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UNITED STATES PATENT OFFICE. 
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EWAPORATOR. 

Specificatio of eters Patent. Patentedl Dec. 28, 1920. 
Application filed August 13, 1919. Serial No. 317,122. 

To all whom, it may conce?'7. 
Be it, known that i, RICHARD D. KEHOE, a 

citizen of the United States, and a resident 
of Pelham Manor, in the county of West 
chester and State of New York, have in 
vented certain new and useful improve 
ments in Evaporators, of which the follow 
ing is a specification. 
This invention relates to certain improve 

ments in fluid heat interchange apparattis; 
particularly adapted for use as an evapora 
tor for the treatment of liquids to remove to 
a greater or less extent volatile constituents 
thereof. One important object of my in Ven 
tion is to effect a highly efficient application 
of the steam or other heating medium and an 
automatic circulation of the liquid to be 
heated so that a very high Tate of evapora 
tion may be secured. A further important 
object of my invention is to effect a Substan tially complete separation from the Vapor 
of the liquid particles carried bodily, along 
by the vapor and the return of Such con 
densed or separated liquid to the main body 
being evaporated. Various other important 
objects are secured by means of ny in 
proved apparatus, one embodiment of which 
has been selected for illustration in the ac 
companying drawingS. 

In these drawings: 
Figure 1 is a central vertical Section, and 
Figs, 2 and 3 are transverse Sections On 

the lines 2-2 and 3-3 respectively of 
Fig. 1. 
? the specific form illustrated, I employ a vertically disposed substantially cylindri 

cal shell which may be made up of any Suit 
able material, dependent upon the charac 
ter of the liquid to be treated. I have shown 
this shell as formed of a plurality of cylin 
drical sections 10, 11, 12, and 13, flanged and 
rigidly connected but separable if desired, for cleaning, repair, or replacement. Any 
desired number of such sections may be en 
ployed. As illustrated, the top section, 10 is 
formed integral with a top wall 14 while the 
lower section 13 is formed integral with a 
bottom wall 15. This latter may vary in 
shape or character dependent upon the char. 
acter of the material to be treated and 
whether or not such material is to be eva2 orated to dryness or high viscosity or is 
merely to be concentrated or reduced in 
volume. 

Within the lower portion of the shell is a 
calandria into which the heating medium is 

to be delivei'ed. This is illustrated as a cy 
lindrical drum 16 of somewhat Smaller di 
ameter than the shell and having the upper 
and lower heads or tube sheets 17 and 18 
\Yelded or otherwise rigidly and tightly se 
cul'ed thereto. A large number of tubes 19 
are connected to and Supported by the heads 
or tube sheets 17 and 18, and are open at 
both ends into the body of the shell. The 
calandria may be supported in any suitable 
manne: and held substantially co-axial with 
the main shell of the evaporator. The sup 
porting means are illustrated as a plurality 
of lugs 20 formed integral with the shell 
Wall Section 12 and supporting and secured 
to lugs 21 carried by the peripheral Wall of 
the calandria. 
The tubes 19 are preferably arranged in 

groups leaving radially extending passages 
between adjacent groups and from a central 
free space. Rigidly secured to the upper 
head 1 of the calandlia is a steam inlet pipe 
22 of comparatively large cross sectional 
area and terminating approximately two 
thirds of the way down from the top wall. 
Steam is delivered to this pipe from a sup 
ply conduit projecting through the Wall of 
the shell. This supply conduit 23 is prefer 
ably co-axial with the evaporator and pro 
jects through the top wall 14 of the latter. 
It is illustrated as formed of sections flanged 
and bolted together and provided with an 
elbow 23 at its upper externai end. It is im 
portant that the joint between this pipe and 
the wall 14 be tightly packed so that the de 
sired degree of pressure or vacuum may be 
maintained in the evaporator. As shown, 
the top vali 14 has a collar 24 rigidly and 
tightly secured thereto and encircling the 
steain conduit 22 and having an annular 
gasket space 25 in which a gasket may be 
compressed by a gland 26 outside of the 
evaporator and threaded into the outer end 
of the collar 24. By means of this construe 
tion the packing may be easily tightened, 
replaced, or repaired from the exterior of 
the evaporator. 
The lower head or tube sheet of the calan 

dria, is provided with one or more drain 
pipes 27 for the water of condensation and 
these may lead to a manifold 28 in the lower 
part of the evaporator, which latter has an 
outlet 29 through the wail of the latter. For 
permitting the escape of air from the calan 
dria a somewhat similar arrangement of 
outlet pipes 30 lead from the upper head or 
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tube sheet of the calandria, to the manifold 
31 and thence to an outlet 32 through the 
wall of the evaporator. 
As an important feature, I provide an 

