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3,125,161 
TUBE MANHFGLD FUR A @TEAM GENERATGR 

Nicholas D. Romance, Chattanooga, Tenn, assignor to 
Combustion Engineering, Inc, New York, N.Y., a cor 
partition of Delaware 

Filed Dec. 29, 1959, her. No. 862,666 
3 Claims. (Cl. 165-159) 

This invention relates to a tube manifold of the type 
that directs the ?ow of the primary ?uid through a heat 
exchanger. 

Heat exchangers are commonly employed in steam gen 
erating systems when it is desirable or necessary that 
heat be transferred from a primary ?uid to a secondary 
?uid without the two ?uids coming into contact. This is 
done by passing the ?uids along opposite sides of a heat 
ing surface which provides an easy path for the ?ow of 
heat from one ?uid to the other. In practice, the heating 
surface usually takes the form of a bank of tubes which 
is submerged in the secondary ?uid and has the primary 
?uid ?owing through it. 

Considerable di?iculties have been encountered when 
using conventional heat exchangers due mainly to the 
temperature differences which exist between the inlet and 
outlet conduits for the primary ?uid, the secondary ?uid, 
and the ambient atmosphere. These differences tend to 
set up thermal stresses in the shell that houses the heat 
exchanger and in the tube manifold which can cause rup 
tures if these parts are not built strongly enough. Other 
di?iculties have arisen because the design of conventional 
tube manifolds has required unusually heavy material to 
Withstand the ?uid pressures and pressure ?uctuations. 
Conventional heat exchangers, therefore, are more ex 
pensive not only because very heavy material is required 
but also because the excessive material makes them more 
di?icult to construct. 

Accordingly, it is the purpose of this invention to pro 
vide a heat exchanger having a tube manifold which, be 
cause of its unique design, substantially eliminates the 
‘above-described di?iculties and enables the construction 
of a heat exchanger using relatively light gauge materials 
and simple construction methods. 

This purpose is attained by providing a tube manifold 
that includes two enclosures, one of the enclosures being 
divided into two compartments; a plurality of tubes run 
ning from one of the compartments to the other of the 
compartments; the second enclosure passing through one 
of the compartments and having a ?uid passageway lead 
ing to the other of the compartments; and an external 
nozzle formed on each of the enclosures. 

In normal operation, the conduit carrying the rela 
tively hot inlet primary ?uid is connected to the nozzle 
formed on the second enclosure and the relatively cool out 
let primary ?uid conduit is connected to the nozzle formed 
on the ?rst enclosure. By these connections, the hot in 
let ?uid enters the heat exchanger shell through the center 
of the tube manifold where it is surrounded by the rela 
tively cool outlet ?uid so that it does not at any point 
come close to the shell. In a preferred embodiment of 
the invention, the two enclosures are concentric cylinders 
which are advantageous because they are better able to 
withstand thermal and pressure stresses. Also, a cylin 
drical manifold can feed more tubes than a conventional 
?at sheet manifold. 

These and other advantages will become more apparent 
from the following detailed description of a representative 
embodiment of the invention taken in conjunction with 
the accompanying ?gures of the drawings in which: 
FIGURE 1 is a view in side elevation of a heat ex 

changer constructed in accordance with the invention; 
FIGURE 2 is a view in cross section taken along the 

line 2—2 of FIGURE 1; 
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FIGURE 3 is a sectional view of a manifold coné 

structed in accordance with the invention; and 
FIGURE 4 is a view in cross section taken along the 

line 4-4 of FIGURE 3. 
The heat exchanger illustrated in FIGURES 1 and 2 

is characterized as a “pool” boiler or the “reboiler” type 
since the heating surfaces and the steam separation equip 
ment are located within a common shell 10. The shell 
is substantially cylindrical and has a semi-ellipsoidal head 
11 welded to each end, each head having a manway 12 
formed therein. The shell is supported by two braces 13 
which can be designed to rest on any suitable foundation. 
A secondary ?uid, or feedwater, is introduced into the 

