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This invention relates to heat exchange ap 
paratus, and more particularly to apparatus, for 
indirect heat exchange of fluids, of the type haw 
ing a plurality of interconnected tubes for the 
paSSage therethrough of one of the fluids, and a 
tube-housing shell for the passage therethrough 
of the other fluid. 
An object of the invention is to employ, in a 

heat exchanger of the foregoing type, separate 
return bends for interconnecting tubes instead 
of the tube sheets usually employed for inter 
Connecting tubes, the sheets having been found 
unsatisfactory due to their tendency to distort 
and Creep, especially in the case of relatively 
thick sheets required in high temperature and 
pressure heat exchangers. 
Another object is to provide, in an exchanger 

of the just mentioned characteristics, a system 
of baffles, associated with the tubes, insuring cir 
cuitous or winding passage of the fluid in the 
shell in one direction and return in the opposite 
direction, thereby providing ample heat transfer 
relation thereof with the fluid in the tubes. 
A further object is to mount the tubes in asso 

ciation with the baffles and shell to allow free 
expansion of the tubes in both directions rela 
tive to the shell and baffles. - 
Other and further objects of this invention will 

appear from the following description, the ac 
Companying diraWings and the appended clair. 

Referring to the drawings forming part of this 
application, Figure 1 is a sectional view of the 
heat eXchanger involving the present invention, 
taken on the line I-I of Fig. 2, being broken 
away through the central portion and contracted 
to Save Space, parts being shown in full and other 
parts omitted, and a terminal coupling being 
shown partly in section; Fig. 2 is a sectional 
view Gif the heat exchanger taken on the line 
II-II of Fig. 1; Fig. 3 is a section on the line 
III-III of Fig. 5, showing the tubes fragmental 
ly; Fig. 4 is an enlarged sectional view of the 
heat exchanger taken on the line IV-IV of Fig. 
1, parts being shown in full; Fig. 5 is a section 
on the line V-W of Fig. 1, enlarged similar to 
Fig. 4; Fig. 6 is a plan of a unitary transverse 
baffle assemblage shown partly in section, and the 
shell indicated in dot and dash line3, the assem 
blage and shell being broken away similar to Fig. 
l; Figs. 7, 8 and 9 are elevations of three baffles 
of a transverse baffle assemblage, Fig. 7 being an 
end baffle, Fig. 8 being an intermediate baffle ex 
tending to One side of the assengage, and Fig. 9 
being an adjacent intermediate baffle extending 
to the other side of the assemblage; and Fig. 10 
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is a schematic view indicating the direction of 
travel of the fluid through the tubes. 
In the present invention the shell, indicated 

generally by the reference numeral f, is formed 
of a plurality of detchably connected parts, name 
ly an open ended drum 2, a hollow cover 3 cloS 
ing one end of the drum, an open ended channel 
A extending from the other end of the drum and 
concentric therewith, and a fiat cover 5 closing 
the outer end of the channel. 
The exchanger may be installed in a Vertical 

or any other desired position, but as it is par 
ticularly devised to serve as a transfer line ex 
changer, it is preferably disposed, as shown in 
Figs. 1 and 2, in a horizontal position and for 
convenience Will be so described. To this end 
it is supported on two spaced cradles 6 secured 
to the botton of the drum. - 
The baffle system includes a nain baffle ex 

tending longitudinally of the exchanger through 
the drum from the channel end thereof to or 
substantially to the opposite end thereof and, in 
the horizontal position of the exchanger, is pref 
erably disposed, as shown, horizontally, extend 
ing fron side to side of the drun to which it is 
secured at its opposite longitudinal edges prefer 
ably by sealing it thereto, as by Welding, through 
out the entire length of the baffle. 
A horizontal balfile 8, which in efect is a con 

tinuation of the baffle , extends through the 
channel. A from the baffle to the cover 5 and from 
side to side of the channel to which it is Welded 
similar to the welding of the baffle 7. The baffle 
7 divides the drum into an upper compartment 
9 and a lower compartment 9, and the baffle 8 
divides the channel into an upper compartment 

and a lower compartment 2, which compart 
ments and 2 are in efect respectively con 
tinuations of the compartments 9 and 8. 
The baffle Systein further comprises a unitary 

transverse baffle assemblage, indicated generally 
by the reference numeral 3, disposed in Com 
partment 9 and extending for a short distance 
into coimpartment , and another unitary trans 
verse bafile assemblage, indicated generally by the 
reference numeral fi, disposed in compartment 
0 and extending for a short distance into com 

partment 12. 
As these assemblages are similar in all respects 

a description of one, namely the upper assemi 
biage 3 (shown particularly in Fig. 6), Will 
Sufice. It rests upon the baffle T. The as 
semblage 3 includes longitudinally spaced 
transverse baffles, the end baffles or plates 5 
being thicker than the other transverse baffles to 
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temperatures between various portions of each 
tube sheet, which is a condition common in 
heat exchangers, and further is due to unequal 
expansion and contraction between the various 
tubes Secured to the tube sheets. 
There is a set of five tubes 25, 25, 27, 28 and 

