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EvapoRATING APPARATUs AND METHOD 
David D. Peebles, Berkeley, Calif. 

Application August 8, 1938, Serial No. 223,683 
(C. 159-27) 9 Claims. 

This invention relates generally to apparatus 
and methods for the concentration of various 
liquid materials containing one or more vaporiz 
able components. 

In Peebles and Manning Patent No. 2,090,985, 
there is disclosed an evaporating apparatus and 
method of the vapor-mist type. The evaporat 
ing tubes in that instance are arranged so that 
their upper ends receive the material to be 
evaporated, and the evaporating cycle is such 
that evolved vapor together with dispersed liquid 
particles flow at high velocities through the 
evaporating tubes. Such an evaporator is par 
ticularly suited to the handling of organic ma 
terials sensitive to heat treatment, because it 
makes possible rapid concentration by evapora 
tion, with a minimum volume of the material 
within the evaporating cycle at any one time, 
and with a minimum time period of heat treat 
ment. 
I have found that when certain organic pulps 

containing suspended solids of a fibrous nature, 
like tomato juice, are to be reduced to paste-like 
concentrates, the evaporator as Specifically dis 
closed in said Patent No. 2,090,985, may not be 
entirely satisfactory, particularly for the higher 
concentrations. This is attributed to the vis 
cosity of such materials, particularly when con 
centrated, which makes it difficult to distribute 
the material into the various evaporating tubes, 
and which tends to cause the material to plaster 
upon certain walls of the apparatus instead of 
continuing to progress through the evaporating 
cycle. 

It is an object of the present invention to pro 
vide an improved evaporating apparatus and 
method, which can be successfully employed for 
the concentration of materials like tomato pulps, 
and which will afford relatively high efficiency, 
and high capacity, with a minimum amount of 
impairment of heat sensitive properties, and 
with equipment of simple construction. While 
the apparatus and method has been devised in 
connection with the evaporation of materials 
like tomato pulp, it can be used Successfully 
upon a wide variety of materials including Sub 
stances such as "black liquor.' 

Further objects of the invention will appear 
from the following description in which the pre 
ferred embodiments of the invention have been 
set forth in detail in conjunction with the ac 
companying drawings. 

Referring to the drawings: 
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tion, illustrating evaporating apparatus incor 
porating the present invention. 

Fig. 2 is a cross-sectional detail, on an en 
larged Scale, taken along the line 2-2 of Fig. 1. 

Fig. 3 is a side elevational view, showing a 
multiple effect evaporating apparatus, making 
use of two units of the type shown in Fig. 1. 

Fig. 4 is a cross-sectional detail showing a 
suitable construction for the distributing or 
plenum chamber. 
Referring first to that embodiment illustrated 

in Figs. 1 and 2, it consists of two groups of up 
right evaporating tubes A and B. The upper , 
ends of these tubes are attached to tube sheet 
10, and the lower ends to the tube sheet. Sur 
rounding the evaporating tubes A and B, there is 
a heater jacket f2, into which steam can be in 
troduced through the pipe connection 3. Pipe 
5 serves to remove non-condensible gases from 

the upper portion of the jacket. 
Extending upwardly Within the steam jacket 

2, there is a conduit or shroud 4 which sur 
rounds the tWO groups of evaporating tubes, 
Steam introduced through pipe 3 flows up 
wardly within the conduit 4 and the outer 
walls of the jacket 2, before contacting the 
evaporating tubes, after which the steam flows 
downwardly about the evaporating tubes to a 
point near the lower end of these tubes, where 
condensate is drained away through pipe 6. 
Below the tube sheet there is a separating 
chamber 7, which serves to receive material 
discharged from the lower end of the evaporat 
ing tubes B. Pipe 8 is a vapor outlet from 
chamber 7, and a pipe 9 at the lower end of 
chamber 7, is for the purpose of draining away 
concentrate. Chamber 2 is suitably secured to 
the lower side of tube sheet fi and communi 
cates with the inner group of evaporating tubes 
A. The liquid to be concentrated is introduced 
into chamber 2, through pipe 22. A baffle wall 
23 extends within the chamber 7, and facili 
tates separation of liquor from vapor. 
Above the tube sheet to and communicating 

with the upper ends of all of the evaporating 
tubes, there is a chamber 24, which can be 
termed a plenum chamber. The purpose of this 
chamber is to transfer and distribute material 
discharged from the upflow evaporating tubes 
A, to the downflow tubes B. This chamber 24 is 
of Substantial height whereby the top wall 25 
is considerably elevated above the upper ends of 
the evaporating tubes. The purpose of this pro 
portioning is to prevent plastering of the upper Fig. 1 is a side elevational view, in cross-sec- 55 wall 25 with material discharged from tubes A, 



