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United States Patent Office 2,762,611 
Patented Sept. 11, 1956 

2,762,611 
TUBULAR HEAT EXCEHANGERS 

Paul S. Monroe, Chathan, N.J., and Donald Krapp, Ver 
1 million, and Stanley C. Orr, Eyria, Ohio; said. Donald 
Krapp, now by change of name Donald Kropp, as 
signors to The Pfaudler Co., Rochester, N. Y., a cor 
poration of New York 
Application February 28, 1952, Serial No. 273,924 

1. Cain. (C. 257-240) 

The present invention relates generally to the heat ex 
changer art and is more particularly concerned with a 
novel tubular heat exchanger comprising a novel con 
bination of elements which affords unique advantages and 
unique combinations of advantages of substantial impor 

- itance. 
Although tubular heat exchangers in general have been 

known and widely used for many years, there has long 
existed an unsatisfied demand for tubular heat eXchang 
ers which could be used for handling fluids corrosive to 
the exchangers under operating circumstances. This cor 
rosion problem has persisted down to the time of the 
present invention, despite the fact that the need for 
a tubular heat exchanger' which would fully solve the 
problem has never diminished. However, this demand 
has brought forth many efforts by those skilled in the art 
and has resulted in a number and variety of publications 
which fail to disclose a solution to this problem but serve 
to illustrate the need for the present invention. 
One of the prior efforts at solving this problem in 

volved the Substitution of a fused quartz tube for an 
: iron or steel tube in a sterilizer unit. This construction, 
however, never became practical or commercial and to 
the best of our knowledge, no heat-exchanger has 'ever 
been made heretofore in accordance with this proposal. 
The expense and difficulty of constructing a device of this 
kind would be excessive and its service life would be 
brief due to the difficulty of effectively and lastingly seal 
ing the quartz tube in the assembly and also due to the 
forces imposed-upon these tubes due to thermal coefficient 

- differentials between the quartz and, the metal elements 
i-engaged and sealed together in the assembly. 

In accordance with the present invention, the difficulties 
and shortcomings of the quartz tube heat exchanger con 
struction and the other: prior art shortcomings; and dere 
lictions have been overcome and eliminated. Thus, by 
virtue of this invention, a tubular heat exchanger in which 
one or a plurality of tubes are provided in a heat sex 
changer shell can be made with elements which cannot 
be used in accordance with the prior art and which en 
able use of the heat exchanger for protracted periods un 
der conditions which would rapidly destroy the hereto 
'fore conventional devices. Still further, the devices of 
this invention may be easily constructed and assembled 

: and also may be readily disassembled for maintenance or 
repair. As another advantage of the devices of the pres 
ent invention, they open an entirely new and wide range 
of materials which may be used for best results for various 
specific purposes. Moreover, this result is obtained with 
out in any way diminishing or sacrificing sealing effective 
neSS or necessitating changes in any respect in the basic 
specifications of heat exchangers as to dimensions, ma 
terials of construction or the routine of the assembling 
and installation operations. 
As another advantage of this invention, in a preferred 

embodiment where there is the slightest leakage through 
a tube sheet at one end or the other of a heat exchanger 
the failure of the sealing means can be immediately de 
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heat exchanger device of this inve 

2 
tected Without the necessity-of disassembling the exchanger 
to any extent whatever, 

Interchangeability of tubes as to various soutside di 
ameters and as to the materials of tube construction is 
still another unique and important advantage of -this 
invention. 
Those skilled in the art will gain a further and better 

understanding of this invention upon consideration of 
the detailed description of several exchangers of this, in 
vention, reference being had to the drawings accompany 
ing arid forming a part of this specification; in which: 

Fig. 1 is a fragmentary, longitudinal sectional view of a 
heat eXchanger embodying this invention, in a preferred 
form; 

Fig. 2 is a fragmentary, longitudinal sectional view of 
the device of Fig. 1 with the tube assembly and tube sheets 
removed to show the baffle assembly within the exchanger 
shell; 

