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ABSTRACT: A counter?ow heat exchanger of the Z-flow or 
U-?ow type in which the ?ow passage heights of each ?uid are 
varied so as to minimize pressure drop. 
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COUNTERFLOW I-IEA'll‘ EXCHANGER 

BACKGROUND OF THE INVENTION 

A counter?ow heat exchanger has the most ef?cient flow 
arrangement in that it most e?iciently utilizes the available 
temperature differential between the two working ?uids. This 
type of ?ow arrangement is, however, especially awkward to 
manifold, particularly in a gas-to-gas heat exchanger. 
One end section treatment for a gas-to‘gas counter?ow heat 

exchanger that has been developed to facilitate manifolding is 
the so-called Z-?ow con?guration. In the Z-?ow heat 
exchanger, two ?uids ?ow in adjacent uniform height passages 
separated by plates and closed by bars located as required at 
the edges of the passages. The ?rst ?uid ?ows directly across 
the heat exchanger from one manifold to a manifold on the 
opposite side of the heat exchanger. The second ?uid enters 
the heat exchanger at a right angle to the ?ow of the ?rst ?uid, 
is the directed counter to the flow of the ?rst ?uid and ?nally 
out the opposite side of the heat exchanger again at a right 
angle to the ?ow of the ?rst ?uid. These changes in direction 
of the ?ow of the second ?uid give rise to the Z-?ow designa 
tion. ‘ 

Since however, the cross?ow sections (at right angles) of 
the Z-?ow heat exchanger are inherently long and narrow, the 
pressure drop of the second ?uid in these sections is excessive. 
Attempts to reduce the pressure drop in these sections have 
resulted in decreasing the counter?ow character of the heat 
exchanger (hence its efficiency) and/or excessive increases in 
the pressure drop for the ?rst ?uid. 
Other counter?ow heat exchanger con?gurations, such as 

the U-?ow type in which one of the ?uids ?ows in a substan 
tially U-shaped pattern, are likewise faced with the same in 
herent problems as the Z-shaped con?guration. 

SUMMARY OF THE INVENTION 

The present invention is an improved counter?ow heat 
exchanger which reduces the pressure drop through the cross 
?ow sections of the heat exchanger without reducing the 
counter?ow nature of the heat exchanger or introducing ex 
cessive pressure drops elsewhere in the heat exchanger. The 
height of the Z-?ow or U-?ow passages is varied to provide a 
greater height in the cross?ow sections than in the counter 
?ow section. The height of the corresponding straight~through 
?ow passages is likewise varied to compensate for the height 
variations in the Z-?ow or U-?ow passages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of the assembled heat 
exchanger of the present invention. 

FIG. 2 is a perspective view of a single Z-?ow passage of the 
assembled heat exchanger of FIG. 1. 

FIG. 3 is a perspective view of a single straight-through flow 
passage of the assembled heat exchanger of FIG. 1. 

FIG. 4 is an enlarged partial section view of the assembled 
heat exchanger of FIG. I taken along line 4-4 of FIG. 1. 

FIG. 5 is a schematic plan view of the assembled heat 
exchanger of FIG. 1 illustrating the ?uid manifolding. 

FIG. 6 is a perspective view of a modi?ed Z-?ow passage. 
FIG. 7 is a perspective view of a modi?ed straight-through 

?ow passage complementary to the Z-?ow passage of FIG. 6. 
FIG. 8 is a perspective view,- partially cut away of an al 

ternate assembled heat exchanger of the present invention. 
FIG. 9 is an enlarged partial sectionview of the assembled 

heat exchanger of FIG. 8 taken along line 9-9 of FIG. 3. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An assembled counter?ow heat exchanger of the present in 
vention is illustrated in FIG. I. This heat exchanger I0 com 
prises a series of alternate Z-?ow passages, 12 and straight 
through ?ow passages 14. The plurality of passages 12 and I4 
are assembled between a heat exchanger top plate 16 and bot 
tom plate I8. The entire assembly I0 may be brazed together 
by conventional brazing techniques. 

2 
A single Z-?ow passage is shown in FIG. 2. This passage in 

cludes a triangular cross?ow inlet section 22 having ?ns 24 
running in the direction of ?uid ?ow, a parallelogram counter 
?ow section 26 having offset corrugated ?ns 28 and a triangu 
lar cross?ow outlet section 30 having ?ns 32 in the direction 
of ?uid ?ow. As indicated, the height of the cross?ow sections 
22 and 30 is greater than the counter?ow section 26. An inlet 
header bar 34 closes the inlet end of the passage except for the 
cross?ow inlet section 22 while an outlet header bar 36 closes 
the outlet end of the passage except for the cross?ow outlet 
section 30. Side header bars 38 and 40 extend along both sides 

' of the passage. A passage separator plate 42 is shown over the 
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passage. to serve as a means to separate ?ow in adjacent 
passages. 

