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. This invention relates to heat exchangers bundle 11 extend transversely across the
adapted particularly for cooling and liquefy-' shell from one curved side to the other. The '
ing vapors resulting from the distillation of walls of the shell 10 are punched or drilled on
petroleum and, more generally, for cooling opposite sides to receive the ends of the
5 gases or liquids of any kind. " tubes. The tubes are inserted in these &8
The primary object of the invention is to aligned holes and each end of the tubes is
provide an improved surface type heat ex- then expanded after the customary manner
changer in which the expansion and contrac- of securing tubes.in tube sheets. In fact
tion of the tubes is provided for effectively the drilled areas of the shell constitute curved -
10 and at small manufacturing cost. tube sheets which are made integral with the 60
Another object of the invention is to pro- side walls of the shell, the side walls them-
vide a heat exchanger in which comparative- selves being curved to the same radius of
ly high pressures can be accommodated in curvature as the tube sheets. .
the shell without the expense of bracing the - The tubes of the entire tube bundle are
15 ghell sides. - : preferably all of the same length for the 66
Another object of the invention is to pro- sake of convenience, and the ends of the
vide a heat exchanger construction which is tubes will therefore project by varying
- commercially practicable because of its sim- amounts beyond the exterior suri};ce of the
ple arrangement and low cost of manufac- *shell, as indicated in the drawings. In
20 ture. ' _ “order to provide for delivering and con- 70
" The invention will be understood from a trolling the flow of fluid through the interiors
consideration of the following description of the tubes, these projecting tube ends on
taken in connection with the accompanying - each side of the shell are covered by means
" drawings, in which . of flanged members 12 and 13 having flanged
25 Fig. Lis a plan view of the heat exchanger caps 14 and 15 removably bolted thereto.
with the upper left hand portion broken The flanged members 12 and 13 surround the
away and showing the tube bundle in trans- projecting ends of the tubes 11 and are
verse section. : . : curved on their inner edges to conform to the
Fig. 2 is an end elevation of the heat ex- curvature of the shell 10. They are welded
30 changer in which the upper left hand corner to the shell along the peripheries of these in- 80
is broken away to show a portion of the ner edges, so asto make a tight joint there- -
shell and tube bundle in central vertical sec- with and they form a chamber at each end of .
tion, and the left hand portion of one of the the tube bundle which is capable of with-
tube bundle caps is also broken away to ex- standing considerable pressure, :
3% pose the ends of the tubes. The outer.ends of the flanged members 12 88
" Fig. 3 is a'side elevation with the left hand and 13 extend just beyond the ends of the
portion broken away and showing a vertical tubes so as to protect them when the caps 14
section of the heaf, exchanger shell taken and 15 are removed. The heat exchanger
centrally of the shell. . illustrated in the drawings by way of exam-
Fig. 4 is an enlarged fragmentary section ple is an eight-pass heat exchanger, that is, 90
of the upper left hand portion of Fig. 1 the liquid is ‘passed eight times across the
showing certain details of construction. heat exchanger shell before being allowed to
Figs. 5 and 6 illustrate a modification, Fig. leave the tube bundle. This is accomplished
5 being a horizontal section on line 5—5 of by subdividing the chambers at each end of
Fig. 6, and Fig. 6 a vertical section taken the tube bundles by means of partition walls
centrally through Fig. 5. B 16 within the flanged members 12 and 13,.
Referring to Figs. 1 to 4 of the accompany- and ribs 17 in the caps 14 and 15 which reg-
ing drawings, the shell 10 of the heat ex- ister with these partition walls.
changer is cylindrical or substantially cylin-  The partition walls 16 are placed in be-
drical in form, and the tubes of the tube tween the projecting ends of the tubes and -
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A welded to the surface of the shell 10 while the

ribs 17 are made integral with the caps 14 and
15, these caps being made preferably of cast
iron. The arrangement of the partition
walls 16 at each end of the tube bundle is in-
dicated in the drawings. Fluid connections
for admitting and discharging fluid to the in-
terior—of the tubes of the tube bundle are
made with any of the chambers formed by

partition 16 and rib 17 to obtain the de-

sired circulation of fluid. .
In the heat exchanger illustrated, a flanged

“connection 18 communicates with the upper-

most of these chambers in cap 14, and a ‘sec-
ond flanged connection 19 with the lower-
mo:t chamber in the same cap. The fluid,
for example cooling water, can be admitted
through either of these connections and dis-
charged through the other one. Assuming
that it enters at the top, the cooling water
will flow through the first pass consisting of

the uppermost group of tubes to the opposite .

