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(57) Abrege(suite)/Abstract(continued):

passages. A first unitary end cap connected to the first end of the core member has a first member sealing the first flow passage
ends of at least some of the flow passages, and a second member extending from the first member partially over the side of the
core member defining the first set of flow openings and defining at least one flow path between at least some of the first set of flow
openings. A second unitary end cap connected to the second end of the core member has a first member sealing the second flow
passage ends of at least some of the flow passages, and a second member extending from the first member partially over the side
of the core member defining the second set of flow openings and defining with the core member at least one flow path between at
least some of the second set of flow openings.
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ABSTRACT

A surface cooled heat exchanger that includes an extruded core member defining a
plurality of spaced apart flow passages. The core member has first and second
sides, one of said first and second sides defining a first set of flow openings
communicating with the flow passages and one of said first and second sides
defining a second set of flow openings communicating with the flow passages. A first
unitary end cap connected to the first end of the core member has a first member
sealing the first flow passage ends of at least some of the flow passages, and a
second member extending from the first member partially over the side of the core
member defining the first set of flow openings and defining at least one flow path
between at least some of the first set of flow openings. A second unitary end cap
connected to the second end of the core member has a first member sealing the
second flow passage ends of at least some of the flow passages, and a second
member extending from the first member partially over the side of the core member
defining the second set of flow openings and defining with the core member at least

one flow path between at least some of the second set of flow openings.
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SURFACE COOLED FINNED PLATE HEAT EXCHANGER

BACKGROUND OF THE INVENTION

[0001] The present invention relates to heat exchangers, and in particular to

surface cooled heat exchangers used for cooling fluid.

[0002] In recent years, it has become desirable, if not necessary, to cool the
fuel used by the engines of motor vehicles especially diesel engine powered
vehicles. The most convenient way to do this is to insert a heat exchanger in series
In a fuel line running between the engine and the fuel tank of the motor vehicle.
Further, in order to keep the installation of these heat exchangers as simple and
iInexpensive as possible, air cooled heat exchangers are sometimes chosen in arder
to eliminate the need for coolant lines to be run to the heat exchanger. An example
of such a cooler can be seen in U.S. Patent no. 6,536,516 issued March 25, 2003

[0003] Since the fuel lines usually run along the underside or underbody of the
motor vehicle, it has been found to be convenient to mount the fuel coolers on the
underbody of the vehicle. A difficulty with this, however, is that the heat exchangers
are exposed to the elements and thus subject to damage. In northern climates, ice
and snow can also cause a problem with the efficiency of the heat exchangers.
Another concern is that the heat exchangers must be low in height or have a low

profile in order to provide sufficient clearance between the underbody of the vehicle

and the road surface.

[0004] One attempt to meet the desired design criteria and overcome the
above-mentioned difticulties is shown in European patent application No. EP 0 890
810 published on January 13, 1999. This patent shows a fuel cooler that has an
extruded or continuously cast main body containing a plurality of longitudinal internal
flow channels. This main body has open ends. Another member with cooling ribs or

fins is attached to the main body. Finally, end pieces or closing elements are usad to

close off the open ends of the main body and make the fuel flow in series through
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the fluid channels in the main body. This heat exchanger is difficult and expensive to

manufacture, however, because of the number and complexity of the individual

components and the need for a special tooling to make these components.

[0005] Thus, there is a need for a heat exchanger that is simpler and easier to
manufacture, and which requires less expensive tooling to make the required

components.

[0006] According to one aspect of the invention, there is provided a heat
exchanger that includes a core member defining at least two flow passages
extending from a first end to a second end of the core member. The flow passages
each have opposed first and second flow passage ends located at the first and
second ends of the core member, respectively. The core member has first and
second sides extending from the first end to the second end thereof. Flow openings
oare provided through the first side in flow communication with the flow passages. A
first plate member seals the flow passage ends at one end of the core member. A
second plate member is integrally connected to the first plate member and includes a
substantially planar portion secured to the first side of the core member and
extending over the first side of a predetermined distance from the one end of the
core member. The second plate member also includes a crossover recess defined
by an outwardly projecting area formed in the planar portion and defining with the
first side a flow path between the flow openings. A fluid flowing through one of the at
least two flow passages is circuited to the other of the at least two flow passages

through the flow openings and the flow path.