FIG. 3 illustrates a single straight-through ?ow passage 
which includes a triangular cross?ow inlet section 44 having 
?ns 46 extending in the direction of ?uid ?ow, a central paral 
lelogram counterflow section 4% with offset corrugated ?ns 
50, and a triangular cross?ow outlet section 52 having ?ns 54 
in the direction of ?uid ?ow. The triangular inlet section 44, 

‘ centralparallelogrant section 48, and triangular outlet section 
52 of the straight-through ?ow passage are adapted to cor 
respond to the cross?ow outlet section 30, parallelogram 
counter?ow section 26 and cross?ow inlet section 22 respec 
tively of the Z-?ow passages. Accordingly, the two triangular 
sections 44 and 52 are not as high as the central section 48 so 
as to accommodate the greater height of the cross?ow sec 
tions 22 and 30v of the Z-?ow passage when passages 12 and I4 
are assembled into the heat exchanger 10. A passage separator 
plate 56 would be required between the top of the straight 
through ?ow passage 14 and the bottom of the adjacent Z 
?ow passage 12. End header bars 58 and 60 extending across 
the entire end are also required for the straight-through ?ow 
passage. 
The heat exchanger 10 is formed of a stack of alternating 

passages 12 and I4 separated by plates 42 and 56. The varying 
heights of the respective passage sections are shown in FIG. 4. 
While not required, the hot ?uid to be cooled will normally 
?ow through the Z-?ow passage 12 while the coolant will nor 
mally ?ow through the straight-through passage 14. 

Manifolding for the heat exchanger 10 is conventional for a 
Z-type heat exchanger as shown schematically in FIG. 5. The 
Z-?ow inlet manifold 62 which receives a heated ?uid to be 
cooled communicates with the inlet cross?ow section 22 of 
the stacked Z~?ow passages 12. The heated ?uid is prevented 
from entering the stacked straight-through passages 14 by the 
end header bars 60. The heated ?uid proceeds through the 
cross?ow inlet section 22 which distributes the ?uid at various 
points to the counterflow section 26 which in turn passes the 
then cooled ?uid to the cross?ow outlet section 30. A Z-?ow 
outlet manifold 64 collects the ?uid from the Z-?ow outlet 
sections 30 of the stacked Z-?ow outlet passages 12. The coo 
lant ?ows from the straight-through ?ow inlet manifold 66 
through the straight-through ?ow passages 14, then out the 
straight-through ?ow outlet manifold 68. 

Since the cross?ow inlet and outlet sections 22 and 30 are 
relatively long and narrow, the ?ns therein, 24 and 32 are rela 
tively nonrestrictive and the height of these two sections has 
been increased relative to the counter?ow section 26 which 
includes more extensive ?ns 28 designed for greater heat 
transfer. The triangular sections 44 and 52 of the straight 
through passages 14 likewise have less restrictive ?ns 46 and 
54 than the ?ns 50 in the central parallelogram section 48. _ 
A modi?ed Z-?ow type heat exchanger can be formed of al 

ternate passages of the Z-?ow passage of FIG. 6 and the 
straight-through ?ow passage of FIG. 7. In this variation the 
counter?ow sections 26' and 48' respectively are substantially 
rectangular rather than con?gured as a parallelogram. This 
embodiment provides a somewhat greater counter?ow heat 
exchanger area than the basic Z-?ow con?guration of FIGS. 2 
and 3. ' ' 

In the Z-?ow passage of FIG. 6, the height of the cross?ow 
sections 22' and 30' having ?ns 24' and 32' respectively is 
greater than the counter?ow section 26' having ?ns 28'. 
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Header bars 26', 36', 38', and 40' are provided as in the basic 
Z-?ow con?guration. 

Likewise, the straight-through ?ow passage includes a coun 
ter?ow section 48’ having ?ns 50' whose height is greater than 
the cross?ow section 44' and 52' having ?ns 46’ and 54’ 
respectively. Also headers 58' and 60' are provided. 
An alternate end section treatment for a counter?ow heat 

exchanger is the so-called U-?ow con?guration illustrated in 
FIGS. 8 and 9. The heat exchanger is comprised of an alternat 
ing stacked series of U-?ow passages 72 and straight-through 
?ow passages 74. 
The straight-through ?ow passage 74 comprises a triangular 

cross?ow inlet section 76 having ?ns 78 extending in the 
direction of ?uid ?ow, a central rectangular counter?ow sec 
tion 80 with offset corrugated ?ns 82 and a triangular cross 
?ow outlet section 84 having ?ns 86. End header bars 85 and 
87 extend across the front and back respectively of each 
passage 74. 
The U-?ow passage 72 includes a triangular cross?ow inlet 