2 
since it has been found that such plastering, if 
it is permitted to occur, prevents proper opera 
tion of the evaporator, particularly in that it 
makes for uneven distribution of the liquid ma 
terial into the downflow tubes B, and because 5 
the accumulation of such material upon the 
walls of chamber 24 serves in effect to unduly 
prolong heat treatment on a part of the material. 

In addition to providing a chamber 24 of sub 
stantial height, it is desirable to make use of 10 
one or more spaced diffusion screens 26. These 
diffusion screens extend across the lower portion 
of the chamber 24, and are in the path of ma 
terial discharged from the upper ends of the 
tubes A. They can be of relatively coarse 5 
mesh wire, such as a screen of 4 inch mesh. 
These screens act in effect as a break to check 
discharged material, and in addition they insure 
uniform distribution of droplets of liquid to the 
downflow tubes B. 
The equipment described above can be oper 

ated as a single unit at atmospheric pressures, 
or under vacuum. Assuming atmospheric pres 
sure, pipe 3 is connected to a suitable source. 
of steam, and pipe connection 8 is permitted to 25 
discharge vapor at atmospheric pressure. The 
concentrate pipe 9 is connected to some suitable 
means for removing the concentrate, as for ex 
ample a suitable form of pump which will re 
move the liquid material substantially as fast 30 
as collected in chamber 7. The material to be 
concentrated, such as tomato pulp, is preheated 
and then supplied to pipe 22 by a suitable pump. 
When operating under vacuum the temperature 
to which the liquid material is supplied to cham- 35 
ber 2 can be suci that at the pressure existing. 
in chamber 2, there is some immediate expan 
sion, with evolution of vapor, although such Oper 
ation is not essential. As the liquid material, to 
gether with any vapor evolved in chamber 2, 40 
passes into the lower ends of pipes A, evolution 
of vapor occurs due to heat absorption through 
the walls of the evaporating tubes, and as a re 
sult vapor together with dispersed liquid ma 
terial flows upwardly at high velocities through 45 
tubes A, to be discharged into the lower part of 
chamber 24. 
Within the chamber 24 the material jetted or 

blown from the upper ends of tubes A is checked 
by screens 26, so that there is no plastering of 50 
the top wall 25, or of the adjacent side walls of 
the chamber 24. In fact the liquid material dis 
charged from tubes. A remains in more or less 
dispersed state, or in the form of droplets, and 
immediately after discharge into chamber 24, 55 
both the vapor and liquid components are de- - 
livered downwardly into the tubes B. If any ma 
terial is caught upon the side walls above the . 
screens it is immediately picked up by the vapor 
and re-distributed into the down flow tubes, 60 
Within tubes B the liquid material is again sub 
jected to evaporation to be finally discharged as 
a concentrate into the separator 7. 
The size of the evaporating equipment de 

scribed above can vary in accordance with the 65 
capacities required, and the type of material to 
be concentrated. In the evaporation of tomato 
pulp I have employed evaporating tubes about 
14 inch inside diameter, and about 20 feet in 
length. For such an evaporator the chamber 24 70 
can vary in height from say 12 to 24 inches. For 
any particular material to be handled One should 
make the chamber 24 sufficiently high to avoid 
plastering the top wall 25 with the liquid ma 
terial. 
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It will be noted from Fig. 2 that a large num 

