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() Heat exchanger.

@ A heat exchanger such as a fuel/oil heat ex- 6 3 /1 6

changer for use in an aircraft operates in an environ- /5 / )

ment whereby the heat exchanger is caused to ' ' e ] [r E@

vibrate. This causes the various components to

move relative to one another, for example the tubes

(3,33) move relative to the baffle plates (5,15) and

results in tube wear known as fretting. In the extreme

perforation (failure) of the tubes occurs. 3
In the heat exchanger of the present invention an

internal member such as a baffle plate (5,15) or a 7

distance tube (7) against which the fuel tubes (3,13) 1" 1

move are made of polyetheretherketone (PEEK)

(trade name: ARLON) or polyamide imide (trade

name: TORLON), which has a low coefficient of

wear. It also has the required structural rigidity and

strength properties within the operating temperature.

Furthermore the coefficient of thermal expansion of ! A‘:-A

the material of the internal member is greater than \ H u_ . I . m

that of the material e.g. aluminium alloy, of the

remaining components.

Fig.1
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This invention relates to a heat exchanger. In
particular this invention relates to a shell and tube
type heat exchanger such as are used in aircraft in
association with the aircraft engines, for example fo
cool the engine oil or to pre-heat aviation fuel. The
tubes of the heat exchangers have to be thin-
walled to provide the necessary heat transfer prop-
erties and to keep weight to a minimum. A typical
tube has a diameter of 2.5 mm and a wall thick-
ness of 0.25 mm.

One problem encountered with the tubes of
aircraft heat exchangers is that of wear. The tubes
each pass through a hole in a baffle and/or a
distance tube, which baffle or distance tube helps
to define the flow path of fluid around the tubes
and provide support for the tubes. However, be-
cause of external vibration the tube moves relative
to the baffle and distance tube and a groove can
be worn in the tube surface. In the extreme, the
tube may be punctured allowing the two heat ex-
change fluids, one outside and the other inside the
tubes, to mix.

It is an object of the present invention to pro-
vide a heat exchanger in which the above men-
tioned wear problem is reduced or overcome.

In accordance with the invention an internal
member of a heat exchanger has a low coefficient
of wear. The member preferably comprises
polyetheretherketone (PEEK) thermoplastic mate-
rial, which may be reinforced. An alternative pre-
ferred material for the member is polyamide imide
material, which may be reinforced. These materials
each have a relatively low coefficient of wear
and/or friction so the wear caused by movement of
the heat exchange tube against the member is
reduced and also a higher coefficient of thermal
expansion than aluminium alloy used for the main
components of the heat exchanger. The materials
provide sufficient structural rigidity and strength
over the required working temperature range of
approximately minus 65°F to plus 400°F (minus
55+ C to plus 235° C) and are inert to the fluids e.qg.
oil or aviation fuel passing through the heat ex-
changer. The materials also have suitable creep
resistance.

Two examples of an internal member in accor-
dance with the invention are a baffle and a distance
tube.

The invention also includes a heat exchanger
incorporating an internal member as aforesaid.

Two embodiments of the invention will now be
described by way of example only with reference
o the accompanying drawings of which:-

Figure 1 shows a partial longitudinal cross-
sectional view of a heat exchanger
for use in an aircraft;

Figure 2 shows a plan view of a baffle plate

of the heat exchanger shown in Fig-
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ure 1;

Figure 3 shows a partial longitudinal cross-
sectional view of another heat ex-
changer for use in an aircraft; and

Figure 4 shows a cross-section on line A-A

of Figure 3.

The first embodiment, shown in Figures 1 and
2, is a heat exchanger for use in an aircraft, com-
prising a cylindrical shell (shown in dotted outline
at 1) an end plate 2, a plurality of thin-walled tubes
3 (only one shown) baffle plates 5 and 6 and
distance tubes 7.

The thin-walled tubes 3 of suitable aluminium
alloy are mounted in conventional manner in holes
10 in the end plate 2 (also of aluminium alloy) and
passed parallel to one another along the length of
the exchanger to another plate at the other end of
the exchanger.

The tubes also pass through holes in baffles 5
and 6. The baffles referred to at 5 have a smaller
diameter than the internal periphery of the shell 1,
are made of aluminium alloy or PEEK
(polyetheretherketone) and ensure that fluid pass-
ing around the tubes has to pass between the
internal surface of the shell 1 and periphery of the
baffle 5.

The other baffles shown at reference number 6,
have a larger diameter than the baffles 5 and are
made of PEEK (polyetheretherketone) as above.
Each baffle 6 has an outer diameter which is the
same as or slightly less than the internal diameter
of the shell, is formed with a plurality of holes
through which the thin-walled tubes 3 pass and are
supported thereby. Each baffle 6 is further formed
with a large central hole 11. Heat exchange fluid
passing outside the thin-walled tubes 13 is thus
directed through the central hole 11 rather than
passing around the outer periphery of this baffle 6.

