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This invention relates to heat exchangers,
more particularly to surface condensers, and
it has for an object to provide improved
means for compensating for expansion and

§ contraction of the tubes due to temperature

variations within the condenser.

In large surface condensers, it is desirable
to secure the ends of the tubes in the end tube
sheets by rolling, or by some other means of

10 fixed attachment, to eliminate packed joints
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between the ends of the tubes and the tube
sheets. Itiscommon practice, when the tubes

-are rigidly secured in this manner in the end

tube sheets, to provide for relative expansion
and contraction between the tubes and the
shell by so arranging one of the end tube
sheets as to permit it to have a limited move-
ment back and forth longitudinally of the
shell. It is old to provide a relatively rigid
tube sheet with a flexible diaphragm element
interposed between the periphery of the tube
sheet and the shell, which diaphragm element
isarranged to flex to allow longitudinal move-
ment of the tube sheet with respect to the
shell. This arrangement is objectionable on
account of joints, the difficulty of arranging
the diaphragm with respect to condenser
structure for ready inspection and repair,
and severe localized loading of slidable sup-
ports on the nest.

A more simple method has been proposed
which comprises utilizing a relatively thin
tube sheet at one end of the condenser which
will flex at its marginal portions to allow the
diaphragm action. This arrangement avoids
the complications of the added elements to
constitute the flexible portions, but has been
generally avoided in practice because a tube
sheet sufficiently thin to provide the required
flexibility cannot be safely relied upon to
carry the weight imposed thereon by the tube
nest.

I have conceived of the idea of providing a
condenser which utilizes a thin tube sheet at
one or both ends of the shell having the neces-
sary flexibility, and of providing an im-
proved arrangement in connection therewith
for supporting the tubes in such a manner as
to carry most of the weight which, otherwise
would be imposed on the relatively thin en

tube sheet or sheets. More specifically, my
arrangement comprises a relatively thin tube
sheet disposed at one end of the shell and a
relatively rigid tube sheet secured near to the
thin tube sheet and arranged to slidably em-

- brace each of the tubes so as to provide a sup-

port for the tube nest which will permit the
latter to freely expand and contract.

With my improved arrangement, I can
safely utilize a tube sheet which is sufficiently
thin to permit the required diaphragm or flex-
ing action. Heretofore, in the modern type
of large surface condensers, it has been the

practice to utilize end tube sheets of the order

of 11/ inches to 13/ inches in thickness. Tube

-sheets of such thickness have been required

because of the stresses imposed thereupon by
the weight of the tubes. My arrangement re-
lieves the end tube sheet of the necessity for
carrying most of the weight and, consequent-
ly, the end tube sheet may be so proportioned
as to give it the required flexibility to com-

pensate for any relative expansion between

the tube nest and shell, and in addition, com-
pensate for any relative expansion between
the different portions of the tube nest. In ac-
cordance with my invention, I may utilize
tube sheets of the order of 14 to 34 inches in
thickness.

A further object of my invention, there-
fore, is to provide a surface condenser hav-
ing an end tube sheet which shall be so
formed as to be flexed in response to expan-
sion and contraction of the tubes and having
auxiliary supporting means for the tubes
comprising a relatively rigid tube sheet in
engagement with each of the tubes near the
flexible end tube sheet.

My improved arrangement is particularly
adaptable to the radial-flow type of con-
denser in which the shell is radially spaced
away from the tube nest about the whole cir-
cumference thereof. In this, as well as other
types of condensers, the marginal portion of
the sheet lying between the tube nest and the
shell may constitute the flexible portion of
the sheets. :

A still further object of my invention,
therefore, is to provide, in a type of con-
denser having a shell radially spaced from
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the tube nest, a tube sheet adapted to flex at
the marginal portions which intervene be-
tween the tube nest and the shell, and aux-
iliary supporting means in engagement with
each of the tubes to cooperate with the flex-
ible tube sheet to support the tubes.

