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Patented Mar. 23, 1954 2,672,926 

UNITED STATES PATENT OFFICE 
Westery ille, Ohio, assignor to 

: Inc., Chicago, Ill., a corpora 

original application September 9, 1946, serial No. 
695,641, Pivided and this application Septem-- 

... ber 28, 1951, Serial No. 248,48. 
3 Claims: (Cli59-13): 

or to be evaporated is intro 
if a pipe 6. . . . . . . . 
the evaporator units are of the 

sess- ww. Accordingly, in order to feed 
3 liquor into the evaporator tubes in the form 

of films, I provide a removable tube inserted 
into the top end of each evaporator tube 2, and 
supported by spiders 8 which may be welded or 
otherwise secured to their outer surfaces, the three or more legs of the spiders resting upon the 

els----- - - - a ... --- . . . . . . .e.: . . . . . . . . . . . . . . . . . ----- upper tube sheet 3. The lower end of each tube 

of different densities heated from a common heat T is flared out at 9 to restrict and deflect the supply source and connected to a common vapor downwardly flowing liquor against the tube walls. 
exhaust. . . . . . . . . The rate of flow of liquor into the tubes 2 of each 

' ' ' ' ' ''''''''''''''' "". is evaporator may be varied by increasing the depth 
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tube chest. The condensate which may be drained 
from the space around the tubes at the bottom of 
each tube chest may be withdrawn from each 

... . . . . . tube chest through a pipe 3 into a common pipe 
h of an eva 
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3 
prevent their more direct escape through the 
portS 7. Thus, the vapors being extracted from 
the falling film of liquor are deflected in a circu 
lar path from the lower open ends of the tubes 
into the related drums 5, while any unvaporized 
liquor is allowed to fall through the hood 9 into 
the Sump 20. w . . . 
As indicated, there is connected with the bot 

tOn Of each Sump a pipe 2 leading to a pump 
22, each pump being preferably driven by an () 
electric motor and delivering its output to a riser . 
pipe 6, which as noted before delivers the liquor 
into the chamber 5 at the top of each tube chest. 
The fresh dilute liquor to be evaporated will 

be introduced through a pipe 23 into the down 
flow pipe 2 of the first evaporator. unit where. 
it will be drawn through the pump 22 and thence. 
delivered upwardly through the riser pipe 6 into 
the top of the first evaporator chamber 5. It is 
contemplated that some of the liquor will re 
circulate through the first evaporator unit many 
times as the vapor is being extracted from it in 
the falling film tubes. 
A draw-off pump 24 connected with the draw 

off pipe 25 maintains a continuous discharge of 
concentrated liquor from the last evaporator. 
Between the first and Second units, that is, con 
nected with their Sumps, is a pipe 26 and between 
the Sump of the Second unit and the Sump of the 
third unit is another pipe 2. 
the draw-off pump and the feed of fresh liquor 
through the pipe 23 will therefore induce a con 
tinuous flow of liquor from the first unit to the 
second and from the second to the third and 
from the third to the draw-off pump or to such 3, 
other units as may be connected between that 
point and the draw-off pump. 
While three connected units are shown in the 

evaporator herein described, it is contemplated 
that aS many as are necessary for high output 
and efficiency of operation will be employed. In 
view of the fact that the units are identical in 
construction, the cost of manufacture and as 
Sembly is thereby simplified. Also, the use of 
identical units simplifies the determination of 
ideal operating conditions and facilitates the de 
termination, by experiment or by calculation, of 
the number of units required for the most effi 
cient operation on any proposed installation. 
The operation of the device, briefly, is as fol 

lows: 
Fresh liquor is supplied through a pipe 23 to 

the down-flow pipe leading to the pump con 
nected with the first unit. This liquor along with 
other liquor already in the system is delivered 
to the top of the first unit and under the con 
trolling effect of the static head and the tubes 7 
will cause a film of the liquor to flow downwardly 
along the entire inside of each of the tubes in 
the first unit. While liquor is being recirculated 
through the falling film unit the vapor released 
from the films flows from the lower ends of the 
tubes into the vapor separation drum. The cir 
cular motion imparted to the vapor will cause 
entrained droplets to Sweep along the walls of 
the drum and fall back into the sump of each 
drum while the vapor, free from droplets, may 
be evacuated through the vapor outlet pipe 8. 
The rate of evaporation will be highest in the 

first unit and lowest in the last evaporator unit. 

The operation of : 
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its recirculation and subjection to evaporation in 
the third unit may be caused to attain the final 
desired density. The rate of withdrawal of liquor 
through the draw-off pipe 25 will be maintained 
at Such a rate as to make certain that liquor of 
the desired density only is withdrawn. 

It is clear that a large number or a small 
number of identical units may be connected in 
Series, as described, in order to obtain a desired 
concentration under efficient operating condi 
tions. 
As stated hereinbefore, the present invention 

is especially Suitable for evaporation of liquors 
at low temperatures such as are made possible 
by evaporation under vacuum. In Such case, 
Suitable equipment is connected with the vapor 
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As a result the Second unit Will be operating on 
a liquor of considerably higher density than the 
fresh liquor introduced into the first unit. The 
liquor flowing from the second unit to the third 

outlet pipe i8, that is, such as pumps or con 
densers or both, to maintain as high a degree of 
vacuum in the vapor space within the drums and 
within the tubes as may be desired. 

