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HEAT EXCHANGER CONSTRUCTION 

Frank Boni, Jr., Massillon, and Philip S. Often and Don 
aid L. Hummel, Canton, Ohio, assignors, by Inesiae 
assignments, to Baldwin-Lima-Hamilton Corporation, Philadelphia, Pa., a corporation of Pennsylvania 

Filed July 3, 1959, Ser. No. 824,861 
1. Claims. (C. 65-158) 

Our invention relates to improvements in heat ex 
changer constructions and more specifically to heat ex 
changer constructions preferably for use as steam genera 
tors. Even more specifically, our invention relates to heat 
exchanger constructions having improved heat transfer 
efficiency in a heat exchanger of minimum size and par 
ticularly with high-temperature differentials. 
Many problems have been encountered in prior con 

structions of heat exchangers, one of which may be pres 
ent where spaced tube sheets are provided in a heat ex 
changer shell supporting the inlet and outlet ends of 
straight tubes. In such prior construction, when major 
temperature differentials are encountered between the 
inlet and outlet temperatures of the fluids passing through 
the tubes, these temperature differentials cause the 
straight tubes to expand, thereby causing the straight 
tubes to bow and sometimes fail. 

This problem has been somewhat minimized by the use 
of a single tube sheet with U-shaped tubes, so that the 
same tube sheet supports both the inlet and outlet ends 
of the tubes. Thus, since the U-shaped ends of these 
tubes are free, the tubes are therefore free to expand and 
contract under the high-temperature differentials. 

This prior construction, however, creates a new prob 
lem, that is, the setting up of high stresses in the single 
tube sheet between the portions of the tube sheet Sup 
porting the inlet ends of the tubes and the portions of the 
tube sheet supporting the outlet ends of the tubes, again 
where major temperature differentials are encountered. 
This problem becomes particularly critical in modern 
heat exchanger applications because of the higher and 
higher temperatures and pressures required. 
A further problem encountered in prior heat exchanger 

constructions is the desire to provide a maximum of heat 
transfer area. This results in the number of the tubes 
being greatly increased as well as, of course, the number 
of tube connections to the tube sheets. With the greater 
number of tubes and tube connections, the velocity of the 
fluid passing through the tubes and heat exchanger shell 
has been decreased, although the total volume of the tubes 
has been increased, thereby reducing the heat transfer 
efficiency of the constructions. 

Still further, this increase in the number of tubes in an 
effort to provide a maximum of heat transfer area has re 
suited in the heat exchanger shells increasing to prohibi 
tive sizes. 

It is, therefore, desirable to provide a heat eXchanger 
construction having a minimum number of tubes and tube 
connections in order to maintain a high fluid velocity 
through the tubes and shell, resulting in a maximum of 
efficiency, yet to provide a maximum of heat transfer Sur 
face with this smaller number of tubes in a minimum of 
shell volume. 

It is also necessary, with the maximum of heat transfer 
surface using the minimum number of tubes and tube con 
nections, to maintain the tubes properly spaced so that 
the fluid entering the shell chamber and circulating around 
the tubes properly contacts all of the tube surfaces even 
ly in order to derive the maximum of heat transfer. 
For this reason, it is desirable to maintain the tubes evenly 
spaced and to direct the fluid into the shell chamber and 
against the tubes in such a manner that contact with all 
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of the tubes will be even and complete, despite the partic 
ular configurations of the tubes necessary in order to pro 
vide the maximum of heat transfer surface. 

Finally, it is desirable in a heat exchanger, particu 
larly where the two fluids involved are at temperatures 
or of compositions which result in possible explosion 
upon contact between the two fiuids within the heat ex 
changer, to provide some portion of the exchanger at all 
times in communication with at least the portions of the 
shell chamber enclosing the tubes which is properly de 
signed for rupture in the event of such interleakage and 
explosion. This will prevent damage to the major portion 
of the shell and eliminate the possibility of major destruc 
tion thereof. 

it is, therefore, a general object of the present invention 
to provide a heat exchanger construction which over 
comes the problems and difficulties hereinbefore discussed. 

It is a primary object of the present invention to provide 
a heat exchanger construction which has a maximum 
amount of heat transfer area on the heat exchanger tubes, 
yet this heat transfer area is provided with a minimum 
number of tubes in a minimum of shell volume. 

it is a further object of the present invention to pro 
vide a heat exchanger construction which incorporates a 
tube bundle which is formed from involuted serpentine 
type tubes. 

it is still a further object of the present invention to 
provide a heat exchanger construction in which the tube 
bundle includes a series of tubes, each having a straight 
tube Section connected through an involuted section to an 
involuted serpentine-type section. 

it is an additional object of the present invention to 
provide a heat exchanger construction in which separate 
ring-like inlet and outlet tube sheets are incorporated per 
mitting greater inlet and outlet temperature differentials. 

It is also an object of the present invention to provide 
a heat exchanger construction in which the tubes are 
mounted for relatively free expansion within the shell 
without creating undue stresses therein. 

It is a further object of the present invention to pro 
vide a heat exchanger construction in which the tube bun 
dle is formed for an even flow of shell fluid thereoyer, 
thereby resulting in the maximum of heat transfer effi 
ciency. 

It is another object of the present invention to provide a 
heat exchanger construction in which a minimum number 
of tubes and tube connections are used resulting in less 
resistance and greater fluid velocity, again providing a 
maximum of heat transfer efficiency. 

it is still another object of the present invention to 
provide a heat exchanger construction in which a portion 
of the shell is designed to properly rupture in the event 
of malfunction within the shell, thereby minimizing any 
possible dangers of such malfunctions. 

Finally, it is an object of the present invention to pro 
vide a heat exchanger construction which satisfies all of 
the above objects, yet is formed for a maximum of effi 
ciency in assembly thereof. 
These and other objects are accomplished by the parts, 

constructions, arrangements, combinations and subcombi 
nations comprising the present invention, the nature of 
which is set forth in the following general statement, a 
preferred embodiment of which-illustrative of the best 
mode in which applicants have contemplated applying 
the principles-is set forth in the following description 
and illustrated in the accompanying drawings, and which 
is particularly and distinctly pointed out and set forth in 
the appended claims forming a part hereof. 
The heat exchanger construction comprising the present 

invention may be stated generally as including a heat ex 
changer shell forming a shell chamber and preferably 
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positioned extending generally vertically with a shell fluid 
outlet at the lower portion of the shell communicating 
with the shell chamber and with a shell fluid inlet at an 
upper portion of the shell communicating with the shell 
chamber. Further, the construction includes tube sheet 
means in the form of preferably ring-like tube sheets 
spaced longitudinally of the shei from each other or 
spaced vertically when the she is positioned extending 
vertically, with one ring-like tube sheet preferably general 
ly having an outer diameter no larger than the inner diam 
eter of the other but spaced longitudinally therefrom. 

Still further, the construction includes a first bank of 
tube sections connected to one of the tube sheets and 
extending longitudinally within the shell, and a second 
bank of tube sections connected to the other tube sheet 
and extending at least partially in combined involuted 
and serpentine paths and overall in a longitudinal direc 
tion within the shell opposite from the direction of ex 
tension of the first bank of tube sections. These two banks 
of tube Sections are connected at an end of the shell op 
posite from the end mounting the two tube sheets by 
ineas of involuted laterally extending tube sections, so 
that from the first bank of tube sections, the tubes ex 
tend involuted laterally, then progressively longitudinal 
ly, then again involuted iaiterally, then longitudinally and 
so forth, to form the second bank of involuted serpentine 
tube sections. 

