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Patented Oct. 9, 1951 2,570,210 

UNITED STATES PATENT OFFICE 
2,570,210 

EVAPORATION METHOD AND APPARATUS 
Joseph A. Cross, Chicago, Ill., assignor to Mojon 

nier Bros. Co., Inc., Chicago, Ill., a corporation 
of inois 

Application November 30, 1945, Serial No. 631,922 
(CI, 159-17) 23 Claims, 

This invention relates to methods and appara 
tus for evaporating liquids at lower than atmos 
pheric boiling points and relates particularly to 
methods and apparatus that are suitable and 
especially adapted for the concentration of Solu 
tions containing heat-sensitive materials whereby 
evaporation at low temperature ranges is 
desirable. 
The invention in its preferred form employs 

a refrigerating cycle wherein a compressed re 
frigerant gas having a relatively high tempera 
ture is employed to supply the heat to be im 
parted to the liquid undergoing evaporation, 
during which operation the refrigerant is largely 
liquified and after which the refrigerant gas is 
completely liquifled, condensed and later cooled 
to a temperature below the temperature of the 
vapor escaping from the evaporating liquid and 
is thereby employed to effect condensation of the 
vapor, usually water vapor. This latter heat 
exchange evaporates the refrigerant, and the gas 
is then re-compressed. The condensation of the 
Water vapor within the system induces a high 
vacuum upon the evaporating space in which the 
liquid is being evaporated, thus inducing evapo 
ration at a lower temperature. 
The system is designed and constructed for 

continuous operation. As contrasted to most 
evaporation processes, the present invention re 
quires little fuel. A moderate amount of power 
is required for Operating the refrigerant com 
pressor, and only a relatively small amount of 
water or other coolant is required for accomplish 
ing a desired cooling of the refrigerant. 
One of the objects of the invention is to pro 

vide a method and apparatus for accomplishing 
the foregoing objectives and which employs a 
refrigerating cycle. 
Another object of the invention is to provide 

a method and apparatus for accomplishing the 
foregoing objectives and which employs refriger 
ation apparatus adaptable for readily varying 
the operating conditions. 
Another object of the invention is to provide 

a low temperature evaporation system and 
method requiring a minimum amount of heating 
or cooling means from outside sources. 
Other objects and advantages of the invention 

will be specifically alluded to hereinafter, or will 
become apparent from the reading of the 
Specification. 
In the drawings I have shown, for illustrative 

purposes, a preferred embodiment of the inven 
tion and have described it as applied to the 
evaporation of heat Sensitive materials, for ex 
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2 
ample, citrus fruit juices and among them orange 
juice. I mention the latter because of the great 
utility of the invention as applied to the con 
centration of this particular product. 
While various refrigerants may be used, I have 

used ammonia and shall herein refer to tempera 
tures and pressures at which I have employed 
ammonia. 
In the drawings: 
Figure 1 is an elevation partly in section of a 

diagrammatic lay-out of an apparatus by means 
of which the invention may be practiced; 

Figure 2 is an end view of the apparatus shown 
in Figure 1; 

Figure 3 is a top plan view of the apparatus 
shown in Figure ; 

Figure 4 is an enlarged partial sectional view 
of the upper end of one of the evaporators; 

Figure 5 is a vertical Sectional view of the lower 
end of One of the evaporators, on line V-W of 
Figure 1; 

Figure 6 is a sectional view on the line V-VI 
of Figure 2; 

Figure 7 is a side elevation of a modified form 
of the juice evaporator units; 

Figure 8 is an end elevation of the same units; 
and 

Figure 9 is a vertical Section of a condenser. 
Figure 10 is a horizontal Sectional view taken 

on the line X-X of Figure 7. 
The apparatus includes an evaporator into 

which a hot compressed refrigerant gas is intro 
duced to Supply heat for boiling the liquid to be 
concentrated, and a condenser in which the low 
temperature water vapors from the evaporator 
are condensed during heat exchange with the 
liquefied refrigerant which at that time expands 
into a gas. 
While various forms of heat exchangers may 

be employed, I have Selected for disclosure herein 
the following: For the fruit juice evaporator I 
employ a series of connected falling film type 
evaporator units, each unit including a vertical 
tubular evaporator having a shell and a nest 
of tubes such as 2 which are retained in the 
upper and lower tube sheets 3 and 4. 
The compressed hot refrigerant gas is intro 

duced into each evaporator through a pipe 5, 
and for circulation around the outsides of the 
tubes 2, being withdrawn, principally as a con 
densate through a bottom outlet pipe 6. The 
inlet pipes 5 for the refrigerant gas are con 
nected to a common supply pipe 7. 
As indicated in Figure 4, the upper ends of 

the tubes 2 are fixed in the upper tube sheet 
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3. It is intended that the space above the upper 
tube sheet will be kept flooded with the orange 
juice and in order to regulate the flow of juice 
into these tubes and downwardly, I insert in each 
tube 2 a removable tube f8 which is supported 
centrally in the top of the tube by a bracket in 
the form of a spider 19 having three or more legs 
which rest upon the top of the tube sheet, the 
legs being secured by welding or in any other 
suitable manner to the tubes 8 to support them 
in an upright position. 

