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(57) ABSTRACT 

A plate for a heat exchanger is disclosed, Wherein surfaces 
of the plate have integrated turbulation features formed 
thereon. 
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HEAT EXCHANGER PLATE HAVING 
INTEGRATED TURBULATION FEATURE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a plate for a heat 
exchanger tank and more particularly to a plate for a heat 
exchanger tank having integrated ?uid turbulation features. 

BACKGROUND OF THE INVENTION 

[0002] Heat exchanger tanks are designed to transport a 
heat transfer ?uid, such as in a motor vehicle for example. 
Typically, opposed plates carry the ?uid such as oil, for 
example, in passageWays formed therebetWeen. It is knoWn 
to provide corrugated ?ns betWeen pairs of plates, Wherein 
the ?ns act as a turbulator to increase the heat transfer 
coe?icient of the heat exchanger. 
[0003] One knoWn method of making such a construction 
is to physically insert a corrugated ?n betWeen the plates 
after the plates have been manufactured. This has proved to 
be a di?icult process since the corrugated ?ns are extremely 
thin and subject to deformation and damage during the 
insertion process. Further, inserting the ?ns can be a time 
consuming and costly process. 
[0004] It is also knoWn to provide beaded plates for heat 
exchangers, Wherein the beads de?ne a plurality of passage 
Ways betWeen adjacent plates for the passage of a ?uid 
therethrough. An example of the beaded plates is disclosed 
in commonly oWned US. Pat. No. 6,364,006, hereby incor 
porated herein by reference in its entirety. The beaded plates 
increase the surface area of conductive material available for 
heat transfer and cause turbulence of the ?uid carried 
betWeen the plates. Prior art plates include a plurality of 
beads formed thereon. The beads of the plates contact each 
other and are bonded together to force the ?oW of ?uid 
therearound. The beads are aligned in roWs, Wherein a ?rst 
roW has an “A” pattern and the adjacent roW has a “B” 
pattern. The roWs are repeated in an A-B pattern, in Which 
the beads in the A roWs are aligned longitudinally or 
doWnstream from each other and the beads in the B roWs are 
aligned longitudinally or doWnstream from each other. 
[0005] Although the above heat exchangers have Worked 
Well, it is desirable to eliminate the use of a turbulator 
betWeen plates of a heat exchanger. It is also desirable to 
provide beaded plates for a heat exchanger Wherein a 
turbulation of ?uid ?oWing on both sides of the plate is 
caused to enhance heat transfer betWeen the ?uids. 
[0006] It is therefore considered desirable to produce a 
beaded plate for a heat exchanger tank, Wherein the Walls of 
the plate include integrated ?uid turbulation features formed 
thereon for maximiZing a turbulation of ?uids ?oWing 
through the tank on both sides of the plate. 

