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This invention relates to heat exchanger apparatus and 
more particularly to a heat exchanger including a plurality 
of contiguous tube plates having upstanding walls and 
cover plates forming duct-type headers which may be 
joined together on their low-temperature walls. 

In the liquid air cycle engine of an aircraft, liquid 
hydrogen is passed through a heat exchanger in order to 
liquify incoming ambient air for use as an oxidantasuch 
heat exchangers are subject to large temperature gradients 
which result in high stresses warranting the use of heavy 
material, but must, on the other hand, be as light as pos 
sible to lessen the Weight of the aircraft, 

In conventional heat exchangers employing a single tube 
plate and a single header for a number of rows of heat 
exchanger tubes, the header produces large forces which 
cause the tube sheet to bend so that the inner tubes are 
in compression and the outer tubes are in tension. To pre 
vent this, a rather heavy tube plate must be utilized and 
the thin tubes must be welded to the heavy plate. In such 
a construction, the stress concentration will always be in 
the thin tube rather than in the heavy tube plate. Also, 
a thick tube plate will not give readily to permit changes 
in the length of the tubes because of changing tempera 
tures. A thin tube plate has been utilized in other types 
of conventional heat exchangers where the pressures on 
opposite sides of the tube plate are equal, but the outer 
pressure wall must be heavy to contain the pressures so 
that no saving in weight will result. Also, in this structure, 
the cold coolant passing through the header causes it to 
contract. However, since the tube plate is not responsive 
to the cold coolant, it does not change dimension appreci 
ably and thus, the tubes are bent upon a change in dimen 
sion of the header. 

In the heat exchanger design of the present invention, 
not only are separate tube plates used for each row of 
tubes, but individual cover plates are also used and are 
joined to the tube plates by sidewalls forming headers 
which constitute separate, closed ducts for each row of 
tubes. These ducts are joined together only along their 
outer, low-temperature walls. With this design, the pres 
sure stresses are uniformly distributed symmetrically 
about the tubes. The stress in the tube plate caused by 
multidirectional pressure duct loads will be equally dis 
tributed around the end of each single tube of each single 
row. Also, because of the internal pressure acting on the 
tube plate for each single row, each of the tubes will be 
only in tension since none of the bending or compressive 
forces described in the prior devices are present. Closing 
the headers with an outer, low temperature plate or wall 
which is not subjected to the internal heat within the heat 
exchanger permits welding so that a side passage structure 
can be welded to the top plate in order to transmit the 
loading to the cooler plates instead of to the inner, high— 
temperature plates. 

In view of the foregoing factors and conditions charac 
teristic of light weight heat exchangers, it is a primary 
object of the present invention to provide a new and 
improved heat exchanger not subject to the disadvantages 
enumerated above and having a plurality of contiguous 
tube plates including upstanding walls forming a closed 
duct with a contiguous cover plate especially designed 
and connected together on their low-temperature walls 
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in such a manner that loading on the plates and tubes 
will be minimized. 

Another object of the invention is to provide a heat 
exchanger of the type described wherein pressure stresses 
are uniformly distributed symmetrically about the heat 
exchanger tubes. 

Still another object of the invention is to provide a heat 
exchanger of the type described wherein the heat ex 
changer tubes are not subject to bending or compressive 
forces induced by loads from the tube plate. 
A further object of this invention is to provide a heat 

exchanger of the type described wherein the heat ex 
changer headers are closed by a top plate which is not 
subjected to the internal heat within the heat exchanger. 
Another object of the invention is to provide a heat 

exchanger having a plurality of contiguous cover plates 
forming outer, low-temperature walls, a plurality of con 
tiguous tube plates forming inner, high-temperature walls, 
upstanding, impervious side walls connecting a longitudi 
nal edge of each tube plate to a corresponding superjacent 
edge of each cover plate to form a closed duct, and means 
for a?ixing a plurality of closed ducts together in side-by 
side, abutting relationship in such a manner that they will 
have a rigid connection along the outer, low-temperature 
walls and remain unconnected along their inner, high 
temperature walls. 

These and other more speci?c objects will appear upon 
reading the following speci?cation and claims and upon 
considering in connection therewith the attached drawings 
to which they relate. 

