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This invention relates to improved heat exchanger ap 
paratus, and more speci?cally to a particular type heat 
exchanger apparatus utilizing plastic tubular elements in 
combination with metallic components. 
As indicated generally in US. Patent No. 3,228,456 

heat exchanger apparatus having plastic components have 
been found to be Worthwhile in many applications and 
are now commercially available in increasing quantities. 
Because of the use of plastic components, especially the 
tubular elements, a number of special problems have been 
encountered in designing and manufacturing such appa 
ratus. Some of these problems involve the relatively high 
coe?icient of thermal expansion possessed by most plastic 
materials relative to the other materials of which the heat 
exchange apparatus may be formed. Other problems re 
late to the different properties such as compressive 
strength and melting points of these plastic materials rela 
tive to the other materials used, for example production 
or fabrication techniques and the apparatus designs must 
be such that the more conventional parts such as those 
still formed of the usual metallic compositions can be 
shaped, formed, and treated while in cooperative associ- ' 
ation with the plastic parts to produce economical, re 
liable and effective heat exchange units without destroy 
ing or damaging the associated plastic parts by application 
of excessive forces, impacts, or temperatures. 

It is an object of the invention to provide a novel and 
improved heat exchanger apparatus having metallic and 
plastic components, which apparatus performs effectively 
and reliably and satisfactorily accommodates during its 
operation the diiierent properties of the plastic and metal~ 
lic components under the desired operating conditions, 
especially elevated temperatures. 

It is a further object of the invention to provide such 
a novel and improved heat exchange apparatus combi 
nation which also is capable of being produced by eco 
nomical commercially feasible fabrication techniques 
which accommodate or make adequate allowance for the 
rather marked difference in properties of the plastic and 
metallic components. 

These objects have been achieved in applicant’s im 
proved heat exchanger apparatus which generally com 
prises in combination; a hollow cylindrical rigid metallic 
casing member having axial and transverse dimensions, 
said casing member comprising an end portion and hav 
ing a given coef?cient of thermal expansion, an elongated 
bundle of ?exible tubular elements with continuously hol~ 
low interiors formed of an organic polymeric composition 
positioned in said casing member in a generally coexten 
sive relationship, said tubular elements comprising open 
end portions, said end portions of said tubular elements 
lying in a substantially coplanar arrangement transversely 
of said casing member and adjacent said end portion of 
said casing member, said apparatus further comprising a 
composite header assembly cooperating with the open 
ends of said tubular elements, the end portion of said 
casing member, and constructed and arranged to cooper 
ate with a ?uid conduit element to maintain free ?uid 
communication between such a ?uid conduit element and 
‘the interiors of the hollow tubular elements, while pre~ 
venting communication between the ?uid in such a ?uid 
conduit element and space de?ned between the exteriors 
of said hollow tubular elements and the interior of said 
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hollow casing member, said composite header assembly 
comprising a ?rst annular header member of organic 
polymeric plastic composition having a coefficient of ther 
mal expansion signi?cantly greater than that of said 
casing member, said ?rst annular member surrounding 
the open end portions of said tubular elements, said ?rst 
annular member and the exterior of the open end portions 
of said tubular elements being joined to each other in 
?uid tight relationship, said ?rst annular member posi 
tioned adjacent the open end portion of and inside the 
hollow casing member, said ?rst annular member having 
dimensions which correspond to the transverse dimensions 
of the casing member such that ‘a given clearance exists 
between the inside‘of the casing member and the nearest 
portion of the ?rst annular member, at all temperatures 
up to and including the maximum operating temperature 
of the apparatus, said header assembly further compris 
ing a second header member of rigid metallic composition 
having an annular portion closely ?tted and extending 
into the open end portion or": said casing member to a posi 
tion of abutment against one side of said ?rst annular 
member, said second member provided with another por 
tion adapted to be coupled in ?uid tight relation to a fluid 
conduit, said another portion having a ?uid passageway 
therethrough constructed and arranged to provide free 
communication between a ?uid conduit coupled with said 
another portion, through the said annular portion and the 
interiors of the hollow tubular elements of the bundle, 
said apparatus further comprising ?rst securing means co 
operating with said casingmcmber and ‘the annular por 
tion of said second header member to maintain the second 
header member positively in position in said casing mem 
ber and prevent axial movement of said abutting ?rst head 
er ‘member out of the open end portion of said casing 
member, said composite header assembly further compris 
ing a third header member of rigid metallic composition 
and annular con?guration, said third header‘ member close 
ly ?tted and positioned within said casing member in abut 
ting relationship with an opposing side of said ?rst header 
member, said apparatus ‘further comprising second secur 
ing means cooperating with said casing member and said 
third header member to maintain said third header mem 
ber positively in position in said casing member and pre 
vent axial movement of said abutting ?rst header member 
inwardly of the open end portion of the casing member, 
said second and third header members cooperating with 
said ?rst header member to maintain it in ?xed axial posi 
tion relative to said open end of the casing member and 
permit transverse movement of said ?rst header member 
relative to the casing member, and the second and third 
members to accommodate expansion and contraction of 
said ‘?rst header member under varying temperature con 
ditions to which the apparatus is subjected, said apparatus 
further comprising a ?rst sealing means cooperating with 
said ?rst header member and the casing member to pre 
vent communication between a ?uid in the interiors of 
said tubular elements and the exterior of said tubular 
elements in said casing member, said ?rst. securing means 
comprising a second sealing means cooperating with said 
casing member and said second header member to pre 
vent communication between a fluid in the interiors of 
said tubular elements and the exterior of said casing 
member. r 