SUMMARY OF THE INVENTION 

[0007] Harmonious With the present invention, a beaded 
plate for a heat exchanger tank, Wherein the Walls of the 
plate include integrated ?uid turbulation features formed 
thereon for maximiZing a turbulation of ?uids ?oWing 
through the tank on both sides of the plate, has surprisingly 
been discovered. 
[0008] In one embodiment, a plate for a heat exchanger 
comprises: an elongate ?rst main body having a ?rst surface, 
a second surface, and a lip extending laterally outWardly 
from a peripheral edge of the main body; a plurality of 
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spaced apart ?rst beads formed on the second surface of the 
plate, Wherein a depth of the lip is larger than a depth of the 
?rst beads; and a plurality of spaced apart second beads 
formed on the ?rst surface of the plate. 
[0009] In another embodiment, a stack for a heat 
exchanger comprises: a ?rst plate having a ?rst surface and 
a second surface, the second surface including a laterally 
outWardly extending lip and a plurality of spaced apart ?rst 
beads formed thereon, the ?rst surface including a plurality 
of spaced apart second beads formed thereon, Wherein a 
depth of the lip is larger than a depth of the ?rst beads; and 
a second plate having a ?rst surface and a second surface, the 
second surface including a laterally outWardly extending lip 
and a plurality of spaced apart ?rst beads formed thereon, 
the ?rst surface including a plurality of spaced apart second 
beads formed thereon, Wherein a depth of the lip is larger 
than a depth of the ?rst beads, Wherein the lip of the ?rst 
plate is connected to the lip of the second plate. 
[0010] In another embodiment, a stack for a heat 
exchanger comprises: a plurality of plates having ?rst sur 
faces and second surfaces, the second surfaces including a 
laterally outWardly extending lip and a plurality of spaced 
apart ?rst beads formed thereon, the ?rst surfaces including 
a plurality of spaced apart second beads formed thereon, 
Wherein a depth of the lip is larger than a depth of the ?rst 
beads, Wherein the lips of pairs of plates are connected and 
the second beads of the pairs of plates are connected, and 
Wherein a ?rst plurality of ?oW passages is formed betWeen 
the ?rst surfaces of adjacent plates, and a second plurality of 
?oW passages is formed betWeen the second surfaces of 
adjacent plates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The above, as Well as other objects and advantages 
of the invention, Will become readily apparent to those 
skilled in the art from reading the folloWing detailed descrip 
tion of a preferred embodiment of the invention When 
considered in the light of the accompanying draWings in 
Which: 
[0012] FIG. 1 is a top plan vieW ofa beaded plate for a heat 
exchanger in accordance With an embodiment of the inven 
tion; 
[0013] FIG. 2 is a sectional vieW of the beaded plate for a 
heat exchanger illustrated in FIG. 1 taken along line 2-2; 
[0014] FIG. 3 is a side elevational vieW of a stack of 
beaded plates illustrated in FIG. 1; 
[0015] FIG. 4 is a top plan vieW ofa beaded plate for a heat 
exchanger in accordance With another embodiment of the 
invention; and 
[0016] FIG. 5 is a sectional vieW of the beaded plate for a 
heat exchanger illustrated in FIG. 4 taken along line 4-4. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0017] The folloWing detailed description and appended 
draWings describe and illustrate various exemplary embodi 
ments of the invention. The description and draWings serve 
to enable one skilled in the art to make and use the invention, 
and are not intended to limit the scope of the invention in any 
manner. 

[0018] FIGS. 1 and 2 shoW a beaded plate 10 for a heat 
exchanger (not shoWn) in accordance With an embodiment 
of the invention. The plate 10 is formed from a metal 
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material such as aluminum or an aluminum alloy, for 
example. The plate 10 extends longitudinally from a ?rst end 
12 to a second end 14, and includes a ?rst surface 11 and an 
opposed second surface 13. A main body portion 16 of the 
plate is disposed betWeen the ?rst end 12 and the second end 
14, and has a substantially rectangular shape in plan. 
[0019] The ?rst end 12 of the plate 10 includes a raised lip 
18 surrounding an aperture 20. The raised lip 18 forms a 
circular shaped channel (not shoWn) in the second side 13 of 
the plate 10. Aplurality of raised portions 21 is formed in the 
?rst end 12. The raised portions 21 form channels (not 
shoWn) in the second side 13 of the plate 10. The channels 
extend from the channel opposite the raised lip 18 to the 
main body portion 16. It is understood that more or feWer 
channels can be formed in the ?rst end 12 as desired. 

[0020] The second end 14 of the plate 10 includes a raised 
lip 22 surrounding an aperture 24. The raised lip 22 forms a 
circular shaped channel (not shoWn) in the second side 13 of 
the plate 10. Aplurality of raised portions 25 is formed in the 
second end 14. The raised portions 25 form channels (not 
shoWn) in the second side 13 of the plate 10. The channels 
extend from the main body portion 16 to the channel 
opposite the raised lip 22. It is understood that additional or 
feWer channels can be formed in the second end 14 as 
desired. 
[0021] As more clearly shoWn in FIG. 2, the second 
surface 13 of the plate 10 includes a laterally outWardly 
extending lip 26 having a depth d0 that extends outWardly 
from a peripheral edge of the plate 10. The plate 10 also 
includes a plurality of spaced apart ?rst beads 32 extending 
laterally outWardly from the second surface 13. The ?rst 
beads 32 are generally dome shaped and have a predeter 
mined radius such as 1.5 millimeters, for example. It is 
understood that a larger or smaller radius can be used. The 
?rst beads 32 have a depth d1. In the embodiment shoWn, the 
depth d0 of the lip 26 is substantially similar to the depth d1 
of the ?rst beads 32, although other depths can be used as 
desired. 
[0022] The plate 10 also includes a plurality of spaced 
apart second beads 36 extending laterally outWardly from 
the ?rst surface 11 of the plate 10. The second beads 36 are 
generally trapeZoid shaped and have a predetermined Width 
such as ?ve millimeters, for example. It is understood that a 
larger or smaller Width can be used. The second beads 36 
have a depth d2. In the embodiment shoWn, the depth d2 of 
the second beads 36 is larger than the depth d1 of the ?rst 
beads 32, although other depths can be used. A distal end 40 
of the second beads 36 is generally ?at. It is understood that 
the second beads 36 can be dome shaped or have other 
shapes as desired. 
[0023] The plate 10 includes a plurality of spaced apart 
third beads 42 that are substantially ovoid or football shaped, 
and extend laterally outWardly from the ?rst surface 11. The 
third beads 42 have a depth (not depicted) extending from 
the ?rst surface 11 and terminating in a substantially ?at 
distal end 45. It is understood that the distal end 45 of the 
third beads 42 can be curved as desired. In the embodiment 
shoWn, the depth of the third beads 42 is larger than the 
depth d2 of the second beads 36. 
[0024] In the embodiment shoWn, the ?rst beads 32, the 
second beads 36, and the third beads 42 are formed in a 
pattern of a plurality of roWs. It is understood that the beads 
32, 36, 42 can be formed in other con?gurations as desired. 
Each roW contains a plurality of a predetermined number of 
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the ?rst beads 32, the second beads 36, and the third beads 
42, Wherein the number of the second beads 36 and the third 
beads 42 in certain roWs is Zero (0). The roWs of the beads 
32, 36, 42 are spaced longitudinally on the main body 
portion 16 of the plate 10 a predetermined distance. 