end of the tube bundle where it will be de-
livered by means of the chambers formed in
the cap 15 to the next lower group of tubes
by which it will pass back to.cap 14. The
flow continues in this manner through the

-elght passes and finally the water leaves the

apparatus through the outlet 19. ,
The shell 10 is preferably constructed in
the example shown in the drawings, of 5/8
inch steel plate rolled into cylindrical shape
and ‘welded along the longitudinal meeting
edges. The shell'is provided at top and, bot-
tom with closing discs 20 consisting of 154
inch steel plate which is bolted to flanges 21
welded on to each end of the shell. This
shell, if inside diameter is not over 30 inches,
will safely withstand a working pressure of

100 pounds per square inch and the same .

pressure may also be used on the fluid with-
in the tubes.

The fluid, for example oil vapors which

are to be condensed, enters the shell 10
through a central inlet opening 22 in the top
closing disc 20, and the condensate leaves the
shell through a similar opening 23 in the bot-
tom closing disc. Because of the thickness

~ of these closing discs, it is unnecessary to pro-

50
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vide separate flanges for connection and the
flanged pipe connections are studded direct-
ly to the surfaces of the closing discs 20 as in-
dicated by the stud circles surrounding the
openings 22 and 23,

In order to direct the incoming vapor over
the surfaces of the tubes 11, transverse blank-
ing off plates 24 are positioned to fill the
spaces on each side of the tube bundle at the
top, and longitudinal baffles 25 are also
mounted at the sides of the tube bundle 11.

The longitudinal baffles are held in place by
shouldered tap bolts which are set into lon-
gitudinal bars 26 that are welded to the in-
terior surface of the shell along each side of
the tube bundle. The holes in the baffle plates

1,789,880

are made considerably larger than the bolts
so as to allow for expansion and contraction
without stressing the baffle plates, and the
bolts are provided with spring washers to
hold the baffle plates snugly in place.

The tube bundle 11 illustrated in the draw-
ings consists of 432 34-inch outside diameter
No. 14 B. W. G. steel tubes. The tubes may,
however, be made of copper or other non-fer-
rous metal if desired.

The modified form of heat exchanger illus-
trated in Figs. 5 and 6 is similar in dimen-
sions and construction to the form just de-
scribed in connection with Figs. 1 to 4 inclu:
sive except that the ends of the tubes, instead
of being secured directly in the walls of the
shell, are secured in separately formed tube

70
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80

sheets which are mounted upon opposite sides

of the cylindrical shell.

To this end the shell 10’ is provided with
apertures 29 which in the form shown in the
drawings are rectangular in shape, in which
tube sheet members 30 and 81 are mounted.
These tube sheet members are preferably
made in the form of steel castings which are

separately attached to the shell around the

periphery of the openings 29 by means of
rows of rivets 32 of by welding. The lateral
and longitudinal extents of these tube sheet
members are such as to leave a considerable
space at both sides of the tube bundle and also
at the top and bottom of the tube bundle for
& purpose which will hereafter appear.

With this form of comstruction the tube

sheets formed in the tube sheet members 30

and 31 are flat so that the apertures for the
tubes can be made somewhat more easily than
in the case of the construction shown in Figs.
1to4 inclusive. Also the ends of the tubes of
the tube bundle 11” project uniformly beyond
the tube sheets. : ’

- _The tube sheet - members 80 and 31 are pro-

vided with partition walls 16” corresponding
to those shown in Figs. 2 and 8 for the pur-
pose of co-acting with ribs 17/ formed on the
interior of the caps 14’ and 15’ for the pur-
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pose of controlling the flow of liquid through -

the tubes.