' Other objects and advantages will appear from a con 
sideration of the following speci?cation and claims, taken 
in conjunction with the accompanying drawings in which: 
FIGURE 1 is a longitudinal cross sectional view of a 

heat exchanger apparatus embodying features of the in 
vention. Certain parts are broken away to better illus 
trate the construction. ‘ 

FIGURE 2 is an end view of the apparatus shown in 



aseaesn 
FIGURE 1 as seen from the right hand end of the appa 
ratus as viewed in FIGURE 1. 
FIGURE 3 is a partial longitudinal cross sectional view 

of one end of a somewhat modi?ed heat exchanger appa 
ratus embodying features of the invention showing the 
relationship of parts existing in the desired operating 
temperature range of the apparatus. 
FIGURE 4 is a similar view of the apparatus of FIG 

URE 3 showing the relationship of parts existing at the 
upper limit of the desired operating temperature range. 
A preferred embodiment of the invention is shown in 

FIGURES 1 and 2. The heat exchange apparatus as shown 
in these ?gures comprises an elongated cylindrical cas 
ing member 1 formed of a rigid metallic material and 
provided with threaded ?uid inlet and outlet connections 
2 and 3 intermediate the ends thereof. A bundle 60 of 
hollow tubular elements 61 is positioned as shown inside 
the casing member 1. The tubular elements 61 are formed 
of an organic polymeric plastic composition, preferably a 
poly?uorinated plastic such as a copolymer of tetra 
?uoroethylene and hexa?uoropropylene. In order to 
achieve su?icient surface area and reduced wall thick 
ness for good heat transfer the tubular elements are pref 
erably in a size range between about 5 and about 275 mils 
outside diameter with a wall thickness between about 0.5 
to 30.0 mils. The open end portions of tubular elements 
61 lie in a substantially coplanar arrangement extending 
transversely across the cylindrical casing member 1 and 
are surrounded or enclosed within ?rst annular header 
members 30 formed of the same or a similar material 
to that of which ‘the tubular elements are formed and lo 
cated adjacent each end of easing member 1. The exteriors 
of the end portions of the tubular elements 61 are sealed 
in ?uid tight relationship to each other and to the in 
terior of the ?rst annular header member 36 by suitable 
means such as a cementitious bonding material or by 
being melt bonded, fused or welded to each other by 
the controlled application of heat. The transverse cross 
section of the ?rst header members 30 corresponds to 
the interior cross section of the casing member 1 such 
that an annular clearance such as shown at A in FIGURE 
1 exists between the inside of the casing member and the 
nearest portion of the ?rst header members 30. Annular 
circumferentially extending grooves 31 are formed in the 
?rst header members as shown and in each is located 
a resilient sealing ring 51 made of suitable material such 
as rubber or neoprene to maintain an effective ?uid-tight 
seal between the ?rst header members 30 and the casing 
member 1. At each end of the casing member is located 
a second header member 20 which has an annular por 
tion 21 extending into and ?tted inside the open end of 
the casing member 1 and into engagement or abutment 
with one side of the ?rst annular header member 30. The 
second header member 20 also is provided with another 
portion 22 which is adapted to be coupled to a suitable 
