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The present invention relates to heat exchange 
apparatus employed for the interchange of heat 
between a vapor and liquid, and is more particu 
larly adapted for use in oil refining operations 
where heat is transferred from a hot vapor to a 
Cooling liquid, the latter being circulated within 
a System of cooling tubes or the like. 
The cooling and partial condensing of oil vapors 

presents many problems not encountered in the 
handling of other vapors. These problems in 
partare due to the corrosive nature of the con 
densate derived from the vapor and the solid 
residuum, which is progressively formed during 
the continuance of operation, and in part due to 
the comparatively high velocity of flow of the 
vapor to meet the needs of the industry and secure 
a Satisfactory transfer of heat Without utilizing 
excessive tube surfaces. 
The purpose of the present invention is to design 

a heat exchanger particularly adapted for the 
cooling and condensation of oil vapors which 
operates efficiently and with a maximum of tube 
life even though the corrosive content of the 
vapors may be high. 
A further object of the invention is to design 

a heat exchanger for this purpose which is capa 
ble of partial dismantling with a minimum of 
time and labor for the purpose of cleaning out 
the tube surfaces and removing from the ex 
terior thereof certain solid residuum, which in 
evitably occurs. - 
With the above objects in view, I have dis 

covered that I can effectively increase tube life 
by equalizing tube wear due to erosion through 
out the tube length, and that by thus equalizing 
tube wear and avoiding localized erosion due to 
impact of the rapidly moving vapor, I not only 
vastly increase the effective life of the apparatus 
before tube replacement, but enable the effective 
tube life to be predicted under any given set of 
conditions. I accomplish this result in major 
part by causing the entering vapor to flow about 
the tube bundle or bank in the entering region 
through the provision of relatively free and un 
obstructed channels or lanes and the design of 
the conduit walls to promote vapor flow within 
these free channels. By so doing I avoid direct 
impingement or impact of entering vapor upon 
the adjacent tube walls due to the vapor flow at 
high velocities transversely to the tube length. 
By proper design and location of the unobstructed 
channels I am enabled to introduce the vapor 
completely about the tube bank or bundle with 
out substantial loss of pressure head, and there 
after to diffuse the vapor into and through the 
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tube bank, thence causing it to be directed up 
Wardly in the general direction of the length of 
the tubes. By introducing the vapor in this 
fashion, I avoid undue erosion throughout the 
entering region, and I have demonstrated by 5 
actual experience that the erosion and tube wear 
throughout the entering region is no greater than 
the normal Wear throughout the remainder of the 
tube length. 

Having introduced the vapor about and within 10 
the tube bundle without Serious erosive effects due 
to impact, I thereafter conduct the vapor through 
out the length of the tubes and I prefer during 
this traverse to increase the velocity of the vapor. 
and introduce turbulence thereto. Vapor ve- 5 
locity is increased by restricting the Space within 
and about the tube bundle above the nozzle Or 
entering region, and turbulence is provided by 
a System of baffling which compels a tortuous Or 
undulating path of vapor for avoiding and pre- 20 
venting the flow of vapor in straight lines through 
unobstructed channels which would otherwise 
OCC. 
Although the essential aim of my invention 

looking toward a measurably increased tube life is 
can be accomplished by precluding and avoiding 
vapor impact during the entering region, never 
theless it is important from the point of view of 
efficiency that the rate of heat transfer through 
the tubes above the entering region be main- 30 
tained at as high a point as possible. This 
accomplish through the system of baffling herein 
after indicated. This baffle system is particularly 
advantageous, furthermore, from the point of view 
of oil refining, as it may be readily removed as a 35 
unit regardless of collections of Solid residuum 
which may occur, and permits free access to the 
exterior of the tubes after such removal. Fur 
thermore, the baffling is so designed as to pro 
mote turbulence without at the same time caus- 40 
ing vapor impact in localized regions of the tube 
surface at any point throughout its length. In 
addition, the baffling or baffle units provide a 
permanent clearance with adjacent tube Walls 
sufficient to avoid build-up of solid residue on 45 
the tube walls in operation, or bridging of such 
residue between the baffles and the adjacent tube 
walls themselves. This is an important adjunct 
of the baffling system both from the standpoint 
of operation and of maintenance. 30 
Although the present invention is particularly 

adapted and designed for the cooling and con 
densing of oil vapors, nevertheless certain features 
of this invention are well adapted for the inter 
change of heat between any vapor and liquid, ss 