shell 10 through two nozzles 14 that lead to two perforated 
pipes 15 which distribute the ?uid along the length of 
the shell. The level of the secondary ?uid in the shell 
10 is normally su?icient to cover a plurality of tubes, 
to be described hereinafter, that carry the primary ?uid 
and is indicated by a gauge glass 16 that is connected to 
a pair of nipples 17, FIGURE 2. 
The pipes 15 are fastened to the shell 10 by a plurality 

of U-bolts l8, and the nozzles 14 are surrounded by 
thermal or insulating sleeves l?. These sleeves are formed 
by spacing apart two concentric cylinders and ?lling this 
space with a suitable insulating material such as stag 
nant water. 
When the secondary ?uid is heated by the primary ?uid, 

steam rises from its surface and passes through a steam 
separating and drying mechanism 20 and a plurality of 
steam outlet nozzles 21 to a steam-utilizing mechanism 
such as a turbine (not shown). The steam separating 
and drying mechanism includes a de?ector screen 22, 
dryer screen 23, and a pair of plates 24 which serve to 
aid distribution of the steam through the screens. The 
center sections of the screens and the plates are partitioned 
off from their end sections by a pair of plates 25 (only 
one being shown) which separate the relatively dry steam 
at the center of the shell from the wetter steam near the 
ends. 
The ?ow circuit of the primary ?uid includes two 

bundles 26 and 27 of tubes that are {coupled to‘ the op 
posite sides of a tube manifold 28. All of the tubes 
have U-bends located in vertical planes, as illustrated in 
FIGURE 1, and have both ends connected to the mani— 
fold 2.8. The tubes ‘are supported at various points along 
their length by a plurality of panels 29‘, FIGURE 2, which 
are hung from a plurality of bars 34} and supports Sal. 
As is shown .in FIGURE 2, the alternate vertical rows of 
the tubes are staggered by one-half space in order to in 
crease their center-to-center distance. While, for ease 
of illustration, only a few tubes have been shown, it 
should be understood that the entire space within the two 
outlines on the panel 29, FIGURE 2, is equipped with 
tubes. 
The tube manifold 28 is best shown in FIGURES 3 

and 4 and includes a cylindrical section. 32 that is capped 
by a semi-ellipsoidal head 33 and a cover plate 34. The 
cover plate 34 is fastened to the section 32 by a plu 
rality of studs 35, and a sea-l 36 between the section and 
the plate ensures a leak-proof connection. The internal 
surface of the manifold, well as all other parts that 
come in cont-act with the primary ?uid, preferably have 
a stainless steel cladding 37, and the tubes are prefer 
ably made of stainless steel. Of course, these materials 
are only exemplary since the choice will depend on the 
nature of the primary ?uid. 
A divider plate 33 separates the section 32 into upper 

and lower compartments 39‘ and 4t}, respectively, and 
every tube the two bundles 25 and 27 has an end lead 
ing into each of these compartments. The divider plate 
38 has an aperture formed therein which receives an in 
ternal cylinder 41. A ?ange 42, formed on the cylinder 
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41, has a plurality of holes formed therein, and a plu 
r-ality of bolts 43 ‘are threaded through the holes and into 
the divider plate 38. Permanently fastened to the heads 
of the bolts are a plurality of rods 44 :which extend near 
ly to the plate 34 and provide greater ease in assembling 
the manifold. 
The nozzles 45 ‘and 146 are formed on the cylindrical 

section 32, the nozzle to leading ‘directly to the lower 
compartment 4%. Welded internally to the nozzle 45 
is a cylindrical member 47 which, because it is spaced 
from the nozzle, provides a thermal sleeve of the type 
previously described. The internal cylinder 41 has an 
elbowed end as land a ?ange 49 termed thereon which 
abuts on the end of the member 47. Since the elbowed 
end 4:? is not ?xed to the member 47, it is free to move 
in .a vertical direction as the cylinder 41 expands and con 
tracts due ot thermal changes. 
To prevent the ?uid pressure at the nozzle 45 from 