?uid conduit (not shown) by means of threaded section 
26. Internal passageways 24 and 25 maintain free com 
munication between such a ?uid conduit and the interior 
hollow portions of the tubular elements 61. A third an 
nular header member 40 is ?tted within the casing mem 
ber 1 and is maintained in abutment or engagement with 
the other opposed side of the ?rst header member 30. 
An annular clearance is provided between the interior 
opening in the third annular header member and an 
annular sleeve-like projection 39 ‘formed on the ?rst 
header member. The second and third header members 
are formed of the same or similar material as the casing 
member 1. 
The second header member 20 is positively secured 

against axial movement in the casing by means of radially 
inwardly directed ?ange element 13 on the casing mem 
ber 1, in interlocking engagement with a cooperating 
shoulder 23 and by means of an inwardly directed annu 
lar portion 12, of the casing member 1, in interlocking 
sealing engagement with an annular circunrferentially ex 
tending groove 28 in the annular portion 21 of second 
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header member 2%). The bottom portion of groove 28 
may be threaded or ?nned as shown at 29 of FIGURE? 
to improve the ?uid seal, if desired. The third annular 
header member 40 is secured in position in the casing 
member 1 against axial movement by means of an in 
wardly directed annular groove 11 formed in the casing 
member 1 cooperating with a corresponding corner or 
shoulder on the third header member. The header con 
struction is the same at each end of the apparatus. The 
?rst, second, and third header members at each end of 
casing member 1 are considered to constitute composite 
header assemblies. Helical spring-like elements 601, pref 
erably of metallic composition, surround the portions 
of the bundle 60 of the tubular elements in order to main 
tain the desired position of the tubular elements during 
operation of the apparatus. The elements 601 are secured 
by suitable means such as a welded or brazed joint to the 
third header elements 40. The positional relationships 
of the tubular elements 61 are further maintained by a 
narrow elongated spacer strip 62 wound or interleaved 
between the tubular elements as shown in the drawings. 

In operation a ?rst ?uid is supplied through the pas 
sageways 24 and 25 in one of the two second header 
members 20, as shown by the solid line arrows in FIG 
URE 1, through the hollow tubular elements 61 as shown 
by the broken line arrows to the passageways in the other 
second header element 20 at the other end of the casing 
member 1. A second ?uid is maintained at least for 
some ?nite period of time in the space surrounding the 
tubular elements extending between the two composite 
header assemblies, and preferably is circulated from inlet 
2 to outlet 3 of the casing member. During these ?ow 
conditions heat exchange can take place between the 
two ?uids which at least in their initial exchange rela 
tionships are at different temperature levels. As the ?rst 
header member 30 becomes heated up under the operat 
ing temperatures of the apparatus it expands at a sig 
ni?cantly greater rate than the associated cooperating 
metal parts. This expansion is accommodated by the an 
nular clearance A between the ?rst header member and 
the interior of the casing member 1. 