It is preferred that the first bank of tube sections is 
composed of straight longitudinally extending tube por 
tions, and this first bank may be separated from the sec 
ond bank by an insulating wall, with the banks of tubes 
being ring-like in lateral cross section and one telescoped 
within the other. Thus, due to the involuted lateral con 
nections between the first and second banks of tube sec 
tions and the involuted serpentine configuration of the 
Second bark of tube sections, all portions of the tubes are 
maintained evenly spaced at all times and provide a max 
imum of heat transfer surface and efficiency. 

Still further, the heat exchanger construction is formed 
with the shell fluid inlet directing fluid over the involuted 
Serpentine bank of tubes; and at the location of the shelt 
fluid inlet, this second bank of tubes is formed with straight 
longitudinally extending tube sections so that the fluid 
entering the shell may first circulate or pool around the 
straight longitudinally extending tube section before pass 
ing over the involuted serpentine section, thereby provid 
ing an even flow of fluid over the involuted serpentine 
section. 

Also, with the heat exchanger construction formed with 
the involuted serpentine bank of tube sections at the outer 
portions of the shell and the first straight bank of tube 
Sections telescoped and laterally inwardly of this involuted 
erpentine bank, the entire tube bundle may be sur 
rounded at spaced longitudinal locations with tube assem 
bly bands which are designed to expand and contract 
freely in a circumferential direction a predetermined 
amount. Finally, with the heat exchanger construction 
extending generally vertically, the shell is provided with 
a rupture disc at the upper portion thereof preferably 
above the ring-like tube sheets and communicating with the 
shell portions enclosing both banks of tubes for rupturing 
in the event of malfunction within the heat exchanger 
shell. 
By way of example, an embodiment of the heat ex 

changer construction of the present invention is illus 
trated in the accompanying drawings forming a part here 
of, wherein like numerals indicate similar parts through 
out the several views, and in which: - 

F.G. 1 is a fragmentary vertical sectional view, part in 
elevation, of the complete heat exchanger assembly with 
the tube bundle being represented in broken lines; 

F.G. 2, an enlarged fragmentary vertical sectional view, 
part in elevation, taken from the upper portion of FIG. 1; 

FIG. 3, an enlarged fragmentary vertical sectional view, 
part in elevation, taken from the central portion of 
FIG. 1; 
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4. 
F.G. 4, an enlarged fragmentary vertical sectional 

view, part in elevation, taken from the lower portion of 
FIG. 1; 
F.G. 5, an enlarged sectional view, part in elevation, 

looking in the direction of the arrows 5-5 in FIG. 1; 
F.G. 6, an enlarged fragmentary sectional view, part in 

elevation, looking in the direction of the arrows 6-6 in 
FIG. 1; 

FIG. 7, an enlarged fragmentary sectional view, part 
in elevation, looking in the direction of the arrows 7-7 
in FIG. 1; 
FG. 8, an enlarged fragmentary sectional view, part 

in elevation, looking in the direction of the arrows 8-8 
in F.G. 1; 

FiG. 9, a fragmentary sectional view, part in eleva 
tion, looking in the direction of the arrows 9-9 in 
FIG. 5; 

FIG. 10, an enlarged fragmentary sectional view, part 
in elevation, looking in the direction of the arrows 10-0 
in FIG. 5; 

FIG. 11, a top plan view of one of the tube bundle 
bands removed from the remainder of the heat exchanger 
construction; 

F.G. 12, an enlarged fragmentary side elevation, look 
ing in the direction of the arrows 2-12 in FIG. 11; and 

FiG. 13, an enlarged fragmentary sectional view, part 
in elevation, looking in the direction of the arrows 3-13 
in FG 11. 
The particular embodiment of the heat exchanger con 

Struction of the present invention shown in the drawings 
is for use principally as a steam generator with water 
flowing through the tube bundle and being transformed 
therein into steam by a heating medium, such as liquid 
Sodium, circulating through the heat exchanger shell. It 
should be understood, however, that the particular en 
bodiment shown is not intended as a limitation, and the 
principles of the present invention can be applied to many 
forms of heat exchangers with slight modification, if any. 
As shown in F.G. 1 of the drawings, the embodiment 

of the heat exchanger shown in the drawings includes a 
heat exchanger shell, generally indicated at 20, prefer 
ably generally hollow cylindrical in configuration and 
forming the shell chamber, generally indicated at 21. The 
shell 20 is preferably positioned with its longitudinal axis 
extending generally vertically and having a pair of lateral 
ly oppositely disposed fluid inlet connectors 22 formed 
in the hollow cylindrical shell side wall 23 intermediate 
the height thereof and communicating with the shell 
chamber 28. 
The lower end of shell 20 is provided with a lower 

head 24 connected to and extending downwardly from 
the side Wall 23 and mounting centrally thereof a shell 
fluid outlet connector 25, likewise communicating through 
the lower head 24 and with the shell chamber 25. A 
Series of mounting flanges 26 are connected to the outer 
shell side wall 23 intermediate the height of this side wall, 
as shown in FIG. 1, and these mounting flanges 26 are 
for use in supporting the heat exchanger construction in 
a desired steam generating installation in a conventional 
ac. - 

Mounted at the upper end of the shell side wall 23 and 
extending generally laterally or radially inwardly is the 
ring-like steam manifold plate 27 which is connected to 
the side wall 23 by a ring of bolts 28 and preferably abuts 
the side wall 23 in a tongue and groove connection, as 
indicated at 29. The steam manifold plate 27 terminates 
laterally or radially inwardly in a central opening 30, 
and this plate at the upper surface 31 is provided with the 
longitudinally extending and laterally or radially spaced 
ring-like flanges 32 and 33. 

Overlying the flanges 32 and 33 is the laterally extend 
ing ring-like steam manifold cover 34 which is secured to 
the flanges 32 and 33 by means of a ring of bolts 35 se 
Cured to the flange 32 and a ring of bolts 35a secured to 
the flange 33. Thus, a closed steam manifold 36 is de 
fined by the steam manifold plate 27, the flanges 32 and 
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33 and the manifold cover 34, and the usual tube outlet 
connectors 37 and 38 are mounted on the manifold cover 
34 in coimmunication with the manifold 36 through the 
manifold cover 34. 
A hollow cylindrical extension 39 is connected to the 

Steam manifold plate flange 33 extending longitudinally 
upwardly laterally inwardly of cover 34 and terminating 
spaced thereabove at the water manifold plate 40 and 
preferably integrally therewith. The water manifold plate 
40, similar to the steam manifold plate 27, is generally 
ring-like in configuration extending laterally inwardly 
from the extension 39 and terminating laterally inwardly 
in the circular opening 4i. 

Also, similarly, the longitudinally upwardly extending 
laterally spaced ring-like flanges 42 and 43 are mounted 
on the Water manifold plate upper surface 44 and receive 
the laterally extending ring-like water manifold cover 45 
thereover, forming the ring-like water manifold 46. The 
manifold cover 45 is likewise retained on the flanges 42 
and 43 by the ring of bolts 47 received in the flange 42 and 
the ring of bolts 48 received in the flange 43, and this 
cover mounts the tube inlet connector 49 thereon com 
municating through the cover with the water manifold 46. 