ber of downflow tubes B are employed, in pro 
portion to the number of upflow tubes A. While 
the precise ratio employed can vary in practice, 
it is desirable that the cross sectional flow area 
for the downflow tubes B be at least twice that . . 
afforded by the upflow tubes, because of the large 
amount of evolved vapor which must pass down 
wardly through the tubes B. 
In the multiple effect evaporator of Fig. 3, 

separate units similar to the equipment described 
with reference to Fig. 1, are connected together to 
form a double effect vacuum evaporator. Thus 
the downflow tubes B of the unit discharge 
into a separator 28, similar to the separator f7 
of Fig. 1. Wapor or steam from a suitable source 
is supplied to the jacket of unit , through pipe 
3, while the jacket of unit 2 is supplied with 
vapor through the pipe connection 29, from sepa 
rator 28. The liquid material to be concentrated 
is supplied to the unit f through pipe 3 ?, and the 
liquid material collected in separator 28 is drained 
into the outlet 32, and delivered by pipe 33 to 
the pipes A of l'hit 2. The separator 34 which 
receives concentrate from unit 2, has a vapor 
pipe connection 36 leading to a suitable con 
denser, while the liquid connection 37 can be con 
nected to a suitable pump, for removing the liquid 
concentrate. The multiple effect evaporator of Fig. 3 oper 
ates substantially the same as the single effect 
evaporator of FigS. 1 and 2. The vacuum to be 
maintained upon the two units is dependent up 
On the vacuum applied to the connection 36, and 
is somewhat dependent upon the type of ma 
terial being treated. The charnber 24 for the 
two units and 2 may vary somewhat in dimen 
sions, but in any event they are dimensioned in 
Such a manner as to prevent plastering of the 
top wall 25. . 
In order to facilitate cleaning the top chamber 

24 structural details can be employed as shown 
in Fig. 4. In this instance the chamber is formed 
by a cylindrical shell 4 having a removable 
cover 42. The wire screens 43 are secured to a 
ring 44, whereby the screen assembly can be 
readily removed after removing the cover 42. 
Ring 44 may rest upon lugs 46 which may be posi 
tioned at a desired elevation. 
I claim: 1. In evaporating apparatus, two sets of gen 

erally upright evaporating tubes, means for in 
troducing liquid material to be evaporated into 
the lower end of one set of tubes, means for re 
ceiving evaporated material and evolved vapor 
from the lower end of the second set of tubes, and 
a chamber Serving to transfer evolved vapor and 
dispersed liquid from the upper end of the first 
set of tubes to the upper end of the second set 
of tubes, and a diffusion screen through which 
vapor and liquid is caused to pass within said 
chamber, said screen being disposed above the 
upper open ends of both said sets of tubes. 

2. In evaporating apparatus, two sets of gen 
erally upright evaporating tubes, a common heat 
ing jacket for said tubes, a chamber communi 
cating with the upper end of all of said tubes, 
means for introducing liquid material to be 
evaporated into the lower end of the first set of 
tubes, whereby evolved vapor and dispersed liquid 
flowing upwardly through the first set of tubes 
is discharged into said chamber and whereby 
all of the liquid and evolved vapor discharged 
into said chamber is immediately thereafter 
caused to enter the upper ends of the second set 
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of tubes, and a diffusion screen extending across 
said chamber above the upper ends of said tubes, 
said screen serving to check the discharge of ma 
terial from the upper ends of the first set of 
tubes, and aiding the distribution of vapor and 
liquid into the second set of tubes. 

3. In evaporating apparatus, two sets of gen 
erally upright evaporating tubes, a commonheat 
ing jacket for Said tubes, a chamber communi 
cating with the upper end of all of said tubes, 
means for introducing liquid material to be 
evaporated into the lower end of the first set of 
tubes, whereby evolved vapor and dispersed liquid 
flowing upwardly through the first set of tubes 
is discharged into said chamber and whereby 
all of the liquid and evolved vapor discharged 
into said chamber is immediately thereafter 
Caused to enter the upper ends of the Second set 
of tubes, and a diffusion screen extending across 
said chamber above the upper ends of Said tubes, 
said screen serving to check the discharge of 
material from the upper ends of the first set 
of tubes, and aiding the distribution of vapor 
and liquid into the second set of tubes, the sec 
ond set of tubes in comparison with the first set 
having at least substantially twice the effective 
cross-sectional flow area. 