[0007] According to one embodiment of the present disclosure, there is
provided a surface cooled heat exchanger that includes an extruded core member
defining a plurality of spaced apart flow passages, each of the flow passages having
opposed first and second flow passage ends located at first and second ends of the
core member, respectively. The core member has first and second sides extending
from the first end to the second end thereof. One of the first and second sides

defines a first set of flow openings communicating with the flow passages and one of
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the first and second sides defines a second set of flow openings communicating with
the flow passages. A first unitary end cap connected to the first end of the core
member has a first member sealing the first flow passage ends of at least some of
the flow passages. A second member extends from the first member partially over
the side of the core member defining the first set of flow openings and defines at
least one flow path between at least some of the first set of flow openings. A second
unitary end cap connected to the second end of the core member has a first member
sealing the second flow passage ends of at least some of the flow passages, and a
second member extending from the first member partially over the side of the core
member defining the second set of flow openings and defining at least one flow path

between at least some of the second set of flow openings.

[0008] According to another aspect of the invention, there is provided a
method of forming a surface cooled heat exchanger, including steps of: (a) providing
an extruded core member defining a plurality of spaced apart flow passages, each of
the flow passages having opposed first and second flow passage ends located at
first and second ends of the core member, respectively, the core member having first
and second sides extending from the first end to the second end thereof, one of said
first and second sides defining a first set of flow openings communicating with the
flow passages and one of said first and second sides defining a second set of flow
openings communicating with the flow passages; (b) providing a first unitary end cap
and mounting the first end cap to the first end of the core member, the first end cap
having a first member sealing the first flow passage ends of at least some of the flow
passages, and a second member integrally connected to the first member and
extending from the first member partially over the side of the core member defining
the first set of flow openings and defining at least one flow path between at least
some of the first set of flow openings; and (c) providing a second unitary end cap
and mounting the second end cap to the second end of the core member. The
second end cap having a first member sealing the second flow passage ends of at
least some of the flow passages, and a second member extending from the first
member partially over the side of the core member defining the second set of flow
openings. The second member of the second end cap and the core member define

at least one flow path between at least some of the second set of flow openings.



CA 02425233 2010-07-23

[0009] There is also disclosed herein a core plate for a surface cooled heat
exchanger, the core plate defining a plurality of outwardly extending longitudinal fins
running from a first end to a second end of the core plate, the fins having outer fin
ends divided into separate sections with the outer fin ends of adjacent sections being

bent in different directions.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Example embodiments of the present invention will be described, by way of

example with reference to the following drawings, in which:

[0011] Figure 1 is a perspective view, from the top, left, of one embodiment of a

heat exchanger according to the present invention;

[0012] Figure 2 is a perspective view, from the bottom, left, of the heat exchanger

of Figure 1,

[0013] Figure 3 is a top plan view of the heat exchanger of Figure1;

[0014] Figure 4 is a sectional view, taken across the line IV-IV of Figure 3;
[0015] Figure 5 is a partial sectional view, taken across the line V-V of Figure 4;

[0016] Figure 6 is a perspective view of a further embodiment of a heat exchanger

according to the present invention;

[0017] Figure 7 is a bottom plan view of a heat exchanger according to a further

embodiment of the present invention;

[0018] Figure 8 is a sectional view, taken across line VIlI-VIII of Figure 7:
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[0019] Figure 9 is a sectional view, taken across line IX-I1X of Figure 7;
[0020] Figure 10 is a side view of a core of the heat exchanger of Figure 7;

[0021] Figure 11 is a partial sectional view of an alternative fin configuration of the

heat exchanger of Figure 7;

[0022] Figure 12 is a side view, similar to Figure 10, but showing an alternative fin

configuration;

[0023] Figure 13 is a top plan view of a further embodiment of a heat exchanger

according to embodiments of the present invention,;

[0024] Figure 14 is a partial perspective view of the heat exchanger of Figure 6

with an alternative end cap configuration;
[0025] Figure 15 is a partial sectional view, taken across line XIV-XIV of Figure 14;

[0026] Figure 16 is a partial sectional view showing alternative fin configurations of

heat exchangers according to the present invention;

[0027] Figures 17A and 17B are each sectional views of alternative embodiment of

a core of the heat exchanger of Figure 1,

[0028] Figures 18 and 19 are partial sectional views each showing further
alternative core configurations for heat exchangers according to embodiments of the

present invention.

[0029] Like reference numbers are used to refer to similar elements through out

the Figures.



CA 02425233 2003-04-11

T & ————— e A—r it S ey e p— e ——r

[0030] Referring to Figures 1 to 4, an example embodiment of a heat exchanger
according to the present invention is generally indicated by reference numeral 10.
Heat exchanger 10 is particularly useful as a fuel cooler and as such is an air cooled
or liquid to air heat exchanger. It will be appreciated, however, that heat exchanger
10 can also be used to heat fluids, and it can also be used with fluids other than air
and fuel. The heat exchanger 10 could also be used as a cold plate for mounting and

cooling electronic and other components.