Thus, the members forming the steam manifold 36 ex 
tend laterally or radially outwardly from the extension 39, 
and the members forming the water manifold 46 extend 
radially or laterally inwardly from extension 39, so that 
the water manifold 46 has an outer diameter generally 
not greater than the inner diameter of the steam mani 
fold 36 and is spaced longitudinally or vertically there 
from. Further, a liquid level probe tube 50 may be 
mounted extending longitudinally through the steam 
manifold plate 27 laterally outwardly of the steam mani 
fold 36 and flange 32, as shown, for its usual purpose. 
A hollow longitudinally extending generally conically 

shaped extension S is connected to the water manifold 
flange 43 and extends longitudinally upwardly, laterally 
inwardly of the water manifold cover 45. Extension 51 
is connected at its upper end to the lower rupture disc 
flange 52. 

Mounted abutting the top surface of flange 52 is a lower 
?rupture disc gasket 53 which connects with an overlying 
upper rupture disc gasket 54 in tongue and groove fash 
ion, as shown at 55. Mounted between the gaskets 53 
and 54 and beginning at the tongue and groove connection 
55 is the upwardly dished rupture disc 56 having the 
shape of a spherical sector, as shown, which is a solid 
disc extending across the top of the lower rupture disc 
gasket 53 and closing the upper end of the shell cham 
ber 2. 
The upper rupture disc flange 57, as shown in FIG. 2, 

overies the gasket 54, with the flanges 53 and 57 retain 
ing the rupture disc 56 and gaskets 53 and 54 in assembled 
position by means of a ring of bolts 58. Finally, a gen 
erally hollow cylindrical extension 59 is mounted on the 
upper rupture disc flange 57 extending upwardly and 
mounting the usual connecting flange 60. 
A generally hollow cylindrical shroud extension 61 is 

attached abutting the inner cylindrical surface of the 
steam manifold plate 27 within the opening 30 and ex 
tending longitudinally downwardly of plate 27. This 
shroud extension 61 is mounted in place by means of the 
connecting flange 62 extending laterally outwardly from 
the shroud extension 6 and beneath the lower lateral 
surface 63 of the steam manifold plate 27. Connecting 
flange 62 may be secured to the steam manifold plate 
lower surface 63 in any usual manner, such as a series of 
bolts 64, and retains the shroud extension 61 extending 
longitudinally downwardly a distance below the steam 
manifold plate 27. 
A generally hollow cylindrical shroud is connected to 

the lower end of the shroud extension 61 and is formed 
by the lateraliy spaced and telescoped hollow cylindrical 
shroud members 65 and 66. Shroud members 65 and 66 
extend longitudinally downwardly generally parallel to the 
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6 
shell side wall 23 and spaced laterally inwardly there 
from to within a short longitudinal distance from the shell 
lower head 24, as shown. Further, these shroud members 
65 and 56 are maintained laterally spaced at the lower 
ends by the spacers 65a, shown in FIG. 4. 

Thus, the shroud members 65 and 66 divide the shell 
chamber 21 into an inner shell chamber 67 and an outer 
shell chamber 68, and in view of the shroud being formed 
by the laterally spaced hollow cylindrical shroud members 
65 and 66 forming a dead air space therebetween, these 
shroud members also form an insulating wall between 
these inner and outer shell chambers 67 and '68, the pur 
pose of which will be hereinafter explained. Furthermore, 
the shroud extension 6 is provided with a series of open 
ings 69 formed therethrough and communicating between 
the outer shell chamber 68 and the inner shell cham 
ber 67. 
A generally hollow cylindrical tube bundle, generally 

indicated at 70, is positioned partially within the inner 
shell chamber 67 and partially within the outer shell 
chamber 68, and telescoped over the shroud members 65 
and 66 and the shroud extension 61. Tube bundle 70 
is formed by a series of preferably straight downcomer 
tube sections 71 which are connected through the water 
manifold plate 49 communicating with the water manifold 
46, and extend longitudinally downwardly within the ex 
tension 39, the members forming the steam manifold 36 
and adjacent the inner side of the shroud extension 61 and 
shroud member 66. 
The downcomer tube sections 7 are supported in the 

inner shell chamber 67 by a series of longitudinally spaced 
ring-like support plates 72 in usual fashion, which sup 
port plates are supported within the inner shell chamber 
67 by the usual tie rods 73. Tie rods 73 are connected 
to the lower surface 74 of the water manifold plate 40 
laterally inwardly of the downcomer tube sections 7: ex 
tending longitudinally downwardly between the support 
plates 72 and maintaining the Support plates preferably 
spaced laterally inwardly of the shroud member 66. 
Downcomer tube sections 7 extend longitudinally 

downwardly below the lower ends of the shroud members 
65 and 66 and are supported inwardly of the shroud mem 
ber 66, spaced longitudinally upwardly from the lower 
end of this shroud member, by a laterally extending ring 
like support plate 75, which is secured to the shroud 
member 66 extending laterally inwardly therefrom. 
Spaced below the lower ends of the shroud members 65 
and 66, the downcomer tube sections 71 are connected 
through laterally outwardly extending involuted tube sec 
tions 76 to the laterally and longitudinally upwardly ex 
tending involuted serpentine tube sections 77, within the 
outer shell chamber 68. 

Connected at the inner end of the support plate 75, 
spaced laterally inwardly from the downcomer tube sec 
tions 71 and extending longitudinally from support plate 
75 to below the involuted tube sections 76, is the hollow 
support cylinder 78. Cylinder 78 is provided with a 
series of openings 79 laterally therethrough and at its 
lower end is closed internally by the laterally extending 
end plate 80, which plate also has a series of openings 8. 
longitudinally therethrough. 
A laterally extending spider plate 82 is telescoped over 

the lower end of the support cylinder 78 and extends 
laterally outwardly from this support cylinder spaced 
below the involuted tube sections 76. As shown in 
FIG. 8, the spider plate 82 is formed with an inner hol 
low cylindrical portion 33 directly surrounding the sup 
port cylinder 78 and a series of circumferentially spaced 
laterally extending spider fingers 84 extending laterally 
outwardly from cylindrical portion 83. Also a ring-like 
spider plate flow baffle 85 is mounted on the cylindrical 
portion 83 spaced laterally outwardly from the support 
cylinder 78 and extending longitudinally upwardly to 
within a short distance of the involuted tube sections 76, 
as shown in FIG. 4, and the cylindrical portion 83 is 
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provided with a series of openings 86 longitudinally there 
through laterally inwardly of the baffle 85. 
As will be hereinafter further discussed in detail, the 

involuted serpentine tube sections 77, within the outer 
shell chamber 68, extend progessively longitudinally up 
Wardly in a series of outer longitudinally extending por 
tions 87, connected to involuted laterally inwardly extend 
ing portions 88, connected to inner longitudinally extend 
ing portions 89, connected to involuted laterally outwardly 
extending portions 90, which are again connected to an 
other series of outer longitudinally extending portions 87, 
and so forth, longitudinally upwardly within the outer 
shell chamber 68, as shown. The involuted serpentine 
tube sections 77 terminate the involuted and serpentine 
paths spaced below the shell inlet connectors 22 and spaced 
laterally outwardly from the shroud member 65, where 
these tubes preferably extend as straight longitudinally 
extending tube sections 95 longitudinally by the shell inlet 
connectors 22 to the steam manifold plate 27. 
The straight tubes 9 are connected through the steam 

manifold plate 27 in communication with the steam mani 
fold 36, as shown in FIGS. 1 and 2. Thus, the involuted 
Serpentine tube sections 77 extend longitudinally upward 
ly within the outer shell chamber 68 to the shell inlet 
connectors 22 and then are preferably connected to the 
straight tube sections 9 for the remainder of their 
extension longitudinally through the outer shell cham 
ber 68, with any desired number of the involuted ser 
pentine convolutions being used for the required heat 
transfer of the heat exchanger construction. 
The involuted serpentine tube sections 77 are sup 

ported within the outer shell chamber 68 by a series 
of truss rods 92 connected to the inner and outer sup 
port rings 93 and 94, which in turn are connected to 
the series of inner and outer support bars 95 and 96. 
As shown in FIGS. 1, 2 and 9, the truss rods 92 are 
connected in longitudinally downwardly V-shaped pairs 
to the lower surface 63 of the steam manifold plate 27 
laterally outwardly of the straight tube sections 91. 