10 

15 

20 

25 

30 

35 

45 

50 

55 

60 

65 

2 
and unless specifically limited by the claims it 
is understood that the present invention is not 
to be construed as inevitably, confined in all its 
aSpects to the oil refining art. 
In the accompanying drawings illustrating the 

preferred form of the invention, Fig. 1 represents 
a sectional elevation of a heat exchanger embody 
ing the features of the invention; Fig. 2 is a bot 
ton plan view of the exchanger shown in Fig. 1; 
Fig. 3 is a section of the entering vapor region and 
intertubular space upon the line 3-3 of Fig. 1; 
Figs. 4 and 5 are details illustrating a top plan 
view and elevation, respectively, of the baffle as 
Sembly; and Fig. 6 is an enlarged view of a portion 
of Fig. 4. 
The heat exchanger shown in the illustrated 

embodiment of the invention in its general as 
pects comprises a supporting member f0, which 
may be made as a steel casting or equivalent ma 
terial, having a tube Sheet and partition f2 Sur 
rounded by an upper rim 4 which forms one or 
more Condensate basins and Serves for Supporting 
an upper nozzle ring. Projecting upwardly from 
the surface of the tube sheet are a series of par 
titions 6 which separate the space above the tube 
sheet into a Series of Separate and independent 
condensate basins, the partitions extending com 
pletely across the Surface of the tube sheet and 
joining the rim 4 at opposite ends. These basins 
are individually drained by discharge passages 8 
of which there is one for each basin, each dis 
charge passage being located in a nozzle member 
20 for connection to a pipe line. As indicated, 
the passages slope downwardly and in addition, 
the Surfaces of the Outer basins are crowned at 
22 to shed condensate into the passages from 
about the lower ends of the tube and avoid the 
formation of pools of stagnant condensate which, 
in the case of an active corrosive element, would 
otherwise tend to promote localized corrosion of 
the tube ends immersed therein. 
The apparatus is provided with a series of tubes 

24 preferably arranged in banks and all mounted 
at their lower ends in the fixed tube sheet 2, 
each bank of tubes being individually connected 
at its upper end With a floating head 26 which 
Serves to reverse liquid flow through the banks 
and to permit independent expansion and con 
traction of individual banks. Surmounting the 
Support 0 and connected to the upper rim 4 is a 
vapor nozzle annulus or ring indicated generally 
at 30 and having formed therein inlet and outlet 
nozzles 32 and 34. The vapor nozzle annulus, 
which may be in the form of a casting or equiva 
lent construction, is provided with a bolting 
flange 36 by virtue of which it is attached to a 
similar flange 38 formed on the rim i 4 through 
securing bolts 40. A ring gasket 42 serves to 
seal the Space between the flanges. Surmounting 
the vapor nozzle annullus is the Shell proper indi 
cated at 50 which is detachably connected at its 
lower end through a bolting flange 52 cooperating 
with a similar flange 54 formed on the annulus, 
the bolts 56 serving to secure the two members in 
assembled detachable relation. The shell 50 is 
integrally closed at itS upper end by a doned 
cap 58 which may be welded to the shell at 60. 
This method of construction produces an in 
tegrally closed end shell free from joints at the 
upper end which would otherwise promote 
leakage. 
From an inspection of the drawings, and more 

