHE VMR FALtH fePhal R Ry HFEBARAM V"
a3 Sehoans aveLs dsiance 0S40 ces o o S o 1o b
R e B e RS e e
o B AT PR b iR
is approximately 467 BTU/hr and the heat transfer rate Hygz is approximately
4024 BTU/nr. Accordingly the magnitude of the heat transfer rate Hrcg is about
3.6 times the magnitude of the heat transfer rate Ha and the magnitude of the
heat fransfer rate Hrgz is about 2.39 times the magnitude of the heat transfer rate
Hres.

[0079] Another assembly 10d constructed in accordance with the
teachings of the present disclosure is illustrated in Figure 22. Except as noted
herein, the assembly 10d can be generally similar to the assembly that is
disclosed in copending U.S. Patent Appiication No. 11/256,5986, the disclosure of
which is hereby incorporated by reference as if fully set forth in detail herein.
Briefly, the assembly 10d can include a pair of structures 12d, a fitting 14d and
an adhesive 16d. The fitting 14d can include a body 20d and a pair of spacing
elements 22d. In the example provided, the structures 12d are copper tubes and

the body 20d is formed of copper. Those of skill in the art will appreciate that

other materials could be employed for one or more of the structures 12d and the
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3.6 times the magnitude of the heat transfer rate HA and the magnitude of
the heat transfer rate HTSZ is about 2.39 times the magnitude of the heat
transfer rate HTCS. [0079] Another assembly 10d constructed in
accordance with the teachings of the present disclosure is illustrated in
Figure 22. Except as noted herein, the assembly 10d can be generally
similar to the assembly that is disclosed in copending U.S. Patent
Application No. 11/256,596, the disclosure of which is hereby
incorporated by reference as if fully set forth in detail herein. Briefly, the
assembly 10d can include a pair of structures 12d, a fitting 14d and an
boayiR8sive TTEdbTHe Blthgandinelenalmdd KbBweon Sndia pas bre- an inlet
spacing elements 22d. In the example provided, the structures 12d are
angappertebethaheatecndiaponsd isTBreRIAGH bopper! rrsidiiding inQhd that
~art will appreciate that other materials could be employed for one or mor%
s epincideRbviihes lonaisintlexaSBe S Pisub et Hity ZRRNARSHINIRS 26
pair of insertion ends 26d (i.e., an inlet %nd an outleglthat can

capidsBas PRI RRR AR E LR HIE KO8 Hh Echbigencath Ine
o e R S e S B 50 e
o PR e SR B SRV 1 40 BB o
TR TR0 T L A 0 M
diéggsr;géebi&%?&endt%oend faces 58d of the structures 12d that are inserted into
the body 20d.

10080} The spacing elements 22d can be housed in the body 20d and can
contact the interior surface 32d of the cavity 30. Each of the spacing elements
22d can be an “endless’ member, such as an O-ring, and can contact the interior
surface 32d in a continuous (i.e., unbroken) manner about the perimeter of the
cavity 30d. Alternatively, the spacing element 22d could be formed in a
discontinuous manner (e.g., with a plurality of voids) so as to contact the inferior
surface 32d in a correspondingly discontinuous manner. Moreover, the spacing
elements 22d can be formed from a resilient or deformable material. The
spacing elements 22d can be spaced axially apart from the end faces 28d to
define a pair of adhesive coupling zones 50d.

[0081] The interior surface 32d of the cavity 30d and/or the exterior

surface 40d of the structure 12d may undergo a surface treatment, such as

mechanical or chemical cleaning prior to the application of the adhesive 16d t©
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the body 20d. [0080] The spacing elements 22d can be housed in the
body 20d and can contact the interior surface 32d of the cavity 30. Each
of the spacing elements 22d can be an "endless" member, such as an
O-ring, and can contact the interior surface 32d in a continuous (i.e.,
unbroken) manner about the perimeter of the cavity 30d. Alternatively, the
.spacing element 22d could be formed in a discontinuous manner (e.g.,
with a plurality of voids) so as to contact the interior surface 32d in a
correspondingly discontinuous manner. Moreover, the spacing elements
22d can be formed from a resilient or deformable material. The spacing
prasratiee hending i eeghiagedTaeANEsae A SRR 2aRlisD4e) the interior
define a pair of adhesive coupling zones 50d. [0081] The interior surface
suriaepop et d0Ry3uiaRBb AR R IR SGRHEE awaa&@tﬁgdstﬂjéﬂﬁé‘fﬁewe
may undergo a surface treatment, such as mechanical or chemic
1Z%ﬁmgmaﬁetﬂea‘m.é%%%ﬁﬁ@am?@sﬁief%é%mwp?a%Ha@f Is to be
bondlng and sealing. The adhesive 16d c Ijed e interio
NSRS S PUE-AR) 08 SRS hd 5 A8 g arRed i to