The diaméter of the shell of my improved
heat exchanger is made considerably larger
than the width of the tube bundle so as to
give considerable curvature to the sides of the
shell opposite the sides of the tube bundle and
thereby perinit these sides to flex or become
slightly distorted under the forces accom-
panying expansion and contraction of the
tubes of the tube bundle. This flexing is even-
ly distributed throughout the sides of the
shell, and some flexing may even occur in the
portions of the shell which serve as tube sheets
in Figs. 1 to 4. The flexing of these portions
of the shell will be relatively small, however,
but in any event the moving of the axes of the
tube openings which accompanies this flexing
is taken up in a slight bowing of the tubes
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without placing severe strain upon the tube
joints. :

. The shape of the tube bundle in end view
is preferably rectangular since in this way
the maximum number of tubes can be placed
in a given area. Also the tube sheets, either
the integral form shown in Figs. 1 to 4, or
the separate form shown in Figs. 5 and 6,

""" are then parallel with the sides of the shell

10

15

- 20

30

and the stresses caused by expansion and
contraction are evenly distributed length-
wise of the shell. The tubes can be arranged,
however, in bundles of circular, elliptical or
other cross-sectional shape if desired. The
ends of the shell are extended both above
and below the tube bundle so as to facilitate
the further distortion of the shell under the
forces of expansion and contraction when
the ends of the shell are closed by non-flexing
members such as the closing discs 20. .

In heat exchangers used for oil refining
work, it is necessary to provide for frequent
cleaning of the tubes because of scale form-
ing impurities which are present in the cool-

5 ing water available in many localities. This

accessibility is provided for in the present
heat exchanger by the mere removing of the
caps 14 and 15 after which the straight tubes
of the tube bundle can be readily cleaned in
any ordinary manner.

The improved heat exchanger of the pres-
ent invention has been found to be of ex-
tremely practical construction because of the

_ fact that provision for compensating for the

- -40

expansion and contraction of the tubes has
been provided for in an extremely simple
and inexpensive way. Moreover, the same
principles of construction which provide for

“expansion ‘and contraction also provide for
-exceptional strength in the shell. The pres-

ent heat exchanger therefore can. be manu-

" factured at extremely low cost and at the

in the tubes.

60

_same time is well adapted use where consid-

erable expansion and.contraction «s apt to
take place and where relatively high pres-
sures must be employed both in the shell and

The foregoing is to be considered as a

‘mere exemplifying disclosuré of my inven-

tion, and the invention includes such varia-
tions as come within the terms of the ap-
pended claims. —

I claim:— » -

1. An apparatu'sv of the type described

comprising a shell substantially cylindrical
in cross section, a pair of tube sheets oper-
atively supported opposite one another by
the cylindrical sides of the shell, and a
bundle of tubes having their ends secured in
the tube sheets and extending transversely
of the cylindrical shell, the cylindrical shell
being substantially larger in diameter than
the width of the tube bundle so as to leave
flexible -portions in the sides of the shell be-

¢ tween the. tube sheets for taking up the

3
change in length of the tubes caused by ex-
pansion and contraction.

2. An apparatus of the. type described
comprising a shell substantially cylindrical
in cross section, a tube sheet.supported by
each side of the shell, and a bundle of tubes
operatively supported by the tube sheets and
extending transversely of the cylindrical
shell, the lateral extent of the said tube
bundle being substantially less than the 75
diameter of the shell, and the longitudinal
extent of the tube bundle being substantially

70

-less than the length of the shell so as to leave

flexible portions in the sides of the shell sur-
rounding the tube sheets for taking up the
change 1n length of the tubes caused by ex-
pansion and contraction.

3. An apparatus of the type described
comprising a pair of tube sheets having a
bundle of tubes mounted - therebetween, a
shell for supporting the tube sheets and di-
recting fluid into contact with the exterior
surfaces of the tubes, the sides of the shell
joining the sides of the tube sheets extending
outwardly from the tube bundle in sweeping 90
curves and forming flexible portions for tak-
ing up the change in length of the tubes
caused by expansion and contraction.