particularly Fig. 3, it will be observed that the 
entering path for the vapor aS provided by the 
inlet nozzle 32 flares outwardly without ahrupt 
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curvature or angles merging with the exterior of 
the shell at a tangent, as shown in Fig. 3, and 
causing the natural expansion of the incoming 
vapor to cause the bulk of the vapor to flow about 
the Space adjacent the shell in the free and un 
obstructed lanes or channels at 72 provided be 
tween the outer tube row and the surrounding 
shell wall. 
cating at opposite ends with the lanes T2 is pro 
vided intermediate the bundle to facilitate dif 
fusion of War or into intinate contact With all of 
the tubes in the bundle. The proper design of the 
entering nozzle with its outwardly faring walls 
merging into the wall of the shell and the pro 
vision of the unobstructed lanes or channels ex 
tending peripherally of the shell in the entering 
region both combine to avoid vapor impact upon 
the tube walls with consequent freedom from 
erosion and tube wear. Furthermore, the pro 
vision of the relatively wide and unobstructed 
communicating lanes facilitates diffusion of vapor 
throughout the bundle or bank as a whole. 
In addition to the nozzle flare in a section nor 

mal to the length of the tubes, it will be observed 
from an inspection of Fig. 1 that the nozzle may 
also be flared in a vertical plane to promote intro 
duction of vapor throughout the entire length or 
height of the nozzle ring and vapor belt enclosed 
thereby. As shown in the drawings the nozzle 
ring from the bottom thereof to a point above 
the nozzles 32 and 34 is of greater cross sectional 
area or diameter than the shell 50 and it will be 
evident that this construction provides essentially 
an enlarged peripheral vapor belt extending about 
and communicating interiorly with the tube bun 
dle throughout the entering region. As shown in 
the drawings, the nozzle may be formed integrally 
With the annulus or ring being outwardly flared 
and the nozzle ring tapers inwardly above the 
nozzles as shown at 80 merging Smoothly with the 
adjoining walls of the shell. 
For the purpose of further improving the flow 

and augmenting the directional effect of the in 
coming vapor, I provide a flat vane or partition 
86 located within the nozzle as indicated and a . 
target 87 which aids in spreading or dividing the 
flow of incoming vapor with a consequent diver 
Sion of this vapor into the surrounding unob 
Structed channels. 

Having this secured the introduction of the 
Vapor with a minimum of pressure drop and a 
minimum of vapor impact upon the tubes in the 
entering region, I cause the vapor to flow up 
Wardly throughout the length of the tubes and 
impart thereto a tortuous path both to increase 
Velocity adjacent to the tube surfaces through 
restriction and to produce turbulence due to 
the undulation and change of direction of the 
vapor flow. This baffle assembly is conveniently 
made as a divisible unit in two or nore sections 
which Surround the tube bundles within the shell 
and which are removable from the bundles after 
the shell has been detached. Each section of 
the baffle unit consists essentially of curved mem 
bers extending about the bundles in the space 
Within the shell surrounding the bundles and 
having transverse members secured thereto 
which extend through the interior of the bun 
dleS. 
Referring more particularly to the drawings, 

the two complementary and semi-circular sec 
tions are individually supported by longitudinal 
rods ff0 which are inserted in holes in lugs 2 
forming a part of the main support O. Each 
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2,059,967 
erably three, having secured thereto semi-cir 
Cular baffles and bracing members 4. These 
semi-circular members are preferably secured 
upon the rods in spaced relation through the 
provision of hollow sleeves or bushings 6 which 
Surround the rods between the members and 
Serve as spacers, the assembly being held in 
fixed relation by nuts 8. Secured to the semi 
circular members or baffles 4 are transverSe 
baffles 20 and 22, respectively. These baffles 
are detachably bolted to the semi-circular sup 
ports and are removed prior to dis-assembly of 
the baffle unit from about the tube bundles. 
From an inspection of the drawings, it will be 
observed that these assemblies completely baffle 
the longitudinal lanes or channels both about 
and between the tube bundles, but in each case 
a definite clearance is preserved between both 
the semi-circular baffles and the transverse 
baffles and the adjoining tube surfaces to avoid 
building up of solid residue on the adjoining 
tube walls, with a resultant holding of corrosive 
Condensate in contact with the walls. Further 
more, the baffles are so designed that although 
a tortuous path with resulting turbulence is 
introduced into the vapor flow, there is no sharp 
reversal of direction nor any tendency to cause 
Violent vapor impact in the region of baffles, with 
Consequent erosion. The baffle assembly may be 
Steadied and supported at its upper end by 
hook-shaped connectors 24, securing the baffle 
aSSembly to the adjacent tubes, as indicated 
more particularly in Figs. 4, 5 and 6. 
To this end, the lowermost baffle ring is lo 