[0031] Heat exchanger 10 includes an elongated core member 12 which has a
planar plate-like portion 14 having an upper or first side surface 16 and a lower or
second side surface 18. A plurality of spaced-apart fins 20 extend outwardly frcm the
second side surface 18. The spacing, size, and orientation of fins 20 can be chosen

to give predetermined or desired heat transfer characteristics to heat exchanger 10.

[0032] As best seen in Figures 3 and 4, a plurality of spaced-apart flow passages,
including first and last flow passages 22, 24, and a plurality of intermediate flow
passages 26 are formed in the core 12. The flow passages 22, 24, 26 are defined by
open-ended tubular walls 32 extending along the second side surface 18 of the plate
14 from a first end 28 to a second end 30 of the core 12. As can be seen in Figure 4,
some of the fins 20 can extend outward from tubular walls 32. Elongated internal fins
34 are formed on the inside tubular walls 32 of intermediate flow passages 26 for
enhancing heat exchange and/or turbuiizing fluid flow through the flow passages. In
some embodiments, internal fins 34 are omitted entirely or replaced with separately
formed flow augmenting turbulizers located in the flow passages. In heat exchanger
10, internal fins are omitted from first and last flow passages 22, 23 to facilitate the
insertion of inlet and outlet fittings 42, 44 into the ends of such passages. However,
in some embodiments internal fins are also provided partially or fully along the
lengths of the first and last flow passages 22, 24. In heat exchanger 10, the first and

last flow passages have larger diameters than the intermediate flow passages to
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accommodate inlet and outlet fittings 42, 44. However, in other embodiments, the

flow passages all have identical sizes.

[0033] As best seen in Figures 3 and 4, flow openings 36 are provided through the
plate 14 in flow communication with each of the flow passages 22, 24, 26. More
particularly, each intermediate flow passage 26 has at least two flow openings 36
communicating therewith, one located near the first end 28 of the core 12, and the
other located near the second end 30 of the core 12. Each of the first and last flow
passage 22, 24 has at least one flow opening 36 communicating with it (located near

the second end 30 in the Hllustrated embodiment).

[0034] The heat exchanger 10 includes first and second end caps 38, 40 that are
secured to first and second ends 28, 30, respectively, of the core 12. The end caps
38 and 40 plug the otherwise open ends of the intermediate flow passages 26, and,
in the illustrated embodiment, one end of each of the first and last flow passages 22,
24. The ends caps 38 also cooperate with flow openings 36 to provide flow circuiting
through the flow passages 22, 24, 26 of the core 12. Inlet and outlet fittings 42 and
44 are connected to the ends of first and final flow passages 22, 24, respectively,

that are not plugged by one of the end caps.

[0035] Each of the end caps 38, 40 includes a plug portion 46 for extending over
and plugging the ends of the flow passages and a flow circuiting portion 48 that
extends partially over the first side 16 of the plate 14, over openings 36. In the
lfustrated embodiment, the plug portion 46 and flow circuiting portion are
substantially orthogonal to each other, although other angles conforming fo the
relative angle between the side 16 of plate 14 and the core ends 28, 30 could be
used. As best seen in Figures 1 and 5, the plug portion 46 is a substantially planar
plate member that extends across the open ends of the core flow passages. As
shown in the embodiment of Figures 1 -5, the plug portion 46 is rectangular —
however other shapes could be used, including configurations that provide more air

side exposure of fins 20, so long as the plug portion sealably covered the ends of the
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flow passages (see for example, the embodiment of Figure 6 which is discussed In

greater detail below).

[0036] As can be appreciated from the Figures, in the presently described
embodiment, the plug portion 46 of the second end cap 40 sealably plugs the ends
of all of the flow passages 22, 24, 26 that are located at the second core end 30,
however, at the first core end 28, the plug portion 46 of the first end cap 38 only
blocks the ends of the intermediate passages 26, in order to accommodate inlet and
outlet fittings 42, 44. Of course, the inlet and outlet fittings need not be located at the
same end of the heat exchanger in all embodiments, and in some embodiments may
be located at locations of the core other than at the ends, with modifications being
made to plug portions 46 of ends caps 38, 40 to seal the ends of the flow passages

as required for the particular heat exchanger configuration.

[0037] The flow circuiting portion 48 is a substantially planar plate that is sealably
connected to the first side 16 of the plate and includes central raised crossover
recesses or bumps 50 that, together with the first side 16 of plate 14, define sealed
flow paths 52 that cooperate with flow openings 36 for circuiting fiuid flow across the
first side 16 of plate 14 between flow passages 22, 24, 26. The flow openings 36 are
preferably located near enough to the core ends such that the surface area between
the flow circuiting portion 48 and the first core side 16 is relatively small for bonding
purposes, but still large enough to accommodate flow paths 52 and provide a
suitably strong seal around the flow path perimeter. In some embodiments,
recesses are formed in the first side of the plate 14, rather than, or in addition to, the

crossover bumps 50 to define the flow paths between the flow openings 36.