displacing the elbowed end 48 toward the night, a vertical 
plate Si) is welded to the cylinder 41 and is bolted to a 
horizontal plate 51 which :abuts the inner wall of the 
cylindrical section 32. A pair of bolts 52 are inserted 
through slots in the plate 51 and two ?anges 53 formed 
on the plate 50. By properly positioning the plate 51 
between the ?anges 53, the elbowed end 48 can be 
secured against horizontal displacement. 

In operation, the relatively hot primary ?uid enters 
the nozzle 45 and is carried to the vupper compartment 
39 by the internal cylinder 41. The primary ?uid then 
enters the upper ends of the tubes in the bundles 26 and 
127, ?ows through the tubes and out their bottom ends 
into the lower compartment 4t‘, and, ?nally, out of the 
nozzle 46. Since the conduit carrying the hot inlet pri 
mary ?uid enters the shell ‘it? through the center of the 
tube manifold 28, where it is surrounded by the relative 
ly cool outlet primary ?uid, it does not at ‘any point 
contact the shell. Consequently, thermal gradients and 
stresses ‘are substantially eliminated in both the shell and 
the tube manifold. This construction is especially ad 
vantageous ‘where a high temperature difference is main 
tained between the primary and secondary ?uids and 
where there are rapid ?uctuations in the temperature of 
the primary ?uid. 
Another primary advantage resulting from this con 

struction is the increased strength of the manifold due to 
its cylindrical shape. Still another very important ad 
vantage is that two tube bundles, one on each side of 
the tube manifold, can be sup-plied with primary ?uid 
from a single manifold. This is advantageous because 
it requires less material and it reduces the chances of ther 
rnal stresses damaging the shell. 

While a representative embodiment of the present in 
vention has been shown and described for purposes of 
illustration, it is apparent that the embodiment is sus 
ceptible of change and modi?cation without departing 
from this invention in its broader aspects. Therefore, the 
invention described herein is not to be construed as lim 
ited to the speci?c embodiment described but is intended 
to encompass all modi?cations thereof coming within 
the scope of the following claims. 

I claim: 
1. A heat exchanger comprising a shell adapted, to 

contain a ?uid, a plurality of tubes mounted in the shell, 
a manifold mounted in the shell to which the plurality of 
tubes is connected within the shell and extending to the 
outside of the shell, the manifold including a rigid elon 
gated outer enclosure which is divided into two compart 
ments and a rigid elongated inner enclosure which passes 
through one of the compartments and has a ?uid passage 
way leading to the other compartment, a removable cover 
mounted on the end of the elongated outer enclosure out 
side the shell to provide longitudinal access to the interior 
thereof, means forming an opening in the side wall of the 
outer enclosure outside the shell to provide a ?uid pas 
sageway to the interior of the outer enclosure, a ?uid noz 
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4 
zle formed in the side Wall of the outer enclosure at the 
opening therein, and having an opening directed laterally 
inwardly to the interior thereof, means forming an open 
ing in the inner enclosure directed laterally outwardly 
thereof adjacent to and communicating with the ?uid 
nozzle opening, transversely extending ?ange means 
aiiixed to the means forming an opening in the inner en 
closure md abutting the inner end of the nozzle so as to 
permit relative sliding motion of the ?uid nozzle and 
the means forming an opening the a direction parallel 
to the direction of elongation of the inner and outer en 
closures upon differential expansion of the inner and outer 
enclosures while maintaining communication between the 
openings therein, and means cooperating with the inner 
and outer enclosures to urge the ?ange means and the 
nozzle together so as to maintain sealed communication 
between the openings in the inner and outer enclosures 
while permitting relative longitudinal expansion of one 
of the enclosures with respect to the other. 