cated substantially above the entering vapor 
region and the entire baffle system is disposed 
between the entering vapor region and the pas 
Sage between vapor passes indicated at 70 in 
the mid-partition. Upon removal of the shell 
and nozzle ring assembly and unbolting of the 
transverse baffles 20 and 22, the sections may 
be readily removed from about the bundles by 
merely lifting the sections until the lower ends 
of the Supporting rods clear the lugs. This may 
be accomplished even though a considerable col 
lection of coke or other solid residue has built up 
during the operation of the exchanger. 
With this type of construction, not only is un 

due erosion and wear in the entering region 
avoided, but an efficient operation is maintained 
through the high rate of heat transfer accom 
plished throughout the length of the tube. If 
SO desired, the outlet nozzle may partake of the 
Same general conformation as the entering noz 
Zle, as indicated in the drawings. 
The cooling liquid is caused to flow within 

the tubes 24, and is directed by a series of liquid 
passes 88 formed below the partition 2 through 
integral partition members 98 forming a part 
of the casting 0. The casting is also provided 
With a depending circular rim 92 bounding the 
exterior of the liquid passages. The passages 
are closed by a flat cover member 94 of sub 
Stantial thickneSS in Order to resist distortion 
Strains due to the high pressure of liquid there 
within. The cover member is secured in place 
by an intermediate series of bolts 96, which are 
threaded within enlarged portions 98 of certain 
partitions as indicated, the bolts being provided 
with cap nuts 00 at their lower ends. The seal 
is augmented by a sealing disk 02 comprising 
essentially an asbestos sheet covered on opposite 
sides and preferably completely enveloped by 
metal sheets formed thereover to provide a metal 
covered asbestos disk capable of withstanding 

3 
high tension strains, but nevertheless being 
Sufficiently yielding to Cushion and Sea the 
parts at contacting points. The disk also pro 
vides an ideal insulating medium for avoiding 
transfer of heat from the charge oil within the 
chambers down Wardly through the cover men 
ber. An additional seal ring 04 lies within the 

5 

channel formed in the head, the combination of . 
the two members serving to effectually prevent 
leakage of high pressure liquid. Cooling liquid 
is conveyed to and from the head by the liquid 
nozzles 06, which communicate with liquid pas 
Sages at opposite ends. 
As previously described, the interior of the 

enclosing shell 50 is divided into two vapor passes 
by a longitudinal partition consisting of a com 
plementary series of baffle or partition members. 
The shell Section 50 is provided with a longitu 
dinal partition 64, which in assembled relation 
of the shell, projects at its upper end between 
adjacent floating heads. This partition has an 
opening or passage 70 for communication be 
tWeen the passes. The partition is secured to the 
Shell section at its margin in any convenient 
nanner for renoval thereWith. The nozzle ring 
is provided with a second partition section 66 
Which may be formed integrally therewith, and 
is so located in assembled relation that it reg 
isters and is co-extensive with the partition 64, 
the two cooperating with the rib f6 to com 
pletely divide the interior of the exchanger as 
indicated. 

It will be evident that because of the integrally 
closed shell end, access cannot be obtained to 
the upper portion of the heat exchanger with 
Out removal of the shell. By the same token, 
there is no provision for centering or locating 
the tube bundles except through the medium of 
the shell itself. From this standpoint the par 
tition section 64 extending upwardly between the 
floating heads When the shell is assembled, not 
Only properly locates the tube bundles with re 
spect to the shell, but in addition serves for 
partially guiding the shell and tube bundles dur 
ing the withdrawal or replacement of the shell. 
This guiding action is complemented by the in 
dependently mounted baffle assembly which is 
Supported from the base of the unit and which 
guides and prevents the free edge of the shell 
from injurious contact with the tube banks or 
floating heads mounted thereon. 