For the preferred materials of construction an annular 
clearance A of about 1% of the outside diameter of 
the ?rst annular member at about room temperature has 
been found adequate where the maximum operating tem 
perature limit to be encountered is not above about 300° 
F. The depth of the annular grooves 31 in the ?rst head 
er member is, for the preferred materials and construc 
tion, su?icient to ‘provide a 30% deformation of the 
sealing rings 51 at about ordinary room temperatures. 
The header assembly construction and cooperation be 
tween the ?rst, second, and third header members is such 
that the second and third header members positively slid 
ingly engage or abut the ?rst header member on oppo 
site sides thereof to positively maintain it in ?xed axial 
position relative to the casing member, yet permit radial 
movement or expansion of the ?rst header member under 
the varying elevated temperatures at which the appa 
ratus may be operated; the necessary ?uid seals being 
maintained by the resilient sealing rings 51 and the en 
gagement of the second header member with the inside 
of the casing member 1. 
A modi?ed construction of a heat exchange apparatus 

embodying features of this invention is shown in FIG 
URES 3 and 4. In this version of the apparatus the seal 
between the second header member portion 21 and the 
interior of easing member 1 comprises an annular groove 
128 formed in portion 21 and containing a resilient seal 
ing ring 122, the groove and ring cooperating with an 
annular deformed portion 121 of the casing member. In 
addition, the spring-like helical member 601 of the ap 
paratus of FIGURES 1 and 2 is replaced by a perforat 
ed sleeve 403 secured to the third header member 401. 
The sleeve 403 if desired may support an annular baffle 
element 405 to control ?uid ?ow in the casing member 
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and outside of the tubular elements 61. In this version, 
the third header member 401 is secured in position axial 
ly by means of an annular groove 402 in the header 
member cooperating with an annular deformation 11 in 
the casing member 1. 
FIGURE 3 illustrates the general arrangement of parts 

and clearances when the apparatus is at ordinary room 
temperature, while FIGURE 4 illustrates the arrange 
ment and clearance when the apparatus is at the upper 
limit of its operating temperature range. 
The annular inwardly turned portions of the casing 

member may be accomplished by any suitable forming 
process such as forging, swaging, or the action of high 
energy electrical discharges through a winding surround 
ing a magnetic metallic tubular element. A commercial 
ly available example of the latter process is the ”Magne 
forming” process and apparatus of the General Dynamics 
Corporation which has been found very effective in cer 
tain applications. In connection with the fabrication of 
the apparatus which requires fairly high energy and forces 
to suitably deform the metallic casing, it will be seen 
in the presently disclosed construction where the second 
and third header members are closely ?tted in the cas 
ing member and the ?rst plastic header member is spaced 
from the casing member, that the ?rst header member 
is protected from direct shocks and high forces of the 
fabricating operation by the rigid stronger second and 
third header members. 

It is believed to be clear that a novel and improved 
apparatus has been provided in accordance with the ob 
jects of the invention. 

Although a single preferred embodiment of the inven 
tion has been described in detail in accordance with the 
patent laws, many variations and modi?cations within 
the spirit of the invention ‘will be obvious to those skilled 
in the art, and all such are considered to fall within the 
scope of the following claims. 
What is claimed is: 
1. An improved heat exchanger apparatus comprising 