[0025] When assembled, a pair of plates are braZed 
together to form a heat exchange plate 50, as shoWn in FIG. 
3. One of the plates 10 is oriented as shoWn in FIGS. 1 and 
2, and the other of the plates is inverted from the orientation 
of FIGS. 1 and 2 to permit corresponding lips 26 to abut one 
another. The lips 26 of the pair of the plates 10 are braZed 
together. Thus, the ?rst surfaces 11 of the pairs of plates 10 
are exposed. The ?rst surfaces 11 of the pair of braZed plates 
10 are then braZed together at the raised lips 18, 22, the 
second beads 36, and the third beads 42 to form a stack 44. 
A gap 45 is formed betWeen the ?rst surfaces 11 of adjacent 
heat exchanger plates 50. 
[0026] The ?rst apertures 20 of the heath exchanger plates 
50 in the stack 44 are aligned and cooperate to form a ?rst 
conduit (not shoWn). The second apertures 24 of the plates 
10 in the stack 44 are aligned and cooperate to form a second 
conduit (not shoWn). A ?rst plurality of ?oW passages (not 
shoWn) is formed in the heat exchange plates 50 betWeen the 
second surfaces 13 of braZed adjacent plates 10. A second 
plurality of ?oW passages is formed Within the gaps 45 
formed by the ?rst surfaces 11 of adjacent plates 10. The 
second plurality of ?oW passages formed by the gaps 45 
betWeen adjacent heat exchanger plates 50 is in ?uid com 
munication With a pair of ?oW headers (not shoWn). 
[0027] A ?rst mounting plate 54 is disposed on and braZed 
to the plate 10 at a ?rst end of the stack 44. A second 
mounting plate 56 is disposed on and braZed to the plate 10 
at a second end of the stack 44. The ?rst mounting plate 54 
includes a ?rst aperture (not shoWn) that is aligned With the 
?rst conduit and a second aperture (not shoWn) that is 
aligned With the second conduit. The stack 44 includes a 
?uid inlet conduit 66 in ?uid communication With the ?rst 
conduit and a ?uid outlet conduit 68 in communication With 
the second conduit. 

[0028] In use a ?rst ?uid (not shoWn) such as radiator ?uid 
or oil, for example, ?oWs through the ?uid inlet conduit 66 
into the ?rst conduit. The ?rst ?uid ?oWs through the 
channels 21 and into the ?rst plurality of ?oW passages 
formed in the heat exchanger plates 50 betWeen the second 
surfaces 13 of braZed adjacent plates 10. As the ?rst ?uid 
travels through the ?rst plurality of ?oW passages, the ?rst 
?uid ?oWs around the ?rst beads 32, Which cause the ?rst 
?uid to be turbulated. Thereafter, the ?rst ?uid ?oWs through 
the channels 25 into the second ?uid conduit and out of the 
stack 44 through the ?uid outlet conduit 68. 