In actual dismantling of the apparatus, the 
normal and usual inspection and clean-out may 
be accomplished by removal of the shell section 
and cleaning of the upper portion of the tubes. 
If so desired for this purpose the baffle assen 
y may be normally removed without disman 

tling the nozzle section If unusual collection 
of coke is present, however, particularly if it 
requires clean-Out of the nozzle Section, this 
must be accomplished by removing the baffle as 
Sembly and disconnecting the nozzle section, 
which then may be lifted bodily, the partition 
Section 66 passing upWardly between the heads. 
During this disassembly, the tube bundles them 
selves with the unitary support and the liquid 
connections are not interfered with, due to the 
Support of the unit as a whole on off-set lugs 
Of which project from the support or base 

casting, as shown in Fig. 1. In a like manner 
the flat cover member may be removed from the 
under portion of the unit without disconnecting 
from the Support. t 
The capacity in a unit having an integrally 

closed end shell for disconnecting either the 
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4. 
shell from the nozzle section, or disconnecting 
both the shell and nozzle section form the support, 
is important from the point of view of inspection 
and clean-out. Furthermore, the provision of 
means for guiding the shell during the normal 
inspection periods and for insuring proper cen 
tralization of the tube bundles and floating heads 
when the shell is in assembled relation, are also 
inportant adjuncts of this type of apparatus. 

It will furthermore be noted that the upper rim 
4 surrounding and bounding the condensate 

basins and forming a support for the nozzle ring 
forms a chamber about the lower tube ends 
commensurate in area with that of the nozzle 
ring, and providing a free and unobstructed paS 
sage surrounding the tube bundle which con 
plements the vapor passage in the nozzle ring 
to provide for the effective diffusion of vapor 
within the tube bundles at the lower end. The 
provision of this enlarged space Within the 
channel casting also provides for the disposition 
and draining of condensate without liability of 
trapping condensate in the region of the lower 
tube ends. In addition, this increased Space fa 
cilitates the cleaning of condensate basins in the 
event that it is found necessary So to do. 
What is claimed is: 
1. Heat exchange apparatus comprising a uni 

tary support, heat transfer tubes connected to 
the support extending therefrom, a shell enclos 
ing the tubes to provide a vapor Space there 
about, means for admitting vapor to the shell, 
and a baffle assembly positioned between the 
tubes and shell and serving to impede flow of 
vapor beyond the region of admission to the shell. 

2, Heat exchange apparatus comprising a uni 
tary support, heat transfer tubes connected to 
the support extending therefrom, a shell enclos 
ing the tubes to provide a vapor Space there 
about, means for admitting vapor to the shell, 
and a baffle assembly supported from the tube 
support and serving to impede flow of vapor 
beyond the region of admission to the shell. 

3. Heat exchange apparatus comprising a 
series of heat transfer tubes, a shell surrounding 
the tubes to provide a vapor Space, and a Sec 
tional circular baffle assembly located in the 
vapor space between the tubes and shell and 
removable therefrom to permit access to the 
tubes. 

4. Heat exchange apparatus comprising a 
series of heat transfer tubes, a shell Surrounding 
the tubes to provide a vapor Space, and a Sec 
tional circular baffle assembly positioned between 
the tubes and the shell and affording clearance 
between adjacent tube and shell Surfaces, and 
removable therefrom to permit access to the 
tubes. . 

5. Heat exchange apparatus comprising a 
series of heat exchange tubes arranged in banks 
with a space between the banks, a shell enclos 
ing the tubes, a sectional circular baffle assembly 
located in the space between the shell and tubes 
and removable therefrom, each baffle Section 
comprising a transverse member in the Space be 
tween the tube banks and a semi-circular mem 
ber to which it is attached, and means for mount 
ing the baffle assembly independently of the 
shell. 