in combination: a hollow cylindrical rigid metallic cas— 
ing member having axial and transverse dimensions, said 
casing member ‘comprising an end portion and having a 
given coefficient of thermal expansion, an elongated bun 
dle of ?exible tubular elements with continuously hol 
low interiors formed of an organic polymeric composi 
tion positioned in said casing member in a generally co 
extensive relationship, said tubular elements comprising 
open end portions, said end portions of said tubular ele 
ments lying in a substantially coplanar arrangement trans 
versely of said casing member and adjacent said end 
portion of said casing member, said apparatus further 
comprising a composite header assembly cooperating with 
the open ends of said tubular elements, the end portion 
of said casing member, and constructed and arranged to 
cooperate with a fluid conduit element to maintain free 
?uid communication between such a ?uid conduit ele 
ment and the interiors of the hollow tubular elements, 
while preventing communication between the fluid in such 
a ?uid conduit element and space de?ned between the 
exteriors of said hollow tubular elements and the interior 
of said hollow casing member, said composite header 
assembly comprising a ?rst annular header member of 
organic polymeric plastic composition having a coe?i 
cient of thermal expansion signi?cantly greater than that 
of said casing member, said ?rst annular member sur 
rounding the open end portions of said tubular elements, 
said ?rst annular member and the exteriors of the open 
end portions of said tubular elements being joined to 
each other in ?uid tight relationship, said ?rst annular 
member positioned adjacent the open end portion of and 
inside the hollow casing member, said ?rst annular mem 
ber having dimensions which correspond to the trans 
verse dimensions of the casing member such that a given 
clearance exists between the inside of the casing mem 
ber and the nearest portion of the ?rst annular mem 
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6 
her, at all temperatures up to and including the maximum 
operating temperature of the apparatus, said header as 
sembly further comprising a second header member of 
rigid metallic composition having an annular portion 
closely ?tted and extending into the open end portion 
of said casing member to a position of abutment against 
one side of said ?rst annular member, said second mem 
ber provided with another portion adapted to be cou 
pled in ?uid tight relation to a ?uid conduit, said another 
portion having a ?uid passageway therethrough construct 
ed and arranged to provide free communication between 
a ?uid conduit coupled ‘with said another portion, through 
the said annular portion and the interiors of the hol 
low tubular elements of the bundle, said apparatus fur 
ther comprising ?rst securing means cooperating with 
said casing member and the annular portion of said sec' 
ond header member to maintain the second header mem 
ber positively in position in said casing member and 
prevent axial movement of said abutting ?rst header 
member out of the open end portion of said casing mem 
ber, said composite header assembly further comprising 
a third header member of rigid metallic composition and 
annular con?guration, said third header member closely 
?tted and positioned Within said casing member in abut 
ting relationship with an opposing side of said ?rst header 
member, said apparatus further comprising second secur 
ing means cooperating with said casing member and said 
third header member to maintain said third header mem 
ber positively in position in said casing member and 
prevent axial move-ment of said abutting ?rst header 
member inwardly of the open end portion of the casing 
membensaid second and third header members cooper 
ating with said ?rst header member to maintain it in 
?xed axial position relative to said open end of the cas 
ing member and permit transverse movement of said ?rst 
header member relative to the casing member, and the 
second and third members to accommodate expansion 
and contraction of said ?rst header member under vary 
ing temperature conditions to which the apparatus is sub 
jected, said apparatus further comprising a ?rst sealing 
means cooperating with said ?rst header member and 
the casing member to prevent communication between 
a ?uid in the interiors of said tubular elements and the 
exterior of said tubular elements in said casing member, 
said ?rst securing means comprising a second sealing 
means cooperating with said casing member and said 
second header member to prevent communication between 
a ?uid in the interiors of said tubular elements and the 
exterior of said casing member. 

2. The improved apparatus of claim 1 in which said 
?rst securing means comprises an annular transversely 
extending shoulder element formed on said annular por 
tron-of said second header member in cooperating inter 
locking engagement with a corresponding transversely 
deformed portion of said casing member. 

3. The improved apparatus of claim 2 in which said 
second securing means comprises an annular transversely 
extendmg shoulder element formed on said third header 
member in cooperating locking engagement with a cor 
responding transversely deformed portion of said casing 
member. 

4. The improved apparatus of claim 3 in which said 
corresponding transversely deformed portions of said cas 
ing member comprise annular permanently inwardly di 
rected grooves extending circumferentially transversely 
around said casing member. 

5. The improved apparatus of claim 1 in which said 
?rst sealing means comprises an annular depression formed 
in said first header member and a resilient sealing ring 
positioned in said annular depression and in cooperating 
?uid tight engagement between the ?rst header member 
and the casing member. 