4. An apparatus of the type described com-
prising a shell substantially cylindrical in 95
cross section, a pair of tube sheets operatively
supported opposite one another by the cylin-
drical sides of the shell, a bundle of tubes hav-
ing their ends secured in the tube sheets and
extending transversely of the cylindrical 100
shell, the cylindrical shell being substantially
larger in diameter than the width of the tube .
bundle so as to leave flexible portions in the
sides of the shell for taking up the changein
Jength of the tubes caused by expansion and 105
contraction, baffles transversely positioned at
the top of the tube bundle for filling the spaces
between the sides of the tube bundle and the
sides of the shell, and baffles arranged longi-

80

- tudinally at the sides of the tube bundle there- 110

by causing the fluid in the shell to be held in

contact with the surfaces of the tubes.

5. An apparatus of the type described com-
prising a shell substantially cylindrical in
cross section, a bundle of tubes having their 115
ends secured in the sides of the cylindrical
shell and extending transversely thereof, the
cylindrical shell being substantially larger in
diameter than the width of the tube bundle so
as to leave flexible portions in the sides of the 120
shell for taking up the change in length of the
tubes ‘caused by expansion and contraction,
and chambers surrounding the protruding
ends of the tubes at each side of the shell for
directing the flow of fluid through the tubes. 125

6. Anapparatus of the type described com-
prising a tube bundle and a metal enclosure
for said bundle, at least a portion of said en-
closure having edges fixed with respect to the
ends of the tube bundle and having substan- 130
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tially the entire section intermediate the said
edges curved to provide sufficient flexibility
to accommodate expansion and contraction of
the tubes. L

7. An apparatus of the type described com-
prising a pair of tube sheets having a bundle
of tubes mounted therebetween and a shell
having sides joining the sides of the tube
sheets and extending outwardly from the tube
bundle in sweeping curves and forming flex-
ible portions for taking up the change in
length in the tubes caused by expansion and
contraction. :

8. An apparatus of the type described com-
prising a shell substantially cylindrical in
cross section, a pair of tube sheets operatively
mounted opposite one another on the cylin-

. drical sides of the shell, a bundle of tubes

20

25

30

35

having their ends secured in the tube sheets
and extending transversely of the cylindrical

shell, the cylindrical shell being substantially

larger in diameter than the width of the tube
bundle so as to provide flexible portions in
the sides of the shell for taking up the ¢hange
in length of the tubes caused by expansion and

-1,789,880

the ends of the cylindrical shell, the shell be-
ing substantially larger in diameter than the
width of the tube bundle so as to provide flex-
ible portions in the sides of the shell, between
the tube sheets for taking up the change in
length of the tubes caused by expansion and
contraction, and the said tube bundle being
spaced apart from said closure plates.

In testimony whereof I affix my signature.

JOSEPH PRICE.
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contraction, and baffles arranged longitudinal- .

ly at the sides of the tube bundle thereby

causing the fluid in the shell to be held in con-

tact with the surface of the tubes. o

9. An apparatus of the type described com-
prising. a shell substantially cylindrical in
cross section, a pair of tube sheets operatively
mounted opposite one another on the cylin-
drical sides of the shell, a bundle of tubes hav-
ing their ends secured in the tube sheets and
extending 'transversely of the cylindriecal
shell, the cylindrical shell being substantially

larger in diameter than the width of the tube.

* bundle so as to provide flexible portions in the

40

45

sides of the shell for taking up the change in
length of the tubes caused by expansion and
contraction, baffles arranged longitudinally at
the sides of the tube bundle, and means for
preventing the by-passing of fluid around the
tube bundle, between the said baffles and the

‘shell. :

~ 10. An apparatus of the type described

comprising a pair of tube sheets having a bun- .

dle of tubes mounted therebetween, a shell

having sides joining the sides of the tube

~ sheets and extending outwardly from the tube

60
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bundle in sweeping curves to provide flexible
portions for taking up the change in length of
the tubes caused by expansion and contrac-
tion, means for supplying fluid to the shell
and means within the shell for confining the

fluid in contact with the external surfaces of

the tubes.

“11. An apparatus of the type described
comprising a shell substantially eylindrical in -

cross section, a pair of tube sheets supported
by the shell at opposite sides thereof, a bun-
dle of tubes having their ends secured in the
tube sheets and extending transversely of the
cylindrical shell and closure plates secured to
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