[0029] A second ?uid (not shoWn) such as a coolant, for 
example, is caused to ?oW through the gaps 45. As the 
second ?uid ?oWs through the gaps 45, the second ?uid 
?oWs across the ?rst surfaces 11 including the ?rst beads 32, 
Which cause the second ?uid to be turbulated. Additionally, 
heat is transferred from the ?rst ?uid to the second ?uid. It 
is understood that heat can also be transferred from the 
second ?uid to the ?rst ?uid. 

[0030] The turbulation caused by the ?rst beads 32 to the 
?rst ?uid and the second ?uid minimiZes a need for a 
separate turbulating ?n to be disposed betWeen the plates 10. 
Accordingly, a cost of materials and a Weight are minimized. 
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[0031] It should be appreciated that the plates 10 could be 
used for heat exchangers in other applications besides motor 
vehicles. 

[0032] FIGS. 4 and 5 shoW a beaded plate 110 for a heat 
exchanger (not shoWn) in accordance With an embodiment 
of the invention. The plate 110 is formed from a metal 
material such as aluminum or an aluminum alloy, for 
example. The plate 110 extends longitudinally from a ?rst 
end 112 to a second end 114, and includes a ?rst surface 111 
and an opposed second surface 113. A main body portion 
116 of the plate is disposed betWeen the ?rst end 112 and the 
second end 114, and has a substantially rectangular shape in 
plan. 
[0033] The ?rst end 112 of the plate 110 includes a raised 
lip 118 surrounding an aperture 120. The raised lip 118 
forms a circular shaped channel (not shoWn) in the second 
side 113 of the plate 110. A plurality of raised portions 121 
is formed in the ?rst end 112. The raised portions plate form 
channels (not shoWn) in the second side 113 of the plate 110. 
The channels extend from the channel opposite the raised lip 
118 to the main body portion 116. It is understood that more 
or feWer channels can be formed in the ?rst end 112 as 
desired. 

[0034] The second end 114 of the plate 110 includes a 
raised lip 122 surrounding an aperture 124. The raised lip 
122 forms a circular shaped channel (not shoWn) in the 
second side 113 of the plate 110. A plurality of raised 
portions 125 is formed in the second end 114. The raised 
portions 125 form channels (not shoWn) in the second side 
113 of the plate 110. The channels extend from the main 
body portion 116 to the channel opposite the raised lip 122. 
It is understood that additional or feWer channels can be 
formed in the second end 114 as desired. 

[0035] As more clearly shoWn in FIG. 5, the second 
surface 113 of the plate 110 includes a laterally outWardly 
extending lip 126 having a depth d10 that extends outWardly 
from a peripheral edge of the plate 110. The plate 110 also 
includes a plurality of spaced apart ?rst beads 132 extending 
laterally outWardly from the second surface 113. In a pre 
ferred embodiment, the ?rst beads 132 are general Wave 
shaped. The ?rst beads 132 have a depth d11. In the 
embodiment shoWn, the depth d10 of the lip 126 is substan 
tially similar to the depth d11 of the ?rst beads 132, although 
other depths can be used as desired. 

[0036] The plate 110 also includes a plurality of spaced 
apart second beads 136 extending laterally outWardly from 
the ?rst surface 111 of the plate 110. The second beads 136 
are generally trapeZoid shaped and have a predetermined 
Width such as ?ve millimeters, for example. It is understood 
that a larger or smaller Width can be used. The second beads 
136 have a depth d12. In the embodiment shoWn, the depth 
d12 of the second beads 136 is larger than the depth d11 of 
the ?rst beads 132, although other depths can be used. A 
distal end 140 of the second beads 136 is generally ?at. It is 
understood that the second beads 136 can be dome shaped 
or have other shapes as desired. 