section 88 having ?ns 90 extending in the direction of ?uid 
?ow, a central rectangular counter?ow section 92 having off 
set corrugated ?ns 94 and a triangular cross?ow outlet section 
96 having ?ns 98 in the direction of the ?uid ?ow. lnlet side 
header bar 100, end header bars 104, and outlet side header 
bar 102 together with passage separator plates 108 and 110 
con?ne the ?uid ?ow to the individual passages. A top plate 
106 and bottom plate (not shown) con?ne the stacked 
passages of the heat exchanger. 
As clearly indicated in FIG. 9, the height of the cross?ow 

inlet and outlet sections 90 and 98 of the U-?ow passage 72 is 
greater than the height of the counter?ow section 92 of this 
passage. correspondingly, the cross?ow sections 76 and 84 of 
the straight-through passage 74 have a lesser height than the 
central counter?ow section 80. Manifolding of the U-?ow 
con?guration would be similar to that for the Z-flow con?gu 
ration except that both the inlet and outlet manifold for the U 
?ow passages will be at the same end of the heat exchanger 
rather than at opposite ends. 
The counter?ow heat exchangers described above reduces 

the pressure drop of the ?uid in previously high pressure drop 
sections of the heat exchanger without signi?cantly decreasing 
the counter?ow nature of the heat exchanger or excessively 
increasing the pressure drop in other of the heat exchanger 
sections. 
While speci?c embodiments of the invention have been il 

lustrated and described, it is to be understood that these em 
bodiments are provided by way of example only and that the 
invention is not to be construed as being limited thereto, but 
only by the proper scope of the following claims. 
We claim: 
1. A heat exchanger comprising: 
a plurality of ?rst formed plates having a raised central por 

tion; 
a plurality of second formed plates having a depressed cen 

tral portion corresponding to the raised central portion of 
said ?rst formed plates; 

said ?rst formed plates and said second formed plates al 
ternately disposed in a spaced, substantially parallel, rela 
tion to alternately form ?rst ?uid ?ow passages and 
second ?uid ?ow passages in a heat transfer relationship; 

said ?rst passages having an upper ?rst formed plate and a 
lower second fonned plate to form an inlet section, an 
outlet section, and central section, said central section 
formed by the raised central portion of said upper ?rst 
formed plate and the depressed central portion of said 
lower second formed plate to have a ?ow height greater 
than the inlet and outlet sections; 

said second passages having an upper second formed plate 
and a lower ?rst formed plate to form an inlet section in a 
cross?ow heat transfer relationship with the outlet sec 
tion of said ?rst passages, an outlet section in a cross?ow 
heat transfer relationship with the inlet section of said 
?rst passages, and a central section in a counter?ow heat 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

4 
transfer relationship with the central section of said ?rst 
passages, said central section of said second passages 
formed by the depressed central portion of said upper 
second formed plate and the raised central potion of said 
lower ?rst formed plate to have a ?ow height less than the 
inlet and outlet sections of said second passages. 

2. The heat exchanger of claim 1 wherein the combined 
?uid ?ow height of the ?rst passage inlet section plus the 
second passage outlet section equals the combined ?uid ?ow 
height of the ?rst passage central section plus the second 
passage central section equals the combined ?uid ?ow height 
of the ?rst passage outlet section plus the second passage inlet 
section. 

3. The heat exchanger of claim 1 wherein said inlet and out 
let sections of said ?rst and second passages are substantially 
triangular and said central sections of said ?rst and second 
passages are substantially parallelogrammic. 

4. The heat exchanger of claim 3 wherein said central sec 
tions of said ?rst and second passages are substantially rectan 
gular. 

5. The heat exchanger of claim 3 wherein the ?uid ?ow in 
said ?rst passages is substantially straight through and the ?uid 
?ow in said second passage 5 is substantially U-shaped 

6. The heat exchanger of claim 14 wherein said central sec 
tions of said ?rst and second passages are substantially rectan 
gular. 

7. The heat exchanger of claim 14 wherein the ?uid ?ow in 
said ?rst passages is substantially straight through and the ?uid 
?ow in said second passages is substantially U-shaped. 

8. The heat exchanger of claim 3 wherein the ?uid ?ow in 
said ?rst passages is substantially straight through and the ?uid 
?ow in said second passages is substantially Z-shaped. 

9. The heat exchanger of claim 8 wherein the inlet, outlet, 
and central sections of said ?rst and second passages include 
heat transfer surfaces disposed therein, said heat transfer sur 
faces in said central sections substantially more restrictive to 
?uid ?ow than the heat transfer surfaces of said inlet and out 
let sections. 