end face of the ortl n of thegstruc

h
thes SHRT S B .ﬁﬁéﬁﬁam%t%iﬂ%nagmy ST ST YR e aioe e
?féyﬁgfg%%% i dniener surace. 320, CoRUMENS SOPLIBE beao

ex erlor surface I'UCth

force“?c%guogrﬁ ‘éaﬁ‘d (u?\'rg%gﬂfﬂﬁéﬁs g\%g%es?d"(%'%s YRR GRSy

a series o sever
shapes about the perimeter of the associated end 34d of the structure 12d, with

each "W’ shape touching adjacent "W’ shapes) for other samples. Thereafter,
the structures 12d were inserted to the cavity 30d.

{0082} The spacing element 22d can collect a portion of the adhesive 16d
(that is wiped off the portion of the associated end 34d of the structure 12) that
slides by the spacing element 22d, causing the adhesive 16d to form a band of
adhesive 60d that abuis the spacing element 224d, the body 20d and the siructure
12d. As the band of adhesive 18d is continuous about the perimeter of the
connection between the body 20d and the structure 12d, it will be appreciated
that its presence ensures a fluid-tight connection between the body 20d and the
structure 12. Moreover, the presence of the spacing element 22d, the application
of shear forces {o the liquid adhesive 16d (caused by the sliding action between
the structure 12d and the fitting 14d}, or both, can cause the adhesive 16d to flow
backward along the structure 12d as the structure 12d is slid into the body 20d.

The backward flow of adhesive 16d can completely fill the space between the
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shapes about the perimeter of the associated end 34d of the structure
12d, with each "W" shape touching adjacent "W" shapes) for other
samples. Thereafter, the structures 12d were inserted to the cavity 30d.
[0082] The spacing element 22d can collect a portion of the adhesive 16d
(that is wiped off the portion of the associated end 34d of the structure 12)
that slides by the spacing element 22d, causing the adhesive 16d to form
a band of adhesive 60d that abuts the spacing element 22d, the body 20d
and the structure 12d. As the band of adhesive 16d is continuous about
the perimeter of the connection between the body 20d and the structure

extepidr swrikdred4ishes dhaadrupiarad presat teceindenes suagetddd of the cavity
connection between the body 20d and the structure 12. Moreover, the
30prissdheccotpiing parivy Hententheld MAKiRsHicRRSH aBieH R YbliRes g8 be
the liquid adhesive 16d (caused by the sliding action between the
aC%@M@aJP@tWHHH%%rH Weg 1126 28E BBENTERS d4Gse the adhesive 16d to
flow backward along the structure 12d as the structure 12d is slid intg the
10085y 20d. ThfetbREKAaRAR of HaHEAT69 CRTBEMBRIRSY Hidythin the
space between the -44 exterior surfacq 40d of the structure 12d and the
SIrVRLEY SAABTTIR 57 HCAOI SRR Ao o (e B dpariio zone
ximum mechanical coupling.can be, achieved hetween the structur
51§ o g ORI LISt Uae B Rl phsdy 20d
eated fluid within the structures 12d to more readily-transmi t
of B R e B e 6 T i 08 &R8 S MO T L RdP fafsrer

ratté%ﬂgﬁrsregqgg%}] erP ﬂ{;gogt%&eabgggo%ngeat transfer rate at which heat is
transferred through the adhesive 16d to the fitting 14d.

[0084] it will be appreciated that the above description is merely exemplary
in nature and is not intended to limit the present disclosure, its application or uses.
While specific exampies have been described in the specification and illustrated in
the drawings, it will be understood by those of ordinary skill in the art that various
changes may be made and equivalents may be substituted for elements thereof
without departing from the scope of the present disclosure as defined in the claims.
Furthermore, the mixing and maiching of features, elements and/or functions
between various examples is expressly contemplated herein, even if not specifically
shown or described, so that one of ordinary skill in the art wouid appreciate from
this disclosure that features, elements and/or functions of one example may be
incorporated into another example as appropriate, unless described otherwise,
above. Moreover, many modifications may be made io adapt a particular situation

or material to the teachings of the present disclosure without departing from the
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of the fitting 14d corresponding to the tube stop zone 510d at a first heat

transfer rate that is greater than three times a second heat transfer rate at

which heat is transferred through the adhesive 16d to the fitting 14d.

