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This invention relates to condensers and to
heat exchangers in general, and is particu-
larly concerned with improvements in heat
exchangers of the type comprising a shell en-
closing one or more bundles of tubes, the
walls of which serve as a medium for convey-
ing heat from one fluid to another. In such
apparatus one fluid is caused to flow through
the tubes and the other fluid is brought into
heat exchanging relation with the exterior
surfaces of the tubes, within the shell.

One of the objects of this invention is to
provide a heat exchanger which can be manu-
factured at low cost and which will operate
satisfactorily under varying operating con-
ditions and which will require a minimum
of attention to keep the apparatus in good
working condition. With this object in view
we provide apparatus including a relatively
small number of inexpensive parts construct-
ed and arranged in a manner hereinafter de-
scribed whereby. an efficient heat exchanger
1s provided which can be used for a variety of
purposes with the assurance that its opera-
tion will be satisfactory under all working
conditions.

In providing a heat exchanger of the type
comprising a plurality of tubes enclosed with-

in a shell, a number of problems are presented

the relative importance of which depends
upon the type of service for which the appa-
ratus is designed. For example, in the petro-
leum industry great difficulty has been ex-
perienced with what may be termed differen-
tial tube expansion strains. In such instal-
lations the tubes may contain heavy oils, and
due to different degrees of fouling, the indi-
vidual tubes do not receive the same amounts
of oil. Thus tubes carrying lesser amounts
of oil are heated to higher temperatures,
with consequent differences in tube lengths
due to thermal expansions. Thus unequal
expansion -of the tubes produces abnormal
stresses in the tube sheets, and injury may
result. The relatively cold tubes may be
pulled out of the tube sheets, or if this does
not happen, then the relatively hot tubes
may elongate to such an extent as to protrude
through the tube sheet. With a view to
eliminating such disastrous occurrences, our

invention contemplates the provision of tubes
which are adapted to accommodate unequal
expansion and contraction of the tubes and
to accommodate changes in length of the
shell, whereby excessive stress at the ends
of the tubes is entirely avoided. For ex-
ample, the tubes may be bowed out of a
straight line to such an extent that the dis-
tance between the ends of any given tube may
change without in any way injuring the bond
between the tube ends and the tube sheets.
The tubes are sufficiently bowed during nor-
mal operation of the apparatus so that in the
event the shell elongates more than the tubes,
the tubes will merely straighten out to some
extent to accommodate the change in length
of the shell. On the other hand, whenever
the tubes elongate more than the shell, the
tubes bend slightly to increase the curvature
of the tubes to an extent sufficient to compen-
sate for the change in length and this occurs
without producing any undesirable stress in
the tube sheets, ’

By using tubes that are slightly bowed as
explained above it is entirely feasible to sup-

“ port the ends of the tubes rigidly at the ends

of the shell and our invention contemplates
improved means for securing the tube sheets
at the ends of the shell. This can be accom-
plished in such a way as to make it possible
to insert the tube bundle in the shell, and
remove the same from the shell whenever
necessary, with a minimum of effort. Fur-
thermore, our invention involves a method
of mounting the tube sheets which greatly
facilitates inspection of the apparatus to de-
termine whether it is in proper operating
condition. In general we prefer to employ
an annular flange on the interior of one end
of the shell, and to secure one of the tube
sheets directly to this flange, a gasket being
provided to insure proper sealing of the tube
sheet against the flange. A cover plate may
be secured to the outer face of the flange and
we prefer to employ a flange of sufficient
thickness to provide a tube manifold cham-
ber between the tube sheets and the cover
plate. The tube sheet and cover plate may
be secured to the flange by a plurality of
studs and the studs are preferably of smaller
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digmeter than the stud holes in the flange
whereby drip passages are provided along
the studs, and these passages may communi-
cate with an open channel formed in the
cover plate. Thus any leakage of fluid
through or around the gasket is readily de-
tected and the studs may be tightened to stop
the leakage, or the studs may be removed
and a new gasket inserted.