Fig. 3 is a transverse seetional view taken on line-3-3 
' of Fig.1; 

Fig. 4 is a fragmentary, longitudinal sectional view of 
'a jacketed heat exchanger shell of this invention; 

Fig. 5 is a transverse sectional view, taken online'5-5 
- of Fig. 4; 

Fig. 6 is a fragmentary view of another preferred type 
of heat exchanger of this invention, showing an end por 

'tion thereof in detail; 
'Fig. 7 is a view-similar to Fig. 6, but of still another 

ion; and, 
'Fig. 8:is a transverse-sectional view: taken online 8.8 

of Fig. 7. 
: In general, a heat exchangers of this invention com 

prises: 'a shells having: lid, inlet and 6ttlet ports, a tube 
sheet at each end of the shell having transverse: open 

lings of enlarged 'diameter, to rece a - - - - 
! of tubes in the shell, which have endiportions of 
diameter extending through: said transverse openings and 
spaced from the tube; sheets, and means for securing and 

: Supporting the tubes in place in the shell and fluid 
Sealing tube end portions against: leakage of fluid from 

ghtly 

the shell between the tubes and the tube; sheets. . This 
Securing and sealing means generally includes deformable 
annuli which 'Surround and sealingly bear against annular 
portions of each tube end.portion and against annillar 
portions of each tube sheet adjacent: to said tube:end 
portions. 
The shell of this: device is suitably, generally cylindrical 

and has end: portions which rare open.: ; Generally cylin 
drical flanged bonnets are clamped or otherwise:secured 

- to each end of the shells to serve as header means for 
delivering fluid into the tubes of the assembly, and with 
drawing it therefrom. Any suitable-clamp means may 
be used for Securing the bonnets to the shell and the shell 
may be constructed of virtually any desired material hav 
ing the strength qualities and corrosion resistance required 
for the intended use. In some instances a glass-lined iron 
or steel shell may be employed where, for instance acid 
resistance is a primary consideration. 

In reference particularly to the heat exchanger, illus 
trated in Figs. 1, 2 and 3, this apparatus comprises an 
elongated, generally cylindrical shell 10 which, is open 
at each end and which is provided with fluid inlet and 
outlet ports 11 and 12 in its side wall near its ends. 
Shell 16 has flange portions 14 welded to its ends and 
other flange portions 15 and 16 welded to its inlet and 
outlet port-defining portions, as illustrated in Fig. 1. All 
these flange elements serve to facilitate attachment of 
tube sheets and bonnets to the ends of the shell and 
attachment of fluid delivery lines and exhaust lines (not 
shown) to the shell. Furthermore, all these flangeele 
ments, as well as shell 10, itself, are constructed of steel 
which is glass-lined as shown at 17, this device being in 
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tended for use, for example, in a chemical plant in the 
handling of acids which are corrosive to ferrous metals, 
such as hydrochloric acid and sulphuric acid. 

This heat exchanger comprises seven tubes 19 arranged 
in three parallel tiers, as indicated in Fig. 3, these tubes 
being longer than shell 10 including end flanges 14 to 
extend through the shell and project from the ends 
thereof and thus facilitate assembly with the tube sheets 
and the bonnets of the assembly subsequently to be de 
scribed. Tubes 19, like shell 10, are suitably of steel 
which is protected from contact with corrosive fluids 
within the shell by means of glass coatings covering the 
outer surfaces of the tubes. 