[0084] It will be appreciated that the above description is merely

exemplary in nature and is not intended to limit the present disclosure, its

application or uses. While specific examples have been described in the

specification and illustrated in the drawings, it will be understood by those

of ordinary skill in the art that various changes may be made and

equivalents may be substituted for elements thereof without departing

- essepiatissaD etiahe hersintedit dosipades defnibg iprasery sigmosure not be
Furthermore, the mixing and matching of features, elements and/or

limitascioiie peticdanrrrsislexdivpiedad Byphsssipwiite Apherpraremn the
even if not specifically shown or described, so that one of ordinary skill in

speriiGaiol dpprdgate MBR? tRISHRSEILSERBIRMPRISRIEY, dRthds out the

and/or functions of one example may be incor ora];ed into anotg

teachitep Il RIS ANECORNIES RISSERD P Sifi e B ERRE T peigatre vl
oA S TRCHEBn R AR B Lo HRAA RSO GURH R ggced

the -45 essential scope thereof. Therefore, it is intended that the present

Cgamé%losure not be limited to the particular examples illustrated by the
drawings and described in the specification as the best mode presently
contemplated for carrying out the teachings of the present disclosure, but
that the scope of the present disclosure will include any embodiments
falling within the foregoing description and the appended
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claims. -46 CLAIMS What is claimed is: 1. A method for forming a joint
comprising: providing a fitting having a body and a pair of axially spaced
apart seals, the body having an insertion end; providing a structure;
engaging the fitting and the structure to one another such that the seals
sealing engage the body and the structure; and after the fitting and the
structure have been engaged to one another, installing an adhesive to a
zone disposed between the body, the structure and the seals to retain the
body to the structure. 2. The method of Claim 1, wherein prior to engaging
the fitting and the structure to one another the method further comprises
forming a locking element on at lek&8td&e of the body and the structure,
the locking element being positioned in the zone and being configured to
receiéa [sottedmed ihe adhesive installed to the zone. 3. The method of

Claim 2, wherein the locking element is selected from a group consisting
of dimples AM@tROSTATJRIBURS 2.40ini CPRPHSEB0d of any one of the

preceding,claims,. wherein installing the ,
providing a fitting having a body and a pair of axially spaced apart seais, the

body having an insertion end;

providing a structure;

engaging the fitting and the structure to one another such that the seals
sealing engage the body and the structure; and

after the fitting and the structure have been engaged to one another,
installing an adhesive to a zone disposed between the body, the structure and the

seals to retain the body 1o the structure.

2. The method of Claim 1, wherein prior 1o engaging the fitiing and the
structure to one another the method further comprises forming a locking element on
at least one of the body and the structure, the locking element being positioned in
the zone and being configured to receive a portion of the adhesive installed to the

ZOone.

3. The method of Claim 2, wherein the locking element is selected from

a group consisting of dimples, knurls and grooves,

A7



adhesive includes pumping the adhesive through a fill aperture into the
zone. 5. The method of Claim 4, wherein installing the adhesive further
includes verifying that the adhesive has exited a vent aperture. 6. The
method of any one of the preceding claims, wherein a dimension of the
zone between the body and the structure is sufficiently thick at all points
around a perimeter of the zone so as to limit elongation of the adhesive in
the zone to inhibit peel and shear failures of the adhesive in the zone
when a temperature differential of at least 25F between a temperature of
the body at a location adjacent the zone and a temperature of the '
struéture atf agdvatisn adjaseenshef fenerereting waifisd whergjnonstaliingethe
preceding claims, wherein the structure is disposed in a generally vertical
adpaeiMeaticass R be Fdbesiyddipech tall seariuapiRdnsiRigre
are sufficient to retain the fitting and the structure to one another while the
adhesive in the zone cures. 8. The method of any one of the preceding
claims, wherein prior to installing the adhesive the method further
comprises SBRediE L ShHeGUR fonvheras oitiplBiadhe sRASRY RN rher
_different viscosities, the selection being at least partly based on an
InchAERHPLRY R R AT S iy SR ARG 2B having an
insertion end with an end face, the body defining a cavity with a first
mount, a second mount, a fill aperture and a vent aperture, the second

8. The method of any one of the preceding claims, wherein a dimension
of the zone between the body and the structure is sufficiently thick at all points
around a perimeter of the zone so as to limit elongation of the adhesive in the zone
to inhibit peel and shear failures of the adhesive in the zone when a temperature
differential of at least 25°F between a temperature of the body at a location
adjacent the zone and a temperature of the structure at a location agjacent the

Zone.,

7. The method of any one of the preceding claims, wherein the structure
is disposed in a generally vertical orientation and wherein dry friction between the
seals and the structure are sufficient to retain the fitting and the structure to one

another while the adhesive in the zone cures.

