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(54) Beaded plate for a heat exchanger and method of making same

(57) A beaded plate (12) and method of making
same for a heat exchanger (10) includes a plate (12)
having a generally planar surface (28) with an inlet (30)
and an outlet (32). The beaded plate (12) also includes

a plurality of first beads (36) extending generally per-
pendicular to the surface (28) of the plate (12).
The beaded plate (12) further includes a restriction (38)
in at least one of the inlet (30) and the outlet (32) to re-
strict fluid flow.
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Description

Background Of The Invention

[0001] The present invention relates generally to heat
exchangers and, more specifically, to a beaded plate
and method of making same for a heat exchanger in a
motor vehicle.
[0002] It is known to provide plates for a heat ex-
changer such as an evaporator in a motor vehicle. Gen-
erally, the heat exchanger includes opposed plates car-
rying a first fluid medium in contact with an interior there-
of while a second fluid medium contacts an exterior
thereof. Typically, the first fluid medium is a refrigerant
and the second fluid medium is air. Where a temperature
difference exists between the first and second fluid me-
diums, heat will be transferred between the two via heat
conductive walls of the plates.
[0003] It is also known to provide beaded plates for a
heat exchanger in which beads define a plurality of pas-
sageways between the plates for movement of a fluid
therethrough to increase the surface area of conductive
material available for heat transfer and to cause turbu-
lence of the fluid carried in a channel between the plates.
An example of such a heat exchanger is disclosed in U.
S. Patent No. 4,600,053. In this patent, each of the
plates has a plurality of beads formed thereon with one
plate having one distinct variety of beads and the other
plate having another distinct variety of beads. The
beads of the plates contact each other and are bonded
together to force fluid to flow therearound.
[0004] Performance of heat exchanger cores such as
evaporator cores has been directly linked to refrigerant
flow distribution through the core. This includes the flow
distribution in a flow header or tank and tube or plate
areas. It is known that an effective way of generating a
more uniform flow through the channel is by using a
large plenum area upstream of the channel. Therefore,
there is a need in the art to enhance the thermal per-
formance in the heat exchanger core through the en-
hancement of coolant flow distribution inside the core.
[0005] The effectiveness of the refrigerant flow distri-
bution through the core is measured by the thermal per-
formance, refrigerant pressure drop, and an infrared
thermal image of the core skin temperature. Nonuniform
distribution of flow starts at the tank area of the core.
[0006] The refrigerant pressure drop inside the core
is controlled by several factors: heat transfer from the
core to the air; flow restriction inside the core; nonuni-
form distribution of the refrigerant inside the core; and
the change of phase from liquid to vapor because vapor
has a higher pressure drop. The pressure drop can in-
crease significantly when any combination or all of these
factors are taking place together. Therefore, there is a
need in the art to provide a heat exchanger with in-
creased core thermal capacity, minimum increase in re-
frigerant pressure drop and minimum air temperature
non-uniformity.

[0007] Therefore, it is desirable to restrict the flow in
either the inlet or outlet of the plates to improve refrig-
erant flow distribution of a heat exchanger. It is also de-
sirable to provide beaded plates for a heat exchanger
having a uniform inlet/outlet restriction of a refrigerant
in the heat exchanger. It is further desirable to provide
beaded plates for a heat exchanger that improve heat
transfer by generating more uniform refrigerant flow. It
is still further desirable to provide a variable inlet/outlet
restriction in a beaded plate for a heat exchanger.