29 in the lower compartment 9 and a similar 
set of five tubes 25, 26, 27', 26' and 29' in the 
upper compartment 9. The adjacent tubes of 
each compartment are equally spaced in order 
that similar return bends may be employed 
throughout. Although the tubes 27-27 are 
shown as at slightly a greater space, requiring 
a larger return bend, they may be of an equal 
space requiring a return bend similar to the 
others. The tubes 25, 26 and 27 are arranged 
in a horizontal row near the baffle 7 and the 
tubes 28 and 29 are arranged in another hori 
Zontal row further from the haffe 7, the tubes 
of the rows being staggered. The tubes in com- : 
partment 9 are similarly arranged. The tubes 
extend through their respective compartments 
longitudinally and through all the transverse 
baffles and plates 5 of their respective compart 
ments, the baffles and plates being provided with 
aligned orifices to permit this. The tubes ex 
tend for a short distance into the hollow cover 
to provide for their coupling with the return 
bends which are at this end, and, at their other 
ends, extend slightly beyond the plates, 5 dis 
posed in the compartments f and 2 to provide 
for their coupling with the return bends and out 
let and inlet terminal couplings which are at 
this end, as will presently appear. 
The return bends at one end of the apparatus : 

are housed in the hollow cover and at the other 
end are housed in the channel. The return 
bends, with their associated parts. are preferably, 
as shown, separate from each other, all similar, 
and, as shown, are of a standard type rediring 
no threaded joints connecting the tubes with 
their bends, although other types may be en 
ployed. 
The return bends 30 for coupling the tubes are 

of U-shape and each is connected to the tubes 
by two separate ring-shaped couplings 3. A 
pair of spaced hollow branches 32 extend from 
one end of each coupling in a direction longi 
tudinally of the axis of the coupling and this 
end of the coupling is provided with an outwardly 
flaring inner seat 33. The opposi?e end is pro 
vided with internal grooves 34, and is mounted 
On the end of a tube, the tube being rolled out 
wardly to expand it, into the grooves 34, provid 
ing a sealed, locked joint permitting longitudi- , , 
nally outwardly directed forces to be applied to 
the coupling and locked tube. The couplings 3 
are mounted on the tubes with the Spaces be 
tween the pairs of branches 32 in alignment. To 
insure this the couplings, at their adjacent sides, 
have engaging faces, one being provided with 
an axially directed groove and the other with 
a tongue fitting the groove providing the con 
nection 35 which allows for any slight difference 
in longitudinal positioning of the couplings 3. , 
The return bend 3 is disposed within the alignad 
spaces with the ends of its legs extending each 
within the flaring end of a coupling 3, the ends 
of the legs being oppositely flaring providing a 
sealed joint when forced tightly into the coupling 
3, as will presently appear. The hollow 
branches 32 of each coupling 3 are provided 
with aligned orifices 36. A bar 3 is disposed 
across the space with its ends extending into 
the aligned orifices. The bar is provided, at its 
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portion spanning the space, with a threaded 
Opening for a Screw 38 which is inserted in the 
threaded opening after the bar is assembled and 
which bears at its end against a lug 39 formed 
On the return bend 39. Upon tightening the 
screws 38 the return bend, in an obvious manner, 
is forced tightly into engagement with the 
couplings 3. 

Fig. 5 shows the order of connecting the tubes 
by the return bends at the hollow cover end of 
the apparatus, the return bend at the left be 
ing the cross-over return bend connecting to 
gether one of the tubes in each drum compart 
ment, namely the tubes 27 and 27. V 

Fig. 4 shows the order of connecting the tubes 
by the return bends at the channel end of the 
apparatus. Here the two tubes at the right, (one 
in each drum compartment, namely tubes 25 and 
25'), are not connected to a return bend but 
instead each of these tubes is connected to a 
terminal coupling 49, these couplings being dis 
posed one in each of the compartments if and 
2. The coupling 40 is connected to the tube in 
a manner similar to the manner of connecting 
a coupling 3 as a foredescribed, and a plug 4 
for closing the coupling 49 is connected thereto 
Similar to the manner of connecting a leg of 
the return bend as aforedescribed, as clearly 
shown in section in Fig. 1. 