8. The method of any one of the preceding claims, wherein prior to

installing the adhesive the method further comprises selecting the adhesive from a
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mount being spaced axially apart from the first mount; a first seal received
in the first mount; and a second seal received in the second mount;
wherein the fill aperture and the vent aperture extend radially through the
body and wherein the fill aperture and the vent aperture are disposed
between the first and second seals. 10. The fitting of Claim 9, wherein at
least one of the first and second seals is a lip seal. 11. The method of any
one of claims | to 8, wherein the adhesive does not bond to either of the
body and the structure. 12. A fluid conduit assembly for communicating a
fluid therethrough, the fluid conduit assembly comprising: a first tube; -49
graupetondhedives iatitig diferably MrranEes fithsgSempiioa peirgitpiorsehrartly
and at least one tube stop, the fitting body having an inlet and an outlet
bagesk epafispbien 3biBARIERIKE about a straight line that is coincident
with a longitudinal axis of the fitting body, the fitting body including a first
end, into which the first tube is received, and second end into which the
second tube is received, the plurality of seals being spaced axially apart
fromPone ahdtiBOABRE #REStraight line and cooperating with the fitting

body to establish first and d [ li .
° ya 80%Syal'1a{/sfng I;% i%gerﬁggoenndﬂt egw %ﬁg L#gcgg,gthe body defining a cavity

with a first mount, a second mount, a fill aperiure and a vent aperture, the second
mount being spaced axially apart from the first mount;

a first seal received in the first mount; and

a second seal received in the second mount;

wherein the fill aperture and the vent aperture exiend radially through the
body and wherein the fill aperture and the vent aperiure are disposed between the

first and second seals.

10.  The fitting of Claim 9, wherein at ieast one of the first and second

seals is a lip seal.

11.  The method of any one of claims 1 to 8, wherein the adhesive does

not bond to either of the body and the structure.

12. A fluid conduit assembly for communicating a fluid therethrough,
the fluid conduit assembly comprising:

a first tube:
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zones, the at least one tube stop being coupled to the fitting body, the at
least one tube stop establishing a tube stop zone that is configured to
axially separate the first and second tubes from one another along the
straight line; and an adhesive received in the first and second adhesive
coupling zones, the adhesive fixedly or fixedly and sealingly coupling the
fitting body to the first and second tubes, respectively; wherein the fitting
body is dimensioned such that a 110F change in a temperature of the
fluid as the fluid flows through the fluid conduit assembly will not create a
temperature differential between a temperature of the first portion of the
fitting $eeyndridketemperature of another portion of the fitting body that
exceeds 20F. -50 13. The fluid conduit assembly of Claim 12, wherein the
tempefititngeasigatebitha nrstcttinohedy GRRIMERIGE oh 1Re!sinp hlepsidine
the fluid as the fluid flows through the fluid conduit assembly does not
tubscden. 18 filinndadid Baningit a8sENabIPBH CRInPY Bt Wil thalisposed

temperature differential created by the 110F chan%e in the temperature ?Ehe
t

cobeARiierHY BROUIACTBINE HHRGUGR e TRIFIEGRGUT B ERBIY A6ES #P ©
o2 e T ot sssonbly ohary one s ae F210
e oL By RSl e 8 S 2 B v o
seg Srrgg n%ng@agced axially apart from one another along the straight line and
cooperating with the fitting body to establish first and second adhesive coupling
zones, the at least one tube stop being coupled to the fitting body, the at ieast
one tube stop establishing a tube stop zone that is configured to axially separate
the first and second tubes from one another along the straight iine; and