[0038] The plates forming the flow circuiting portion 48 and plug portion 46 of each
end cap are substantially orthogonal to each other, and a bend relief 49 (Figure 5) is
included in an example embodiment at the juncture of portions 46 and 48 to assist in

achieving a robust orthogonal relationship between the circuiting and plug portions
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48, 46 . In various embodiments, the bend relief may be omitted, or replaced by a

notch, or replaced with a relief slot opening.

[0039] The core 12 may be formed of aluminum or an aluminum alloy and is most
conveniently made by extrusion, so that it can be made to any desired length simply
by chopping or sawing the extrusion to a desired length. The flow openings 36 are
bored, lanced, or otherwise formed through the core plate 14 at a predetermined
distance from each end. In one embodiment, flow openings 36 are provided near
both core ends in communication with each of the first and last flow passages 22, 24,
with the unused flow openings 36 near the first core end 28 being sealed shut by
portions of the first end cap 38 (see Figure 4), such that the core ends 28, 30 are
symmetrical prior to mounting of the end caps and fittings. Such a configuration can
reduce tooling required to make the core 18, and also reduce the potential for
manufacturing errors as the relative orientation of the core end is immaterial prior to

connection of the end caps and fittings.

[0040] The end caps 38, 40 may be stamped and formed out of brazing clad
aluminum, however in some embodiments, in order to provide increased corrosion
resistance, non-clad aluminum could be used in combination with a brazing sheet
insert, or a braze filler metal insert, or a filler metal paste or coating. Fittings 42, 44
may also be made from aluminum or an aluminum alloy. Embodiments of the heat
exchanger can be made by assembling the components and brazing or soldering
them together, such as by furnace brazing. In various embodiments other joining
methods and materials are used such as, but not limited to epoxies, , glues, welding,

laser welding, and/or adhesive bonding,. to secure the components together.

[0041] In some embodiments, the core 12 may be formed from suitable non-
aluminum based materials, including but not limited to extruded or otherwise formed
plastics, and one or more of the ends caps 28, 30, and fittings 42, 44 could also be

formed from other materials such as plastics.
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10042] As indicated by the flow arrows in Figure 3, Iin the presently described
embodiment, a fluid to be cooled (for example, diesel fuel) enters the first tlow
passage 22 of the core 12 through inlet fitting 42. The fluid leaves the first flow
passage 22 via the flow opening 36 near second core end 30, travels over the first
side surface 16 of plate 14 through a flow path 52 and into the intermediate flow path
26 immediately adjacent the first flow passage 22. As can be appreciated from
Figure 3, end caps 38 and 40 are configured such that the fluid flows serially in a
serpentine manner through each of the parallel intermediate flow passages 26, then

through the last flow passage 24 and out of the core 12 through outlet fitting 44.

[0043] By modifying the end caps secured to the heat exchanger core 12, flow
circuiting through the heat exchanger can be easily changed to achieve a desired
flow circuiting for a particular application. By way of example, Figure 6 shows a heat
exchanger 60 according to a further embodiment of the invention, which is similar to
heat exchanger 10, but which has modified first end cap 38" and second end cap 40
First end cap 38’ includes only a single cross-over bump 50 providing a flow path
that communicates through the flow openings 36 (not shown in Figure 6) at the: first
core end 28 with all of the intermediate flow paths 26, and the second end cap 30
modified to include two rather than four cross-over bumps 50, one of which provides
a flow path communicating with the flow openings 36 near core end 30 to the first
flow passage 22 and the first three intermediate flow passages 26, and the other of
which provides a flow path communicating with the flow openings 36 to the last flow
passage 24 and the final three intermediate flow passages 26. As can be
appreciated by the flow lines in Figure 6, such an end cap configuration provides a
heat exchanger flow pattern in which fluid flows from the first core end 28 to the
second end 30 through the first flow path 28 , then in parallel through the first three
intermediate flow passages 26 from the second end 30 to first end 28, then in
parallel through the next three intermediate flow passages 26 from the first end 28 to
the second end 30, then back to the outiet fitting 44 through the last flow passage
24. In such a configuration the first and last flow passages 22 and 24 act as inlet and
outlet manifolds, and may benefit from a cross-sectional area greater than the

intermediate flow passages 26 (as can be seen in Figure 4 for example). As can be

10
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seen in Figure 6, the plug portion 46 of the end caps 38 includes a plurality of finger
portions 62 for sealing the flow passage ends, with spaces being provided between
the fingers 62 to increase air side exposure of fins 20 at the ends of the heat

exchanger core.

