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ABSTRACT OF THE DISCLOSURE 
A shell and tube type heat exchanger having a longi 

tudinal bore and first and second ends. The second end 
contains and terminates in an enlarged chamber. A first 
tube sheet is fixed in the first end of said shell. A tubul 
lar extension extends into the enlarged chamber and 
includes an outwardly extending expansion joint in the 
tubular extension. A tubular skirt extends through the 
extension and the outer end of the skirt is fixed to the 
outer end of the extension. A guide ring is fixed to the 
outer ends of the skirt and the extension is slidably dis 
posed within the chamber. A second tube sheet is fixed 
to the inner end of the skirt and is slidably disposed 
within the bore. 

This invention relates in general to heat exchangers, 
and, more particularly, to large capacity heat exchangers 
used in full scale industrial and chemical processes. 

In large capacity heat exchanges having a cylindrical 
shell containing two spaced apart tube sheets with tubes 
extending therebetween, one fluid is passed through the 
tubes while the other fluid at a different temperature is 
passed through the shell about the tubes. This is accom 
plished by fixing one tube sheet within the shell and in 
troducing fluid to pass through the tubes into the shell 
behind this fixed tube sheet. The second tube sheet can 
not be fixed to a conventional shell as there may be a wide 
temperature difference between the fluid within the tubes 
and the fluid within the shell surrounding the tubes. 
Thus, the second tube sheet must be free to move within 
the shell as the tubes expand or contract within the shell. 

For this reason, the second tube sheet is conventionally 
manifolded or covered by a transition piece connected to 
an inlet pipe. This inlet pipe must pass through some 
part of the shell and contain an expansion joint of some 
sort to allow motion of the second tube sheet. For this 
reason, in conventional heat exchangers of the type de 
scribed, in addition to removing the end of the cylindrical 
shell, the transition piece must be cut from the second 
tube sheet. This is time consuming, sometimes difficult, 
and always costly. 
A main object of this invention is to provide a more 

easily inspected and repaired large capacity heat ex 
changer. 
Another object of this invention is to provide a more 

compact heat exchanger of a given capacity. 
Many other objects, advantages, and features of inven 

tion reside in the particular construction, combination, 
and arrangement of parts involved in the embodiment of 
the invention and its practice as will be understood from 
the following description and accompanying drawing 
wherein: 
FIGURE 1 is a side view of the end of a heat ex 

changer partially broken away in vertical section to show 
an expansion joint and tube sheet according to this in 
vention; 
FIGURE 2 is a side view of the other end of the heat 

exchanger of FIGURE 1 partially broken away in verti 
cal section to show interior construction; 
FIGURE 3 is an enlarged vertical section through a 
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fragment of the heat exchanger of this invention show 
ing the expansion joint and associated elements; and 
FIGURE 4 is a longitudinal vertical section through 

an end of a conventional heat exchanger showing an ex 
pansion joint employed in a well known manner. 

Referring to the drawing in detail, FIGURES 2 and 
4 show the appearance of the ends of a conventional 
heat exchanger of large capacity. A cylindrical shell 10 
is fabricated by butt welding large tubular sections. The 
end 11 has a terminal thickened wall 12 over which the 
cover 13 is secured by means of bolts 14, studs and nuts, 
or the like. A lifting lug 15 is provided on cover 13 
and a gas tight diaphragm 16 is welded or otherwise se 
cured in place under cover 13. 
A ring 17 is welded in shell 10 and has the tube sheet 

18 welded to it to fix it in place. Tubes 19, shown broken 
away, each have one end fixed in tube sheet 18 in a con 
ventional manner. An inlet fitting 20 is welded to shell 
10 to introduce flow through the tubes 19. An outlet fit 
ting 21 is welded to shell 10 by the inner side of tube 
sheet 18 to receive flow through shell 10 about the tubes 
19. Shell 10 rests on the supports 22 and 23. 
As shown in FIGURE 4, a conventional heat exchanger 

has an end 25 with a thickened wall 26 over which is 
secured a cover 27 by means of bolts 28 or the like. 
A second tube sheet 29, in which the other ends of the 
tubes 19 are fixed, is slidably positioned in end 25 and 
has a fluid containing transition piece 30 welded over its 
outer end. An inlet pipe 31 extends through cover 27 
and is sealed by means of a conventional packing de 
vice 32. Pipe 31 contains the expansion joint 33, which 
is welded in place to absorb longitudinal movement of 
the tube sheet 29 within shell 10 caused by the relative 
expansion or contraction of the tubes 19. An outlet fit 
ting 34 is welded to end 25 to receive flow through the 
shell 10 about the tubes 19. 
FIGURE 1 shows the construction of a heat exchanger 

