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@ An apparatus for and method of placing fiuid

@ A heat exchanger (10) for placing a first (A) and
a second (B) fluid in heat exchange relationship with
one another is provided with a primary (C,E) and
secondary (D,F) region.

The primary (C,E) region of the heat exchanger
(10) is adapted so that in operation there is a maxi-
mum temperature differential between the two fluids.

Fig.1.
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s in heat exchange relationship.

The temperature differential being sufficient to pre-
vent solidification of any liquid impurities entrained
within the fluids on the heat exchanger internai sur-
faces.

In the secondary (D,F) region of the heat ex-
changer (10) the two fluids flow in opposite direc-
tions, contraflow, to provide efficient heat transfer.
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The present invention relates to a heat ex-
changer for placing fluids in heat exchange rela-
tionship so that heat is transferred from one fluid to
another.

Heat exchangers normally operate to remove
heat from a stream of hot fiuid which requires
cooling and transfers it to a stream of cold fluid
which requires heating. Two types of heat ex-
changer are commonly known, parallel fiow heat
exchangers in which two fluids in heat exchange
relationship flow in the same direction and conira
flow heat exchangers in which two fluids flow in
opposite directions along the heat exchanger.

Contra flow heat exchangers are more efficient
than parallel flow heat exchangers and so may be
smaller and lighter than a corresponding parallel
flow design for a given inlet fluid temperature. In a
contra flow heat exchanger the inlet for the cold
fluid is adjacent the outlet of the hot fluid. The hot
fluid has traversed the length of the heat exchanger
losing heat so that the temperature differential be-
tween the outlet of the hot fluid and the inlet of the
cold fluid is substantially reduced. The amount of
heat transfer which occurs between the two fluids
in this region of the heat exchanger and the tem-
perature of the fluids is reduced. Ice can form on
the heat exchanger internal walls adjacent the inlet
for the cold fluid if the cold fluid contains water as
a contaminant and if the temperature of the cold
fluid is sufficiently low.

The present invention seeks to provide an effi-
cient heat exchanger in which the formation of ice
at the inlet for the cold fluid is substantially re-
duced.

According to the present invention a heat ex-
changer suitable for placing a first and a second
fluid in heat exchange relationship with one another
has a primary region adapted so that in operation a
maximum temperature differential is provided be-
tween the two fluids in the primary region, the
temperature differential and manner of heat ex-
change between said first and second fluids in the
primary region being such that maximum heat
transfer occurs between the two fluids in the pri-
mary region of the heat exchanger, said heat ex-
changer having a secondary region in which said
first and second fluids are subsequently placed in
contraflow heat exchange relationship.

The two fluids may either flow in the same
direction in the primary region of the heat ex-
changer or in opposite directions.

In one embodiment of the present invention a
heat exchanger for placing a first and a second
fluid in heat exchange relationship with one another
has a primary region in which in operation a first
and a second fluid initially flow in paralle! to one
another, the temperature differential and manner of
heat transfer in the primary region being such that
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maximum heat transfer occurs between the two
fluids in the primary region of the heat exchanger,
said heat exchanger having a secondary region in
which the first and second fluids are subsequenily
placed in contraflow heat exchange relationship.

The embodiment of the present invention is
preferably incorporated within a casing, the casing
having at one end an inlet for a first fluid and at the
other end an outlet for said first fluid so that the
first fluid always flows in the same direction, the
casing having an at least one inlet for a second
fluid and an at least one outlet for said second
fluid, the at least one inlet for the second fluid
being adjacent the inlet of the first fluid so that in
operation the first and second fluids flow in parailel
adjacent the inlets.

In a further embodiment of the present inven-
tion a heat exchanger for placing a first and a
second fluid in heat exchange relationship with one
another has a primary region in which in operation
a first and a second fluid flow in opposite directions
to one another, the temperature differential and
manner of heat exchange between the two fluids in
the primary region being such that maximum heat
transfer occurs between the two fluids in the pri-
mary region of the heat exchanger, said heat ex-
changer having a secondary region in which the
first and second fluids are subsequently placed in
contraflow heat exchange relationship.

Preferably this embodiment of the present in-
vention is incorporated within a casing, the casing
having at one end an inlet for a first fluid and at the
other end an outlet for said first fluid so that the
first fluid always flows in the same direction, the
casing having an at least one inlet for a second
fluid and an at least one outlet for a second fluid,
the at least one outlet for the second fluid being
adjacent the inlet for the first fluid so that in opera-
tion the first and second fluids flow in opposite
directions adjacent the inlet for the first fluid.

A heat exchanger in accordance with any of
the embodiments of the present invention in which
a conduit may direct the second fluid from the
primary region of the heat exchanger to the secon-
dary region. The conduit may extend outwardly of
the casing.