Referring now to the drawings in which preferred em 
bodiments of the invention are illustrated: 
FIGURE 1 is a perspective view, with parts broken 

away, of a heat exchanger tube and header assembly of 
the invention; 
FIGURE 2 is a partial view, in perspective, of two tube 

and header assemblies joined together by welding; 
FIGURE 3 is a partial View, in perspective, of two tube 

and header assemblies joined together by a ?at lip; 
FIGURE 4 is a partial view, in perspective, of two tube 

and header assemblies joined together by upright joining 
strips; 
FIGURE 5 is a partial view, in perspective, of two tube 

and header assemblies joined together by an offset lip; and 
FIGURE 6 is a perspective view, with parts broken 

away of a heat exchanger assembly. 
Referring again to the drawings, a heat exchanger 

assembly, constituting the present invention, generally 
designated 10 (FIGURE 6), includes a plurality of in 
dividual tube and header assemblies 11 (FIGURE 1) 
having upper and lower headers 12 and 14, respectively. 
A plurality of tubes 16 place the headers 12 and 14 in 
hydraulic communication with each other. The individual 
tube and header assemblies 11 are joined together in 
a manner to be hereinafter described and are connected 
to a fluid supply duct 17 which brings a ?uid, such as 
air, into heat exchange relation with the tube and header 
assemblies 11. Fluid is admitted to the supply duct 17 
through an inlet conduit 17a. 
Each header 12 and 14 includes a tube plate or high 

temperature inner wall 18, a pair of upstanding sidewalls 
20 and 21, respectively, and a cover plate or low-tempera 
ture outer wall 22. Each tube plate 18 includes tube 
receiving apertures 19 into which an end of the tube 16 
is placed so that the upper header 12 may be joined to 
the lower header 14 to form the integral tube and header 
assembly 11 which may be used as an elemental heat 
exchanger unit. A number of these elemental units 11 
may be combined, in a manner to be hereinafter de 
scribed, to constitute a complete heat exchanger. The 
ends of the tubes 16 may be retained in the apertures 19 
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by any suitable means such that tensile separation loads 
of the headers 12 and 14 will be transmitted by the 
tubes 16. 

In the embodiment shown in FIGURE 1, the cover 
plate 22 includes an integral, longitudinally extending, 
lip 23 which is offset upwardly in such a manner that a 
plurality of heat exchanger headers and tube assemblies 
11 can be placed in side-by-side, abutting relationship, 
and rigidly connected together by means of the lip 23. 
The sidewalls 2t} and 21 of this embodiment include 
inturned ?anges 24 and 25 to which the cover plate 22 
is rigidly a?‘ixed. 

Referring now to FIGURE 2, an extruded header 12a 
includes a tube plate 18a, upstanding sidewalls 20a and 
21a, and a cover plate 22a which form unitary, rec 
tangular ducts. The tube plate 18a includes apertures 19:: 
which receive one end of the tubes 16a. In this embodi 
ment, a plurality of tube and header assemblies 11a may 
be joined together along their low-temperature walls 
22a by welding, as shown. 
The embodiment of the invention shown in FIGURE 

3 includes a tube plate 185, upstanding Walls 2% and 
21b, and a cover plate 22b. The wall 2% is substantially 
straight and the wall 21b includes an in-turned ?ange 
25b. The cover plate 22b includes a longitudinally ex 
tending, down-turned ?ange 26b adapted to abut the 
upper, inner edge of Wall 20b and is rigidly at?xed there 
to. The plate 22b is supported by the in-turned ?ange 
25b and may be secured thereto by any suitable means, 
not shown. The plate 22b is wider than the tube plate 
181; so that the longitudinal edge remote from ?ange 26b 
extends beyond the wall 21b forming a flat lip 23b which 
serves as the joining strip to join a plurality of header 
and tube assemblies 1115 together along their outer, low 
temperature walls 22b. 
The embodiment shown in FIGURE 4 includes an ex 

truded header 120 having a tube plate 13c, sidewalls Ztlc 
and 210, and an integral top plate or low-temperature 
wall 220. Upstanding ?anges 230 include bolt receiving 
apertures 26c and constitute joining strips for joining a 
plurality of tube and header assemblies 11c together 
along their low-temperature walls 22c by means of bolts 
270. 
The embodiment shown in FIGURE 5 includes an 

extruded header 12d having an integral bottom plate 
18d, sidewalls 20d and 21d and a top plate 22d. A plu 
rality of tube and header assemblies 11d are joined to 
gether by means of an integral, stepped lip 23d. 

Referring again to FIGURE 6, a plurality of tube and 
header assemblies 11d are joined together in side-by—side, 
abutting relationship by rigidly connecting the lip 23d 
of one assembly 11d to the low-temperature wall 22d of 
and adjacent tube and header assembly lid to form a 
heat exchanger cell 29. 
An end plate 39 is used to seal each end of the heat 

exchanger cell 29 and the individual tube and header 
assemblies list are placed in hydraulic communication 
with each other through alternating inlet and outlet mani 
folds 31 and 32, respectively. A coolant inlet conduit 
34 is connected to a ?rst inlet manifold 31a through 
nipples 36 and a spent coolant outlet conduit 38 is con 
nected to the end outlet manifold 32a by means of nipples 
40. A series of U-bends 42 connect the intermediate mani 
folds 31b and 32b together. 
The heat exchanger cell 29 is placed in a heat exchanger 

system by enclosing it in the ?uid supply duct 17. The 
duct 17 is attached to the cell 29 by rigidly affixing the 
edges of the duct 17 to the low temperature Walls 22d, 
only. The walls 22d then carry the multidirectional pres 
sure duct loads. With this construction, the inner, high 
temperature walls 18d carry tube loads, only. 