[0044] The number of flow passages defined through the core 12 and the circuiting
pattern provided by the end caps can differ from that illustrated and be selected to
provide a predetermined or desired heat exchanger performance. The configuration
of the present invention creates a great degree of flexibility as the end caps can be
used without modification with different lengths of extruded cores 12. Additionally,
different end caps can be used to provide a range of different flow pattern options for
the same core configuration. The configuration of the present invention incorporates
internal fluid routing and flow passage sealing functions into the end cap, thereby
eliminating or reducing the need for expensive post-extrusion machining and milling

steps to be performed on the core 12.

[0045] As described above, the end caps are of unitary construction, with flow
circuiting portion 48 and plug portion 46 integrally formed together to provide an end
cap. In some embodiments, however, separately formed flow circuiting portions and

plug portions may be used at one or both ends of the core 12.

[0046] Referring now to Figures 7-9, a heat exchanger 70 according to further
embodiments of the invention is shown. The heat exchanger 70 is similar to heat
exchanger 10, except that the elongate fins 20 of heat exchanger 70 are divided by
transverse cut lines 72 into a plurality of sections 74, 76, 78, 80, and 82, with the
extending ends of the fins in successive sections being bent in alternating directions
in order to break up the boundary layer of air (or other fluid) passing therethrough.
As best seen In Figures 8 and 9 the outer ends 73 of the fins 20 in section 74 are
bent at an angle laterally towards one longitudinal side edge of the core 12, and the
outer ends 73 of the fins 20 in section 76 are bent at an angle laterally towards the

other longitudinal side edge of the core. The fin ends 73 in sections 74, 78 and 82

11
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are each bent in the same direction towards one side edge of the core, and the fin
ends In aiternating sections 76 and 80 are each bent in the same direction towards

the other side edge of the core.

[0047] The bend angle and number and size of fin sections can be selected to
provide a desired or predetermined heat exchange performance for a particular heat
exchanger configuration and application. in some applications, only a narrow tip
portion may be bent. As seen in Figures 8, 9 and 10, in the illustrated embodiment,
the transverse cuts 72 end where the tubular walls 32 that define the first and last
flow passages 22, 24 begin, with the fin portions 86 located between the cut line
level and the core plate 14 being straight. The outer corners 84 of each of the fins 20
of each of the sections may be rounded near cuts 72 to reduce sharp edges. Cuts 72
can be made after the core 12 has been extruded, and the fin ends bent after or
simultaneously with such cutting. Figure 11 shows an alternative bent fin
configuration that can be used in heat exchanger 70. As shown in Figure 11, the
outer tips of bent fin portions 73 are further bent over relative to straight fin portion
86. The cut and bend fin configuration of Figures 7-11 can be used with a range of
heat exchanger configurations, for example, the extruded plates of the heat
exchangers shown in U.S. Patent no. 6,536,516 issued March 25, 2003, could be cut
and bent according to aspects of the present invention. The cuts 72 need not be
transverse, and in some embodiments are at angles other than 90 degrees relative
to the elongate side edges of the core 12, and in some embodiments the cuts run in
alternating directions. In some embodiments, the lengths of the fin sections vary
along the length of the heat exchanger, and in some embodiments the width of the
cuts 72 vary along the length of the heat exchanger to provide for pressure recovery
and/ or to improve boundary layer breakup at transition from one fin section to the
next. By way of example, Figure 12 shows a fin configuration in which the length of
the fin section 74 is longer than the successive fin sections 78, 80 and 82, and the

size of the cut between fin sections varies along the heat exchanger.

12



CA 02425233 2003-04-11

[0048] Figure 13 shows a further heat exchanger 100, according to another
example embodiment of the invention, which is substantially the same as heat
exchanger 10, except that the heat exchanger 100 is multi-fluid heat exchanger
configured to circuit two separate fluids through the heat exchanger core. In order to
provided for such circuiting, the flow circuiting portions 48 of end caps 38" and 40"
are provided with two rows of cross-over bumps 50. On each of the flow circuiting
portions 48, the cross over bumps 50 associated with the flow path for one fluid are
offset, relative to the heat exchanger ends, a different distance than the cross over
bumps 50 that are associated with the flow path for the other fluid. The flow openings
36 that communicate with the respective cross-over bumps 50 are also offset in a
corresponding manner. In the example embodiment 100 shown in Figure 13, one
fluid enters the heat exchanger core through inlet fitting 42(1), flows through first flow
passage 22(1), then through intermediate flow passages 26(1), then through flow
passage 24(1) and out of the heat exchanger through outlet fitting 44(1). Another
fluid flows through alternating parailel flow passages, by entering through inlet fitting
42(2), flowing through flow passages 22(2), 26(2), 24(2), and out of the heat
exchanger through outlet fitting 44(2). it will be understood that many different
circuiting patterns could be used. For example, in another example embodiment,
rather than having the two fluids using alternating flow passages through the core as
shown in Figure 13, a first group of adjacent flow passages are circuited to provide a
serpentine path for cooling a first fluid such as diesel fuel, and a second group of
adjacent flow passages are circuited to provide a serpentine path for cooling &
second fluid such as power steering fluid, such that the core effectively provides two
heat exchangers side by side. Heat exchanger 100 could also be configured to