In the general longitudinal location of the lower por 
tion of the shell inlet connectors 22, each of these truss 
rods 92 is connected through the laterally extending at 
tachment plates 97 to the outer and inner support rings 
93 and 94. Inner support ring 94 is telescoped within and 
spaced laterally inwardly from the outer support ring 
93, with the attachment plates 97 extending laterally 
between these rings and with the lower ends of the 
truss rods 92 attached to the attachment plates 97 lat 
erally intermediate and spaced from each of the outer 
and inner support rings 93 and 94, as shown in FIGS. 
1, 3 and 9. 
The outer support ring 93 is spaced laterally inwardly 

from the shell side wall 23, and the inner support ring 
94 is spaced laterally outwardly from the straight tube 
sections 91. A series of longitudinally extending outer 
support bars 95 are connected to the outer support ring 
93, and a series of longitudinally extending inner support 
bars 96 are connected to the inner support ring 94, with 
these support bars extending longitudinally downwardly 
generally parallel to the shell side wall 93 to below the 
involuted tube sections 76 adjacent the shell lower 
ead 24. 
As best shown in FIGS. 3, 4 and 10, each of the sup 

port bars 95 and 96 receives a longitudinal row of the 
involuted serpentine tube sections 77 therethrough at 
each of the laterally inwardly and laterally outwardly 
extending portions 88 and 89, so that the outer support 
bars 95 extend longitudinally downwardly laterally in 
wardly of the outer longitudinally extending portions 87, 
and the inner support bars 96 extend longitudinally 
downwardly laterally outwardly of the inner longitudinally 
extending portions 89. The involuted serpentine tube 
sections 77 are received relatively loosely through these 
outer and inner support bars 95 and 96 to permit slight 
movement under expansion and contraction of these 
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tube sections, but these support bars 95 and 96 through 
their attachments with the steam manifold plate 27, as 
described above, securely support these involuted serpen 
tine tube sctions 77 within the outer shell chamber 63. 

Connected to the lower ends of the outer support bars 
95 is the outer support ring 98, and similarly connected 
to the support bars 96 is the inner support rings 99, 
with these support rings 98 and 99 being generally 
laterally aligned with the spider plate 82. Furthermore, 
Outer Support ring 98 is maintained laterally spaced from 
the inner Support ring 99 by the circumferentially spaced 
laterally extending spacing bars it 0, as best shown in 
FIGS. 1, 4 and 8. 

Each of the outer support rings 93 and 98 at the up 
per and lower portions of the shell is maintained properly 
laterally spaced from the shell side wall 23 by the ring 
Sectors Eti which extend laterally outwardly from the 
Support rings 93 and 98 and mount the resilient spring 
members 92 which merely laterally abut the shell side 
wall 23, as shown in FGS. 1, 3, and 4. Further, the 
inner support ring 99 at the lower portion of the shell is 
maintained laterally positioned by abutment laterally in 
Wardly with the outer lateral extremities of the spider 
plate fingers 84, which fingers are received in slots 63 
formed on the inner circumferential surface of the inner 
Support ring 99 in lateral alignment with the spacing 
bars 100, as shown in FGS. 1, 4 and 8. 

Thus, a shell fluid path is provided through the outer 
shell chamber 68 from the shell inlet connectors 22 down 
over the outer and inner support rings 93 and S4, over 
the involuted serpentine tube sections 77 between the 
outer and inner support rings 98 and 99, as well as 
between the spider plate fingers 84 to the shell lower 
head 24 and outwardly through the shell outlet connector 
25, as will be hereinafter explained more in detail. 
As shown in FIGS. 1, 3 and 4, a series of longitudinally 

Spaced tube bands 164 is positioned surrounding the in 
voluted serpentine tube sections 77 at the outer circum 
ference of the tube bundle 79. One of these tube bands 
184 is positioned aligned laterally outwardly at each of 
the groups of inner longitudinally extending portions 89 
of the involuted serpentine tube sections 77 and longitu 
dinally spanning the distance between the longitudinally 
Spaced groups of outer longitudinally extending portions 
87 of these tube sections 77. 
As shown in FIGS. 11, 12 and 13, each of the bands 

i04 is formed in three substantially identical band seg 
ments (5, with each band segment having a longitudinal 
cross-sectional shape, as shown in FIG. 13, comprised of 
the longitudinally spaced and generally longitudinally ex 
tending engagement portions 06 connected to the central 
laterally inwardly extending generally U-shaped abutment 
portions 167. Mounted within each of the U-shaped abut 
ment portions 167 at spaced circumferential intervals 
are the roller sockets 508, each enclosing a roller 309. 

Each of the rollers 109 is positioned within its partic. 
ular roller socket 163 freely rotatable and extending lat 
erally outwardly beyond socket 88 and the tube band 
engagement portions 106. Finally, each of the band 
Segments 85, as shown in F.G. 12, has mounted at an 
end portion thereof within the abutment portions 187 a 
connecting bar 16 having a slot a 1 formed therein and 
receiving a pin a 12 mounted in the end portion of the 
next adjacent band segment 105. 

Thus, the tube bands 04 are engaged around the in 
voluted serpentine tube sections 77, as described above, 
with the engagement portions 166 engaged with longitudi 
nally adjacent outer longitudinally extending portions 87 
of these tube sections and with the band abutment portions 
extending slightly laterally inwardly longitudinally be 
tween longitudinally adjacent laterally inwardly and later 
ally outwardly extending portions 88 and 9G of these tube 
Sections. When the tube bands 104 are so positioned, 
with the tube bundle 70 within the shell 29, these tube 
bands are maintained slightly compressed so that the 
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rollers 109 abut against the shell side wall 23 and the 
pins 512 are intermediate the lengths of slots i in the 
connecting bars 16. 

