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(57) Abstract

A method for enhancing the brazeability
of a heat exchanger manifold block (110) by
promoting the braze metal flow in and around
the manifold block (110) during brazing within
a braze furnace. The invention is particularly
directed to enhancing a brazement between
a manifold block (110) and a jumper tube
(124) that fluidically connects the block (110)
to another component of the heat exchanger
system. The method entails increasing the
rate of convective and radiative heat transfer
to the block (110) during brazing within a
braze furnace by providing fins (116, 128),
grooves (118, 130) or similar features on
one or more surfaces of the block (110) that
increase the surface area of the block (110),
and consequently increase the heating rate of
the block (110) to something closer to that of
the tube (124). In effect, the surface features
increase the heat transfer rate of the block
(110) to compensate for the disparate thermal
masses of the block (110) and tube (124). The
fins (116, 128) and grooves (118, 130) have
been found to promote the flow of braze metal
toward the block (110), which in turn has been
found to promote the quality of the resulting
brazement between the block (110) and tube
(124).
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HEAT EXCHANGER MANIFOLD BLOCK WITH IMPROVED BRAZEABILITY

The present invention generally relates to brazing techniques for heat exchangers, and
more particularly to a method for promoting the quality ofa brazement that joins a tube to a

manifold block.

Heat exchangers for automotive applications typically have tubes interconnected between a
pair of manifolds. Inlet and outlet fittings are mounted to one or both manifolds, to which
supply and return pipes are connected for transporting a cooling fluid to and from the heat
exchanger. Inlet / outlet manifold blocks are often used as an altemative to fittings, with
one manifold block typically being brazed to each manifold. A jumper tube may be brazed
to the block to provide a more reliable fluidic connection between the block to another
components of the heat exchanger system.

Figure 1 shows a manifold block 10 configured in accordance with the prior art to include a
flange 12 for mounting the block 10 to a manifold (not shown), and a port hole 14 for
receiving a jumper tube (not shown). In accordance with conventional practice, after
appropriately preparing the block 10, tube and manifold, the flange 12 of the block 10 is
mated to the manifold, the tube is placed in the port hole 14, and then the block 10 is
brazed to the tube and manifold during a braze cycle performed in a fumace. While
adequate brazements can be achieved with manifold blocks of the type shown in Figure 1,

improved brazeability characterized by more uniform brazements between the block 10,
tube and manifold would be desirable.

According to the present invention, there is provided a method for enhancing the
brazeability of a heat exchanger manifold block by promoting the braze metal flow in and
around the manifold block during brazing within a braze fumace. The invention is
particularly directed to enhancing a brazement between a manifold block and a tube, such
as a jumper tube that fluidically connects the manifold block to another component of the
heat exchanger system. The method entails increasing the rate of convective and radiative
heat transfer to the manifold block during brazing within a braze fumace by providing fins, .
grooves or similar features on the surface of the manifold biock that increase the surface
area of the block, and consequently increase the heating rate of the block to something
Closer to that of the tube. In effect, the surface features increase the heating rate of the

block to compensate for the disparate thermal masses of the block and tube. According to
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the invention, such surface features have been found to promote the flow of braze metal
toward the block, which in turn has been found to promote the quality of the resulting
brazement between the block and tube.

The objects and advantages of this invention will be better appreciated for the following

detailed description.

Figure 1 shows a prior art manifold block with a port hole into which a jumper tube is to be
inserted for brazing.

Figure 2 shows a manifold block of the type shown in Figure 1, but modified in accordance
with this invention to include longitudinal and lateral fins, a counterbored port hole, and an
undercut mounting flange.

Figure 3 shows a manifold block of the type shown in Figure 1, but modified in accordance
with this invention to include a cylindrical boss surrounding the port hole.

Figure 4 is a graph showing the improved heating rate of a manifold block configured in
accordance with this invention as compared to a prior art manifold block configured in

accordance with Figure 1.

Figures 2 and 3 show embodiments of manifold blocks 110 and 210 of the type shown in
Figure 1, but modified according to the present invention to promote the formation of
improved brazements between the blocks 110 and 210 and a jumper tube 124 (Figure 2) as
a result of increasing the heating rate of the blocks 110 and 210 to something closer to the
jumper 124. The surface enhancements are also preferably configured to improve the flow
and retention of molten braze alioy at the joints between the blocks 110 and 210 and tube
124. While specifically described with preference to brazing a jumper tube 124, similar
surface enhancements could be employed to yield enhanced brazements between the
manifold blocks 110 and 210 and other manifold components of lesser thermal mass.

