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HEAT EXCHANGER. 
. Application filed August 16, 1923. Serial No. 657,875. 

My invention relates to heat exchangers 
of the type which include nests of tubes in 
which gases or other fluids are brought into 
heat exchanging relation to each other and 

s has for its object to provide an improved and 

o accuratelv 

simplified construction in which a uniform 
annular space for gas passage in each tube is 
maintained and in which the inter-relation 
of the elements constituting the exchanger is 

predetermined. The invention 
contemplates further the provision.gif an er: 
rangement in which any pressure differential 
between the heat exchanging gases of fluids 
in the apparatus is utilized to maintain the 

Ils same in an operative condition. A further 
object of the invention is to provide anim 
proved packing and gland whereby a ?atis 
factory connection between the nest of tubes 
and the shell containing the same is, insured. 

20 Other objects of the invention will appear 
from the description hereinafter. . . 

In the accompanying i drawings, which 
illustrate an example of the invention with: 
out defining its limits, Fig. 1 is a sectional 

25 elevation of a heat exchanger embodying the 
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invention; Fig. 2 is an enlarged, fragmen 
tary section thereof; Fig. 3 is, an enlarged 
cross-section of one of the tube elements; Fig. 4 is an enlarged detail Section of an improved gland and packing arrangement; 
Fig. 5 is a horizontal section on lin? 5-5 in 
dicated on Figs. 1 and 6 and Fig. 6 is a frage 
mentary vertical section on line 6-6 of 
Fig. 5. 
Äs shown in the drawings the apparatus 

may comprise a shell 10 preferably cylindri 
cal in form and of predetermined length 
suitable for the intended purpose and pro 
vided at opposite ends with removable heads 
11 and 12, respectively, secured in place, for 
instance, by means of bolts 13. Each head 
is provided with inlet and outlet openings 
which, in the present case. have been indi 
cated respectively, as 14 and 15 in the head 
11 and 16 and 17 in the head 12. The shell 
10 may be supported in its operative posi 
tion in any suitable manner as by means of a 
conventional supporting bracket 18. 
Within the shell 10 is located the improved 

tube nest, which, as shown in Fig. 2, com 
prises tubes 19, rolled or expanded into or 
otherwise connected at their opposite ends 
with tube sheets 20, said sheets being connect 
ed with plates 21 by means of bolts 22 and 

held in spaced relation thereto by means of 
the rings or spacers 23 through which the 
bolts 22 pass as shown in Fig.1, the sheets 
20. plates 21, and spacers 23 forming units 
which may be termed headers. A gas-tight 
eondition is maintained at this point by usinga ground joint between therings 23 
and the tube sheets 20 and the plates 21. 
Core-rods 24 extend lengthwise of the tubes 
19 andare provided at regular spaced inter 
yals with projections 25 extending outward 
y from said rods 24 into contact with the in 
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terior surfaces of the tubes 19 as shown in 
Fig. 2; the projections 25 as shown in the drawings. may be arranged in pairs length 
wise of th? rods, 24 and preferably so that th? projections of one pair are out of regis 
try with the projections of adjacent pairs, 
said projections serving to maintain thé 
cores, centrally within the tubes 19 and to 
maintain uniform annular spaces 26 therein 
for the passage of gases or other fluids. By 
substituting core-rods of different dimen 
sions, the interchanger may readily be adapt 
ed for.differing degrees of heat interchange 
according to the resultant variation in gas 
velocity. As shown in Fig. 2 some of the 
core-rods. 24 may be supported by resting 
upon the bottom plate 21 while others of said 
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cores, that is, those which lie above the out- . 
let 17, may be suspended from the upper 
tube sheet 20 in any suitable manner; for 
instance, the upper ends of the last-men 
tioned group of core-rods may be flattened as 
indicated at 24° in Fig. 2 to provide rigid 
devices spanning the openings of tubes 19 
and having a transverse width materially 
less than the internal diameter of the tubes 
whereby the full area for gas passage is, at 
the same time, maintained. If desired baffle 
plates 27 and 27º may be located in registry 
with the openings 14 and 17, respectively. 
As shown in Fig. 1 a tube 28 is screw 

threaded into the bottom plate 21 and de 
pends therefrom into the opening 17 in 
which suitable packings held in place by 
suitable devices 29 are located to provide a 
fluid-tight connection. A similar tube 30 is 
screwthreaded into the upper plate 21 and 
is shown as provided at the inner end of 
opening 14 with an annular shoulder 14* 
surrounding the tube 30. The connection 
between the latter and the head 11 is, how 
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extends into the opening 14 of head 11 which 
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ever, preferably made by the improved 
land and packing arrangement shown in 
etail in Fig4 and which comprises a first 

ring 31 which surrounds the tube 30 and 
S rests against an annular shoulder 32 formed 
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thereon (or on 14 of 11). A series of split 
packing rings 83 and 34 alternately bevelled 
in opposite directions rest againsteach other 
and against the bevelled face of the ring 31; 
a second ring 35 having one of its faces bev: elled rest against the terminalpacking ring 34 
in the present case, and, in turn, is engaged 
by a gland 36 screwed upon the externally 
screwthreaded end 37 of the tube 30 (or into 
11, if a shoulder thereof is used for ring 