In view of this particular construction, these tube bands 
104 may be placed around the tube bundle 70 in their 
proper appropriate positions, and the tube bundle in 
serted into the shell 29. As the tube bundle 70 is com 
pressed laterally inwardly and permitted to expand later 
ally outwardly during this insertion process, because of 
the particular construction of these tube bands 104, they 
will permit the tube bundle to come and go laterally, and 
the bands will likewise compress and retract as required. 
Also, when these tube bands 104 have reached their final 
longitudinal location, if the shell side wall 23 is slightly 
out of round in any of these locations, the bands 104 and 
the tube bundle 70 will be permitted to expand or con 
tract as necessary to substantially conform to the shell 
side wall 23. 
The particular configurations of representative groups 

of the tubes in the generally hollow cylindrical tube bun 
die 70 are shown clearly in FIGS. 1 through 7. As be 
fore discussed, the preferably straight downcomer tube 
sections 7A extend longitudinally downwardly from the 
water manifold 46 within the inner shell chamber 67 and 
inwardly of the shroud member 66, with these tube sec 
tions being shown clearly in lateral cross section in FIGS. 
5 and 6. 
As the straight downcomer tube sections 75 reach their 

tower extent, they turn laterally outwardly into the in 
voluted tube sections 76, which tube sections 76 extend 
in involute paths from the downcomer tube sections 7: 
laterally outwardly to adjacent the shell side wall 23, as 
best shown in FIG. 7. The involuted tube sections 76 
adjacent the shell side wall 23 turn longitudinally up 
wardly into the involuted serpentine tube sections 77. 
As best shown in FIG. 7, the involuted serpentine tube 

sections 77 not only extend in a progressive laterally in 
wardly and laterally outwardly or serpentine path pro 
gressively longitudinally upwardly, but also these tube 
sections in the laterally inwardly extending portions 88 
and laterally outwardly extending portions 90 also ex 
tend in involute paths. Thus, the downcomer tube sec 
tions 71 form a hollow generally cylindrical tube bundle 
in the inner shell chamber 67 and the involuted serpentine 
tube sections 77, with the involuted tube sections 76 and 
the straight tube sections 9 form a hollow cylindrical 
tube bundle in the outer shell chamber 68, with this outer 
tube bundle being telescoped over the inner tube bundle. 

Furthermore, with the downcomer tube sections 7. 
equally spaced and in view of the tubes in the outer shell 
chamber 68 always extending laterally in involuted paths, 
despite the extension of the tubes from the inner shell 
chamber 67 to the outer shell chamber 68 and the serpen 
tine configuration longitudinally upwardly, these tubes 
will always remain equally spaced. This insures sub 
stantially equal distribution of fluid within the shell cham 
ber 25 over the tubes of the tube bundle 76) and particu 
larly the involuted serpentine tube sections 77 in the 
outer shell chamber 68. 

In operation of the heat exchanger construction of the 
present invention as a steam generator, a heating fluid 
such as liquid sodium enters the shell inlet connectors 22 
and pools around the straight tube sections 9 and over the 
uppermost of the inner longitudinally extending portions 
89 of the involuted serpentine tube sections 77 within the 
outer shell chamber 68. Since the serpentine portions 
of these tubes terminate below the shell inlet connectors 
22, an even distribution of the shell fluid takes place with 
this pooling action because there is no appreciable resist 
ance to the fluid entering the outer shell chamber 68, 
except very slightly from the straight tube sections 9. 

if the serpentine portions of these tubes extended above 
or laterally in front of the inlet connectors 22, it would 
be impossible to gain this even distribution, since the 
tubes of these serpentine portions would cause resistance 
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to fluid flow and would cause certain portions of the tubes, 
particularly those laterally inwardly, to receive little 
fluid, whereas the outer portions would receive the greater 
portion of the fluid. Thus, when the particular configura 
tion of tubes shown is provided, an even flow of fluid 
thereover within the outer shell chamber 68 is insured, 
and with the laterally involuted paths of the involuted 
serpentine tube sections 77 resulting in an even spacing 
at all locations of these tubes, this shell fluid will flow 
evenly longitudinally downwardly over the tubes provid 
ing a maximum of heat transfer. 

This shell fiuid ultimately passes longitudinally down 
wardly through the involuted serpentine tube sections 
77 and through the involuted tubes 76, where it passes be 
tween the outer and inner supporting rings 98 and 99 and 
around the spider fingers 84 to the shell lower head 24. 
Finally, the shell fluid passes out of the shell chamber 2. 
through the shell outlet connector 25. 
Water is admitted through the tube inlet connector 49 

and passes into the water mainfold 46, distributing 
throughout this ring-like water manifold. From Water 
manifold 46, the water passes into the straight downcom 
er tube sections 77 into the inner shell chamber 67 in 
wardly of the shroud member 66. 

Ultimately, the water passes from the downcomer tube 
sections 7i into the involuted tube sections 76 and longi 
tudinally upwardly through the involuted serpentine tube 
sections 77 where the water receives heat from the liquid 
sodium shell fluid. As the water passes longitudinally up 
wardly through the involuted serpentine tube sections 77, 
it is transformed into steam and passes through the straight 
tube sections 91 into the steam manifold 36 and out 
through the tube outlet connectors 37 and 38. 

During the operation of the heat exchanger, the ap 
proximate fluid level of the liquid sodium within the outer 
sheil chamber 68 is indicated by the liquid level line 3. 
Furthermore, a certain amount of this liquid sodium backs 
up within the inner shell chamber 67 through the various 
openings in the members in the lower portion of the 
inner shell chamber and assumes a level approximately 
at the liquid level line A34. 
The portion of the liquid sodium within the inner shell 

chamber 67 up to the liquid level line 114 remains rela 
tively stationary and stagnant, however, so that there is 
little heat transfer to the downcomer tube sections 7A. 
Furthermore, the laterally spaced shroud members 65 and 
66, forming the separation between the inner and outer 
shell chambers 67 and 68, prevent the hot liquid sodium 
in the outer shell chamber 68 from causing the water in 
the downcomer tube sections 75 to boil prior to reaching 
the involuted serpentine tube sections 77, so that these 
shroud members 65 and 66 thereby form an insulating 
shroud or wall between the inner and outer shell cham 
bers 67 and 68. 
When the operation of the heat exchanger construction 

is interrupted and the flow of liquid sodium stopped, the 
liquid sodium will assume an approximately equal level in 
both the inner and outer shell chambers 67 and 68 at ap 
proximately the location of the liquid level line 155. 

Further, an inert gas blanket is maintained over the 
liquid sodium filling the remainder of the inner and outer 
shell chambers 67 and 68 up to the rupture disc 56 at the 
top of the inner shell chamber 67. This gas blanket can 
be formed from usual inert gases, such as helium or argon, 
and has the purpose of providing an insulating blanket 
Over the liquid sodium for protecting the junctions of the 
tubes with the tube sheets, in the present case such sheets 
being in the form of the steam and water manifold plates 
27 and 40. Thus, this gas blanket serves to eliminate 
temperature shocks from the junctions of the tubes with 
the tube sheets. 

In view of the opening 79 through the support cylinder 
78 in the lower portion of the inner shell chamber 67 com 
municating between the outer and inner shell chambers 
68 and 67, the ring-like configurations of the support 
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plates 72 and 75 forming a longitudinally extending open 
ings through the inner shell chamber 67, and the openings 
69 in the shroud extension 6A at the upper portion of the 
outer shell chamber 63 communicating between the outer 
and inner shell chambers 63 and 57, all portions of the 
shell chamber 21 are in easy communication with the 
upper portion of the shell chamber sealed by the rupture 
disc 55. Thus, if malfunction occurs within the she 
chamber 25, whether within the outer shell chamber 68 
or within the inner shell chamber 67, the force of any 
resulting explosion will blow out the rupture disc 56 re 
iieving the pressure of such an explosion and minimizing 
dainage to the remaining parts of the shell 26. 

Thus, in the heat exchanger construction of the present 
invention, due to the involuted and serpentine configura 
tion of the tubes in the tube bindie 70, a maximum 
amount of heat transfer area or Surface is provided with 
a minimum of volume of the shell chamber 21. This in 
voluted configuration likewise results in a constant even 
spacing of all of the tubes in the tube bundle 70 resulting 
in an equal flow of shell fluid over each of the tubes re 
Sulting in the maximum of efficiency for the heat ex 
changer construction. 