according to this invention. The end 40 of a shell 10 has 
an enlarged outer chamber 41 over which the cover plate 
42 and the sealing diaphragm 43 are fixed. The dia 
phragm 43 may be welded in position but the cover plate 
42 is secured by means of bolts 44 or the like. A tubular 
extension 45 is welded to extend contiguously from the 
bore of shell 10 into chamber 41. Extension 45 contains 
an outwardly extending expansion joint 46. A guide ring 
47 is welded to the end of extension 45 to extend out 
ward and slidably contact the inner surface 48 of cham 
ber 41. Tube sheet 49 is welded to a tubular skirt 50 
which, in turn, is welded to the inner edge of guide 
ring 47. 
As is further shown in FIGURE 1, an inlet fitting 51 is 

welded to end 40 to introduce fluid or gas into chamber 
41 to flow through the tubes 19. An outlet fitting 52 is 
welded to shell 10 to receive flow through shell 10 out 
side the tubes 19. Thus, it may be seen that relative ex 
pansion of tubes 19 and the resulting longitudinal motion 
of tube sheet 49 is absorbed by the expansion joint 46. 
The ends of the tubes 19 may be inspected or repaired by 
merely removing cover 42 and the diaphragm 43. No 
packing for an inlet pipe is required. The inner end of the 
tube sheet skirt 50 slides within the bore of shell 10 while 
guide ring 47 slides within chamber 41. 
As shown in FIGURE 3, extension 45 should be 

welded to the expansion joint 46 at 60 and 61 before in 
sertion into the heat exchanger. Guide ring 47 is also 
welded to the outer portion 45 of extension 45 at 62 and 
63 before insertion into chamber 41. The extension 45 
with expansion joint 46 and guide ring 47 welded in 
place are inserted in chamber 41 and circumferentially 
welded in place from the inside at 64. The tube sheet 49 
has the skirt 50 welded to it after which tube sheet 49 
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and skirt 50 are inserted through ring 47 to be welded in 
place at 61 to complete this portion of the assembly. 
One heat exchanger built according to this invention 

cools converter gas entering the heat exchanger through 
fitting 51 and passing through the tubes 9 to emerge 
from fitting 20. The converter gas enters the heat ex 
changer at about 900. F. and is cooled therein to leave 
at 600 F. Lean synthesis gas enters shell 10 through 
fitting 21 at a temperature of 320 F. and is withdrawn 
through fitting 52 at 750 F. A temperature differential 
on this order may cause a longitudinal expansion in 28 
foot long tubes 19 as much as 4 inch. The shell 10 of 
this heat exchanger was designed to withstand internal 
pressures up to 2960 p.s.i.. with a pressure differential 
between the tubes 19 and the shell 10 of as much as 400 
P.S.1. 
While this invetion has been shown and described in 

the best form known, it will nevertheless be understood 
that this is purely exemplary and that modifications may 
be made without departing from the spirit and scope of 
the invention except as it may be more limited in the 
appended claims wherein what is claimed is: 

1. A heat exchanger comprising, in combination, a 
shell having a longitudinal bore and first and second 
ends, said second end containing and terminating in an 
enlarged chamber, a first tube sheet fixed in the first end 
of said shell, a first cover fixed over the first end of said 
shell, a first fitting communicating with the bore of said 
shell between said first cover and said first tube sheet, 
a second fitting communicating with the bore of said 
shell by the inner side of said first tube sheet, a tubular 
extension extending from said bore into said enlarged 
chamber and terminating in an outer end, an outwardly 
extending expansion joint in said tubular extension, a 
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tubular skirt extending through said extension and having 
inner and "Outer ends, the "outer end of said skirt being 
fixed to the outer end of said extension, a guide ring fixed 
to the outer end of said skirt and to the outer end of said 
extension and being slidably disposed within said cham 
ber, a second tube sheet fixed to the inner end of said 
skirt, said second tube sheet and said inner end of said 
skirt being slidably disposed within the bore of said shell, 
a third fitting communicating with said enlarged cham 

O ber, a fourth fitting communicating with the bore of said 
shell by the inner side of said second tube sheet, a sec 
ond cover fixed over said second end of said shell, and 
tubes fixed to extend between said tube sheets. 
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2. The combination according to claim 1 wherein said 
guide ring has inner and outer edges and said chamber 
has an inner surface, said outer edge. of said guide ring 
sliding against the inner surface of said chamber, the 
inner edge of said guide ring being of greater diameter 
than said skirt, said outer end of said skirt being welded 
to said guide ring. 
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