Preferably the first and second fluids flow in
separate channels through the heat exchangers.
The separate channels may be defined by cylin-
drical tubes.

Preferably the first fluid is to be heated and the
second fluid is to be cooled. The first fluid is
heated to a temperature sufficient to at least pre-
vent solidification of any liquid impurities enirained
within the fluids on the heat exchanger internal
surfaces. The first fluid may be fuel and the second
fluid may be oil.

The present invention will now be described by
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way of example and with reference to the accom-
panying drawings in which,
Figure 1 shows a schematic view of a heat
exchanger in accordance with one embodiment
of the present invention.
Figure 2 is a graph showing the temperature
differential between two fluids in heat exchange
relationship in a heat exchanger in accordance
with the embodiment of the present invention
shown in Figure 1.
Figure 3 shows a schematic view of a heat
exchanger in accordance with a further embodi-
ment of the present invention.
Figure 4 is a graph showing the temperature
differential between two fluids in heat exchange
relationship in a heat exchanger in accordance
with the embodiment of the present invention
shown in Figure 3.

Figure 1 shows a heat exchanger 10 in accor-
dance with the present invention in which two fluids
are placed in heat exchange relationship. The heat
exchanger 10 comprises a casing 12 through which
two fluids flow. A first fluid flows from an inlet 14 at
one end of the casing 12, to an outlet 16 at the
other end of the casing 12. The first fluid flows in
the same direction through the heat exchanger as
indicated by arrows A.

Adjacent the inlet 12 for the first fluid flow,
there is an inlet 18 for a second fluid. The second
fluid flows in the direction indicated by arrows B
from the inlet 18 fo an outlet 20 a short distance
away. The second fluid is then ducted via a conduit
22 to a further inlet 24 at the opposite end of the
casing 12. The second fluid re-enters through the
inlet 24 and passes in an opposite direction to the
first fluid along the remaining length of the casing
12 before exiting via an outlet 26.

In operation a first fluid, such as fuel, which
requires heating, enters the casing 12 of the heat
exchanger 10 via the inlet 14. The fuel flows in the
direction indicated by arrows A, through the heat
exchanger 10, o the outlet 16 at the opposite end
of the casing 12.

A second fluid such as oil, which requires
cooling, is placed in heat exchanger relationship
with the fuel. The oil enters the casing 12 of the
heat exchanger 10 via the inlet 18 before exiting
through the outlet 20 a short distance away. The
inlets for the fuel and oil, 14 and 18 respectively,
are adjacent one another and the two fluids initially
flow in parallel, in the same direction, in this pri-
mary region of the heat exchanger 10. The tem-
perature differential is greatest at the inlets 14 and
18 as no heat transfer has yet occurred. Region C
of Figure 2 shows the temperature differential be-
tween the two fluids in the primary region of the
heat exchanger where the fluids flow in parallel.
Due to the large temperature difference a high rate
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of heat transfer occurs between the fuel and the oil.
The rate of heat transfer and the average tempera-
ture in this primary region are therefore sufficient to
substantially reduce the likelihood of ice forming on
the heat exchanger internal surfaces at the fuel
inlet 14 when the fuel contains water as a con-
taminant and has an exiremely low inlet tempera-
ture.

The oil then exits through the outlet 20 and is
ducted via the conduit 22 to a further inlet 24
adjacent the outlet 16 for the fuel. Although Figure
1 shows a conduit 22 extending outwardly of the
casing 12, it will be appreciated to one skilled in
the art that a conduit within the casing would suf-
fice.

The oil re-enters the heat exchanger casing 12
through the inlet 24 and flows, in a direction op-
posite to that of the fuel, to the outlet 26. Region D
of Figure 2 shows the temperature differential be-
tween the two fluids in this secondary region of the
heat exchanger where they flow in opposite direc-
tions (contra flow). The contra flow in the secon-
dary region of the heat exchanger 10 produces a
more efficient heat transfer between the fuel and
the oil.

Figure 3 shows a further embodiment of a heat
exchanger 10a in accordance with the present in-
vention. The reference numerals used in Figure 3
are the same as in Figure 1 for integers common
o both. In the embodiment shown in Figure 3 the
oil enters the casing 12a via the inlet 18a and
passes to the outlet 20a a short distance away. The
outlet 20a is adjacent the fuel inlet 14a so that the
two fluids flow in opposite directions in the primary
region of the heat exchanger 10a.

The oil is hottest at the inlet 18a. By introduc-
ing the hot oil into the heat exchanger 10a adjacent
the fuel inlet 14a a high temperature differential
exists between the two fluids. Region E of Figure 4
shows the temperature differential between the two
fluids in the primary region of the heat exchanger
10a.