4. In an evaporating method for the concen 
tration of pulp-like liquid materials containing 
suspended solids, wherein the material to be 
evaporated is passed at high velocities through 
two sets of upright heated evaporating tubes, 
with one set of tubes having its upper end con 
nected to a plenum chamber which also connects 
with the upper ends of the second set of tubes 
and with the top wall of the plenum chamber 
overlying the upper ends of both sets of tubes; 
the improvement comprising causing liquid mate 
rial interspersed with evolved vapor to pass 
rapidly upwardly through the One set of evapo 
rating tubes whereby a mixture of vapor and 
dquid material jets from the upper end of the 
first set of tubes, causing the liquid material in 
the jetting mixture to lose its upward velocity 
before contact of the same with the top wall of 
the chamber, and then immediately transferring 
a mixture of evolved vapor and liquid material 
from the chamber into the upper end of the sec 
Ond set of tubes. 

5. In an evaporating method for the concen 
tration of liquid materials to form paste-like 
concentrates wherein the liquid material to be 
evaporated is passed at high velocities through 
two sets of upright heated evaporating tubes, 
with the one set of tubes having its upper end 
connected to a plenum chamber which also con 
nects with the upper end of the second set of 
tubes and with the top wall of the plenum cham 
ber extending over the upper ends of both sets 
of tubes; the improvement comprising causing 
liquid material interspersed with evolved vapor 
to pass rapidly upwardly through the one set of 
evaporating tubes and to jet from the upper end 
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of the tubes, checking and diffusing the jetting 
mixture thereby preventing liquid material of 
the same from being propelled into contact with 
the top Wall of the chamber, and then causing 
evolved vapor together with particles of the 
liquid material diffused through the same to 
pass downwardly through the second set of tubes. 

6. In evaporating apparatus, two sets of gen 
erally upright evaporating tubes, means for in 
troducing liquid material to be evaporated into 
the lower end of one set of tubes, means for re 
ceiving evaporated material and evolved vapor 
from the lower end of the second set of tubes, a 
chamber serving to transfer evolved vapor and 
dispersed liquid from the upper end of the first 
Set of tubes to the upper end of the Second set 
of tubes, and means in said chamber disposed 
above the upper open end of the first set of 
tubes for diffusing and checking the flow of mate 
rial discharging therefrom. 

7. In evaporating apparatus, two sets of gen 
erally upright evaporating tubes, means for in 
troducing liquid material to be evaporated into 
the lower end of one set of tubes, means for re 
ceiving evaporated material and evolved vapor 
from the other end of the second set of tubes, a 
chamber serving to transfer evolved vapor and 
dispersed liquid from the upper end of the first 
Set of tubes to the upper end of the second set 
of tubes, and means within the chamber disposed 
above the upper open ends of both sets of tubes 
for diffusing liquid material being transferred 
through said chamber and for checking material 
discharged from the upper end of the first set of 
tubes. 

8. In evaporating apparatus, two sets of gen 
erally upright evaporating tubes, means for in 
troducing liquid material to be evaporated into 
the lower end of one set of tubes, means for re 
ceiving evaporated material and evolved vapor 
from the lower end of the second set of tubes, a 
chamber Serving to transfer evolved vapor and 
dispersed liquid from the upper end of the first 
Set of tubes to the upper end of the second set 
of tubes, and a diffusion screen through which 
vapor and liquid is caused to pass within said 
chamber, said screen being disposed above the 
upper Open end of said first set of tubes, 

9. In evaporating apparatus, two sets of gen 
erally upright evaporating tubes, means for in 
troducing liquid material to be evaporated into 
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the lower end of one set of tubes, means for re 
ceiving evaporated material and evolved vapor 
from the lower end of the second set of tubes, a 
chamber serving to transfer evolved vapor and 
dispersed liquid from the upper end of the first 
set of tubes to the upper end of the second set 
of tubes, and a diffusion screen through which 
vapor and liquid is caused to pass within said 
chamber, said screen being disposed above the 
upper Open end of said second set of tubes. 

DAVID D, PEEBLES, 