Figure 2 is an exploded view showing the manifold block 110 and a jumper tube 124,
manifold 126 and perform braze ring 132. The block 110 has been modified in accordance
with this invention to include longitudinal fins 116 across opposite longitudinal surfaces of
the block 110 and lateral fins 128 across a lateral end surface of the block 110. The fins
116 and 128 are shown as being defined by grooves 118 and 130, respectively, formed in
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the surfaces of the biock 110, though it is foreseeable that the fins 116 and 128 could not
be formed otherwise. Furthermore, the shape of the fins 116 and 128 and grooves 118 and
130 could differ from that shown. The grooves 118 are preferably incorporated into the
base extrusion used to fabricate the block 110, while the lateral fins 128 are preferably
formed by machining the grooves 130 into the surface of the block 110 adjacent the port
hole 114. The fins 116 and 128 promote convective and radiative heat transfer to the block
110 in the environment of a brazing fumnace, thereby increasing the heating rate of the
block 110 to something closer to that of the tube 124 that will be placed in the port hole
114 and then brazed to the block 110. Though the fins 116 and 128 are shown as being
used together on the block 110, it is foreseeable that suitable results could be obtained for
manifold blocks equipped with only one of the sets of fins 116 or 128.

The block 110 of Figure 2 has been further modified with a counterbore 120 surrounding
the port hole 114. The counterbore 120 is preferably sized to serve as a reservoir for
molten braze metal during the braze cycle and also serves to prevent the molten braze
metal form flowing away form the tube / block joint and towards the fins 116 and 128, which
are hotter than the block 110 and tube 124 during the braze operation as a result of their
low thermal mass and the enhanced convective and radiative heat transfer to the fins 116
and 128. The ability of the counterbore 120 to prevent molten braze metal from flowing
away from the tube / block joint and toward the lateral fins 128 is particularly critical
because of the proximity of the lateral fins 128 to the port hole 114. The counterbore 120
can also serve to receive the braze ring 132 that is placed around the tube 124 prior to
brazing, and subsequently serves as the source of the braze metal during the braze cycle.

Finally, the block 110 shown in Figure 2 is shown as being modified to include an undercut
mounting flange 112, which differs for the flange 12 of Figure 1 by the elimination of that
porting of the flange 12 in the immediate vicinity of the port hole 114, as can be seen from a
comparison of Figures 1 and 2. The undercut mounting flange 112 serves to promote
faster heating of the tube / block, joint 110 by exposing additional surface area of the block
110 near the port hole 114 to convective heat transfer. The undercut mounting flange 112
also eliminates contact between the manifold 126 and the block 110 in the immediate
vicinity of the port hole 114. Doing so has been shown to prevent the molten braze metal
form being drawn away for the tube / block joint and toward the manifold 126 under the
affect of gravity. Figure 4 is a graph showing the improved heating rate of a manifold block
modified in accordance with the invention. The data in the graph was obtained during a
braze cycle in which manifold blocks of the type shown in the Figures were simuitaneously
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brazed to jumper tubes and manifolds. The temperatures indicated in the graph were
measured near the port holes of a modified block equipped with the longitudinal fins 1186,
counterbore 120 and undercut mounting flange 112 shown in Figure 2 (Curve "A" in the
graph) and the prior art block 10 of Figure 1 (Curve "B" in the graph). The temperature of
the prior art block 10 significantly lagged behind that of other parts of the manifold
assembly, including the jumper tube, because of the relatively large thermal mass of the
biock 10. In contrast, the surface enhancements of the block modified in accordance with
the invention promoted a significantly faster block heating rate around the port hole, a
longer duration the brazing cycle depicted by the graph, the counterbore 120 prevented the
molten braze metal form flowing away from the tube / block joint and toward the hotter fins
116.

