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€9 Heatexchange element.

@ A heat exchange element comprises an inner tube (51)
and an outer tube (54) surrounding the inner tube and defin-
ing an annular space therewith. The end regions of the outer
tube are tapered and are in sealing relationship with the
exterior surface of the inner tube (51) by means of resilient
grommets (60). The heat exchange element is formed from
cylindrical inner and outer tubes by a method which in-
volves positioning at each end of the assembly of inner and
outer tubes a die (57) having an aperture (58) for receiving
¥= the inner tube (51) and a bearing surface for engagement
< with a respective end of the outer tube (54). The dies (57) are
moved towards one another so as to cause the ends of the
outer tube (54) to travel radially inwardly along the bearing
surfaces into a position in engagement with the grommets
(60).
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This invention relates to a heat exchange element,
for example a heat exchange element for use in an oil
cooler, and a method of producing a heat exchange element.

Various types of oil cooler are known. One type
comprises a bundle of tubes mounted in a cylindrical
casing. At intervals along the bundle of tubes baffles
are provided with shut off the annular space between the
exterior of the tube bundle and the interior of the casing
over a sector of, say 75%, the remaining 25% sector being
open. The baffles are offset with respect to one another
so that the open sector of one baffle is not aligned with
the open sector of the next baffle. O0il to be cooled is
directed to flow across the tubes in the casing and cool-
ant, for example water, flows through the tubes. The oil
is forced to flow in a convoluted path by the baffles.
0il coolers of this type have a number of disadvantages.
They have many components, are complex to assemble and
have many potential leak paths. Also, they are generally
expensive, partly as a consequence of the complexity in
manufacturing them. '

Another type of known oil cooler is shown in Figure 1
of the accompanying drawings. This comprises an outer tube
1 within which the 0il to be cooled flows. An inner tube 2
is mounted within the tube 1. The end portions 3 of the
tube 2 are flared outwardly and either soldered, brazed or
welded joints 4 are formed between the end portions 3 and
the inner wall of the tube 1. Metal fins or other heat
transfer members 5 are in heat conductive connection with
the exterior wall of the innexr tube 2. An inlet 6 and an
outlet 7 are provided for oil to flow into and out of the
annular region defined between the inner and outer tubes.
This type of 0il cooler also has disadvantages. The main
one is that the joints 4 are difficult to form reliably,
partly because of their having to be formed inside the
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tube 1. Furthermore, once the joints have been formed
it is difficult to be sure that they have been formed
correctly, because of the difficulty in inspecting the
joints.

According to the present invention there is provided
a heat exchange element comprising a first tube for a
first fluid to flow through, and a second tube surrounding
the first tube in the manner of a jacket and defining
therewith an annular space for a second fluid to flow
through, the end regions of the second tube being tapered
and in sealing relationship with the exterior surface of
the first tube.

The invention further provides a method of producing
a heat exchange element which comprises locating an inner
tube within an outer tube, with the ends of the inner
tube extending from the ends of the outer tube, position-
ing at each end of the assembly of inner and outer tubes
a die having means for receiving the inner tube and a
bearing surface for engagement with a respective end of
the outer tube, and moving the dies towards one another so
as to cause the ends of the outer tube to travel radially
inwardly along the said bearing surfaces into a position in
engagement with or adjacent to the outer surface of the
inner tube.

In a preferred form of the method just defined
grommets, preferably resilient grommets, are used to form
seals between the ends of the outer tube and the exterior
surface of the tube, as will be apparent from the ensuing
description.

In the accompanying drawings:

Figure 1, as stated above shows a known oil cooler;

Figure 2 shows diagrammatically an embodiment of the
invention;

Figures 3 to 7 show successive steps in the manufact-
ure of the heat exchange element shown in Figure 2;

Figure 8 shows, by way of example, one form of grommet
which may be used in the present invention; and
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Figure 9 shows, in more detail, another embodiment
of the invention in the process of being formed.