Summary Of The Invention

[0008] Accordingly, the present invention is a beaded
plate for a heat exchanger including a plate having a
generally planar surface with an inlet and an outlet. The
beaded plate also includes a plurality of beads extend-
ing generally perpendicular to the surface of the plate.
The beaded plate further includes a restriction in at least
one of the inlet and the outlet to restrict fluid flow.
[0009] Also, the present invention is a method of mak-
ing a beaded plate for a heat exchanger. The method
includes the steps of providing a plate having a generally
planar surface with an inlet and an outlet. The method
also includes the steps of forming a plurality of beads to
extend generally perpendicular to the surface of the
plate and forming a restriction in at least one of the inlet
and outlet to restrict fluid flow.
[0010] One advantage of the present invention is that
a beaded plate for a heat exchanger such as an evap-
orator is provided for a motor vehicle. Another advan-
tage of the present invention is that the beaded plate
has an additional bead in an inlet area for equalizing
flow for a plate-fin heat exchanger such as an evapora-
tor. Yet another advantage of the present invention is
that the beaded plate has an adjustable bead in the inlet
area which improves heat transfer by generating more
uniform refrigerant flow. Still another advantage of the
present invention is that the beaded plate may have a
uniform inlet/outlet restriction in a plate-fin heat ex-
changer such as an evaporator. A further advantage of
the present invention is that the beaded plate may have
a uniform inlet/outlet restriction to improve the refriger-
ant flow distribution inside the tank. Yet a further advan-
tage of the present invention is that a method of making
the beaded plate is provided with either an adjustable
bead or a uniform inlet/outlet restriction. Still a further
advantage of the present invention is that the beaded
plate may have a variable inlet/outlet restriction to im-
prove refrigerant flow distribution inside the tank while
allowing for a smaller heat exchanger and maintaining
performance.
[0011] Other features and advantages of the present
invention will be readily appreciated, as the same be-
comes better understood after reading the subsequent
description taken in conjunction with the accompanying
drawings.
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Brief Description Of The Drawings

[0012] Figure 1 is an elevational view of a beaded
plate, according to the present invention, illustrated in
operational relationship with a heat exchanger.
[0013] Figure 2 is a fragmentary plan view of the
beaded plate of Figure 1.
[0014] Figure 3 is an enlarged fragmentary plan view
of a portion of the beaded plate of Figure 2.
[0015] Figure 4 is a view similar to Figure 3 of another
embodiment, according to the present invention, of the
beaded plate of Figure 1.
[0016] Figure 5 is a graph of heat exchanger core per-
formance as a function of the beaded plate inlet/outlet
restriction.
[0017] Figure 6 is a graph of heat exchanger core re-
frigerant pressure drop as a function of the beaded plate
inlet/outlet restriction.
[0018] Figure 7 is a view similar to Figure 3 of yet an-
other embodiment, according to the present invention,
of the beaded plate of Figure 1.
[0019] Figure 8 is a sectional view taken along line
8-8 of Figure 7.
[0020] Figure 9 is a view similar to Figure 3 of still an-
other embodiment, according to the present invention,
of the beaded plate of Figure 1.
[0021] Figure 10 is a sectional view taken along line
10-10 of Figure 9.

Description Of Preferred Embodiments

[0022] Referring to the drawings and in particular Fig-
ures 1 through 3, one embodiment of a heat exchanger
10, according to the present invention, such as an oil
cooler, evaporator or condenser, is shown for a motor
vehicle (not shown). The heat exchanger 10 includes a
plurality of generally parallel beaded plates 12, accord-
ing to the present invention, pairs of which are joined
together in a face-to-face relationship to provide a chan-
nel (not shown) therebetween. The heat exchanger 10
also includes a plurality of convoluted or serpentine fins
14 attached an exterior of each of the beaded plates 12.
The fins 14 are disposed between each pair of the joined
beaded plates 12 to form a stack. The fins 14 serve as
a means for conducting heat away from the beaded
plates 12 while providing additional surface area for con-
vective heat transfer by air flowing over the heat ex-
changer 10. The heat exchanger 10 further includes op-
positely disposed mounting plates 16 at ends of the
stack. The mounting plates 16 fluidly communicate with
flow headers, generally indicated at 18, formed by boss-
es 19 on each of the beaded plates 12. The heat ex-
changer 10 includes a fluid inlet 20 for conducting fluid
into the heat exchanger 10 formed in the flow header 18
and a fluid outlet 22 for directing fluid out of the heat
exchanger 10 formed in the flow header 18. It should be
appreciated that, except for the beaded plates 12, the
heat exchanger 10 is conventional and known in the art.