The baffles 5 and 6 are spaced apart from one
another and from the end plates 2 by means of
distance tubes 7 mounted coaxially on some of the
thin-walled tubes 3. These distance tubes are also
made of PEEK but of lower grade since they do
not have to provide the same level of support as
the baffle 6.

The second embodiment, shown in Figures 3
and 4, comprises a heat exchanger for use in an
aircraft comprising a cylindrical shell (shown in
dotted outline at 111) end plates 12, a plurality of
thin-walled tubes 13 (only some shown) and baffle
plates 15. In use aviation fuel flows through the
tubes and oil around the outside of the tubes.

The thin-walled tubes 13 of suitable aluminium
alloy are mounted in conventional manner in holes
in the end plates 12 (also of aluminium alloy) and
passed parallel to one another along the length of
the exchanger from one end plate to the other.
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The tubes 13 also pass through holes in the
baffles 15, each made of polyamide imide and sold
under the trade name TORLON (Amoco Chemicals
Ltd). The baffles 15 each have an outer diameter
which is the same as or slightly less than the
internal diameter of the shell 111, are each formed
with a plurality of holes through which the thin-
walled tubes 13 pass and are supported thereby.
Each baffle 15 has a segment cut away and the
baffles are arranged so that alternate baffles have
cut-away portions at the top and then the bottom of
the exchanger. The oil thus flows along the tor-
tuous path as shown in Figure 3.

The baffles 15 may be spaced apart from one
another and from the end plates 12 by means of
distance tubes (not shown) mounted coaxially on
some of the thin-walled tubes 13. These distance
tubes are also made of polyamide imide material.

In use if either of the heat exchangers de-
scribed above is subject to vibration, thereby caus-
ing the thin-walled tubes to move relative to the
baffles and/or distance tubes, wear is reduced be-
cause of the low wear and/or friction property of
PEEK or polyamide imide. In addition the coeffi-
cient of thermal linear expansion of the Peek or
polyamide is greater than that of aluminium alloy of
the shell and heat exchange tubes. Thus, at ele-
vated, operating temperatures the distance tubes,
having expanded more than the alloy tubes, press
against the baffles and end plates. The baffles (6 in
Figure 1 or 15 in Figure 3), on expansion, form an
interference fit with the interior of the shell. Thus
the overall stiffness of the structure is increased
and the resonant vibrational frequency of the struc-
ture changes. Again, wear is reduced.

The values of the coefficient of thermal expan-
sion of a typical aluminium alloy, PEEK and
polyamide imide are set out below:-

Aluminium Alloy:-

13 x 107® inches per °F

=594 x 10~*mm per °C

Polyamide imide:-

17 x 107® inches per °F

=777 x10~* mm per °C

PEEK (up to 290 °F [143° C]):-

26 x 107° inches per °F
=11.89 x 10~*mm per °C

PEEK (over 290 °F [143°C]):-

60 x 107° inches per °F
= 27.43 x 10~*mm per °C

Claims
1. An internal member (7,11,15) of a heat ex-

changer characterised by having a low coeffi-
cient of wear.
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10.

An internal member (7,11,15) of a heat ex-
changer according to Claim 1, characterised
by said member comprising polyetherether-
ketone thermoplastic material.

An internal member (7,11,15) of a heat ex-
changer according to Claim 1, characterised
by said member comprising polyamide imide
material.

An internal member (7,11,15) of a heat ex-
changer according to any one of the preceding
claims, characterised in that the material of the
member is reinforced.

An internal member (7,11,15) of a heat ex-
changer according to any one of the preceding
claims characterised in that the material of the
member provides sufficient structural rigidity
and strength over the working temperature
range of approximately minus 55°C to plus
235°C.

An internal member (7,11,15) of a heat ex-
changer according to any one of the preceding
claims, characterised in that the material of the
member is inert fo fluids such as oil or aviation
fuel passing through the heat exchanger.

An internal member (7,11,15) of a heat ex-
changer according to any one of the preceding
claims characterised in that the member com-
prises a baffle (11,15).

An internal member (7,11,15) of a heat ex-
changer according to any one of Claims 1-6
characterised in that the member comprises a
distance tube (7).

A heat exchanger characterised by incorporat-
ing an internal member according to any one
of Claims 1-8.

A heat exchanger according to Claim 9 charac-
terised in that the coefficient of thermal expan-
sion of the material of the internal member is
greater than that of the material of the remain-
ing components of the heat exchanger.
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