entrainment separator in the upper part of 
the evaporator. This is illustrated as in 
cluding a transverse wall 33 which may be 
Supported in any suitable manner by the 
peripheral wall of the evaporator, as for in 
stance, by being clamped in a groove be 
tween the abutting ends of the Wall sections 
10 and 11. This transverse wall 33 has a cen 
tral opening 34 receiving the steam conduit 
22 and somewhat larger than the latter so 
as to provide an annular passage for the 
steam or other vapor rising from the liquid 
being evaporated. Extending over this pas 
sage 34 is a hood 35 provided with a lateral 
outlet 36 to the compartment or chamber 37 
between the partition wall 33 and the top 
wall 14 of the evaporator. A fairly tight 
joint is formed between the top wall of this 
hood and the steam conduit, although it is 
not necessarily steam tight and may be 
formed by a simple annular collar or plate 
38. The vapor may escape from the chain 
ber 37 through an outlet 39 in the top wall 14 
which is illustrated as being provided with 
an elbow 40. 
The partition wall 33 is preferably higher 

at its center than at the periphery So that 
any liquid collecting upon the upper sur 
face will drain toward the outer edge. This 
outer edge portion is illustrated as being 
provided with a plurality of drain pipes 41 
leading downwardly along the Walls of the 
evaporator and terminating adjacent to the 
lower end of the calandria and below the 
normal liquid level in the evaporator. This 
liquid level may be maintained at any de 
sired point but for efficiency, it is prefer 
ably adjacent to but slightly below the up 
per end of the calandria. - 
The wall of the evaporator may be pro 

vided with any suitable number or arrange 
ment of filling and emptying conduit con 
nections, manholes, and the like, and with 
any desired arrangement or number of sight 
glasses, gages, level indicators, or other ap 
purtenances of the ordinary evaporator. 
have shown openings 42 for pipe connec 
tions which may be used in filling and 
emptying, and have shown manholes 43 in 
the top and bottom and sight glasses 44, in 
the peripheral wall above the normai liquid 
level. 
In the operation of my improved evapora 

tor, the liquid to be evaporated is admitted 
to the shell, as for instance, through the in 
let 42 in the Wall section 11 and the evapora 
tor is filled to the desired level. This is 
preferably slightly below the upper tube 
sheet 17 of the steam drum. Steam is ad 
mitted through the conduit 22 to the lower 
portion of the drum and flows through the 

the comparatively large chamber 37. 
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radial passages between the tubes 19 SO as 
to highly heat the latter. The liquid stand 
ing within the tubes becomes very highly 
heated and Will ordinarily spurt up from 
the upper ends thereof and fall back on to 
the drum or down along the walls of the 
shell. As the drum is spaced from the shell 
there may be a continuous circulation of the 
liquid up through the tubes and down along 
the outside of the drum. The vapors to 
gether with any particles of liquid carried 
tip thereby will pass at high speed through 
the restricted nassage 34 and impact against 
the upper wall of the hood 35. The speed 
of flow will be materially reduced in the 
outlet 36, which is spaced from the outer 
Wall of the chamber 37. The flow will in 
crease as it passes between the end of the 
hood and the Wai and will again reduce in 

This 
alternate increasing and reduction in the 
Speed of flow of the vapor and liquid, to 
gether with the repeated change of direc 
tion of flow and the impact against the 
walls will effect a substantially complete 
separation of the entrained liquid which 
will flow back into the main body of the 
liquid through the pipes 41 while the vapor 
escapes from the outlet 40. 

it will be noted that the steam inlet and 
vapor outlets are arranged adjacent to each 
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other at the top of the evanorator So that 
two, three or more evaporators can conven 
iently be combined together to form double, 
triple or quadruple, etc., effects. The units 
may be close together and conveniently ar 
ranged and supported on steel structures 
with the minimum of piping connections. 
All connecting pipes, elbows, etc., may be of 
standard construction and therefore made at 
low cost without the necessity of special 
patterns. It will be noted that the steam 
inlet to the calandria enters the top center 
and continues down through the entrain 
inent separator So that there is the minimum 
Surface of connections exposed with the 
minimum radiation and heat losses. The 
entrainment separator is so designed that 
the vapors arising pass through a narrow 
constriction and strike with great force 
against the wall, thus breaking up the foam 
into liquid and vapor which latter will pass 
from the evaporator while the liquid re 
turns. The combining of the entrainment 
separator within the body of the evapora 
tor Saves in floor space and adds but little to 
the height of the evaporator. The expan 
sion joint and stuffing box through which 
the steam pipe passes permits of an expan 
sion or contraction of the steam pipe and 
provides the minimum surface to be packed 
against leaks to the atmosphere. It will 
be noted that the steam enters the body of 
the calandria at a point about three quar 
ters of the way down to the bottom so that 
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it tends to force upwardly any air within 
the latter and permits of the rapid and free 
escape of the latter and the withdrawal of 
the water of condensation. The calandria 
is so supported that there is the minimum 
mechanical strain and the pipes thereof are 
free at the uproer and lower end so that they 
may be readily cleaned without breaking 
any pipe connections. 