It should also be appreciated that the beaded plates 12
and heat exchanger 10 could be used in other applica-
tions besides motor vehicles.
[0023] Referring to Figures 1 through 3, the beaded
plate 12 extends longitudinally and is substantially pla-
nar or flat. The beaded plate 12 includes a raised boss
19 on at least one end having a pair of apertures 24 and
26 spaced laterally and extending therethrough. The
bosses 19 are stacked together such that the apertures
24 and 26 are aligned to form the flow header 18 to allow
parallel flow of fluid through the channels of the beaded
plates 12. It should be appreciated that such flow head-
ers 18 are conventional and known in the art.
[0024] The beaded plate 12 includes a surface 28 be-
ing generally planar and extending longitudinally and
laterally. The beaded plate 12 also includes an inlet 30
and an outlet 32 spaced transversely and divided by a
wall 34 for U-shaped flow through the channels of the
beaded plates 12. The beaded plate 12 includes a plu-
rality of first beads 36 extending above and generally
perpendicular to a plane of the surface 28 and spaced
laterally from each other. The first beads 36 are gener-
ally elongated in shape. The beaded plate 12 has at
least one additional or second bead 38 at either the inlet
30 or the outlet 32 to provide a restriction to the refrig-
erant flow. The second bead 38 may have an adjustable
height, which allows for a different restriction area
through the flow header 18 to allow for more uniform
flow distribution. The second bead 38 has a predeter-
mined height. It should be appreciated that the height of
the second bead 38 is adjustable by varying the same
from heat exchanger to heat exchanger. It should also
be appreciated that, by adding the additional second
bead 38 in either the inlet 30 or outlet 32, a restriction
is formed in the inlet 30 or outlet 32, respectively, which
will cause the flow header 18 to act as a plenum and will
increase the coolant velocity, thereby enhancing heat
transfer too. It should further be appreciated that, by
adding the second bead 38 to the first row in either the
inlet 30 or outlet 32, a variable restriction is created in
either the inlet 30 or outlet 32 of the beaded plate 12.
[0025] As illustrated in Figures 2 and 3, the first beads
36 are formed in a plurality of rows, preferably three first
beads 36 and one second bead 38 in the first row at
either the inlet 30 or the outlet 32 and three first beads
36 in the other rows, which are repeated, to the inlet 30
or outlet 32, respectively. The rows of first beads 36 are
spaced longitudinally a predetermined distance. The
first beads 36 are formed in an 'A' and 'B' row pattern so
that no first bead 36 in the A row is directly downstream
of another first bead 36 in the B row. The first beads 36
are non-aligned in the streamwise or longitudinal direc-
tion. The A and B rows are repeated in the streamwise
or longitudinal direction. It should be appreciated that
an A and B row pattern is conventional and known in the
art.
[0026] The beaded plates 12 are made of a metal ma-
terial such as aluminum or an alloy thereof and have a