}; All of the rings 33 and 34 are prefer 
ably made of steel and the faces of the rings 
are cut at an angle as shown so that as pres 
sure is applied thereto by the adjustment of 
the sleevenut 36, alternate rings 33 and 34 
will make contact respectively with the tube 
30 and with the head 11 and thereby pro 
vide a satisfactory connection. This ar 
rangement is independent of the external 
fange and pipe connection 38 whereby a 
pipe 39 extending from a source of fluid ", 
ply may be connected with the apparatus. It 
will be understood that similar pipes 39“, 39° 
and 39º constitutinginlet and outlet pipes 
are likewise connected with the apparatus in 
the well-known way. 

In utilizing the heat exchanger a gas or 
other fluid passes into the apparatus through 
the inlet 16 and circulates through the shell 
10 upon the outside of the tubes 19 and 
passes out through the outlet 15 while a gas 
or other fluid at a different temperature is 
caused to flow through the pipe 39 and tube 
30 and through the annular i spaces 26 inte 
riorly of the tubes 19 and finally passes out 
through the tube 28 and pipe 39°. 

If the heat exchanging fluids are at dif 
ferent pressures, the one at the higher pres 
sure is introduced at 16 and the one at the 
lower pressure at 14, through the pipes 39 
and 30. This condition often exists and 
the pressure differential may be considerable 
as for example where the heat exchanger 
forms part of a reaction system in which the 
heat exchanging fluids are respectively those 
going to and those coming from the reaction 
vessel or ye?sels By. thus passing the gas 
or other fluid of a higher pressure outside 
of the tubes 19 and the gas or other fluid of 
a lower pressure through the tubes, the tend ency of anyº pressure 
paratus is to press the tube sheets toward 
the plates 21 which pressure is resisted by 
the spacers 23, which are from one to two 
thousandths of an inch shorter than the ring 
23. is thick. The spacers may be - of any 
suitable type and as shown comprise mem 
bers provided at one of their ends with re 
duced portions adapted to fit into suitable 
recesses located for this purpose on the 

ifferential in the ap 

the spaces 43 to force said 
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plates, 21; in order to make the spacers.23" 
reversible, the aforesaid redu portions 
maybe duplicated at opposite ends thereof, 
as shown in Fig. 1. The bulging of the 
tube sheets 20 and of the plates 21, because 
of pressures in the apparatus, is thereby re 
sisted and the pressure differentials them 
selves are utilized to maintain these partas 
of the apparatus in an efficient condition. 
The flow of gases may obviously be re 

versed so that 15 and 17 are used as inkets 
and 16 and 14 as outlets. 
The arrangement óf core-rods 24 *within 

the tubes 19 is such that uniform annular 
spaces 26 are maintained within said tubes 
through which the gas or other fluid pass?s 
in relatively thin sheets, whereby a desirable 
heat exchange effect resulting from i small 
cross-section, and corresponding high gas ve 
locity is efficiently obtained. 

In the preferred arrangement it is desir 
able to cause that gas, which passes around 
the tubes 19, to followa sinuous path during 
such passage in order that a maximum heat 
exchange may take place in the apparatus. 
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For this purpose baffle plates 40 extend trans 
versely across the tubes 19 in a manner to 
divide the spaces therebetween into a sinu 
ous passage as shown in Fig.1. In the illus 
trated example these baffle plates 40 are sup 
ported by means of sections 41 located in 
fregistry with each other and extending be 
tween the baffle plates as shown in Fig. 6; 
in order to clamp the baffide plates 40 in 
place, angle irons 42 may be riveted to the 
sections 41 and to alternate baffle plates 40 
as shown in Fig. 6, the intermediate plates 
40 being clamped between the opposed edges 
of contiguous sections 41. The latter sec 
tions 41, as shown in Fig. 5, are spaced from 
the shell 10 and form spaces 43, said sections 
preferably following the interior form of 
said shell and being preferably relatively 
small in width, as small as the angle irons 42 
will allow. To prevent the gases frompass 
ing through the spaces 43 between the sec 
tions 41 and the shell 10 and to force said 
gases to pass between the tubes and over the 
surfaces of the baffle plates 40, fanges 44 are 
provided whereby the spaces 43 are formed 
into dead spaces and closed against commu 
nication with the sinuous passage defined by 
the bafile plates 40. These fanges 44 may be 
of any suitable construction and arranger 
ment and in the illustrated example extend 
between the sections 41 and comprise inte 
gral portions of said sections 41 which pro 
ject from opposite ends thereof. As shown in Fig. 5, these fidanges 44 sufficiently prevent 
the gases from finding a ready passage along 