For the purpose of directing and controlling the flow 
of heat exchange fluid from shell 10 from inlet port 1 
to outlet port 12, a baffle assembly B is provided within 
the shell as illustrated in Fig. 2. Baffles 20 of assembly 
B are of thin section and generally semi-circular and they 
are arranged to provide a tortuous passage for fluid be 
tween the said ports, adjacent baffles being spaced apart 
but in effect partially overlapped. Baffles 20 are secured 
in place against gravity and pressure exerted by heat ex 
change fluid flowing through the shell in contact with the 
tubes by means of tie rods 22. Each of these rods serves 
to join three baffles together. Baffles 20 are provided 
with transverse apertures through which tubes 19 extend. 
The tie rods are assembled and held in place with nuts 23 
screwed on threaded ends of the rods to afford adjustabil 
ity and provide a rigid structure providing the desired 
flow characteristics in heat exchange fluid. The end rod 
22 of baffle assembly B extends through the end of shell 
10 for engagement with a tube sheet thereby to stabilize 
the assembly and prevent it from shifting lengthwise of 
the shell in use. Baffles 20, tie rods 22 and nuts 23 are 
all suitably of material which will be resistant to the fluid 
to be run through shell 10 in contact with the outer sur 
faces of tubes 19. We have found, however, that when 
these items are made of Karbate which is a compressed, 
bonded rigid graphite-amorphous carbon mixture manu 
factured and sold by the National Carbon Co., or Haveg 
which is a compressed and bonded mixture of phenol 
formaldehyde-type resin and asbestos manufactured and 
sold by Haveg Corporation, they are generally satisfac 
tory for a wide variety of purposes, being resistant to most 
organic and inorganic acids to which glass is resistant. 
A pair of tube sheets 25 are provided to close the ends 

of shell 10 and while they are of steel, these elements are 
glass-covered, as indicated at 26, for acid resistance. 
These tube sheets have transverse openings 28 through 
which the ends of tubes 19 may extend, as shown in Fig. 1 
without engaging said tube sheets. The radius of sheets 
25 is substantially the same as the radius of end flanges 
14 to facilitate the liquid-tight attachment of the tube 
sheets to the shell. 

Packing material of any suitable type resistant to the 
acid or other corrosive substances to be contained in the 
shell is provided in the form of a pair of thin, flat rings 
29 of a radius corresponding substantially to flanges 14. 
Tube sheets 25 are assembled with these rings 29 disposed 
between them and the end flanges of the shell to prevent 
leakage of fluid from the shell between said sheets and 
flanges. 
The means for sealing the tubes in assembly with the 

tube sheets comprises in this Fig. 1 heat exchanger an 
annular body 31 of packing material of the required anti 
corrosion characteristics. Annulus 31 in each instance is 
of internal diameter conforming substantially to the ex 
ternal diameter of tubes 19 so that when these rings are 
slipped on the tubes they sealingly grip said tubes. In 
transverse section rings 31 are of trapezoidal shape to 
assure their firm sealing engagement with not only the 
tube in each instance, but with tube sheet 26, the base of 
of the trapezoidal section bearing against an annular 
portion of the tube while the sloping sides thereof bear 
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4. 
against the tube sheet and against retaining means includ 
ing a portion of a bonnet member 35. 

Bonnet 35 is of generally cylindrical shape and has a 
tube sheet 36 opposed to a tube sheet 25, an outer wall 37 
spaced therefrom and provided with a port 38 for de 
livery to or discharge of fluid from a pipe header chamber 
39 within the bonnet. Tube sheet 36 has seven transverse 
openings for registry with openings 28 in the tube sheets 
to receive the end portions of tubes 19 and these inner 
wall openings are threaded for a purpose to be described. 
This bonnet inner wall in addition is of substantially the 
same diameter as the tube sheets and in the illustrated 
assembly this portion of the bonnet is disposed closely 
adjacent to the outer side of a tube sheet, being spaced 
therefrom by means of a ring 46 of packing material of 
substantially the same diameter as packing ring 29. Ring 
40, however, is provided with a slot 41 in its lower por 
tion to allow for drainage from the heat exchanger of any 
fluid leaking through the tube sheets or inner wall 36. 