These and other objects are effected by my
invention, as will be apparent from the fol-
lowing description and claims taken in con-
nection with the accompanying drawinis,
forming a part of this application, in which:

Fig. 1 is a view, in sectional elevation, of
one form of condenser arranged in accordance
with my invention; :

Fig. 2 is a cross-sectional elevation taken

along the line II—II of Fig. 1 and showing
the method of securing the auxiliary tube
sheet in the shell;

Fig. 3 is an enlarged, fragmentary view
showing the intermediate tube-supporting
sheet as well as the end tube sheet, with the
latter in flexed position; and,

Fig. 4 is a fragmentary view of another
form of condenser in which a thimble is se-
cured in the flexible tube sheet for fixedly re-
taining the ends of the tubes in the latter.

Referring now to the drawings, I show a

- condenser of the radial-flow type comprising
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a shell 11 having an inlet 12 for gaseous me-
dia to be condensed and an outlet 13 for con-
densate. A nest of tubes 14 is disposed lon-
gitudinally within the shell 11 and fixedly
secured, as by rolling, at one end in tube sheet
15 and at the other end in tube sheet 16. In-
termediate their ends, the tubes are support-
ed by intermediate tube sheets 17and 18. An
inlet water box 19 and an outlet water box 21
are associated with the end tube sheets 15
and 16, respectively, to provide for circulat-
ing cooling water through the tubes.

As heretofore set forth, when the tubes are
rolled or otherwise fixedly secured at both
ends in the end tube sheets, it is necessary to
provide means for allowing the tubes to ex-

and or contract with respect to the shell.

n this embodiment of my invention, pro-
vision for such expansion and contraction is
made by making the end tube sheet 15 rela-
tively tﬁin s0 as to permit it to flex back and
forth longitudinally of the shell in response
to expansion and contraction of the tubes.
Most of the diaphragm action of the thin
tube sheet 15 takes place in the substantially
circular portion 23 lying between the inte-
rior portion of the tube sheet, in which the
tubes are secured, and the marginal portion
of the tube sheet or that portion which is at-
tached to the shell. :

To carry most of the weight of the tube
nest which would otherwise be imposed on
the thin tube sheet 15, I provide an auxiliary
and relatively thick tube sheet 22 supported
in the shell and located close to the end tube
sheet 15. The auxiliary tube sheet 22 may
be rigidly supported by radial extensions 24

1,800,015

which are secured to brackets 25 on the in-
terior of the shell.

As best illustrated in Fig. 3, the auxiliary
tube sheet 22 is provided with openings or
holes 26 which slidably embrace each of the
tubes 14 at points near the ends thereof and
closely adjacent to the tube sheet 15. In this
manner, the auxiliary tube sheet supports
each of the tubes, prevents vibration thereof
and, at the same time, permits the tube nest to
freely expand and contract.

In Fig. 3, the tubes are shown as being ex-
panded directly into holes provided in the
flexible tube sheet. In cases where it is de-
sired to have a larger bearing surface be-
tween the relatively thin tube sheet 15 and
the ends of the tubes, an arrangement such
as illustrated in Fig. 4 may be utilized. The
additional surface is provided by rolling or

‘welding thimble-like members 31 into suit-

able openings in the flexible tube sheet,
which members are of greater length than
the thickness of the tube sheet. The tubes
14 are rolled or otherwise fixedly secured in
the bores of the thimble members and, in this
way, provide increased bearing surface for
the ends of the tubes.

-Referring to the drawings, it will be seen
that I have 1llustrated, in Fig. 2 the tube nest
as being eccentrically disposed in the shell as
in the ordinary radial-flow arrangement.
Also, I have shown conventional radial spac-
ing of the tubes, wherein the tubes are con-
centrated in the lower part of the tube bun-
dle. Therefore, it will be seen that with a
conventional type of radial-flow condenser
the spacing of the tube nest in the shell leaves
a diaphragm portion of less width at the bot-
tom than at the top, and this would increase
the stress per tube at the lower part of the
nest compared to the upper part except for
the increased number of stress-sustaining
tubes in the lower part.