'an adhesive received in the first and second adhesive coupling zones, the
adhesive fixedly or fixedly and sealingly coupfing the fitting body to the first and
second tubes, respectively,

wherein the fitting body is dimensioned such that a 110°F change in a
temperature of the fluid as the fluid flows through the fluid conduit assembly will
not create a temperature differential between a temperature of the first portion of

the fitting body and a temperature of another portion of the fitting body that

exceeds 20°F.
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end of the fitting body has a first internal dimension and wherein the one
of the plurality of seals has a second internal dimension that is less than
0.070 inch smaller than the first internal dimension. 17. The fluid conduit
assembly of any one of claims 12 to 16, wherein the first adhesive
coupling zone has a length that extends between a two of the plurality of
seals. -51 18. The fluid conduit assembly of Claim 17, wherein an aperture
is formed through the fitting body at a location between the two of the
plurality of seals. 19. A method for forming a fitting for coupling a pair of
tubes along a straight axis, the fitting comprising a fitting body with a pair

of oppoesite BadBUghEoatieh RGN PhSHRIBEN the WPptRitetm d8TIRSrature
_adhesive coupling zone being associated with each of the opposite ends,

diftesentisf m@a@@%ﬁméﬁ@ SHRCPRNEE FotBRAHTPRRALEORIoER! BriE G the
the ends and adhesi\lﬁzy bonded to the fitting body over at least a portion

fluigrfigsdbseraBdnsniud aaoduhasrrmbl SRt eaRmettod

comprising: selecting a length of the adhesive coupling zones;
determining a first rate of heat transfer through an adhesive in one of the

adhesjve ¢ ling zones based in part an g first predetermin
temﬂératu rgH%i#ﬁL n(f%{ffjgi"giﬁ&sg ?i&%p%rt@ﬁlg? tﬁé fﬂ?ﬂ% %gjiyq%et?vr\peoeeﬁature
difFQreei(w){Pae\ Cgré%?e%dﬂﬁ'r‘{g 110°F change in the temperature of the fluid as the

fluid flows through the fiuid conduit assembly does not exceed 12°F.

15.  The fluid conduit assembly of any one of claims 12 fo 14, wherein
the first adhesive coupling zone has a length that exiends between one of the

plurality of seals and a corresponding end of the fitling body.

16.  The fluid conduit assembly of Claim 15, wherein the corresponding
end of the fitting body has a first internal dimension and wherein the one of the
plurality of seals has a second internal dimension that is less than 0.070 inch

smaller than the first internal dimension.
17.  The fiuid conduit assembly of any one of claims 12 to 16, wherein

the first adhesive coupling zone has a length that extends between a two of the

plurality of seals.
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coupling zones and the at least one tube stop such that a second rate of
heat transfer through the first portion of the fitting body is greater than or
equal to two times the first rate of heat transfer, the second rate of heat
transfer being based in part on the first predetermined temperature
differential; and forming the at least one tube stop to space the tubes
axially apart from one another to create a tube stop zone, the tube stop
zone having a length such -52 that a third rate of heat transfer through a
second portion of the fitting body associated with the tube stop zone is
greater than or equal to two times the second rate of heat transfer, the
thirdl fate of tredtuidiredadbiéingdsisbly inpaiedn Alsctbrtepicdet@nfiifieg is
temperature differential that is less than the first predetermined
forraaaptitetugd difrefisiingl bedy Bienranberopeiuran Yavierehi the fiyrality of

plredetermined temperature differential is 110F. -53
seals.

19. A method for forming a fitting for coupling a pair of tubes along a
straight axis, the fitting comprising a fitting body with a pair of opposite ends and
at least one stop between the opposite ends, an adhesive coupling zone being
associated with each of the opposite ends, each of the tubes being adapted to be
received in an associated one of the ends and adhesively bonded to the fitting
body over at least a portion of an associated one of the adhesive coupling zones
the method comprising:

selecting a length of the adhesive coupling zones;

determining a first rate of heat transfer through an adhesive in one of the
adhesive coupling zones based in part on a first predetermined temperature
differential;

sizing a first portion of the fiting body between the one of the adhesive
coupling zones and the at least one tube stop such that a second rate of heat
transfer through the first portion of the fitting body is greater than or equal to ftwo
times the first rate of heat transfer, the second rate of heat transfer being based
in part on the first predetermined temperature differential; and

forming the at least one tube stop to space the tubes axially apart from

one another o create a tube stop zone, the tube stop zone having a length such

H2-



that a third rate of heat transfer through a second portion of the fitling body
associated with the fube siop zone is greater than or equal fo two times the
second rate of heat transfer, the third rate of heat transfer being based in part on
a second predetermined temperature differential that is less than the first

predetermined temperature differential.

20. The method of Claim 19, wherein the first predetermined

temperature differentiai is 110°F.
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