Our invention may include improved
means for supporting or spacing apart the
tubes within the shell. Where a relatively
long shell is employed, enclosing tubes of
corresponding length, it is desirable to pro-
vide some means for maintaining the tubes
in proper position at one or more points in-
termediate the ends thereof. According to
our invention such spacing means are pref-
erably connected to the tube sheets by tie rods,
or the like, whereby the spacing members,
the tubes and the tube sheets constitute a
unitary structure which can be inserted into
the shell, or removed therefrom, as the case
may be, with a minimum of effort. .

he various objects of our invention will

~be more apparent upon considering the fol-
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35

lowing detailed description which is to be
taken in conjunction with the accompanying
drawings in which

Fig. 1 is a longitudinal sectional view of a
heat exchanger embodying our invention;

Fig. 2 is a horizontal sectional view taken
on line 2—2 of Fig. 1 showing details of
construction ;

Fig. 8 is a sectional view similar to Fig. 2
except that it is taken on line 3—3 of Fig. 1;

Fig. 4 is an enlarged transverse sectional

- view taken on line 4—4 of Fig. 8 showing de-
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tails of construction; :

Figs. 5 and 6 are, respectively, a side eleva-
tion and a front elevation of a portion of
the apparatus shown in Figs. 1 to 4 in-
clusive.

The embodiment of our invention illus-

trated in the accompanying drawings com--

prises a heat exchanger shell 1 which may be
supported in a horizontal position, or in a
vertical position as may be desired. The shell
1is provided with ports 2 and 3 for the admis-
sion and discharge of fluid to and from the
interior of the shell, and the shell encloses a
plurality of tubes 4 extending lengthwise
thereof with the ends of the tubes suitably
mounted in tube sheets 5 and 6. An annu-
lar housing 7 provided with an inlet 8 and an
outlet 9 forms a manifold chamber communi-
cating with the ends of the tubes mounted in
the tube sheet 5. The housing 7 is provided
with an annular flange 10 engaging a corre-
sponding recess near the periphery of the tube
sheet 5, and the housing 7 and the tube sheet
5 are both clamped firmly to the annular sup-
porting ring or flange 11 on the exterior of the
adjacent end of the shell 1. Studs 12 serve to
clamp these parts together. The outer end

1,842,945

of the housing 7 is closed by a suitable cover
plate 13 which may be detachably secured to
the housing by any suitable means, such as
the studs 14. One or more baffles 15 may be
provided within the housing to direct the
flow of fluid through the apparatus as indi-
cated by the arrows. ‘

The tube sheet 6 at the end of the shell re-
mote from the housing 7, is detachably se-
cured to an annular flange 16 by any suitable

means, such as the studs 17. The flange 16,

carried by the shell 1, is disposed within the
end of the shell and the tube sheet 6 engages
the inner face of this flange, a suitable gasket
18 being interposed between these parts to
provide a seal. The studs 17 may serve to
hold a cover plate 19 against the outer face
of the annular flange 16, and the flange 16 is
preferably of sufficient width to provide a
manifold chamber between the tube sheet 6
and the cover plate 19. A baffle 20 may be ar-
ranged between the cover plate 19 and the
tube sheet 6 to direct the flow of fluid through
the apparatus. :

The annular flange 16 is provided with stud
holes 21 to accommodate the studs 17, and
these stud holes are substantially larger in
diameter than the studs, thus forming pas-
sages extending through the flange 16. Ac-
cordingly, any fluid leaking - through or
around the gasket 18 from the interior of the
shell is permitted to escape through the drip
passages extending along the studs, and to
further facilitate detections of leakage the
cover plate 19 is provided with an annular re-
cess or channel 22 in direct communication
with the drip passages through the flange 16.
Accordingly fluid leaking through the gasket
may be at once detected in the open channel
in the cover plate and the studs 17 may be
tightened to stop the leakage. This attention
can be given to the apparatus without the
necessity for removing any shell cover, for
the heads of the studs are exposed at all times.