Still further, with the involuted serpentine configura 
tion of the tubes in the outer shell chamber 68 ending 
longitudinally below the shell inlet connectors 22, the 
shell fluid is permitted to freely enter the shell chamber 
2E and pool over the tubes of the tube bundle 70, result 
ing in an even distribution of the shell fluid over these 
tubes and again providing the maximum of efficiency in 
heat transfer. Still further, in view of the involuted ser 
pentine configuration of the tubes, it is possible to use a 
minimum number of tubes and tube connections, thereby 
resulting in less resistance and greater fluid velocity to 
still again provide a maximum of heat transfer efficiency. 

Also, since separate ring-like inlet and outlet tube sheets 
in the form of the water manifold plate 40 and steam 
manifold plate 27 are used, greater inlet and outlet tem 
perature differentials of the fluid within the tube bundle 
7C is permitted without setting up damaging stresses in 
either of these tube sheets or within the tubes. Addi 
tionally, since the tube bundle 78 is formed with a bank 
of tubes extending longitudinally downwardly within the 
inner shell chamber 67 and then longitudinally upwardly 
within the outer she caamber 68 and with the lowermost 
portions thereof being reiatively free from any solid Sup 
port, and since the tube bundle is formed with the in 
voluted serpentine tubes 77 relatively loosely supported 
in the outer and inner support bars 95 and 96, these tubes 
are, therefore, mounted for relatively free expansion and 
contraction within the shell chamber 21 and without creat 
ing undue stresses therein. 

Still further, in view of the relatively direct communica 
tion between all portions of the inner and outer shell 
chambers 67 and 58 with the rupture disc 56 sealing off 
the upper end of the shell chamber 2, this rupture disc 
will blow out in the event of malfunction within virtually 
any portion of the shell chamber 21, thereby minimizing 
the dangers of such malfunctions critically damaging the 
major portions of the shell 29. Finally, in view of the 
particular construction of the tube bands 64 surrounding 
the tube bundle 78, the tube bundle may be easily and 
conveniently assembled within the shell chamber 25 re 
sulting in a minimum of assembly costs. 
Although the particular embodiment of the heat ex 

changer construction of the present invention is shown 
with the involuted serpentine tube sections 77 in the outer 
shell chamber 68 and the downcomer tube sections 7 in 
the inner shell chamber 67, it should be understood that 
these tube sections can be otherwise positioned without 
departing from the principles of the present invention. 
For instance, the involuted serpentine tube sections could 
be in the inner shell chamber and the downcomer tube 
sections in the otter shell chamber, with the water and 
steam manifolds reversed and the liquid sodium admitted 
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12 
to the inner shell chamber flowing over these involuted 
Serpentine tube sections, to thereby gain the main portion 
of the advantages of the present invention. 

in the foregoing description, certain terms have been 
lised for brevity, clearness and understanding, but no un 
necessary limitations are to be implied therefrom, because 
Such words are used for descriptive purposes herein and 
are intended to be broadly construed. 

Moreover, the embodiment of the improved construc 
tion illustrated and described herein is by way of example, 
and the scope of the present invention is not limited to the 
exact details of the construction shown, 

Having now described the invention, the construction, 
operation and use of a preferred embodiment thereof, and 
the advantageous new and useful results obtained thereby; 
the new and useful construction and reasonable mechan 
ical equivalents thereof obvious to those skilled in the 
art are set forth in the appended claims. 
We claim: 
i. Heat eXchanger construction including a heat ex 

changer sheli forming a shell chamber and having fluid 
inlet means and fluid outlet means communicating with 
Said shell chamber, tube sheet means connected to the 
shell, a tube bundle connected to the tube sheet means 
and extending generally longitudinally within the shell 
chainber, the tube bundle having a series of substantialiy 
unifornly Spaced tubes, the tubes extending from the tube 
sheet means substantially uniforniy spaced generally ion 
gitudinally in a first bank of tube sections and then sub 
stantially uniformly spaced in involute paths laterally 
and then substantially uniformly spaced in combined 
involute lateral and serpentine paths forming at least a 
Substantial part of a second bank of tube sections ex 
tending generally longitudinally back to the tube sheet 
ineans, the involute lateral and serpentine part of the 
Second bank of tube sections extending progressively 
generally laterally in one general direction in involute 
paths and then generally longitudinally and then generally 
laterally in involute paths in a direction generally opposite 
from said one direction while the tubes in said second 
bank remain Substantially uniformly spaced throughout 
said Second bank, and all of the portions of the tube 
sections in at least the second bank which extend longi 
tudinally being positioned in laterally involute rows. 

2. Heat eXchanger construction including a heat ex 
changer shell forming a shell chamber and having fluid 
inlet means and fluid outlet means communicating with 
said shell chamber, tube sheet means connected to the 
shell, a tube bundle connected to the tube sheet means 
and extending generally longitudinally within the shell 
chamber, the tube bundle having a series of substantially 
uniformly spaced tubes, the tubes extending from the 
tube sheet means substantially uniformly spaced straight 
generally longitudinally in a first bank of straight tube 
Sections and then substantially uniformly spaced in involute 
paths laterally and then substantially uniformiy spaced 
in combined involute lateral and serpentine paths form 
ing at least a substantial part of a second bank of tube 
sections extending generally longitudinally back to the 
tube sheet means, the involute lateral and serpentine 
part of the second bank of tube sections extending pro 
gressively generally laterally in one direction in involute 
paths and then generally longitudinally and then gen 
erally laterally in involute paths in a direction generally 
opposite from said one direction while the tubes in Said Sec 
ond bank remain substantially uniformly spaced through 
out said second bank, and all of the portions of the tube 
sections in at least the second bank which extend longi 
tudinally being positioned in laterally involute rows. 

3. Heat exchanger construction including a heat ex 
changer shell forming a shell chamber and having fluid 
inlet means and fluid outlet means communicating with 
said shelli chamber, tube sheet means connected to the 
shell, a hollow generally cylindrical tube bride coin 
nected to the tube sheet means and extending generally 
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longitudinally within the shell chamber, the tube bundle 
having a series of substantially uniformly spaced tubes, 
the tubes extending from the tube sheet means substan 
tially uniformly spaced generally longitudinally in a first 
hollow generally cylindrical bank of tube sections and 
then Substantially uniformly spaced in involute paths later 
ally and then substantially uniformly spaced in combined 
involute lateral and serpentine paths forming at least a 
Substantial part of a second hollow generally cylindrical 
bank of tube sections extending generally longitudinally 
back to the tube sheet means, one of said first and second 
banks of tube sections being positioned telescoped later 
ally surrounding the other of said banks of tube sections 
with the tubes extending substantially uniformly spaced 
in said involute paths laterally between said banks of 
tube sections spaced longitudinally from the tube sheet 
means, the involute lateral and serpentine part of the 
Second bank of tube sections extending progressively gen 
erally laterally in one general direction in involute paths 
and then generally longitudinally and then generally later 
aily in involute paths in a direction generally opposite 
from said one direction while the tubes in said second 
bank remain substantially uniformly spaced throughout 
said second bank, and all of the portions of the tube 
sections in at least the second bank which extend longi 
tudinally being positioned in laterally involute rows. 