Figure 2 shows an embodiment comprising an inner
tube 21 through which the coolant, water, or other
fluid flows. An outer tube 22 surrounds the inner tube
in the manner of a jacket. The end portions 23 of the
outer tube are tapered and are joined to the inner tube
by soldered, brazed or welded joints 24. The end portions
23 may be of part spherical form or frusto-conical form or
some other suitable shape. The end portions 23 may, for
example, be formed by a method described in more detail
below, in which the ends of a tube are distorted into the
desired shape by placing the tube between two opposed
mould halves and exerting a longitudinal compressive £force
thereon.

An inlet 26 and an outlet 27 are provided for oil to
flow into and out of the annular region defined between
the inner and outer tubes. Advantageously, as shown, the
flows of coolant and oil are in countercurrent.

The cooler shown in Figure 2 has substantial advant-
ages over that shown in Figure 1. Firstly, in the event
of a failure in service of a joint 24 there can be no
contamination of one fluid by the other as would be the
case with both the type shown in Figure 1 and the shell
and tube type which has a multitude of joints and consequen-
tly an increased possibility of contamination. Secondly,
the Jjoints 24 are external so that they are easy to form
and easy to inspect for soundness. Thirdly, the process
of forming the end portions 23 results in the thickness
thereof increasing towards the ends where the joints 24
are formed. The increased thickness of metal adjacent
the joints means that those joints are easier to form
satisfactorily than would otherwise have been the case.

This is in contrast to the known cooler shown in Figure 1
where the formation of the flared portions 3 means that

joints are formed where the metal is thinnest.
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Metal fins or other heat transfer members 25 are
in heat conductive connection with the exterior wall of
the inner tube 21. The members 25 are advantageously
in the form of metal coils, so the inner tube may advant-
ageously be a wire wound metal tube of the type known as
ALPHATUBE (Registered Trade Mark of Alpha Interchange
Limited). If desired, heat transfer may be further
improved by forming a wire winding on the interior of
the inner tube 21 as well as on the exterior.

The method illustrated in Figures 3 to 7 begins, as
shown in Figure 3, with an inner tube 31. Optionally,
this tube may be provided internally with an extended
surface 32, for example a winding. As shown in Figure 4,
an external winding 33 is formed on the outside of the
tube 31. Then, as shown in Figure 5, an outer tube 34 is
placed over the inner tube 31. Prior to this placement
holes 35 are drilled in the outer tube and inlet and out-
let tubes 36 are ‘welded or brazed into position. It
is preferred to form the holes 35 and attach the inlet and
outlet 36 prior to positioning the outer tube over the
inner tube in order to aveid the risk of damage to the
external winding of the inner tube as a result of the
drilling process and the welding or brazing. Other met-
hods besides welding and brazing could be used for attach-
ing the inlet and outlet, but these methods are preferred
since they are low-temperature operations, thus lessening
the risk of damage to the outer tube and reducing the
danger of producing weak points. 7

The next step, as shown in Figure 6, is to position
a die 37 at each end of the assembly of inner and outer
tubes. Each die has a central aperture 38 through which
passes a respective end of the inner tube 31. Each die is
further provided with a part—-spherical bearing surface 39
which engages with a respective end of the outer tube 34.
Where the aperture 38 opens into the bearing surface 39 a
resilient grommet 40 is located. When the dies are in
position with the inner tube passing through the apertures
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38 the inner, cylindrical surfaces of the grommet 40 are
in engagement with the exterior surface of the inner tube
31.

The dies 37 are then moved towards one another and
in the process deform the end regions of the outer tube
34 so that these regions slide radially inwardly along
the bearing surfaces 39 until they come into tight
engagement with the exterior of the grommets 40. The
heat exchange element thus formed is shown in Figure 7.

Figure 8 shows, purely by way of example, one form
which the grommet 40 may take. It will be seen that this
grommet has an external peripheral recess 41 in which the
end of the outer tube 34 can engage.