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cladding on their inner and outer surfaces for brazing.
The beaded plates 12 are formed from a single sheet of
material and are interconnected by deformable tabs 40
to be described. A sheet of material can either be of a
predetermined length with a predetermined number of
beaded plates 12 or may be formed as a continuous strip
of material, which is cut at a predetermined number of
beaded plates 12 to form the heat exchanger 10 of a
predetermined size. The beaded plates 12 are stamped
using pneumatic and/or hydraulic activated details in a
die controlled by a PLC\PLS or other computerized
means known in the die pressing art. In the embodiment
illustrated, a pair of the beaded plates 12 are arranged
such that the beads 36 and 38 contact each other to
turbulate fluid flow therethrough. It should be appreciat-
ed that the beads 36 and 38 are brazed to each other.
It should also be appreciated that the entire heat ex-
changer 10 is brazed together as is known in the art.
[0027] The heat exchanger 10 includes a first set and
a second set of the deformable tabs 40 connecting the
beaded plates 12 together. As illustrated, each first set
of tabs 40 connects adjacent beaded plates 12 near one
end and each second set of tabs 40 connects adjacent
beaded plates 12 near an opposite end. The tabs 40
extend transversely from one beaded plate 12 to anoth-
er beaded plate 12 and are formed as part of a rail edge
of each beaded plate 12. The tabs 40 are made from
the same material as the beaded plates 12 and are plas-
tically deformable. The tabs 40 have a single bend zone
which allows for much more narrow bending to accom-
plish good plate-to-plate contact during the forming of
the heat exchanger 10 in a continuous corrugated pro-
duction process by the bellows-like or zig-zag folding of
the contiguous beaded plates 12. It should be appreci-
ated that the tabs 40 are similar to those disclosed in U.
S. Patent Nos. 5,732,460 and 5,855,240, the disclo-
sures of both being hereby incorporated by reference.
It should also be appreciated that the beaded plates 12
may be used for both single and dual tank evaporator
type heat exchangers with a continuous corrugation pro-
duction process.
[0028] Referring to Figure 4, another embodiment
112, according to the present invention, of the beaded
plate 12 is shown. Like parts of the beaded plate 12 have
like reference numerals increased by one hundred
(100). In this embodiment, the beaded plate 112 may
distribute the refrigerant flow more uniformly inside the
flow header 118 for the heat exchanger 10 by using a
uniform restriction in the inlet 130 and outlet 132 of the
beaded plate 112. The beaded plate 112 may include at
least one additional second bead 138 added to both the
inlet 130 and the outlet 132 to form a restriction such as
fifteen percent of the area of the inlet 130 and outlet 132.
As illustrated in Figure 4, the restriction improves the
core performance significantly with more uniform flow
distribution of the refrigerant in the flow header area. For
example, the size of the restriction for the inlet 130 was
determined using the data in Figures 5 and 6. This data