4. Heat eXchanger construction including a generally 
vertically extending heat exchanger shell forming a gen 
erally vertically extending shell chamber and having fluid 
inlet means and fluid outlet means communicating with 
said shell chamber, generally horizontally extending tube 
sheet means connected to the shell, a tube bundle con 
nected to the tube sheet means and extending generally 
vertically downwardly within the shell chamber, the tube 
bundle having a series of substantially uniformly spaced 
tubes, the tubes extending from the tube sheet means 
Substantially uniformly spaced generally vertically down 
wardly in a first bank of tube sections and then substan 
tially uniformly spaced in involute paths horizontally and 
then substantially uniformly spaced in combined involute 
horizontal and serpentine paths forming a part of a second 
bank of tube sections which second bank of tube sections 
extends generally vertically upwardly to the tube sheet 
means, the involute horizontal and serpentine part of the 
Second bank of tube sections extending progressively gen 
erally horizontally in one general direction in involute 
paths and then generally vertically upwardly and then 
generally horizontally in involute paths in a direction gen 
erally opposite from said one direction while the tubes 
in said second bank remain substantially uniformly spaced 
throughout said second bank, the involute horizontal and 
serpentine paths of said second bank of tube sections 
terminating spaced vertically downwardly from the tube 
sheet means and extending vertically upwardly to said 
tube sheet means in the form of substantially uniformly 
spaced generally vertically extending tube sections, the 
shell fluid inlet means being horizontally aligned with 
at least a portion of said substantially uniformly spaced 
vertically extending tube sections in said second bank for 
directing shell fluid in a direction horizontally toward 
the vertically extending tube sections of said second bank 
so that the shell fluid may flow horizontally over said 
vertically extending tube sections of said second bank 
and then substantially uniformly vertically downwardly 
over the combined involute horizontal and serpentine sec 
ond bank of tube sections, and all of the portions of the 
tube sections in at least the second bank which extend 
longitudinally being positioned in laterally involute rows. 

5. Heat exchanger construction including a generally 
vertically extending heat exchanger shell forming a gen 
erally vertically extending shell chamber and having fluid 
inlet means and fluid outlet means communicating with 
said shell chamber, generally horizontally extending tube 
sheet means connected to the shell, a hollow generally 
cylindrical tube bundle connected to the tube sheet means 
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4. 
and extending generally vertically downwardly within 
the shell chamber, the tube bundle having a series of 
uniformly spaced tubes, the tubes extending from the tube 
sheet means substantially uniformly spaced generally ver 
tically downwardly in a first hollow generally cylindrical 
bank of tube sections and then substantially uniformly 
Spaced in involute paths horizontally and then substan 
tially uniformly spaced in combined involute horizontal 
and Serpentine paths forming a part of a second hollow 
generally cylindrical bank of tube sections which second 
bank of tube sections extends generaily vertically up 
Wardly to the tube sheet means, one of said first and 
second banks of tube sections being positioned tele 
Scoped horizontally surrounding the other of said banks 
of tube sections with the substantially uniformly spaced 
tubes extending in said involute paths horizontally be 
tween said banks of tube sections spaced vertically down 
wardly from the tube sheet means, the involute hori 
Zontal and serpentine part of the second bank of tube 
sections extending progressively generally horizontally 
in one general direction in involute paths and then gen 
erally vertically upwardly and then generally horizontally 
in involute paths in a direction generally opposite from 
said one direction while the tubes in said second bank 
remain substantially uniformly spaced throughout said 
second bank, the involute horizontal and serpentine paths 
of said second bank of tube sections terminating spaced 
vertically downwardly from the tube sheet means and 
extending vertically upwardly to said tube sheet means 
in the form of substantially uniformly spaced generally 
vertically extending tube sections, the shell fluid inlet 
means being horizontally aligned with at least a portion 
of said substantially uniformly spaced vertically extend 
ing tube sections in said second bank for directing shell 
fluid in a direction horizontally toward the vertically ex 
tending tube sections of said second bank so that the 
shell fluid may flow horizontally over said vertically 
extending tube sections of said second bank and then 
substantially uniformly vertically downwardly over the 
combined involute horizontal and serpentine second bank 
of tube sections, and all of the portions of the tube sec 
tions in at least the second bank which extend longi 
tudinally being positioned in laterally involute rows. 

6. Heat exchanger construction including a generally 
vertically extending heat exchanger shell forming a gen 
erally vertically extending shell chamber and having fluid 
inlet means and fluid outlet means communicating with 
said shell chamber, generally horizontally extending tube 
sheet means connected to the shell, a hollow generally 
cylindrical tube bundle connected to the tube sheet means 
and extending generally vertically downwardly within the 
shell chamber, the tube bundle having a series of uni 
formly spaced tubes, the tubes extending from the tube 
sheet means substantially uniformly spaced straight gen 
erally vertically downwardly in a first hollow generally 
cylindrical bank of straight downcomer tube sections 
and then substantially uniformly spaced in involute paths 
horizontally and then substantially uniformly spaced in 
combined involute horizontal and serpentine paths form 
ing a part of a second hollow generally cylindrical bank 
of tube sections which second bank of tube sections 
extends generally vertically upwardly to the tube sheet 
means, one of said first and second banks of tube sec 
tions being positioned telescoped horizontally surround 
ing the other of said banks of tube sections with the 
substantially uniformly spaced tubes extending in said 
involute paths horizontally between said banks of tube 
sections spaced vertically downwardly from the tube sheet 
means, the involute horizontal and serpentine part of 
the second bank of tube sections extending progressively 
generally horizontally in one general direction in involute 
paths and then generally vertically upwardly and then 
generally horizontally in involute paths in a direction 
generally opposite from said one direction while the tubes 
in said second bank remain substantially uniformly 
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spaced throughout said second baik, the involute hori 
Zontal and serpentine paths of said second bank of tube 
sections terminating spaced vertically downwardly from 
the tube sheet means and extending vertically upwardiy 
to said tube sheet means in the form of Sutstantiaily 
uniformly spaced straight generally vertically extending 
tube sections, the shell fluid inlet means being horizon 
tally aligned with and horizontally spaced from at least 
a portion of said substantially uniformly spaced straight 
tube sections in said second bank for directing shell fluid 
in a direction horizontally toward the straight tube Sec 
tions of said second bank so that the shell fluid Inay 
flow horizontally over said straight tube sections of Said 
second bank and then substantially unifornly vertically 
downwardly over the combined involute horizontal aid 
serpentine second bank of tube sections and all of the 
portions of the tube sections in at least the Second bank 
which extend longitudinally being positioned in laterally 
involute rows. 