[0037] The plate 110 includes a plurality of spaced apart 
third beads 142 that are substantially ovoid or football 
shaped, and extend laterally outWardly from the ?rst surface 
111. The third beads 142 have a depth (not depicted) 
extending from the ?rst surface 111 and terminating in a 
substantially ?at distal end 145. It is understood that the 
distal end 145 of the third beads 142 can be curved as 
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desired. In the embodiment shoWn, the depth of the third 
beads 142 is larger than the depth d12 of the second beads 
136. 
[0038] In the embodiment shoWn, the ?rst beads 132, the 
second beads 136, and the third beads 142 are formed in a 
pattern of a plurality of roWs. It is understood that the beads 
132, 136, 142 can be formed in other con?gurations as 
desired. Each roW contains a plurality of a predetermined 
number of the ?rst beads 132, the second beads 136, and the 
third beads 142, Wherein the number of the second beads 
136 and the third beads 142 in certain roWs is Zero (0). The 
roWs of the beads 132, 136, 142 are spaced longitudinally on 
the main body portion 116 of the plate 110 a predetermined 
distance. 
[0039] When assembled, a pair of plates 110 are braZed 
together to form a heat exchange plate (not shoWn) as 
discussed above. One of the plates 110 is oriented as shoWn 
in FIGS. 4 and 5, and the other of the plates is inverted from 
the orientation of FIGS. 4 and 5 to permit corresponding lips 
126 to abut one another. The lips 126 of the pair of the plates 
110 are braZed together. Thus, the ?rst surfaces 111 of the 
pairs of plates 110 are exposed. The ?rst surfaces 111 of the 
pair of braZed plates 110 are then braZed together at the 
raised lips 118, 122, the second beads 136, and the third 
beads 142 to form a stack (not shoWn). A gap (not shoWn) 
is formed betWeen the ?rst surfaces 111 of adjacent heat 
exchanger plates. 
[0040] The ?rst apertures 120 of the heath exchanger 
plates in the stack are aligned and cooperate to form a ?rst 
conduit (not shoWn). The second apertures 124 of the plates 
110 in the stack are aligned and cooperate to form a second 
conduit (not shoWn). A ?rst plurality of ?oW passages (not 
shoWn) is formed in the heat exchange plates betWeen the 
second surfaces 113 of braZed adjacent plates 110. A second 
plurality of ?oW passages (not shoWn) is formed Within the 
gaps formed by the ?rst surfaces 111 of adjacent plates 110. 
The second plurality of ?oW passages formed by the gaps 
betWeen adjacent heat exchanger plates is in ?uid commu 
nication With a pair of ?oW headers (not shoWn). 
[0041] Use of the plates 110 is substantially similar to use 
of the plates 10 as discussed above for FIGS. 1-3. The 
turbulation caused by the ?rst beads 132 to the ?rst ?uid and 
the second ?uid minimiZes a need for a separate turbulating 
?n to be disposed betWeen the plates 110. Accordingly, a 
cost of materials and a Weight are minimiZed. 
[0042] It should be appreciated that the plates 110 could be 
used for heat exchangers in other applications besides motor 
vehicles. 
[0043] From the foregoing description, one ordinarily 
skilled in the art can easily ascertain the essential charac 
teristics of this invention and, Without departing from the 
spirit and scope thereof, can make various changes and 
modi?cations to the invention to adapt it to various usages 
and conditions. 

What is claimed is: 
1. A plate for a heat exchanger comprising: 
an elongate ?rst main body having a ?rst surface, a second 

surface, and a lip extending laterally outWardly from a 
peripheral edge of the main body; 

a plurality of spaced apart ?rst beads formed on the 
second surface of the plate, Wherein a depth of the lip 
is substantially similar to a depth of the ?rst beads; and 

a plurality of spaced apart second beads formed on the 
?rst surface of the plate. 
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2. The plate as de?ned in claim 1, further comprising a 
plurality of third beads formed on the ?rst surface of the 
plate, Wherein a depth of the third beads is larger than a 
depth of the second beads. 

3. The plate as de?ned in claim 1, Wherein the ?rst beads 
and the second beads are integrally formed With the plate. 

4. The plate as de?ned in claim 1, Wherein the ?rst beads 
are substantially Wave shaped. 

5. The plate as de?ned in claim 1, Wherein the ?rst beads 
are substantially dome shaped. 

6. The plate as de?ned in claim 1, Wherein the second 
beads are substantially trapeZoid shaped. 

7. The plate as de?ned in claim 1, further comprising an 
elongate second main body having a ?rst surface, a second 
surface, and a lip extending laterally outWardly from a 
peripheral edge of the main body, a plurality of spaced apart 
?rst beads formed on the second surface of the plate, 
Wherein a depth of the lip is substantially similar to a depth 
of the ?rst beads, and a plurality of spaced apart second 
beads formed on the ?rst surface of the plate, Wherein the lip 
formed on the ?rst main body is connected to the lip formed 
on the second main body to form a heat exchanger plate. 

8. The plate as de?ned in claim 7, Wherein a ?rst plurality 
of ?oW passages is formed betWeen the ?rst main body and 
the second main body. 