The material of which the grommets 40 is made will
depend on the temperature range at which the heat exchange
element is to operate and on other operating conditions,
for example the possible presence of corrosive fluids.
Depending on the particular application concerned the
grommet may, for example, be made of natural rubber, poly-
vinylchloride, neoprene rubber, nitrile rubber, a fluoro-
carbon rubber, e.g. that sold under the Trade Mark VITON,
or silicone.

Grommets may be used in conjunction with methods of
sealing the ends of the heat exchange element other than
the use of the dies described above. For example, instead
of deforming the ends of the outer tube that tube could be
left completely cylindrical, with circular discs welded
or brazed to the inner and outer tube to form the connec-
tion between them. Also, the ends of the outer tube could
assume some other form, for example, a frusto-conical form.

The method shown in Figures 2 to 7 involving the use
of dies may be practised in a modified form in which the
grommets are omitted. In this case the connection between
the inner and outer tubes may be formed by welding or
brazing. However, one point which should be made concern-
ing the use nf resilient grommets is that they allow

relative expansion between the inner and outer tubes. This
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tube is usually greater than that of the inner tube. When
such expansion of the outer tube occurs the tube is caused
to be embedded into the material of the grommet, which thus
absorbs the expansion.

Figure 9 shows a further embodiment of the inwvention,
towards the end of its process of formation. The embodi-
ment comprises an inner tube 51, provided internally with
a winding 52 and provided externally with a winding 53.
An outer tube 54 is placed over the inner tube and has
holes 55 formed therein over which are secured inlet and
outlet tubes 56. A throttling tube 62, closed at the
left-hand (upstream) end is positioned inside the inner
tube 51 within the internal winding 52. The presence of
the tube 62 increases the efficiency of heat exchange.

The winding 52 is soldered both to the inner tube 51 and
the throttling tube 62, and the outer winding 53 is sold-
ered to the inner tube 51.

As will be apparent, the embodiment of Figure 9 is
shown at the stage where dies 57 have completed the def-
ormation of the end portions of the outer tube 54, but
have not yet been withdrawn. It will also be seen from
Figure 9 that the dies 57 have bushes 63 defining central
apertures 58, the bushes 63 providing seats which hold

grommets 60 in place during movement of the dies.
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CLAIMS:

1. A heat exchange element comprising a first tuvbe for

a first fluid to flow through, and a second tube surrounding
the first tube in the manner of a jacket and defining there-
with an annular space for a second fluid to flow through,
the end regions of the second tube being tapered and in

sealing relationship with the exterior surface of the first
tube.

2. A heat exchange element according to claim 1, wherein
the end regions of the second tube are sealed to the exter-

ior surface of the first tube by a grommet.

3. A heat exchange element according to claim 2, wherein
the grommet is a resilient grommet.

4, A heat exchange element according to any preceding
claim, comprising a heat transfer surface in the said annul-

ar space.

5. A heat exchange element according to any preceding
claim, comprising a heat transfer surface inside the said
first tube.

6. A heatfekchange element according to any preceding
claim, wheréin a tube closed at its upstream end is located
within tﬁe said first tube and defines an annular flow path
therewith.

7. A method of producing a heat exchange element which
comprises locating an inner tube within an outer tube, with
the ends of the inner tube extending from the ends of the
outer tube, positioning at each end of the assembly of inner
and outer tubes a die having means for receiving the inner
tube and a bearing surface for engagement with a respective
end of the outer tube, and moving the dies towards one
another so as to cause the ends of the outer tubes to travel
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radially inwardly along the said bearing surfaces into a
position in engagement with or adjacent to the outer

surface of the inner tube.

8. A method according to claim 7, wherein the radially

inward travel of the ends of the outer tube cause those
ends to engage respective grommets positioned on the
exterior surface of the inner tube, whereby the grommets
form fields between the ends of the outer tube and the

exterior surface of the inner tube.

9. A method according to claim 8, wherein the grommets

are resilient.
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