While, in the embodiment set forth and de-
scribed, I have shown a flexible tube sheet at
one end of the condenser and a rigid tube
sheet at the other end, the contemplated scope
of my invention is such as to not restrict its
application to cendensers having the flexible
tube sheet at one end only. Also, while I
have shown and described my flexible tube
sheet as having uniform thickness through-
out ; the contemplated scope of my invention
is not limited to the utilization of a flexible
sheet of uniform thickness.

While I have shown my invention in but
two forms, it will be obvious to those skilled
in the art that it is not so limited, but is
susceptible of various other changes and
modifications without departing from the
spirit thereof, and I desire, therefore, that
only such limitations shall be placed there-
upon as are imposed by the prior art or as
are specifically set forth in the appended
claims.
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What I claim is:
1. In a surface condenser, in combination,

~a shell, a flexible tube sheet, a plurality of

tubes each fixedly secured at one end in the
flexible tube sheet, and tube-supporting
means in slidable engagement with each of
the tubes adjacent to the flexible tube sheet.

2. In a heat exchanger, the combination of
a shell, a flexible tube sheet disposed at one
end of the shell, a plurality of tubes each
fixedly secured at one end thereof in the
flexible tube sheet, and a relatively rigid tube
sheet secured in ¢icse proximity to the flexible
tube sheet and providing a slidable support
for the tubes.

3. In a heat exchanger, the combination
of a shell, a tube sheet disposed at one end of

the shell and arranged to flex at its marginal
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portions, a plurality of tubes each fixedly
secured at one end thereof in the flexible tube
sheet, a relatively rigid tube sheet secured
in close proximity to the flexible tube sheet
and arranged to slidably engage each of said
tubes so as to support the latter.

4. The combination with a surface con-
denser including a shell, a flexible tube sheet
having an interior portion thereof arranged
to shift longitudinally of the shell and a

“plurality of tubes disposed longitudinally

within the shell and fixedly secured at one
end in said flexible tube sheet, of means in-
dependent of the flexible tube sheet and
located adjacent thereto for slidably support-
ing each of the tubes of the nest.

5. In a surface condenser, the combination
of a'shell, a relatively thin tube sheet secured
at one end of the shell and arranged to de-
flect longitudinally of the shell, a nest of
tubes disposed within the shell and secured
at one end in the thin tube sheet, and a rela-
tively rigid tube sheet disposed in closely
spaced relation with respect to the flexible
tube sheet, said rigid tube sheet embracing
each of the tubes and providing for move-
ments of expansion and contraction thereof.

6. In a heat exchanger, the combination
of a shell having an inlet and an outlet for
a fluid to be circulated through the shell,
tube sheets secured to the shell at its.ends
and intermediate of its ends, a series of tubes
extending longitudinally within the shell
through the intermediate tube sheets and
fizxedly secured at their ends in the end tube
sheets, and fluild chambers associated with
said end tube sheets for circulating a fluid
through the tubes, one of said end tube sheets
being so formed as to flex in response to move-
ments of expansion and contraction of the
tubes and one of said intermediate tube sheets
being spaced a slight amount from the flexible
end tube sheet and slidably engaging each
of the tubes for supporting one end portion
thereof.

7. In a condenser, in combination, a shell

5 a relatively thin tube sheet secured to an end

3

of the shell and having an opening extendin,
therethrough, a thimble having a lengtﬁ
greater than the thickness of the tube sheet
and fixedly secured directly in said open-
ing, and a tube extending longitudinally of
the shell and fixedly secured at one end di-
rectly in the bore of said thimble.

8. In a heat exchanger, in combination, a
shell, a relatively thin tube sheet secured to
an end of the shell and having an opening
extending therethrough, a thimble having a

length greater than the thickness of the tube-

sheet and having a portion thereof rolled in
said opening, and a tube extending longi-
tudinally of the shell and rolled in the bore
of the thimble.

In testimony whereof, I have hereunto sub-

scribed my name this 1st day of August, 1930.
JOHN H. SMITH.
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