As explained above, the tube bundle com-
prising the tubes 4 and the tube sheets 5 and
6, is rigidly secured at its ends to the shell 1.
The tube sheet 5 is rigidly clamped against
the annular ring or flange 11 and the other
tube sheet 6 is clamped against the annular
flange 16. Such being the construction, de-
structive stresses would be developed at the
ends of the tubes where they are mounted in
the tube sheets, unless some provision were
made for making due allowance for changes
in"length of the shell with respect to the
length of the tubes, such changes being caused
by unequal expansion or contraction of the
tubes and the shell. In accordance with the
preferred embodiment of our invention, this
1s taken care of by providing tubes of such
length that during normal operation they are
bowed to some extent. This is best illus-
trated in Fig. 3 in which the bowing of the
tubes has been considerably exaggerated for
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purposes of illustration. Where the shell is
to be installed in a horizontal position the
tubes are preferably initially bowed in a hori-
zontal direction, the tubes being supported at
one or more points intermediate their ends
by tube supporting or spacing devices. Two
such devices are shown at 23 in Figs. 1 to 4
and in greater detail in Figs. 5 and 6.

It will be understood that under some con-
ditions, for example where relatively short
tubes are employed, it is not necessary to pro-
vide any supports or spacers such as those
illustrated at 23.

With respect to the feature of providing
bowed tubes, it will be understood that the
tubes are preferably initially bowed to such
an extent that during normal operation there
is sufficient “slack” in the tubes to take care of
all changes in length of the shell relative to
the length of the tubes and to take care of dif-
ferential expansion of the tubes.. The tubes
are sufficiently bowed so that whenever the
shell elongates more than the tubes, the tubes
straighten out to some. extent, but do not be-
come perfectly straight for in such event ab-
normal stresses would be developed at the
ends of the tubes.

The use of bowed tubes involves the use of

tube sheets and a shell of such dimensions

that ample space is provided for the end
flange 16, and a gasket joint of satisfactory
dimensions can be provided between the
tube sheet 6 and the adjacent flange 16.

The tube spacers or intermediate supports
illustrated at 23 each comprise a plurality of
metal strips 24 secured at their ends to
curved frame members 25 and 26. These
frame members are interconnected by metal
strips 27 and 28 each having a plurality of
bolt holes 29 therein. It will be understood
that the tubes pass between the strips 24 as
best illustrated in Fig. 4 and are thereby
maintained in proper alignment. Expan-
sion or contraction of the tubes causes them
to slide lengthwise of the strips 24 and these
strips are spaced apart a distance sufficient

to provide ample freedom of movement of

the tubes during the expansion and contrac-
tion thereof. As illustrated in Figs. 1 and
2, tie rods 29" serve to connect the spacer
frames with the tube sheets, and similar tie
rods 30 serve to interconnect adjacent spacer
frames. Each set of gpacer strips 24 and the
supporting frame members therefor may be
regarded as a cage and it will be noted that
these cages are connected to the tube sheets
at the extremities of the apparatus and are
not fastened to the shell directly. Accord-
ingly the cages constitute part of the unitary
removable bundle comprising the tubes and
tube sheets, and accordingly the spacer cages
can be assembled in place on the tubes before
the tube bundle is inserted in the shell.

The apparatus illustrated in the accom-
panying drawings includes a plurality of

3

bafle plates 31, 32 and 33, the end baffle
plates 31 and 33 having V-shaped notches
34 and 35 respectively through which fluid
within the shell may pass from one section
of the shell to another section thereof. The
baffle plate 31 is provided with lugs 36 en-
gaging corresponding recesses in the tube
sheet 5 and the other end of this baffle plate
is secured to one of the spacer strips desig-
nated as 24’ (see Fig.5). Thisstrip is wider
than the other strips and provides a flange
support for the baffle plate which is riveted
or otherwise fixed thereto. In like manner
the central bafile plate 32 is secured to the
spacer strips 24’ of the adjacent spacer cages
and the inner end of the baffle plate 33 is
supported in similar manner. The outer
end of baffle plate 383 is provided with projec-
tions 37 engaging slots in pins 38 carried by
the tube sheet 6. This slotted connection
permits ‘relative movements of the parts
which occurs whenever there is unequal ex-
pansion or contraction of the shell and the
baffle plates.