Obviously, the means for evacuating the vapors 
will be Suited to Whatever vapor preSSures, posi 
tive or vacuum, prevail in the System. Variable 
Speed pumps, Valves, or other devices may be 
employed for maintaining uniform or providing 
variable operating conditions. 
While I have shown and described herein, fo 

illustrative purposes, a preferred embodiment of 
the invention, it should be understood that con 
siderable variation in the details of construction 
may be employed without departing from the 
spirit and scope of the invention, as defined in 
the following claims. 

I claim as my invention: - 
1. An evaporator comprising a vertical tube 

chest having vertical tubes and top and bottom 
plates retaining said tubes, an inlet port for ad 
mission of heating fluid into the space surround 
ing the tubes and an Outlet port, for Said fluid, a 
centrifugal vapor separator having a horizontal 
axis and positioned and Connected with the bot 
tom of said tube chest to receive liquid solution 
and vapor from the bottom ends of the tubes tan 
gentially into said Separator, Said separator hav 
ing a vapor outlet concentric With Said axis and 
a liquid outlet eccentric to said axis, an upper 
chamber at the top of said tube chest with which 
the chest tubes communicate, open ended film 
feed control tubes extending concentrically down 
Wardly into said chest tubes and upwardly into 
said upper chamber, means for recirculating 
liquid solution from Said vapor separator liquid 
outlet into said upper chamber for film flow down 
Wardly past the film feed tubes through said 
chest tubes, said upper chamber having an out 
let for vapor only through said control and chest 
tubes into said separator, means for introducing 
a Solution to be concentrated into said evap 
orator for flow through said chest tubes and 
means for . Withdrawing concentrated Solution 
from said evaporator. m 

2. An evaporator comprising a Series of vertical 
tube chests, each chest having vertical tubes and 
top and bottom plates retaining said tubes, an 
inlet port for admission of heating fluid into the 
Space. Surrounding the tubes and an outlet port 
for said fluid, a centrifugal vapor separator hav 
ing a horizontal axis and positioned and Con 
nected. With the bottom of Said tube, chest to re 
ceive liquid solution and vapor from the bottom 
ends of the tubes tangentially into said separator, 
said separator having a vapor outlet concentric 
with said axis and a liquid outlet eccentric to 
said axis, an upper chamber at the top of said 

unit will have an even higher density, and during 75 tube chest with which the chest tubes communi 
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cate, open ended film feed control tubes extend 
ing concentrically downwardly into said chest 
tubes and upwardly into said upper chamber, 
means for recirculating liquid solution from said 
Vapor Separator liquid Outlet into Said upper 
chamber for film flow downwardly past the film 
feed tubes through said chest tubes, said upper 
chamber having an outlet for vapor only through 
Said control and chest tubes into said separator, 
means for continuously introducing into the first 
chest of said series a solution to be concentrated 
by flow through the chest tubes, means for con 
tinuously advancing partially concentrated solu 
tion from the first chest to the second chest and 
in like manner to subsequent chests in the Series 
for similar recirculating and concentration in 
each chest and means for continuously withdraw 
ing Solution at a desired concentration from the 
last chest of the series. 

3. An evaporator comprising a series of ver 
tical tube chests, each chest having vertical tubes 
and top and bottom plates retaining said tubes, 
an inlet port for admission of heating fluid into 
the space Surrounding the tubes and an Outlet 
port for said fluid, a centrifugal vapor separator 
having a horizontal axis and positioned and 
connected with the bottom of Said tube chest to 
receive liquid solution and vapor from the bottom 
ends of the tubes tangentially into said separator, 
said separator having a vapor outlet concentric 
with said axis and a liquid outlet eccentric to said 
axis, an upper chamber at the top of Said tube 
chest with which the chest tubes communicate, 
open ended film feed Control tubes extending Con 
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6 
centrically downwardly into said chest tubes and 
upwardly into said upper chamber, means for 
recirculating liquid Solution from said vapor Sep 
arator liquid outlet into said upper chamber for 
film flow downwardly past the film feed tubes 
through Said chest tubes, said upper chamber 
having an outlet for vapor only through said 
Control and chest tubes into Said separator, the 
Separators aSSOciated with the several chests be 
ing axially aligned providing a common vapor 
passage through them concentric with their vapor 
outlets, means for continuously introducing into 
the first chest of said series a solution to be con 
centrated by flow through the chest tubes, means 
for continuously advancing partially concen 
trated Solution from the first Chest to the second 
chest and in like manner to Subsequent chests 
in the series for similar recirculating and con 
centration in each chest and means for continu 
Ously withdrawing Solution at a desired concen 
tration from the last chest of the Series. 

JOSEPH. A. CROSS. 
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