circuit more than two internal fluids.

[0049] In various embodiments of the invention, air flow openings 102 are provided
through the plate 14 of the core, between fins 20, to permit air to flow through the
plate. Such openings 102, which are in various embodiments circular, oval,

rectangular slots, or other configurations, can be seen in Figure 13.

13
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[0050] Figure 18 shows a sectional view of a further example embodiment of a
multi-fluid heat exchanger 120. Heat exchanger 120 is similar to heat exchanger
100, however, instead of having flow passages defined by annular walls 32 that are
located along the plate 14, the flow passages 128(1) and 128(2) of the heat
exchanger 120 are formed internally in between upper and lower planar plates 124
and 126 of a substantially hollow core 122. Fins 20 extend outward from lower plate
126. Spaced-apart walls 127 that extend between upper and lower plates 124 and
126 divide the area between the plates 124 and 126 into internal flow passages
128(1) and 128(2) with trapezoidal cross-sections. As with heat exchanger 100, end
caps 38" and 40" (not shown n Figure 19) are used to plug the ends of tlow
passages 128(1) and 128(2), and to provide flow circuiting between the flow
passages through flow openings provided through the upper plates. In one
embodiment, a first fluid flows through flow passages 128(1), and a second fluid
flows through alternating passages 128(2). Due to the trapezoidal cross-section of
the tlow passages, fluid passages 128(1) have a larger heat exchanger surface with
the lower plate 126 than upper plate 124, and the opposite is true for fluid passages
128(2). Thus, a first fluid in flow passages 128(1) can reject heat to air side fins 20,
while a second fluid in flow passages 128(2) can reject heat to the first fluid, for

warming the first fluid during an initial warm-up period, for example.

[0051] In a further example embodiment of the invention the piug portion 4¢ of end
cap 38 is configured to provide support and/or a brazing surface for the inlet and
outlet fittings. By way of example, Figures 14 and 15 show an alternative end cap
configuration for heat exchanger 60 in which the plug portion 46 extends to surround
the circumference of the opening to flow passage 24. The plug portion 46 includes a
raised annular boss portion 106 through which a portion of the fitting 44 extends. An
annular ring or protrusion 108 is provided on the fitting 44, and received behind and
bonded to an inner surface of the annular boss portion 106. In a further embodiment,
raised boss portion 100 is omitted, and the plug portion is flat, with ring 108 abutting

against the outer surface of plug portion 104

14
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[0052] It will be appreciated that' various alternative fin configurations can be used
in various embodiments of the invention. By way of example, Figure 16 shows
further possible fin configurations, including a “comb” configuration, indicated by
reference 110, in which fins 20 extend outward in a common direction from the
annular walls 32, and a “star” configuration, indicated by reference 112, in which the
fins 20 extend radially outward from annual flow passage walls 32. In some
embodiments, fins 114 are provided extending outward from the first side of the core
12, in the area between end caps 38, 40. In some embodiments, fins 20 could have
alternating curves or bends provided along their lengths from one end of the heat

exchanger to the other in order to turbulize or breakup air flow therethrough.

[0053] In another example embodiment, the core 12 of the heat exchanger 10 is
curved, as shown in Figure 17A, to improve air side exposure of the fins and/or
facilitate mounting of the heat exchanger. Figure 17B shows a further embodiment in
which the core 12 is largely flat, but the two opposed sides 118 are bent upwards

relative to a central area of the core.

[0054] Figure 19 shows a partial sectional view of another heat exchanger 130 of
an example embodiment of the invention, which is similar to heat exchanger 10, but
in which the flow passages 26 are formed within fins 132 of core 134. Such a
configuration allows for improved heat transfer, particularly in applications where the
core 134 is formed from plastics having lower heat transfer characteristics. Cross-
over bumps 50 and flow openings 36 can be configured to allow fluid to be serially
circuited through fins 132, circuited through groups of fins in parallel, and/or to permit

multiple fluid circuiting.