Each terminal coupling 4 is provided with 
a threaded lateral opening 42. The channel is 
provided with openings in which are welded 
flanged couplings 43, one in line with each of 
the threaded openings 42. A flanged fitting 
44, threaded at the end opposite its flange. ex 
tends through each of the couplings 43 With a 
loose fit, providing thereby a limited degree of 
flexibility, especially as to the expansion and 
contraction of the terminal tubes, and is screwed 
tightly into the threaded opening 42 in align 
ment therewith, the flange of the fitting 44 be 
ing provided with peripheral grooves 45 for the 
application of a wrench for turning the fitting 
44. The fittings 44, due to their extending 
through the exchanger side wall, do not interfere 
With removal of the cover 5 for inspection and 
cleaning of the parts. 
The channel 4 is further provided with two 

other couplings 46 similar to the countings 43, 
one provided for and onening into each of the 
compartments and f2. 
Between the flanges of the couplings A3 and 

fittings 44 are sealing rings 4, grooves being 
formed in these fanges for receiving the rings. 
Other sealing ring grooves are provided in the 
opposite faces of the flange of each of the 
fittings 44 and in the outer faces of the flanges 
of the couplings 46, it being Understood that the 
flanges; of the cuplings 43 and 4 are for se 
curing thereto, by means of bolts, the flanges 
of other pipe couplings (not shown) similarly 
provided with sealing ring grooves, a sealing ring 
being disposed in each pair rif these grooves and 
the flanges of the couplings 43 and 46 being pro 
vided with bolf; l(les (not shown) . 
The cover 5 is provided with a groove 48 in 

which is seated the adiacent, rnd of the baffle 8, 
and an enlarged bar 48, which is provided with 
a similar groove in which is seated the adjacent 
end of the baffle 7, is disnosed at the opposite 
end of the baffle 8 and secred thereto aid to the 
channel as by welding (not shown) - 
The channel 4 and cover 5 are connected by a 

circular tongue and groove joint, 59, the groove 
being in the cover and connecting with the 



4 
groove 8. A circular sealing gasket is disposed 
in the bottom of the tongue and groove joint and 
h2S a diametrically disposed croSS rib Seating in 
the bottom of the groove 48. A similar tongue 
and groove joint and gasket are provided be 
tween the channel 4 and the drun 2, the groove 
being in the channel and connecting with the 
groove of bar 49. A similar tongue and groove 
joint and gasket are provided between the hol 
low cover and the drun except that the gasket 
has no COSS rib. 
A groove f is formed in the outer face of the 

channel providing a circular shoulider 52 faring 
out Wardly to Ward the opposite side of the groove. 
A clarlping ring 53, which is made in two sec 
tions to enable it to be assenbled, Secures the 
cover 5 to the channel 3. It has an interior 
flange 5A disposed in the groove 5 providing a 
shoulder 55 corresponding with and engaging the 
shoulder 32. The ring, at its opposite end, has 
another interior flange 56 extending over the 
peripheral margin of the Outer face of the cover 
5 and spaced therefrom sufficiently to permit the 
ring to be moved axially to clear its shoulder 55 
from the shoulder 52 when assembling and dis 
aSSembling, the groove 5 being of a sufficient 
length to permit this. The flange 56 has a se 
ries of threaded orifices formed therein for screws 
57 which, in an obvious manner, when tightened, 
firmly hold and seal the cover 5 to the channel 4 
and bafile S. The druin and channel are se 
Cured together in a similar manner, the channel 
being provided with a flaring shoulder, and an 
Out Wardly extending flange 58 being forined on 
the drun for receiving the ends of the screws. : 
Thus the drun is firmly held and sealed to the 
channel, and the baffle 7 to the bar 49. The 
drum and hollow cover are secured together in 
a similar manner, the hollow cover being pro 
vided with the flaring shoulder, and an out 
Wardly extending fange 59 being formed on the 
drun for receiving the ends of the Screws. The 
tongue of the tongue and groove joints be 
tween tlhe drun Am and channel, and between 
the drum and hollow cover, project respec 
tively from the outer end faces of the 
flanges 58 and 59. Drain orifices provided 
With screw plugs 65 are provided in the botton 
and top of the channel, and in the botton and 
top of the hollow cover. 
From the foregoing it will be seen that the 

tubes are series connected, producing a continu 
ous foW of fluid therethrough. The fluid enters 
the tube 25 from the fitting 44 connected there 
to, this being considered the inlet fitting in the 
present Set-up, as already Stated. The fluid 
passes through all the tubes in the lower com 
partinent in the manner indicated in Fig. 10, 
CrOSSes over through the cross-over return bend 
disposed in the hollow cover from the tube 2, 
to the tube 2, and then passes through all the 
tubes in the upper compartment 9 in the man 
ner indicated in Fig. 10, and from the tube 25 
passes to the outlet fitting 33 connected there 
With. The fluid surrounding the tubes exterior 
ly initially enters the compartment through 
the coupling 43 connected therewith, this being 
Considered the inlet coupling in the present set 
up, as already stated, and finally discharges from 
the compartment 2 through the Outlet coupling 
46 connected therewith. The fluid in the tubes 
is brought into most effective heat exchange re 
lation. With the fluid Surrounding the tubes dur 
ing the latter fluid's circuitous passage from the 
compartment through the compartinent 9 to 