Rings 31 are retained in position, as indicated above, 
by hollow nuts 44 screwed in the openings in tube sheets 
36 of the bonnets, these nuts having inside diameters at 
their inner ends greater than the outside diameter of the 
tube ends. Thus, tubes 19 are received in the inner ends 
of nuts 44 without engaging the nuts but the nuts are 
firmly engaged with the trapezoidal packing rings 31 and 
are in addition, readily removable and are adjustable to 
make allowances for variations in packing ring shape and 
dimensions. 

In the apparatus of Fig. 1, each of the bonnets is pro 
vided with a bulkhead 46 extending axially of the bonnet 
and thereby dividing chambers 39 into two parts. The 
purpose of this is to provide for flow of fluid through 
the tubes in certain predetermined sequence as indicated 
in the drawings. 
The Fig. 1 assembly is held together by means of eight 

adjustable clamps 50, metal rings 51 being welded to the 
outer peripheral portions of end flanges 14 and to the 
bonnet tube sheets 36 to provide means for anchoring 
these clamps in position to hold the assembly together. 

Shell 53 illustrated in Fig. 4 is basically similar to shell 
10, but is jacketed over most of its length between the 
inlet and outlet ports 54 and 55. The provision of jacket 
J is desirable in the case where additional condensing Sur 
face is required for increased efficiency of the heat ex 
change operation or for increased capacity of the heat 
exchanger. Jacket J comprises a cylindrical portion 57 
of internal diameter substantially greater than the out 
side diameter of shell 53 whereby a chamber 58 is de 
fined between these two elements for the flow of heat 
exchange fluid in contact with the shell outer surface. 
The ends of cylinder 57 are closed, rings 59 being Welded 
to shell 53 and to this cylinder, and inlet and outlet pipes 
60 and 61 are formed on cylinder 57 for delivery of heat 
exchange fluid into and removal of such fluid from the 
chamber 58 through openings provided for this purpose 
in the said cylinder near its ends. 

Referring to Fig. 6, the heat exchanger shown com 
prises a shell 10 described above and a tube sheet 65 hav 
ing transverse apertures 66 of reduced diameter at their 
inner ends and increased diameter in their mid-sections 
and at their outer ends. Thus tubes 19 cooperate with 
sheets 65 to define passages through these sheets which 
are constricted adjacent to the inner sides of the sheets 
but are enlarged toward the outer sides thereof, the tubes, 
however, being spaced from the sheets at all points. The 
purpose of this unique tube sheet structure and tube 
sheet-tube relationship is to provide for maximum seal 
ing effect in high-pressure and long-service operation. 
Packing P thus is disposed in these passages to bear 
against an annular shoulder 69 defined in tube sheet open 
ing and engages opposed annular portions of the tube 
sheets and the end portion of the tubes extending there 
through. Preferably, as shown a plurality of deform 



2,762,611 
5 

able packing ring elements 70 are located in these pas 
sages in fluid-sealing engagement with the tubes and the 
tube sheets and are retained in this position by means of 
retaining nuts 44 screwed into inner wall 7 of a bon 
net 72. 

Bonnets 72 are basically similar to bonnets 35 but have 
fluid inlet or discharge ports 73 in their side walls in 
stead of their end walls and therefore pipe connections 
74 extending radially instead of generally axially of shell 
10. The tube sheets 65 are spaced from and sealingly 
related to flanges 14 and inner wall 71 by means of gasket 
rings 67, which unlike gaskets 40 are not slotted. 
The Fig. 7 assembly differs from those described above 