It will of course be obvious that the spe 
cific form ilustrated forms only one em 
bodiment of my invention, and that various 
changes may be made within the scope of 
my invention as defined in the appended 
claims. 

Having thus described my invention, what 
claim as new and desire to secure by Let 

ters Patent is: 
1. An evaporator, including a chamber 

for the liquid to be treated, having a vapor 
outlet at the top, a heater in the lower part 
thereof, a steam Supply pipe extending ver 
tically through the top of said chamber to 
said heater, and an entrainment separator 
in the upper part of said chamber below said 
vapor outlet and encircling said steam pipe 
but spaced therefrom to leave a passage for 
the upward movement of the vapor in close 
proximity to the steam pipe. 

2. An evaporator, including a chamber for 
the liquid to be treated, having a vapor out 
let at the top, a heater in the lower part 
thereof, a steam supply pipe leading 
through the top of said chamber and con 
nected to said heater, and a transversely 
extending annular partition wall in the up 
per part of said chamber andencircling Said 
steam pipe and spaced therefrom to leave a 
vapor passage in close proximity to said 
steam pipe. 

3. An evaporator, including a chamber for 
the liquid to be treated, having a vapor out 
let at the top, a heater in the lower part 
thereof, a steam supply pipe leading through 
the top of said chamber and connected to 
said heater, a transversely extending annul 
lar partition wall in the upper part of said 
chamber and encircling said steam pipe and 
spaced therefrom to leave a vapor passage 
in close proximity to said steam pipe, and a 
hood above said partition plate and encir 
cling said steam pipe, and having a laterally 
disposed outlet adjacent to the inner wall of 
said chamber and spaced from Said first men 
tioned outlet. 

4. An evaporator, having a shell, a steam 
drum disposed within the lower portion 

3. 

thereof, and spaced from the walls there 
of, a steam pipe extending through the 
top wall of Said shell to said drum, a vapor 
outlet at the upper part of said shell, a trans 
verse partition within said shell below said 
vapor outlet and encirclino and spaced from 
said steam pipe, and a hood supported by 
said partition for receiving vapors rising 
through the latter and deflecting them 
against the wall of the shell. 

5. An evaporator, having a shell, a steam 
chamber in the lower portion thereof, and 
spaced from the side walls thereof, a vapor 
outlet at the upper part of said shell, and an 
entrainment separator within the upper por 
tion of Said shell below said outlet, and in 
cluding a transverse partition having an an 
nular vapor passage therethrough, and a 
hood over said passage and having an outlet 
adjacent to the side Wall of said shell oppo 
site to said first-mentioned outlet. 

6. An evaporator having a shell, a steam 
chamber in the lower portion thereof spaced 
from the side walls of said shell and having 
open ended vertical pipes through said steam 
chamber whereby liquid in said shell may 
circulate up through said pipes and down 
the exterior of the steam chamber, means for 
rigidly securing said steam chamber to the 
walls of said shell and a steam inlet pipe hav 
ing sliding connections through the top wall 
of said shell and rigid connections with the 
top of said steam chamber, said steam pipe 
projecting downwardly within said chamber 
to a point adjacent to the bottom of the lat 
ter. 

7. An evaporator having a shell, a steam 
chamber in the lower portion thereof and 
spaced from the side walls thereof, a vapor 
outlet at one side of the upper part of said 
shell, a centrally disposed steam pipe ex 
tending through the top of said shell and 
connected to said steam chamber, a trans 
verse partition in the upper portion of said 
shell and spaced from said steam pipe to 
leave an annular vapor passage in close 
proximity to and encircling said steam pipe 
and a hood encil'cling said steam pipe above 
Said annular vapor passage, Said hood hav 
ing an outlet at one side thereof directed 
against the side wall of said shell opposite 
to said first mentioned outlet. 

Signed at New York, in the county of 
New York and State of New York, this 5th 
day of August, A. D. 1919. 

RCHARD D. KEHOE. 

60 

65 

70 

75 

80 

90 

95 

00 

105 

10 