In operation, a suitable coolant such as liquid hydrogen, 
flows into the heat exchanger cell 29 through the con 
duit 34 and circulates back and forth through the inlet 
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4 
and outlet manifolds 31 and 32 and is discharged from 
the cell through outlet conduit 38. 
The ?uid to be cooled is admitted to the supply duct 

17 through its inlet conduit 17a, passes around the tubes 
11d losing heat to the coolant, and then leaves the system 
through an outlet conduit, not shown. 

While the particular heat exchangers herein shown and 
described in detail are fully capable of obtaining the 
objects and providing the advantages hereinbefore stated, 
it is to be understood that they are merely illustrative of 
the presently preferred embodiments of the invention and 
that no limitations are intended to the details of con 
struction or design herein shown other than as de?ned in 
the appended claims. 
We claim: 
1. A heat exchanger comprising: 
a heat exchanger cell including a plurality of tube and 

header assemblies having outer, low-temperature 
walls forming closed ducts with inner, high-tempera 
ture walls, said tube and header assemblies being 
rigidly joined together only along their outer, low 
temperature walls in side-by-side, abutting relation 
ship; 
sealed duct housing said cell, said sealed duct being 
rigidly a?ixed to said cell only along said outer 
low-temperature walls; 

means placing said tube and header assemblies in 
hydraulic communication with each other; 

first conduit means for admitting coolant to, and with 
drawing spent coolant from, said cell; and 

second conduit means for circulating a ?uid to be 
cooled through said sealed duct into heat exchanger 
relation with said cell. 

2. A heat exchanger capable of withstanding high struc 
tural stress resulting from large temperature gradients 
comprising: 

a plurality of elemental heat exchanger units, each 
unit comprising a plurality of tubes connecting be 
tween two longitudinally extending headers at 
opposite ends thereof, 

each header comprising a duct having an outer wall 
and a tube plate containing tube receiving apertures 
in which the ends of said tubes are separately 
received to join two of said headers, 

the headers at each end of said units being assembled 
in side-by-side, abutting relationship to form closed 
sides at opposite ends of said tubes, the ?uid flowing 
over said tubes producing a temperature differential 
between said tube plates and said outer walls, and 

means for rigidly securing each adjacent pair of headers 
together solely at the outer walls of the headers 
in order to distribute stresses symmetrically about 
the tubes. 

3. A heat exchanger capable of withstanding high struc 
tural stress resulting from large temperature gradients 
comprising: 

a plurality of elemental heat exchanger units, each unit 
comprising a plurality of tubes connecting between 
two longitudinally extending headers at opposite 
ends thereof, 

each header comprising a tube plate, a pair of side 
walls and an outer cover wall to form a ?uid duct, 
each of said tube plates containing tube receiving 
apertures in which the ends of said tubes are sepa 
rately received to join said two headers, 

the headers at each end of said units being assembled 
with the side walls thereof positioned adjacent to 
one another to form closed sides at opposite ends 
of said tubes, the rfluid ?owing over said tubes 
producing a temperature differential between said 
tube plates and said cover Walls, and 

reans for rigidly securing each adjacent pair of headers 
together solely at the outer cover walls of the headers 
in order to distribute stresses symmetrically about 
the tubes. 
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4. A heat exchanger as de?ned in claim 3 wherein said 
tube plates are a higher temperature than said cover 
walls so that the loading stress on said heat exchanger 
is carried by the low-temperature cover walls. 

5. A heat exchanger as de?ned in claim 3 wherein said 
securing means comprises a weld between adjacent edges 
of said cover walls. 

6. A heat exchanger as de?ned in claim 3 wherein 
said securing means comprises an outwardly, angularly 
extending ?at lip on one edge of each of said cover walls 
overlapping and secured to the cover wall of an adjacent 
header. 

7. A heat exchanger as de?ned in claim 3 wherein said 
securing means comprises, 

upstanding ?anges at opposite edges of each of said 
cover walls, and 

means for securing adjacent ?anges together along the 
lengths thereof. 

6 
8. A heat exchanger as de?ned in claim 3 wherein 

said securing means comprises, ‘ 
an outwardly extending, stepped lip on one edge of 

each of said cover walls overlapping and secured 
5 to the cover wall of an adjacent header. 
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