It is to be understood that our invention is
not limited to the details of construction of
the apparatus illustrated in the accompany-
ing drawings but includes such modifications
thereof as fall within the scope of the ap-
pended claims. For example, as indicated
by the appended claims, certain features of
the invention may be used to advantage
without employing other features which may
be included in the specific embodiment of
the invention herein described in detail.
The construction and arrangement of the
tube supporting or spacing cages may be
modified and in fact the use of such devices
for causing the tubes to bow in parallel
planes may be eliminated if desired. The
tubes can be made of material similar to that
of the shell, or they may be made of metal
possessing physical characteristics different
from those of the shell. If the tube metal
has a materially higher coefficient of expan-
sion than the shell metal, it is merely neces-
sary to provide a slightly larger shell to ac-
commodate greater bowing of the tubes
whenever there is a tendency for the tubes to
elongate more than the shell. The arrange-
ment of the tubes may be varied as desired,
for example, alternate rows of tubes may be
bowed 'in opposite directions, or alternate
banks or passes may be bowed in opposite
directions. Furthermore the construction
and arrangement of the baffles within the
tube manifold chambers and within the shell
may be altered as desired to control the flow
of fluids through the apparatus.

We claim :— , ;

1. A heat exchanger comprising a shell, a
plurality of tubes therein, a tube sheet se-
cured to said tubes, an annular flange se-
cured to one end of the shell and having a
plurality of stud holes therein, a cover plate,
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and a plurality of studs for securing the
cover plate and said tube sheet to opposite
sides of said flange, at least one of said studs
being of smaller diameter than the corre-
sponding flange stud hole whereby a drip
passage is formed-along the stud, and said
cover plate having an open channel com-
municating with said drip passage.

‘2. A heat exchanger comprising a shell, a
plurality of tubes therein, a tube sheet se-
cured to said tubes, an annular flange se-
cured to one end of said shell and having
a plurality of stud holes therein, a cover
plate and a plurality of studs for securing
the cover plate and said tube sheet to oppo-
site sides of said flange, said studs being of
smaller diameter than the flange stud holes
whereby drip passages are formed along
the studs, and said cover plate having an an-
nular open channel communicating with said
drip passages.

3. A heat exchanger comprising a shell, a
plurality of tubes therein, a tube sheet.se- -
cured to said tubes, an annular flange secured
to one end of the shell and having a plurality
of stud holes therein, a cover plate, a plu-
rality of studs for securing the cover plate
and said tube sheet to opposite sides of said
flange, and a gasket interposed between said
tube sheet and said flange, said studs being
of smaller diameter than the flange stud holes
whereby drip passages are formed along the
studs, and said cover plate having an open
annular channel communicating with said
drip passages.

4. A heat exchanger comprising a shell, a
plurality of tubes therein, tube sheets to
which the opposite ends of said tube are se-
cured, a plurality of tube .spacing strips, a
frame for supporting said strips, and means
for securing said frame to at least one of
said tube sheets.

5. A heat exchanger comprising a shell, a
plurality of tubes therein, tube sheets to-
which the opposite ends of said tubes are
secured, a plurality of tube spacing strips, a
frame for supporting said strips whereby the
strips and frame constitute a unitary cage,
means for securing said frame to at least one
of said tube sheets, and a baffle supported by
said cage and one of said tube sheets.

In testimony whereof we affix our sig-

natures.
KENNETH B. RIS.
JOSEPH PRICE.