7. Heat exchanger construction including a generally 
vertically extending heat exchanger shell forming a gen 
erally vertically extending shell chamber and having fluid 
inlet means and fluid outlet means communicating with 
said shell chamber, generally horizontally extending tube 
sheet means connected to the shell, a hollow generally 
cylindrical tube bundle connected to the tube sheet means 
and extending generally vertically downwardly within the 
shell chamber, the tube bundle having a series of substan 
tially uniformly spaced tubes, the tubes extending from 
the tube sheet means substantially unifornly spaced 
Straight generally vertically downwardly in a first hollow 
generally cylindrical bank of straight downcomer tube 
Sections and then Substantially uniformly spaced in in 
Volute paths horizontally outwardly forming bank con 
necting tube sections and then substantially uniformly 
Spaced in combined involute horizontal and serpentine 
paths forming a part of a second hollow generally cylin 
drical bank of tube sections which second bank of tube 
Sections extends generally vertically upwardly to the tube 
sheet means, the second bank of tube sections being posi 
tioned telescoped horizontally surrounding the first bank 
of tube sections with the substantially uniformly spaced 
tubes extending in said involute paths horizontally be 
tween said banks of tube sections spaced vertically down 
Wardly from the tube sheet means, a vertically extend 
ing hollow generally cylindrical insulating wall supported 
in the shell chamber extending from said bank connect 
ing tube Sections Substantially to the tube sheet means 
around the first bank of tube sections and between the 
first and second banks of tube sections shielding said first 
bank from Said second bank, the involute horizontal and 
Serpentine part of the second bank of tube sections ex 
tending progressively generally horizontally in one gen 
eral direction in involute paths and then generally verti 
cally upwardly and then generally horizontally in involute 
paths in a direction generally opposite from said one di 
rection while the tubes in said second bank remain sub 
stantially uniformly spaced throughout said second bank, 
the involute horizontal and serpentine paths of said sec 
Cnd bank of tube sections terminating spaced vertically 
downwardly from the tube sheet means and extending 
Vertically upwardly to said tube sheet means in the form 
of Substantially uniformly spaced straight generally verti 
cally extending tube sections, the shell fluid inlet means 
being horizontally aligned with and horizontally spaced 
from at least a portion of said straight vertical tube sections 
in Said Second bank for directing shell fluid in a direction 
horizontally toward said straight tube sections of said 
Second bank so that the shell fluid may flow horizontaliy 
Over Said vertically extending tube sections of said second 
bank and then substantially uniformly vertically down 
Wardly over the combined involute horizontal and ser 
pentine Second bank of tube sections, and all of the por 
tions of the tube sections in at least the second bank 
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which extend longitudinally being positioned in laterally 
involute rows. 

8. Heat exchanger construction including a heat ex 
change shell forming a shell chamber and having fluid 
inlet means and fluid outlet means communicating with 
said shell chamber, tube sheet means connected to the 
shell, a hollow generally cylindrical tube bundle con 
nected to the tube sheet means and extending generally 
longitudinally within the shell chamber, the tube bundle 
having a series of substantially uniformly spaced tubes, 
the tubes extending from the tube sheet means substan 
tially uniformiy spaced generally longitudinally in a first 
hollow generally cylindrical bank of tube sections and 
then Substantially uniformly spaced in involute paths lat 
eraily outwardly and then substantially uniformly spaced 
in combined involute lateral and serpentine paths form 
ing at least a substantial part of a second hollow generally 
cylindrical bank of tube sections extending generally on 
gitudinally back to the tube sheet means, the Second bank 
of tube sections being positioned telescoped laterally sur 
rounding the first bank of tube sections with the tubes ex 
tending in said involute paths substantially uniformly 
Spaced laterally outwardly between said banks of tube 
Sections Spaced longitudinally from the tube sheet means, 
the involute lateral and serpentine part of the second bank 
of tube sections extending progressively generally laterally 
in one general direction in involute paths and then gen 
erally longitudinally and then generally laterally in in 
volute paths in a direction generally opposite from said 
one direction while the tubes in said second bank remain 
Substantially uniformly spaced throughout said second 
bank, and all of the portions of the tube sections in at 
least the second bank which extend longitudinally being 
positioned in laterally involute rows. 

9. Heat eXchanger construction including a generally 
Vertically extending heat exchanger shell forming a gen 
erally Vertically extending shell chamber and having fluid 
inlet means and fluid outlet means communicating with 
Said shell chamber, generally horizontally extending tube 
sheet means connected to the shell, a hollow generally 
cylindrical tube bundle connected to the tube sheet means 
and extending generally vertically downwardly within the 
shell chamber, the tube bundle having a series of uniform 
ly spaced tubes, the tubes extending from the tube sheet 
means Substantially uniformly spaced straight generally 
Vertically downwardly in a first hollow generally cylin 
drical bank of straight downcomer tube sections and then 
Substantially uniformly spaced in involute paths hori 
Zontally outwardly forming bank connecting tube sections 
and then Substantially uniformiy spaced in combined in 
volute horizontal and serpentine paths forming a part of 
a Second hollow generally cylindrical bank of tube sec 
tions which second bank of tube sections extends gen 
erally vertically upwardly to the tube sheet means, the 
Second bank of tube sections being positioned telescoped 
horizontally Surrounding the first bank of tube sections 
With the Substantially uniformly spaced tubes forming 
Said bank connecting tube sections eXtending in said in 
volute paths horizontally outwardly between said banks 
of tube Sections spaced vertically downwardly from the 
tube sheet means, the involute horizontal and Serpentine 
part of the second bank of tube sections eXtending pro 
gressively generally horizontally in one general direction 
in involute paths and then generally Vertically upwardly 
and then generally horizontally in involute paths in a 
direction generally opposite from said one direction while 
the tubes in said second bank remain Substantially uni 
forfnly spaced throughout said second bank, the involute 
horizontal and Serpentine paths of said second bank of 
tube sections terminating spaced Vertically downwardly 
from the tube sheet means and extending vertically up 
Wardly to said tube sheet means in the form of substan 
tially uniformly spaced straight generally vertically ex 
tending tube Sections, the shell fluid inlet means being 
horizontally aligned with and horizontally spaced from at 
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least a portion of said substantially uniformly spaced 
straight tube sections in said second bank for directing 
shell fluid in a direction horizontally toward the straight 
tube sections of said second bank so that the shell fluid 
may flow horizontally over said straight tube sections of 
said second bank and then substantially uniformly verti 
cally downwardly over the combined involute horizontal 
and serpentine second bank of tube sections, and all of 
the portions of the tube sections in at least the Second 
bank which extend longitudinally being positioned in lat 
erally involute rows. 

10. Heat exchanger construction including a heat eX 
changer sheil forming a shell chamber and having fluid 
inlet means and fluid outlet means communicating with 
said shell chamber, tube sheet means connected to the 
shell, a tube bundle connected to the tube sheet means 
and extending generally longitudinally within the shell 
chamber, the tube bundle having a series of Substantially 
uniformly spaced tubes, the tubes extending from the 
tube sheet means substantially uniformly spaced generally 
longitudinally in a first bank of tube Sections and then 
substantially uniformly spaced in involute paths laterally 
and then substantially uniformly spaced generally longi 
tudinally in a second bank of tube sections extending gen 

IO 

5 

20 

erally longitudinally back to the tube sheet means, and 25 
all of the portions of the tube sections in at least the 
second bank which extend longitudinally being positioned 
in laterally involute rows. 

11. Heat exchanger construction including a heat ex 
changer shell forming a shell chamber and having fluid 
inlet means and fluid outlet means communicating with 
said shell chamber, tube sheet means connected to the 
shell, a hollow generally cylindrical tube bundle con 
nected to the tube sheet means and extending generally 
longitudinally within the shell chamber, the tube bundle 
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3. 
having a series of substantially uniformly spaced tubes, 
the tubes extending from the tube sheet means substan 
tially uniformly spaced generally longitudinally in a first 
hollow generally cylindrical bank of tube sections and 
then Substantially uniformly spaced in involute paths lat 
erally and then substantially uniformly spaced generally 
longitudinally forming a second hollow generally cylin 
drical bank of tube sections extending generally longi 
tudinally back to the tube sheet means, one of said first 
and Second banks of tube sections being positioned tele 
Scoped laterally surrounding the other of said banks of 
tube sections with the tubes extending substantially uni 
formly spaced in Said involute paths laterally between 
Said banks of tube sections spaced longitudinally from the 
tube sheet means, all of the portions of the tube sections 
in at least the second bank which extend longitudinally 
being positioned in laterally involute rows, and each of 
the lateral rows of tube section portions in both the first 
and Second banks which extend longitudinally having the 
same number of said tube section portions. 
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