gas?s, to pas 
through the tube nest in the predetermined 
sing disci nisi gf it. A e umproved gland and pac arrange 
ment shown in. detail in Fig. 4 3 not 
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only an efficient joint between the pipe 30 
and the head 11, but also forces and holds 
the packing in position between the shoulder 
32 of the tube 30 and the gland 36. Fur 
thermore, with the arrangement set forth 
and illustrated, the desirable free movement 
of the tube nest within the pressure shell 
which is necessary to compensate for tem 
perature changes in said tube nest is ob 
tained and at the same time the detachable 
relation between the tube 30 and the head 
11 is maintained throughout the life of the 
apparatus so, as to permit of the ready dis 
connection of the parts when, for any real 
son, this is required as the rings 33, 34 
neither freeze nor disintegrate X 
The materials of construction may be suit 

ably varied in accordance with the tempera 
ture and other conditions and the nature of 
the heat exchanging fluids. For example, 
for a nitrogen-lhydrogen gas at high pres 
sures and temperatures (used in ammonia 
synthesis) the rings 33, 34, the tubes, the 
tube sheets, the plates, the spacers, the shell 
and the shell heads are preferably construçt 
ed of chrome vanadium steel or other Suit 
able resistant alloy. 
Various changes in the specific form 

shown and described may be made within the 
scope of the claims without departing from 
the spirit of my invention. W 

I claim : . . . . 
1. In a heat. exchanger, tlhe combination 

of a vertical casing forming a conduit for a 
fluid, a nest of vertical tubes opening at their 
upper and lower ends into headers located 
within said conduit but having no commul 
nication with the conduit and arranged to 
convey a second fluid in heat exchange, rela 
tion to said first fluid, connections establish 
ing communication between th? exterior of the casing and the spaces within the tubes, 
one of said connections having a port Open 
ing into the lower of the two Said headers 
beneath a plurality of said tubes and having 
a greater diameter than the sum of the diam 
eters of said plurality of tubes, core-rods of 
substantially even external dimensions ex 
tending lengthwise of said open-ended tubes 
and defining annular passages therein for 
said second fluid, means within said open 
ended tubes extending between the outer Sur 
face of each core-rod and the inner surface 
of each tube for centralizing the core-rods in 
said tubes and for maintaining them in uni 
form spaced relation to said tubes, amd a 
rigid device located exteriorly of the tubes, 
at the upper end of each of those core-rods 
which are located above tlhe aforementioned 
port, said rigid device spanning its tube and 
having a transverse width materially less 
than the internal diameter of its tube, where 
by each of said core-rods is suspended by the 
device in its open-ended tube without ob 
structing the accessibility at the points of 

suspension, of the free spaces within said 
tubes. 

2. In a heat exchanger, the combination 
of a vertical casing forming a conduit for 
a fluid, a nest of vertical tubes opening at 
their upper and lower ends into headers lo 
cated within said conduit but having no 
communication with the conduit and ar 
ranged to convey a second fluid in heat ex 
change relation to said first fluid, connections 
establishing communication between the ex 
terior of the casing and the spaces within 
the tubes, one of said connections having, a 
port opening into the lower of the two said 
|headers beneath a plurality of said tubes and 
having a greater diameter than the sum of 
the diameters of said plurality of tubes, core 
rods of substantially even external dimen 
sicns extending lengthwise of said open 
ended tubes and defining annular passages 
therein for said second fluid, projections ex 
tending outwardly from the surface of each 
core-rod at Spaced intervals for centralizing 
each core-rod in its open-ended tube and for 
maintaining it in uniforum spaced relation 
thereto, and a riigid projection located ex 
teriorly of the tubes at the upper end of 
each of those core-rods which are located 
aboye the aforementioned port, each rigid projection Spanning its tube and having a 
transverse width materially less than the in 
ternal diameter of its tube, whereby each of 
said core-rods is suspended by its projection 
in its open-ended tube without obstructing 
the accessibility, at the points of suspension, 
of the free spaces within said tubes. 