9. The plate as de?ned in claim 8, Wherein the ?rst main 
body and the second main body include a ?rst aperture 
formed at ?rst ends thereof and a second aperture formed at 
second ends thereof, Wherein the ?rst apertures and the 
second apertures are in ?uid communication With a heat 
exchanger tank. 

10. The plate as de?ned in claim 9, Wherein the ?rst main 
body and the second main body include at least one ?rst 
channel in ?uid communication With the ?rst apertures and 
the ?rst plurality of ?oW passages, and at least one second 
channel in ?uid communication With the ?rst plurality of 
?oW passages and the second apertures. 

11. A stack for a heat exchanger comprising: 
a ?rst plate having a ?rst surface and a second surface, the 

second surface including a laterally outWardly extend 
ing lip and a plurality of spaced apart ?rst beads formed 
thereon, the ?rst surface including a plurality of spaced 
apart second beads formed thereon, Wherein a depth of 
the lip is substantially similar to a depth of the ?rst 
beads; and 

a second plate having a ?rst surface and a second surface, 
the second surface including a laterally outWardly 
extending lip and a plurality of spaced apart ?rst beads 
formed thereon, the ?rst surface including a plurality of 
spaced apart second beads formed thereon, Wherein a 
depth of the lip is substantially similar to a depth of the 
?rst beads, Wherein the lip of the ?rst plate is connected 
to the lip of the second plate. 

12. The stack as de?ned in claim 11, Wherein a ?rst 
plurality of ?oW passages is formed betWeen the ?rst plate 
and the second plate. 
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13. The stack as de?ned in claim 12, Wherein the ?rst 
plate and the second plate include a ?rst aperture formed at 
?rst ends thereof and a second aperture formed at second 
ends thereof, Wherein the ?rst apertures and the second 
apertures are in ?uid communication With a heat exchanger 
tank. 

14. The stack as de?ned in claim 13, Wherein the ?rst 
plate and the second plate include at least one ?rst channel 
in ?uid communication With the ?rst apertures and the ?rst 
plurality of ?oW passages, and at least one second channel 
in ?uid communication With the ?rst plurality of ?oW 
passages and the second apertures. 

15. The stack as de?ned in claim 11, Wherein the ?rst 
beads formed on the ?rst plate and the second beads formed 
on the ?rst plate are integrally formed on the ?rst plate, and 
the ?rst beads formed on the second plate and the second 
beads formed on the second plate are integrally formed on 
the second plate. 

16. The stack as de?ned in claim 11, Wherein the ?rst 
beads formed on the ?rst plate and the ?rst beads formed on 
the second plate are substantially Wave shaped. 

17. The stack as de?ned in claim 11, Wherein the ?rst 
beads formed on the ?rst plate and the ?rst beads formed on 
the second plate are substantially dome shaped. 

18. A stack for a heat exchanger comprising: 
a plurality of plates having ?rst surfaces and second 

surfaces, the second surfaces including a laterally out 
Wardly extending lip and a plurality of spaced apart ?rst 
beads formed thereon, the ?rst surfaces including a 
plurality of spaced apart second beads formed thereon, 
Wherein a depth of the lip is substantially similar to a 
depth of the ?rst beads, Wherein the lips of pairs of 
plates are connected and the second beads of the pairs 
of plates are connected, and Wherein a ?rst plurality of 
?oW passages is formed betWeen the ?rst surfaces of 
adjacent plates, and a second plurality of ?oW passages 
is formed betWeen the second surfaces of adjacent 
plates. 

19. The stack as de?ned in claim 17, Wherein the ?rst 
beads formed on the ?rst plates and the second beads formed 
on the ?rst plates are integrally formed on the ?rst plates, 
and the ?rst beads formed on the second plates and the 
second beads formed on the second plates are integrally 
formed on the second plates. 

20. The stack as de?ned in claim 18, Wherein the ?rst 
plates and the second plates include a ?rst aperture formed 
at ?rst ends thereof and -a second aperture formed at second 
ends thereof, Wherein the ?rst apertures and the second 
apertures are in ?uid communication With a heat exchanger 
tank, and Wherein the ?rst plates and the second plates 
include at least one ?rst channel in ?uid communication 
With the ?rst apertures and the ?rst plurality of ?oW pas 
sages, and at least one second channel in ?uid communica 
tion With the ?rst plurality of ?oW passages and the second 
apertures. 