The manifold block 210 shown in Figure 3 is yet another embodiment of the invention. The
block 210 is again of the type shown in Figure 1, but modified to incorporate a cylindrical
boss 232 within a counterbore 220 surrounding a port hole 214, the latter (two being
essentially identical to the counterbore 120 and port hole 114 of Figure 2. In addition to
serving as a reservoir for molten braze metal during the braze cycle (similar to the
counterbore fo Figure 2), the boss 232 also promotes heat transfer to the tube / block joint
by reducing the mass of the block 210 in the immediate vicinity of the joint. While shown
without the other surface enhancements fof this invention, it wouid generally be beneficial
to employ the boss 232 in conjunction with the fins 116 and 128 and the undercut mounting
flange 112 shown in Figure 2.

In an investigation leading to this invention, uniform brazements were formed between
jumper tubes and manifolds blocks configured in accordance with this invention. A first
braze test was performed with a manifold block equipped with the longitudinal fins 116 and
counterbore 120 of Figure 2, but without the lateral fins 128 and undercut mounting flange
112.  Prior to brazing, a perform braze ring was placed on the tube, and subsequently
received in the counterbore 120 when the tube was assembled to the block. The braze ring
served as the source for the braze metal during the brazing cycle. During brazing at about
1155°F (about 624°C), good braze metal flow occurred between the biock and the tube as a
result of improved and more uniform heating of the block and tube. Once molten, the braze
metal was contained by the counterbore 120 and therefore prevented from flowing away
from the tube / block joint and toward the fins 116.

SUBSTITUTE SHEET (RULE 26)
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In a second braze test, a manifold block of a type shown in the Figures was modified to
have only the longitudinal fins 116 and undercut mounting flange 112. The block
underwent a braze operation essentially identical to that of the first test, by which a jumper
tube of a type shown in Figure 2 was brazed within the port hole of the block. Again, good
braze metal flow occurred between the block and tube. A third braze test was performed
with a manifold block modified to have the iongitudinal fins 116, counterbore 120 and
undercut mounting flange 112 of Figure 2. Improved quality of the brazement was again
contributed to improved braze metal flow as a result of more uniform heating of the block
and tube.

While the invention has been described in terms of a preferred embodiment, it is apparent
that other forms could be adopted by one skilled in the art. for example, the particular
appearance of the fins, grooves, counterbore and undercut could differ from that portrayed
in the Figures. In addition, these enhancements can be used in combinations other than
those shown. Accordingly, it should be understood that the invention is not limited to the
specific embodiments illustrated in the Figures, but instead is to be limited only by the
following claims.

SUBSTITUTE SHEET (RULE 26)
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Claims

A heat exchanger manifold block configured for attachment by brazing to a heat
exchanger manifold by orienting the manifold block to have a longitudinal axis thereof
substantially paralle! to a longitudinal axis of the manifold, the manifold block
comprising: _

- alongitudinal surface substantially paraliel to the longitudinal axes of the
manifold block and the manifold;

- asecond surface of the manifold block:

- aport hole in the second surface of the manifold block, the port hole being
configured to receive a jumper tube to which the manifold block is configured for
attachment;

- fins projecting from at least one of the longitudinal and second surfaces of the
manifold biock, the fins promoting convective and radiative heat transfer to the
manifold so as to increase the heating rate of the manifold biock during brazing
of the manifold block to the jumper tube and the manifold; and

- acounterbore surrounding the port hole, the counterbore being sized to serve as
a reservoir for molten braze metal and to prevent molten braze metal from
flowing away from the jumper tube and toward the fins during brazing of the
jumper tube to the port hole.

The heat exchanger manifold block set forth in claim 1, further comprising the jumper
tube brazed to the port hole of the manifold block.

The heat exchanger manifold block set forth in claim 1, further comprising the
manifold brazed to the manifold block.

The heat exchanger manifold block set forth in claim 1, wherein the fins are defined
by longitudinal grooves extruded into the longitudinal surface of the manifold block.

The heat exchanger manifold block set forth in claim 1, further comprising a mounting
flange configured to mate with the manifold for attachment of the manifold block to
the manifold.

The heat exchanger manifold block set forth in claim 5, wherein the mounting flange

is spaced longitudinally from the second surface of the mounting block.
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10.

1.

7

The heat exchanger manifold block set forth in claim 6, further comprising the
manifold brazed to the mounting flange of the manifold block.

The heat exchanger manifold block set forth in claim 1, wherein the fins comprise a
set of longitudinal fins that project from the longitudinal surface and a set of lateral
fins that project from the second surface.

The heat exchanger manifold block set forth in claim 1, further comprising a cylindrical
boss within the counterbore and surrounding the port hole.