2. A heat exchanger comprising a shell adapted to con 
tain a ?uid, a plurality of tubes mounted in the shell, a 
manifold mounted in the shell to which the plurality of 
tubes is connected within the shell and extending to the 
outside of the shell, the manifold including a rigid elon 
gated outer enclosure which is divided into two compart 
ments and a rigid elongated inner enclosure which passes 
through one of the compartments and has a ?uid passage 
way leading to the other of the compartments, a remov 
able cover mounted on the end of the elongated enclosure 
outside the shell to provide longitudinal access to the in 
terior thereof, means forming an opening in the side wall 
of the outer enclosure to provide a ?uid passageway to 
the interior of the outer enclosure outside the shell, a ?uid 
nozzle a?ixed to the outer enclosure at the opening in the 
side wall thereof including a rigid outer conduit sealed 
to the side wall of the outer enclosure about the opening 
therein and at the outside thereof and a rigid inner con 
duit sealed to the outer conduit at the outer end thereof 
and held in spaced relation to the outer conduit so as to 
provide an insulating space between the two which com 
municates with the interior of the outer enclosure and to 
provide a nozzle opening directed laterally inwardly to 
the interior thereof, means forming an opening in the 
inner enclosure directed laterally outwardly thereof adja 
cent to and communicating with the nozzle opening, 
transversely extending ?ange means affixed to the means 
forming an opening in the inner enclosure and abutting 
the inner end of the inner conduit of the nozzle so as to 
permit relative sliding motion of the ?uid nozzle inner 
conduit and the means forming an opening in the inner 
enclosure in a direction parallel to the direction of elon 
gation of the inner and outer enclosures upon differential 
expansion of the inner and outer enclosures while main 
taming communication between the openings therein, and 
means cooperating with the inner and outer enclosures 
to urge the ?ange means and the nozzle inner conduit to~ 
gether so as to maintain sealed communication between 
the inner conduit of the nozzle and the opening in the 
inner enclosure while permitting relative longitudinal ex 
pansion of one of the enclosures with respect to the other. 

.3. A heat exchanger comprising a shell adapted to con 
tain a ?uid, a plurality of tubes mounted in the shell, a 
manifold mounted in the shell to which the plurality of 
tubes is connected within the shell and extending to the 
outside of the shell, the manifold including a rigid elon 
gated outer enclosure which is divided into two compart 
ments and a rigid elongated inner enclosure which passes 
through one of the compartments and has a ?uid passage 
way leading to the other compartment, a removable cover 
mounted on the end of the elongated outer enclosure out 
side the shell to provide longitudinal access to the interior 
thereof, means forming an opening in the side wall of the 
outer enclosure outside the shell to provide a ?uid passage 
way to the interior of the outer enclosure, a ?uid nozzle 
formed in the side wall of the outer enclosure at the open 
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ing therein, and having an opening directed laterally in 
wardly to the interior thereof, means forming an opening 
in the inner enclosure directed laterally outwardly thereof 
adjacent to and communicating with the ?uid nozzle open 
ing, transversely extending ?ange means ai?xed to the 
means forming an opening in the inner enclosure and 
abutting the inner end of the nozzle so as to permit rela 
tive sliding motion of the ?uid nozzle and the means 
forming an opening in a direction parallel to the direction 
of elongation of the inner and outer enclosures upon differ 
ential expansion of the inner and outer enclosures while 
maintaining communication between the openings therein, 
and rigid plate means within the outer enclosure rigidly 
connected to the inner enclosure and extending to the 
inner surface of the side wall of the outer enclosure at 
a location opposite to the location of the nozzle thereon 
so as to abut the side wall with su?icient pressure to urge 
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the ?ange means and the nozzle together so as to main 
tain sealed communication between the openings in the 
inner and outer enclosures while permitting relative lon 
gitudinal expansion of one of the enclosures with respect 
to the other. 
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