10 

15 

20 

30 

3 5 

45 

50 

60 

65 

75 

2,301,113 
the hollow cover and during its return circuitous 
passage from the hollow cover through the coin 
partment 9 to the compartment 2. 
The fittings 43, which extend through the side 

Wall of the eXchanger, provide the only connec 
tion that the group of tubas has with the shell. 
ihe tubes thereby are free to expand and con 
tract longitudinally responsive to temperature 
changes. 
The chief advantage of the heat exchanger is 

this longitudinal freedom of expansion and con 
traction of the pairs of tubes, thereby avoiding 
the Setting up of Strains and stresses so preva 
lent in constructions employing one or more tube 
sheetS. This freedom of expansion and contrac 
tion is aided by providing sufficient tolerances 
between the transverse baffles and the shell and 
longitudinal baffle and also between the tubes 
and the transverse baffles, which tolerances per 
mit slight lateral movement of the tubes, giving 
them sufficient flexibility, when it is required, to 
minimize the aforesaid strains and stresses when 
the tubes expand and contract. This is especial 
ly important for the reason that the various 
tubes will have different temperatures due to 
the manner of heat, exchange between the fluid 
in the tubes and that exterior thereto, which 
produces variable expansion. This result is not 
obtainable where a tube sheet is employed at 
either or both ends of the tubes. 

It will be seen from the foregoing description 
that the parts of the exchanger are easily as 
Sembled and disassembled, facilitating cleaning, 
repairing and replacement of the parts. 
By removal of the clamping rings, the various 

parts of the shell may be separated. By removal 
of the fittings 45 the entire tube group with both 
entire transverse bafie assemblages may be re 
Yio Ved from the Shell through the hollow cover 
end after the hollow cover has been removed, 
Or, if desired, either set of tubes, with its trans 
Verse baffle aSSenblage, inay be reincved from 
the shell in like manner after the cross-over 
return bend has been removed. The return bends 
are easily removed and the separate tubes may 
then be renoved from their engaging transverse 
baffles and plates. Wherever there is a plurality 
of like parts they are made similar in all re 
spects, thereby minimizing maintenance. 
While there has been herein before described 

an approved embodiment of this invention, it 
will be understood that many and various 
changes and modifications in form, arrangement 
of parts, and details of construction thereof may 
be made without departing from the spirit of the 
inventicn and that all Such changes and modi 
fications as fall within the scope of the appended 
clairn are contemplated as a part of this inven 
tion. 
The invention claimed and desired to be se 

Cured by Letters Patent is: 
in a heat eXchanger, the combination of a 

horizontal cylindrical shell open at one end and 
having a horizontal baffling and supporting parti 
tion providing an upper compartment and a low 
er COnpartinent for series passes of fluid there 
through; a removable cover for said open end, 
said shell at its opposite end having two orifices, 
One for each compartment, one serving as an 
inlet and the other as an outlet for said fluid; a 
unitary structure in each compartment, each 
Structure being renovable as a unit through said 
Open end and comprising a row of tiansverse, 
longitudinally spaced, baffles provided with hori 
Zontal l'OWS of orifices, means rigidly securing 
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the baffles together to form an assemblage there 
of, and a bundle of tubes arranged in horizontal 
rows and supported by said baffles, the tubes ex 
tending through said baffle orifices, and return 
bends interconnecting said tubes at adjacent 
ends to form a single passageway; a removable 
coupling combining Said compartment passage 
ways together at the shell end adjacent said 
cover providing thereby a continuous passage 
way for series flow of fluid through the tubes 
thereof in heat eXchange relation with said fluid 
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O 

5 
in said shell; and a removable coupling for each 
Said compartment passageway connected to its 
Opposite end and extending through said shell 
at its orificed end, Said opposite end couplings 
Serving one as an inlet and the other as an out 
let for said continuous passageway, said upper 
unit being slidably supported on said partition 
and said lower unit being slidably supported on 
Said shell. 

MARTIN ETTINGTON. 
JOHN MACERAE EARCLAY. 