The heat exchanger manifold block set forth in claim 9, further comprising the jumper
tube brazed to the cylindrical boss.

A heat exchanger manifold block brazed to a jumper tube and a heat exchanger
manifold, the manifold block having a longitudinal axis substantiaily paralle! to a
longitudinal axis of the manifold, the manifold block comprising :

- alongitudinal surface substantially perpendicular to the longitudinal surface
of the manifold block;

- alateral end surface substantially perpendicular to the longitudinal surface of
the manifold block;

- amounting flange mated with and brazed to the manifold, the mounting
flange being spaced longitudinally from the lateral end surface of the
mounting block;

- aport hole in the lateral end surface of the manifold block, the jumper tube
being received in and brazed to the port hole;

- longitudinal fins projecting from the longitudinal surface of the manifold block
and lateral fins projecting from the lateral end surface of the manifold block,
the lateral fins and the longitudinal fins promoting convective and radiative
heat transfer to the manifold block so as to increase the heating rate of the
manifold block during brazing of he manifold block to the jumper tube and
the manifold;

- acounterbore surrounding the port hole, the counterbore being sized to
serve as a reservoir for molten braze metal and to prevent molten braze
metal from flowing away from the jumper tube and toward the fins during
brazing of the jumper tube tot he port hole; and
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a cylindrical boss within the counterbore and surrounding the port hole, the
cylindrical boss having a distal end that does not project beyond the lateral
end surface of the manifold biock, the jumper tube being brazed to the
cylindrical boss.

12. A method of brazing a heat exchanger manifold block to a heat exchanger manifold
and a jumper tube, the method comprising the steps of:

13.

14.

15.

forming the manifold block to have a longitudinal axis, a longitudinal surface
substantially parallel to the longitudinal axis of the manifold block, a second
surface substantially perpendicular to the longitudinal surface of the manifold
block, a port hole in the second surface of the manifold block, fins projecting
from a least one of the longitudinal and second surfaces of the manifoid
block, and a counterbore surrounding the port hole; and

assembling the manifold block, the jumper tube and the manifold by installing
the jumper tube in the port hole and mating the manifold block with the
manifold so that the manifold block is oriented to have the longitudinal axis
thereof substantially parallel to a longitudinal axis of the manifold; and then
brazing the manifold block to the jumper tube and the manifold, the fins
promoting convective and radiative heat transfer to the manifold block so as
to increase the heating rate of the manifold block, the counterbore serving as
a reservoir for molten braze metal and preventing moiten braze metal from
flowing away from the jumper tube and toward the fins.

The method set forth in claim 12, wherein the fins are formed by extruding grooves
into the longitudinal surface of the manifold block.

The method set forth in claim 12, wherein the manifold block is further formed to have
a mounting flange that is mated with the manifold during the assembling step and
brazed to the manifold during the brazing step, the mounting flange being formed so
as to be spaced longitudinally form the second surface of the mounting block.

The method set forth in claim 12, wherein the assembling step further comprises

assembling a braze metal ring within the counterbore so as to be between the jumper
tube and the manifold prior to the brazing step, the braze metal ring being a source
of the molten braze metal during the brazing step.
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The method set forth in claim 12, wherein the fins are formed so as to include a set of
longitudinal fins that project from the longitudinal surface and a set of lateral fins that
project from the second surface.

The method set forth in claim 12, wherein the manifold block is further formed to have
a cylindrical boss within the counter bore and surrounding the port hoie.

The method set forth in claim 17, wherein the jumper tube is brazed to the cylindrical
boss during the brazing step.

The method set forth in claim 12, wherein the second surface is a iateral end surface
of the manifold block.

The method set forth in claim 19, wherein the manifold block is further formed to have
- amounting flange that is mated with the manifold during the assembling step
and brazed to the manifold during the brazing step, the mounting flange is
formed to be spaced longitudinally from the second surface of the mounting

block;

- lateral fins projecting from the second surface, the lateral fins promoting
convective and radiative heat transfer to the manifold block so as to increase
the heating rate of the manifold block during the brazing step;

- acylindrical boss within the counter bore and surrounding the port hole, the
cylindrical boss having a distal end that does not project beyond the second
surface of the manifold block, the jumper tube being brazed tot he cylindrical
boss during the brazing step.
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