6. The improved apparatus of claim 1 in which said 
second sealing means comprises a resilient sealing ring 
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compressed in ?uid tight engagement between said second 
header member and said casing member. 

7. The improved apparatus of claim 1 in which said 
given clearance between said ?rst header member and 
said casing member varies between about 1% of the 
external transverse dimension of the ?rst header member 
at about ordinary room temperature and about zero at 
300° F., and said ?rst header member is formed of a 
poly?uorinated plastic material. 

8. An improved heat exchanger apparatus comprising 
in combination; a hollow rigid metallic unit having axial 
and transverse dimensions, said hollow unit comprising 
an end portion and having a given coefficient of thermal 
expansion, an elongated bundle of ?exible tubular ele 
ments with continuously hollow interiors formed of an 
organic polymeric composition positioned in said hollow 
unit in a generally aligned relationship, said tubular ele 
ments comprising open end portions, said end portions 
of said tubular elements lying in a substantially coplanar 
arrangement transversely of said hollow unit and adjacent 
said end portion of said hollow unit, said apparatus 
further comprising a composite header assembly coop 
erating with the open ends of said tubular elements and 
the end portion of said hollow unit, said composite header 
assembly constructed and arranged to cooperate with a 
?uid conduit element to maintain free ?uid communica 
tion between such a ?uid conduit element and the inte 
riors of the hollow tubular elements, while preventing 
communication between the ?uid in such a ?uid conduit 
element and space de?ned between the exteriors of said 
hollow tubular elements and the interior of said hollow 
unit, said composite header assembly comprising a ?rst 
annular header member of organic polymeric plastic com 
position having a coefficient of thermal expansion sig 
ni?cantly greater than that of said hollow unit, said first 
annular member surrounding the open end portions of 
said tubular elements, said ?rst annular member and the 
exteriors of the open end portions of said tubular elements 
being joined to each other in ?uid tight relationship, 
said ?rst annular member positioned adjacent the open 
end portion of and inside the hollow unit, said ?rst an 
nular member having dimensions which correspond to 
the transverse dimensions of the hollow unit such that 
a given clearance exists between the inside of the hollow 
unit and the nearest portion of the ?rst annular member, 
at all temperatures up to and including the maximum op 
erating temperature of the apparatus, said header assembly 
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further comprising a second header member of rigid 
metallic composition having an annular portion extending 
to a position for abutment against one side of said ?rst 
annular member, said second member provided with an 
other portion adapted to be coupled in ?uid tight relation 
to a ?uid conduit, said another portion having a ?uid 
passageway therethrough constructed and arranged to 
provide free communication between a ?uid conduit cou 
pled with said another portion, through the said annular 
portion and the interiors of the hollow tubular elements 
of the bundle, said apparatus further comprising ?rst 
securing means cooperating with the annular portion of 
said second header member to maintain the second header 
member in position relative to said hollow unit and pre 
vent axial movement of said ?rst header member out of 
the open end portion of said hollow unit, said composite 
header assembly further comprising a third header mem 
er of rigid metallic composition and annular con?gura 

tion, said third header member in engagement with said 
hollow unit and positioned for abutment with an oppos 
ing side of said ?rst header member, said apparatus further 
comprising second securing means cooperating with said 
hollow unit and said third header member to maintain 
said third header member in position in said hollow unit 
and limit axial movement of said abutting ?rst header 
member inwardly of the open end portion of the hollow 
unit, said second and third header members cooperating 
with said ?rst header member to limit its axial position 
relative to said hollow unit and permit transverse move 
ment of said ?rst header member relative to the hollow 
unit, and the second and third members to accommodate 
expansion and contraction of said ?rst header member 
under varying temperature conditions to which the ap 
paratus is subjected, said apparatus further comprising 
a ?rst seealing means cooperating with said ?rst header 
member and the hollow unit to prevent passage of ?uid 
between said ?rst header member and said hollow unit. 
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