6. Heat exchange apparatuS Comprising a . 
series of heat transfer tubes, an enclosing shell 
spaced therefrom, a series of sectional baffides llo 
cated in the space surrounding the tubes, trans 
verse baffles extending between the tubes, and 
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means for mounting the baffle assembly inde 
pendently of the shell. 

7. A heat exchanger comprising a Support, a 
series of tubes mounted upon the Support, a 
nozzle section detachably connected to the Sup 
port, a closed end shell detachably connected 
above the nozzle section and Surrounding the 
tubes, a removable baffle assembly interposed in 
the space between the shell and tubes, and means 
for mounting the baffle assembly from the Sup 
port independent of the shell and nozzle Section. 

8. A heat exchanger comprising a Support, a 
Series of tubes mounted upon the Support, a 
nozzle section detachably connected to the Sup 
port, a closed end shell detachably connected 
above the nozzle section and surrounding the 
tubes, a removable baffle assembly interposed in 
the space between the shell and tubes, and means 
for connecting the baffle assembly at its upper end 
to an adjacent tube. 

9. Heat exchange apparatus comprising a 
series of heat transfer tubes arranged SO as to 
provide a longitudinally extending space between 
some of the tubes, a shell enclosing the tubes and 
arranged so as to provide a Space between the 
tubes and the shell, means for admitting Vapor 
inside the shell, a baffle positioned between the 
tubes and shell and arranged to impede the flow 
of vapor through the space between the tubes 
and shell, and another baffle secured to the first 
mentioned baffle extending transversely of the 
space between the tubes and serving to impede 
the flow of vapor through the Space. 

10. Heat exchange apparatus comprising a 
Series of heat transfer tubes arranged SO aS 
to provide a longitudinally extending space be 
twcen Some of the tubes, a shell surrounding the 
tubes and formed so as to provide a Space be 
tween the tubes and shell, and a baffle assembly 
including a segmental baffle located in the Space 
between the shell and tubes, and a baffle member 
secured to the Segmental baffle extending trans 
versely of the space between the tubes, the Said 
baffle assembly being removably supported SO as 
to permit access to the tubes. 

11. Heat exchange apparatus comprising a 
series of heat transfer tubes arranged so as to 
provide a longitudinally extending space between 
some of the tubes, a shell surrounding the tubes 
and formed So as to provide a space between the 
tubes and shell, and a baffle assembly including 
a scgmental baffle located in the Space between 
the shell and tubes and Spaced therefrom, and 
a baffle member secured to the Segmental baffle 
extending transversely of the Space between the 
tubes and Spaced therefron, the Said baffle aS 
sembly being removably supported SO as to per 
mit access to the tubes. 

12. Heat exchange apparatus comprising a 
series of heat transfer tubes, a shell enclosing 
the tubes and arranged So as to provide a space 
between the tubes and shell, means for admitting 
vapor to the shell, a baffle positioned in the space 
between the tubes and shell and Serving to in 
pede the flow of vapor therethrough, said baffle 
being Spaced from the tubes and shell, and means 
for detachably connecting said baffle to one of 
the tubes to hold Said baffle in fixed position with 
respect to the tubes and shell. 

13. Heat eXchange apparatuS comprising a 
supporting member, a series of heat exchange 
tubes supported from said member, a shell de 
tachably mounted on Said member enclosing Said 
tubes and formed So as to provide a vapor space 
between the tubes and shell, said shell being re 
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6 2,059,967 
area adjacent the vapor inlet So as to provide an 
enlarged vapor Space communicating with the 
inlet between the tubes and casing, and the cas 
ing being of Smaller croSS Sectional area beyond 
the inlet So as to provide a smaller vapor space 
between the casing and tubes thereby to increase 

the velocity of the vapor beyond the inlet, and a 
sectional circular baffle assembly disposed around 
Said tubes beyond the vapor inlet in the Space 
between the casing and tubes and mounted inde 
pendently of the shell. 

CHARLES H. LEACH. 