[0055] In a further example embodiment of the invention, the planar first sige
surface 16 of the core of heat exchanger 10 is used to accommodate an electric
heater (not shown), which is used to warm-up fuel under cold conditions — after the
heater is turned off, the heat exchanger assumes a cooling function. As noted above,

the heat exchanger is in various embodiments of the invention used in different
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applications other than heating and cooling of automotive related fluids, such as a
cold plate for electronic devices such as power transistors. The planar surface of the
first side of the core provides for good thermal contact with electronic devices for
cooling, with primary cooling achieved by a liquid flowing through the internal flow

passages and optional secondary cooling accomplished by the air-side fins.

[0056] Directional reference terms such as upper, lower, top, bottom, left and right
are used in this specification for explanatory purposes only — the heat exchanger of
the present invention can have any orientation desired. As will be apparent to those
skilled in the art, many alterations and modifications are possible in the practice of
this invention without departing from the spirit or scope thereof. Accordingly, the
scope of the invention is to be construed in accordance with the substance defined

by the following claims.
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Claims:

1. A heat exchanger comprising:

a core member defining at least two flow passages extending from a first end
to a second end of the core member, the flow passages each having opposed first
and second flow passage ends located at the first and second ends of the core
member, respectively, the core member having first and second sides extending
from the first end to the second end thereof, flow openings being provided through
the first side in flow communication with the flow passages;

a first plate member sealing the flow passage ends at one end of the core
member:

a second plate member integrally connected to the first plate member and
iIncluding a substantially planar portion secured to the first side of the core member
and extending over the first side a predetermined distrance from one end of the core
member, said second plate member also including a crossover recess defined by an
outwardly projecting area form in the planar portion and defining with the first side a
flow path between the flow openings, |

wherein a fluid flowing through one of the at least two flow passages is
circuited to the other of the at least two flow passages through the flow openings and
the flow path.

2. The heat exchanger of claim 1 wherein the flow openings are located near the

one end of the core member.

3. The heat exchanger of claim 1 wherein the first plate member and the second
plate member are substantially orthogonal to each other.

4. The heat exchanger of any one of claims 1 to 3 wherein a plurality fo spaced

apart fins extend outward from the second side.
D. The heat exchanger of claim 4 wherein the fins run longitudinally from the first

end to the second end of the core member and each have an outer end, the fins

being divided along a longitudinal length thereof into successive fin sections, the
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outer ends of the fins in successive fin sections being angled in alternating

directions.

6. The heat exchanger of any one of claims 1 to 5 wherein the core member
includes at least three of said flow passages each having opposed first and second
flow passage ends located at the first and second ends of the core member,
respectively, at least two spaced apart flow openings being provided through the first
side of the core member in flow communication with each of said flow passages,
including a further first plate member sealing at least some of the flow passage ends
at the other end of the core member, and a further second plate member secured to
the first side of the core member and defining a further flow path across the first side

between further ones of the flow openings.

7. The heat exchanger of any one of claims 1 to 6 wherein the core member is
extruded and includes integral tubular walls located along the second side thereof

defining the at least two flow passages.

8. A heat exchanger of claim 1 wherein said core member defines a plurality of
said flow passage, and has first and second sets of said flow openings defined in
one of said first and second sides, said first plate member and the second plate
member together form a first unitary end cap connected to the first end of the core
member, and the heat exchanger includes

a second unitary end cap connected to the second end of the core member,

the second end cap having a first section sealing adjacent flow passage ends of at
least some of the flow passages, and a second section extending from the first

section of the second end cap partially over the side of the core member defining the
second set of flow openings, the second section defining with the core member at

least one flow path between at least some of the second set of flow openings.

9. The heat exchanger according to claim 8 wherein a plurality of spaced apart

fins extend outward from the second side.

10.  The heat exchanger according to claim 9 wherein the
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spaced apart fins extend substantially parallel to a longitudinal axis of the core plate,
and at least a portion of the core plate is curved about the longitudinal axis.

11.  The heat exchanger according to claim 9 wherein the spaced apart fins
extend substantially parallel to a longitudinal axis of the core plate, the core plate
iIncluding first and second longitudinal edge portions on opposite sides of a central
portion thereof, the longitudinal edge portions being angled relative to the central

portion.

12. The heat exchanger according to claim 9 wherein the core member includes a
substantially planar core plate having a first surface defining the first side of the core
member, the plate having an opposite facing second surface along which a plurality

of annular wall sections extend from the first end to the second end, the annular wall

sections each defining a respective one of the flow passages.

13.  The heat exchanger of claim 9 wherein the core member includes first and
second spaced apart plates integrally connected by spaced apart walls that divide an
area between the first and second plates into the plurality of flow passages.