The large temperature differential between the
two fluids in the primary region of the heat ex-
changer 10a results in a high rate of heat transfer
occurring between the oil and the fuel. The high
rate of heat fransfer ensures that the average tem-
perature of the fluids in this region is sufficient to
substantially reduce the likelihood of ice forming on
the heat exchanger internal surfaces at the fuel
inlet 14a when water contaminated fuel is used at
low temperatures.

The oil then exits through the outlet 20a and is
ducted via the conduit 22a to a further inlet 24a
adjacent the outlet 16a for the fuel. The oil re-
enters the heat exchanger 10a through the inlet
24a and flows in a direction opposite to that of the
fuel to an outlet 26a. Region F of Figure 4 shows
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the temperature difference between the two fluids
in the secondary region of the heat exchanger.

Both embodiments provide efficient heat ex-
changers in which the formation of ice is substan-
tially reduced when using water contaminated
fluids at low temperatures.

Claims

1. A heat exchanger suitable for placing a first
and a second fluid in heat exchange relation-
ship with one another, said heat exchanger
characterised in that it has a primary region
adapted so that in operation a maximum tem-
perature differential is provided between the
two fluids in said primary region, the tempera-
ture differential and manner of heat exchange
between said first and a second fluids being
such that maximum heat transfer occurs be-
tween the two fluids in the primary region of
the heat exchanger, said heat exchanger hav-
ing a secondary region in which said first and
second fluids are subsequently placed in con-
traflow heat exchange relationship.

2. A heat exchanger as claimed in claim 1
characterised in that the two fluids flow in the
same direction in the primary region of the
heat exchanger.

3. A heat exchanger as claimed in claim 1
characterised in that the two fluids flow in
opposite directions in the primary region of the
heat exchanger.

4. A heat exchanger suitable for placing a first
and a second fluid in heat exchange relation-
ship with one another, characterised in that
said heat exchanger has a primary region in
which in operation the first and second fluids
initially flow in parallel to one another, the
temperature differential and manner of heat
exchange between the two fluids being such
that maximum heat transfer occurs between
the two fluids in the primary region of the heat
exchanger, said heat exchanger having a sec-
ondary region in which the first and second
fluids are subsequently placed in coniraflow
heat exchange relationship.

5. A heat exchanger as claimed in claim 4
characterised in that the heat exchanger is
incorporated within a casing, the casing having
at one end an inlet for a first fluid and at the
other end an outlet for said first fluid so that
the first fluid always flows in the same direc-
tion,

the casing having an at least one inlet for a
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10.

11.

12

second fluid and an at least one outlet for the
second fluid, the at least one inlet for the
second fluid being adjacent the inlet of the first
fluid so that in operation the first and second
fluids flow in parallel adjacent the inlets.

A heat exchanger suitable for placing a first
and a second fluid in heat exchange relation-
ship with one another characterised in that said
heat exchanger has a primary region in which
in operation the first and second fluid flow in
opposite directions to one another, the tem-
perature differential and manner of heat ex-
change between the two fluids being such that
maximum heat fransfer occurs between the
two fluids in the primary region of the heat
exchanger, said heat exchanger having a sec-
ondary region in which the first and second
fluids are subsequently placed in contraflow
heat exchange relationship.

A heat exchanger as claimed in clam 6
characterised in that the heat exchanger is
incorporated within a casing, the casing having
at one end an inlet for a first fluid and at the
other end an outlet for said first fluid so that
the first fluid always flows in the same direc-
tion,

the casing having an at least one inlet for a
second fluid and an at least one outlet for the
second fluid, the at least one outlet for the
second fluid being adjacent the inlet for the
first fluid so that in operation the first and
second fluids flow in opposite directions adja-
cent the inlet for the first fluid.

A heat exchanger as claimed in any preceding
claim characterised in that a conduit directs
the second fluid from the primary region of the
heat exchanger to the secondary region.

A heat exchanger as claimed in claim 8
characterised in that the conduit extends out-
wardly of the casing.

A method as claimed in any preceding claim
characterised in that the first and second fluids
flow in separate channels through the heat
exchanger.

A heat exchanger as claimed in claim 10
characterised in that the separate channels are
defined by cylindrical tubes.

A heat exchanger as claimed in any preceding
claim characterised in that the first fiuid is to
be heated and the second fluid is to be cooled.
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13. A heat exchanger as claimed in claim 12
characterised in that the first fluid is heated to
a temperature sufficient to at least prevent
solidification of any liquid impurities entrained
within the fiuids on the heat exchanger internal 5
surfaces.

14. A heat exchanger as claimed in claim 12
characterised in that the first fluid is fuel and
the second fluid is oil. 10
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