3. In a heat exchanger, the combination of 
a vertical casing forming a conduit for a 
fluid, a nest of vertical tubes opening at 
their upper and lower ends into headers lo 
cated within said conduit but having no com 
munication with the conduit and arranged 
to convey a second fluid in heat exchange re 
lation to said first fluid, connections estab 
lishing communication between the exterior 
of the casing and the spaces within the tubes, 
one of said connections having a port open 
ing into the lower of the two said headers 
beneath a plurality of said tubes and having 
a greater diameter than the sum of the di 
ameters of said plurality of tubes, core-rods 
of substantially even cylindrical dimensios 
depending into said open-ended tubes to de 
fine annular º passages therein for said sec 
ond fluid, projections extending radially 
outward from the surface of each core-rodi 
at spaced intervals for centralizing each 
core-rod in its open-ended tube and for 
maintaining it in uniform. spaced relation 
thereto, and a flattened rigid projection lo 
cated exteriorly of the tubes, at the uppcr 
end of each of those core-rods which are lo 
cated above the aforementioned port, each 
rigid projection spanning its tube and hav 
ing a transverse width materially less than 
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the internal diameter of its tube, whereby 
each of said core-rods therein is suspended 
by its projection in its open-ended tube, 
without obstructing the accessibility, at the 

s points of suspension, of the free spaces with 
said tubes. 

4. In a heat exchanger, a shell having inlet 
and outlet openings, a tube nest within said shell comprising fbe sheets, a plurality of 

O tubes having their opposite ends fixed in said 
tube shéets, end plates connected with said 
tube sheets in fixed spaced relation thereto, 
upper and lower ga? deflecting means asso 
ciated with said inlet and outlet openings 
respectively, core-rods extending lengthwise 
of said tubes to define annular º fluid pas 
sages therein, some of said rods resting upon 
one end plate to maintain them in position 
in the free from interference with saidl 
upper deflecting means, flattened ends Qn 
others of said rods for suspending them in 
said tubes free from interference with the lower deflecting means and projections l9; 
cated at uniformly spaced interyals on said 

S rods for centralizing them in said tubes and 
for maintaining them ir, spaced relation 

, thereto. 
5. In a heat exchanger, the combination 

of a shell, a tube nest within said shell com 
30 prising a plurality of tubes, tube sheets for 

their opposite ends, an end plate located at 
a distance from one of said tube sheets and 
connected therewith, means for fixing said 
tube sheets and end plate in spaced relation 
and for sealing the space therebetween to 
form a fluid-tight gas chamber between said 
tube sheets and end plate and spacers located 
at intervals between said tube sheets and 
end plate for maintaining the same against 
collapse toward each other by gas pressures 
effective against them from the outer sides 
thereof, said spacers being of such dimen 
sions as to present no interference to the 
sealing effect of the said fixing and sealing 

08.S. 

6. In a heat exchanger, the combination 
of a shell, a tube nest within said shell com 
prising a plurality of tubes, tube sheets for 
their opposite ends, an end plate located at 
a distance from one of said tube sheets and 
connected therewith, an annular member for 
fixing said tube sheetsandendplate in spaçed 
relation and for sealing the space therebe 
tween to form a fduid-tight gas chamber be 
tween said tube sheets and end plate, and 
spacers located at intervals between said 
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tube sheets and plate and connected with one 
of said elements for maintaining the same 
against collapse toward, each other by gas 
pressures operative against them from the 
outer sides thereof, said spacers being of 
such dimension as to prevent no interference 
to the sealing effect of the said fixing and sealing means. 

7. In a heat exchanger, the combination 
of a shell, a tube nest within said shell com prising tube sheets, a plurality of tubes hav 
ing their opposite ends arranged in said tube 
sheets, an end plate spaced from one of said tube sheets and having a plurality of re 
cesses, an annular member located between 
said tube sheets and end plate to space the 
same apart and to form a gas chamber there 
between, means for clamping said tube 
sheets and end plate against said member to 
seal said chamber and a plurality of spacers 
located between said tube sheets and end 
plate to prevent the collapse thereof toward 
each other by pressures within said heat ex 
changer, and having reduced ends fitted into 
the fecesses of said end plate, said spacers 
being of such axial length as to present no 
interference to the clamping of the end plate 

tube sheets against said annular me 
er, 

8. In a heat exchanger, the combination of 
a shell, a tube nest within said shell, a plu rality of baffle-plates extending transversely 
across said tubesto divide the spaces there 
between into a sinuous passage, a plurality 
of sections extending between said baffle 
plates to support the same in spaced rela 
tion, and flanges extending between the sec 
tions and said shell to provide dead spaces 
between said sections and said shell and to 
fore the gases to pass through said tube 
0S 

9. In a heat exchanger, the combination of 
a shell, a tube nest within said shell, a plu rality of bafile-plates extending transversely 
across said tubesto divide the spaces there 
between into a sinuous passage, a plurality 
of sections extending between said baffle 
plates to support the same in spaced rela 
tion, and fanges extending from opposite 
ends of said sections into engagement with 
said shell to provide dead spaces between 
said sections and said shell and to force the 
gases to pass through said, tube nest. 

In testimony whereof I have hereunto set 110 
my hand. 

WALTER H. KNISKERN. 
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