in that flanged end portion 77 of its shell 76 extends 
across the end of the shell and is provided with a plurality 
of transverse openings 79 through which tubes 85 of the 
assembly extend without engaging the said flange portion. 
Also in this Fig. 7 apparatus, neither the shell, the flange 
portion 77, nor tubes 80 are provided with a glass pro 
tecting coat or other special corrosion-resistant cover 
ing, but the tubes and tube sheet 82 and communicating 
vessel 90 are composed of corrosion-resistant metal. 
Thus, in this Fig. 7 assembly the shell 76 is not exposed to 
the corrosion fluids flowing in contact with the tubes, or 
in other words, it is the tube-side rather than the shell 
side which must be corrosion-resistant, unlike the assen 
blies of Fig. 1 or 6. Tube sheet 82 has transverse open 
ings 83 in register with openings 79, the diameter of 
these openings 83 being greater than the outside diameter 
of the tubes to provide for clearance between the tubes 
and these elements in accordance with this invention. 
The tubes are sealed in position and assembly with the 
tube sheet and the shell by means of deformable annuli 
85 which bear against annular portions of the ends of 
the tubes and against the outer surface of the shell flange 
discs and against the inside surface of the tube sheets. 
It may be noted that unlike the arrangement in Fig. 1, 
in accordance with the Fig. 7 construction, sealing rings 
85 are disposed to the inside of the tube sheet rather 
than to the outside thereof. However, as in the Fig. 
assembly and more noticeably in the Fig. 6 assembly, 
these rings are disposed between opposed annular por 
tions of the tube sheets and the tube end portions. The 
tube sheets in the Fig. 7 embodiment thus function as 
means for securing and supporting the tubes in place 
and for sealing the tubes and tube sheets together by 
virtue of the fact that in cooperation with shell flange 
discs 77 the tube sheets hold the sealing annuli firmly in 
location against the tubes. 

In this Fig. 7 assembly, the bonnet is a fabricated 
cylindrical body 90 which is open at one end and is pro 
vided with a flange 91 and at its other end has a pipe 
connection 94 for delivery of fluid into or receipt of 
fluid from the tubes of the apparatus. 
Tube sheets 82 and the bonnets 90 are held together 

with shell 76 by means of a plurality of nuts 96 and bolts 
97 the bolts extending through registered openings in the 
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6 
peripheral portions of fange 9, the shell flange and the 
bonnets and through an outer portion of the tube sheet, 
nuts 96 being screwed on the threaded ends of bolts 97 to 
establish and maintain the desired pressure on a flat 
ring 99 or packing material disposed between the outer 
sides of the tube sheets and the opposed inside portion 
of bonnet flange 91. 

instead of using glass-lined tubes in the heat exchang 
ers of this invention, tubes of glass, noble metal-clad 
tubes, tubes of porcelain, Duriron, Hastelloy and sim 
ilar metals, alloys and ceramic materials, may be em 
ployed to realize the advantages of this invention set forth 
above. 

Similarly, as indicated above in reference to Fig. 7, 
the bonnets, tube sheets and other parts such as packing 
retaining nuts may be of glass or may be glass-lined, 
noble metal-clad or other special type in order to realize 
the advantages of this invention set out above. 

Having thus described the present invention so that 
others skilled in the art may be able to gain a better 
Linderstanding and practice the same, we state that what 
we desire to secure by Letters Patent is defined in what 
is claimed. 
What is claimed is: 
A heat exchanger tube and tube sheet assembly com 

prising a tube sheet having a transverse aperture of en 
larged diameter at one end and reduced diameter at the 
other end and an annular abutment between the ends 
of the aperture, a tube extending through said aperture 
in spaced relation to the tube sheet and cooperating with 
the tube sheet to define an annular chamber, packing in 
Said chamber comprising a deformable annulus surround 
ing a portion of the tube in said tube sheet and bearing 
against opposed portions of the tube and tube sheet, a 
Support Wall spaced from the tube sheet and opposing the 
outer side thereof, and a packing gland threadably engaged 
with said support wall and having an annular end por 
tion projecting into said chamber and pressing the pack 
ing into sealing engagement with the tube sheet and tube 
Within said chamber, said annular end portion of the 
packing gland having an inside diameter approximating 
the minimum diameter of the tube sheet aperture and 
being in axial and radial spaced relation to the end of the 
tube extending through the tube sheet whereby the tube 
is held in floating spaced and sealed relation to the tube 
sheet for limited relative axial and radial movement. 
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