10. A heat exchanger comprising: 
a plurality of substantially rectangular ?rst formed plates 

having a raised parallelogrammic central portion; 
a plurality of substantially rectangular second formed plates 

having a depressed parallelogrammic central portion cor 
responding to the raised central portion of said ?rst 
formed plates, 

said ?rst formed plates and said second formed plates al_ 
ternately disposed in a spaced, substantially parallel, rela 
tion to alternately form ?rst ?uid ?ow passages and 
second ?uid ?ow passages in a heat transfer relationship; 

said ?rst passages having an upper ?rst formed plate and a 
lower second formed plate to form a triangular inlet sec 
tion, a triangular outlet section, and a parallelogrammic 
central section, said central section formed by the raised 
parallelogrammic central portion of said upper ?rst 
formed plate and the depressed parallelogrammic central 
portion of said lower formed plate to have a ?ow height 
greater than the inlet and outlet sections, said ?rst 
passages including edge closure elements disposed 
between said upper ?rst formed plate and said lower 
second formed plate at the two short sides thereof; 

said second passages having an upper second formed plate 
and a lower ?rst formed plate to form a triangular inlet 
section in a cross?ow heat transfer relationship with the 
triangular outlet section of said ?rst passages, a triangular 
outlet section in a cross?ow heat transfer relationship 
with the triangular inlet section of said ?rst passages, and 
a parallelogrammic central section in a counter?ow heat 
transfer relationship with the parallelogrammic central 
section said ?rst passages, said second passage central 
section formed by the depressed parallelogrammic cen 
tral portion of said upper second formed plate and the 
raised parallelogrammic central portion of said lower ?rst 
formed plate to have a ?ow height less than the inlet and 
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outlet section of said second passages, said second 
passages including long side edge closure elements 
disposed between the two long side edges of said upper 
second formed plate and said lower ?rst formed plate and 
short side edge closure elements disposed between a por 
tion of each of the two short side edges of said upper 
second formed plate and said lower ?rst formed plate. 

II. The heat exchanger of claim 10 and in addition a ?rst 
passage inlet manifold disposed along the inlet section long 
side of said ?rst passages to provide ?uid to said ?rst passage 
inlet sections, a ?rst passage outlet manifold disposed along 
the outlet section long side of said ?rst passages to receive 
?uid from said ?rst passage outlet sections, a second passage 
inlet manifold disposed along the portion of the inlet section 
short side of said second passages not closed by the short side 
edge closure elements to provide ?uid to said second passage 
inlet sections, and a second passage outlet manifold disposed 
along the portion of the outlet section short side of said second 
passages not closed by the short side edge closure elements to 
receive ?uid from said second passage outlet sections. 

12. A heat exchanger comprising: 
a plurality of ?rst ?uid passages for the flow of a ?rst ?uid; 
a plurality of second ?uid passages for the ?ow of a second 
?uid at a temperature different from said ?rst ?uid, said 
second ?uid passages alternating with said ?rst passages 
in a heat transfer relationship in the heat exchanger; 

said ?rst ?uid passages having an inlet section at one end, an 
outlet section at the other end and an central section 
disposed between said inlet and outlet sections, said cen 
tral section having a flow height greater than the inlet and 
outlet sections; 
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6 
said second ?uid passages having an inlet section in a cross 
?ow heat transfer relationship with the outlet section of 
said ?rst passages, an outlet section in a cross?ow heat 
transfer relationship with the inlet section of said ?rst 
passages, and a central section in a counter?ow heat 
transfer relationship with the central section of said ?rst 
passages, said second passage central section having a 
?ow height less than the inlet and outlet sections of said 
second passages. 

13. The heat exchanger of claim 12 wherein the combined 
?uid ?ow height of the ?rst passage inlet section plus the 
second passage outlet section equals the combined ?uid ?ow 
height of the ?rst passage central section plus the second 
passage central section equals the combined ?uid ?ow height 
of the ?rst passage outlet section plus the second passage inlet 
section. 
M. The heat exchanger of claim 12 wherein said inlet and 

outlet sections of said ?rst and second passages are substan 
tially triangular and said central sections of said ?rst and 
second passages are substantially parallelogrammic. 

15. The heat exchanger of claim 14 wherein the ?uid ?ow in 
said ?rst passages is substantially straight through and the ?uid 
?ow in said second passages is substantially Z-shaped. 

H6. The heat exchanger of claim 15 wherein the inlet, out 
let, and central sections of said ?rst and second passages in 
clude heat transfer surfaces disposed therein, said heat 
transfer surfaces in said central sections substantially more 
restrictive to ?uid ?ow than the heat transfer surfaces of said 
inlet and outlet sections. 
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