14.  The heat exchanger of claim 13 wherein the flow passages each have a
trapezoidal cross-section, and the first and second end caps define with the core
member flow paths connecting alternating flow passages for circuiting a first fluid and

a second fiuid separately through adjacent flow passages.

15.  The heat exchanger of claim 9 wherein the flow passages are defined at least

partially within the fins.

16.  The heat exchanger of claim 12 wherein a plurality of air flow openings are

provided through the planar core plate.

17.  The heat exchanger of claim 8 wherein the heat exchanger is a multi-fluid

heat exchanger, the first and second end caps defining with the core member the
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flow paths for connecting alternating flow passages tfor circuiting a first fluid and a

second fluid separately through adjacent flow passages.

- 18.  The heat exchanger according to claim 8 wherein the flow passages include
first and last flow passages and a plurality of intermediate flow passages located
therebetween, the heat exchanger inciuding an inlet fitting mounted to the core
member for providing a fluid to the first flow passage and an outlet fitting mounted to
the core member for receiving the fluid from the last flow passage, the first and
second end caps being configured to circuit the fluid from the first flow passage,

through the intermediate flow passages, and then into the last flow passage.

19.  The heat exchanger of claim 18 wherein the first and second end caps and
the core member define the flow paths for circuiting the fluid serially through the

intermediate flow passages.

20. The heat exchanger of claim 18 wherein the first and second end caps and
the core member define the flow paths for circuiting the fluid in a parallel flow through

at least some of the intermediate flow passages.

21. The heat exchanger of claim 18 wherein the first and last flow passages each
have a larger cross-sectional flow area than the intermediate flow passages, the inlet
fitting being secured to an end of the first flow passage and the outlet fitting being

secured to an end of the last flow passage.

22. The heat exchanger of claim 21 wherein internally extending fins are defined
by the core in each of the intermediate flow passages but not in the first and last flow

passages.

23. The heat exchanger of claim 18 wherein at least one of the first member of
the first end cap and the first member of the second end cap includes a fitting
mounting portion that extends over the end of at least one of the first flow passage
and the last flow passage, the fitting mounting portion defining an opening in

alignment with the at ieast one of the first flow passage and the last flow passage,
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one of the fittings being brazed to the fitting mounting portion in flow cooperation with

the at least one of the first flow passage and the last flow passage.

24.  The heat exchanger of claim 8 wherein the first set of flow openings are
located near the first end of the core member and the second set of flow openings

are located near the second end of the core member.

25. The heat exchanger of claim 8 wherein the second member and the second
section are substantially planar, the flow paths being defined by raised areas provide

therein.

26. The heat exchanger of claim 25 wherein a first bend relief is formed where
said second plate member Is connected to the first plate member and a second bend
relief is formed where said second section of the second end cap is connected to the

first section.

27. The heat exchanger of claim 1 wherein a bend relief is formed where said

second plate member Is connected to the first plate member.

28. The heat exchanger of claim 1 wherein both said first plate member and the
second plate member are formed out of brazing clad aluminum and are sealingly

connection to said core member by brazing.

29. A method of forming a heat exchanger, including steps of:

providing an extruded core member defining a plurality of spaced apart flow
passages, each of the flow passages having opposed first and second flow passage
ends located at first and second ends of the core member, respectively, the core
member having first and second sides extending from the first end to the second end
thereof, one of said first and second sides defining a first set of flow openings
communicating with the flow passages and one of said first and second sides
defining a second set of flow openings communicating with the flow passages;

providing a first unitary end cap and mounting the first end cap to the first end

of the core member, the first end cap having a first member sealing the first flow
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passage ends of at least some of the flow passages, and a second member
integrally connected to the first member of the first end cap and extending from the
first member of the first end cap partially over said one side defining the first set of
flow openings, the second member including a substantially planar portion secured
to said one side defining said first set and a crossover recess defined by an
outwardly projecting area formed in the planar portion, the crossover recess of the
second member and the core member defining at least one flow path between at
least some of the first set of flow openings; and

providing a second unitary end cap and mounting the second end cap to the
second end of the core member, the second end cap having a first member sealing
the second flow passage ends of at least some of the flow passages, and a second
member extending from the first member of the second end cap partially over said
one side defining the second set of flow openings, the second member of the second
end cap and the core member defining at least one flow path between at least some

of the second set of flow openings.

30. The method of claim 29 wherein the core member is provided with a plurality
of elongate fins extending from the first end to the second end of the core member,
iIncluding steps of dividing outer ends of the fins into successive fin sections by
applying spaced apart cuts across the outer ends, and bending the outer ends of the

successive fin sections in alternating directions.

31. The method of claim 30 further including rounding corner edges of the outer

ends at the spaced apart cuts.
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