was plotted as a function of the non-dimensional quan-
tity:

Inlet/Outlet Area with beads
Inlet/Outlet Area without beads

[0029] It should be appreciated that the lateral space
between the first beads 136 may vary for each beaded
plate 112. It should also be appreciated that the restric-
tion can be applied to both single and dual tank evapo-
rator type heat exchangers.
[0030] Referring to Figures 7 and 8, yet another em-
bodiment 212, according to the present invention, of the
beaded plate 12 is shown. Like parts of the beaded plate
12 have like reference numerals increased by two hun-
dred (200). In this embodiment, the beaded plate 212
restricts fluid flow by using a restriction in either one of
or both the inlet 230 and outlet 232 of the beaded plate
212. The beaded plate 112 may include at least one ad-
ditional second bead 238 added to either one or both
the inlet 230 and the outlet 232 to form a restriction such
as fifteen percent of the area of the inlet 230 and outlet
232. As illustrated, the second bead 238 is disposed and
extends laterally between the first beads 236 and a wall
of the beaded plate 212, preferably in the first row of the
first beads 236 to form the restriction. The second beads
238 have a height less than a height of the first beads
236. The restriction improves the core performance sig-
nificantly with more uniform flow distribution of the re-
frigerant in the flow header area. It should be appreci-
ated that the height of the second beads 238 may vary
for each beaded plate 212. It should also be appreciated
that the restriction can be applied to both single and dual
tank evaporator type heat exchangers.
[0031] Referring to Figures 9 and 10, still another em-
bodiment 312, according to the present invention, of the
beaded plate 12 is shown. Like parts of the beaded plate
12 have like reference numerals increased by three hun-
dred (300). In this embodiment, the beaded plate 312
restricts fluid flow by using a restriction in either one of
or both the inlet 330 and outlet 332 of the beaded plate
312. The beaded plate 312 includes the first beads 336
decreasing in height from the inlet 330 to the outlet 332
or from the outlet 332 to the inlet 330 to form a restriction
such as fifteen percent of the area of the inlet 230 and
outlet 232. The restriction improves the core perform-
ance significantly with more uniform flow distribution of
the refrigerant in the flow header area. It should be ap-
preciated that the height of the first beads 336 may vary
for each beaded plate 312. It should also be appreciated
that the restriction can be applied to both single and dual
tank evaporator type heat exchangers.
[0032] Referring to Figures 1 through 10, a method of
making the beaded plate 12,112,212,312, according to
the present invention, is shown. The method includes
the step of providing a plate having a generally planar
surface 28,128,228,328. The method includes the step
of forming a plurality of first beads 36,136,236,336 to
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extend above the surface 28,128,228,328 of the plate.
The method includes the step of forming a restriction in
either one or both of an inlet 30,130,230,330 and outlet
32,132,232,332 of the plate to restrict fluid flow. The step
of forming may be to form at least one second bead
38,138,238 or vary the height of the first beads 336. The
steps of forming are carried out by stamping the beads
36,136,236,336,38,138,238 in the plate by conventional
stamping processes. In another embodiment, the height
or size of the beads 36,136,236,336,38,138,238 could
be such that the beads 36,136,236,336,38,138,238 are
relatively large at the beginning, then progressively get
smaller near the end.
[0033] Also, a method of making the heat exchanger
10, according to the present invention, is shown. The
method includes the step of contacting first and second
beaded plates 12,112,212,312 with each other to form
a channel therebetween and contacting opposed beads
36,136,236,336,38,138 with each other to form fluid flow
passages. The method includes the step of brazing a
pair of the beaded plates 12,112,212,312 by heating the
beaded plates 12,112,212,312 to a predetermined tem-
perature to melt the brazing material to braze the bosses
19,119,219,319 and the beads 36,136,236,336, 38,138
of the beaded plates 12,112,212,312 together. The pair
of joined beaded plates 12,112,212,312 is then cooled
to solidify the molten braze material to secure the boss-
es 19,119,219,339 together and the beads 36,
136,236,336,38,138 together. The method includes the
step of disposing fins 14 between joined pairs of the
beaded plates 12,112,212,312 and brazing the fins 14
and beaded plates 12,112,212,312 together. The meth-
od includes the steps of connecting the mounting plates
16 to the brazed fins 14 and beaded plates
12,112,212,312 to form the heat exchanger 10.
[0034] The present invention has been described in
an illustrative manner. It is to be understood that the ter-
minology which has been used is intended to be in the
nature of words of description rather than of limitation.
[0035] Many modifications and variations of the
present invention are possible in light of the above
teachings. Therefore, within the scope of the appended
claims, the present invention may be practiced other
than as specifically described.

Claims

1. A heat exchanger comprising:

a plurality of generally parallel plates, pairs of
said plates being joined together in a face-to-
face relationship to provide a channel therebe-
tween, the pairs of said plates being joined to-
gether and aligned in a stack;
a plurality of fins attached an exterior of said
plates and disposed between each pair of said
joined plates; and

said plates having an inlet and an outlet includ-
ing a plurality of beads spaced laterally and op-
posing each other in said channel and a restric-
tion in at least one of said inlet and said outlet
to restrict fluid flow.

2. A heat exchanger as set forth in claim 1 wherein
said restriction comprises at least one second bead
disposed in a first row of said beads.

3. A heat exchanger as set forth in claim 1 wherein
said restriction comprises at least one second bead
disposed in a last row of said beads.

4. A heat exchanger as set forth in claim 1 wherein
said restriction comprises said beads varying in
height between said inlet and said outlet.

5. A heat exchanger as set forth in claim 1 wherein
said restriction comprises at least one second bead
extending laterally between said beads and having
a height less than said beads.
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