It will be noted that the lower end of each 
tube 8 is flared outwardly as shown at 20 to re 
tard the flow of the orange juice past that area 
and to cause it to positively come into contact 
with the inner walls of the tubes i2. The supply 
of orange juice which is caused to flow down 
wardly through these tubes is brought to the top 
of each evaporator f by means of a pipe 2. 
It is apparent that the layer of juice above the 
tube sheet may be varied in depth, the greater 
the depth, the greater the rate of flow past the 
flared lower end of the regulating tubes 8. 
Since these tubes 8 are readily removable along 
with their supporting spiders, cleaning of the 
upper end of the evaporator and the vertical 
tubes 2 is facilitated. 
As indicated in Figure 5, the lower ends of 

the tubes f2 open directly into a curved hood 
22 which will serve to conduct the vapors and 
the unvaporized juice from the lower ends of 
the tubes. The liquid will flow into a Sump 23 
while the vapor will be drawn into a cylindrical 
chamber 24 and evacuated therefrom through a 
central aperture 25 and an outlet pipe 26 into 
the condensing unit. 
The evaporator unit shown in Figures 1 and 

3 consists of three vertical tubular evaporators 
of substantially identical construction, all Sup 
plied with the hot refrigerant gas by the com 
mon supply pipe T and interconnected at their 
lower ends through the communicating drums 
24, shown in section in Figure 6. 
The sumps 23 are interconnected as shown 

by the pipes 28 and 29, to permit flow of a juice 
from the first sump to the next one to the right 
thereof, and from the second to the third Sump, 
after which the concentrated juice is withdrawn 
through an outlet pipe 30 by a pump 3, from 
the System. 
Connected with the bottoms of the Sumps are 

the pipes 32, each of which leads to a pump 33 
for recirculating juice back again to the top of 
the same evaporator from which it is withdrawn, 
that is through the pipes 2. It is intended that, 
in the use of these falling film evaporators, rapid 
recirculation pumps will be provided which will 
keep a constant supply of liquid above the top 
tube sheet in each evaporator and return to the 
top of each evaporator whatever liquid passes 
downwardly through the tubes 2 without having 
become evaporated. In the meantime any vapor 
escaping from the juice within the tubes is drawn 
downwardly and passes into the drums 24 with a 
whirling notion which serves to throw entrained 
particles, if any, centrifugally against the Outer 
walls of the drums, to thus free the vapor of 
droplets before it is evacuated through the cen 
tral opening 25 and the vapor outlet pipe 26. 
It will be noted that the central openings 25 are 
formed by means of the inturned end flanges 
of the individual drums 24, these flanges being 
readily riveted or welded together, but having 
the large central openings indicated. 

Each chamber 24 preferably will have an 
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4. 
arcuate baffle 24' secured to the margin of open a 
ing 25 which will assist in imparting centrifugal 
motion about a horizontal axis to the vapors 
and prevent their more direct flow through ports 
25. 
The fresh dilute juice is Supplied to the Sys 

tem of evaporators from a de-aerator (to be 
described later) through a pipe 34 connected to 
the downflow pipe 32 in the first evaporator. 
Each evaporator unit therefore performs a Sub 
stantial portion of the total evaporation job, and 
because of the action of the outflow pump 3, 
there will be a continuous flow of juice from 
the first evaporator successively through the 
others to the last. The first evaporator, because 
it contains the most dilute juice, Will evaporate 
the largest number of pounds of water per hour. 
Evaporation from the Succeeding evaporators 
will be at a lower rate per hour and in the final 
evaporator the evaporation Will continue at the 
lowest rate of evaporation until the desired 
density has been attained. A sight glass 23 
on each sump, as in Figure 5, will facilitate 
maintaining adequate levels in the units. 
The water vapor evacuated from the evap 

orators through the pipe 26 is conducted to a 
large tubular condenser 35, the vapor Surround 
ing the tubes while evaporation of the liquid 
refrigerant within the tubes will cause conden 
sation of the water vapor. The Water vapor 
condensate will be withdrawn by a pipe 36 into 
a tank 37 and pumped therefrom by a conden 
sate pump 38. The sight glass 3' will enable 
the operator to make certain that the pump is 
always primed. 
As there may be "Some uncondensable gases 

such as air in the Water vapor, these gases 
will be withdrawn from the evaporator 35 
through a pipe 39 by an ejector 40, of any suit 
able design. 
Under the pressure maintained on the refriger 

ant gas during this operation, most of this gas 
will become condensed in the evaporators to 
a liquid state, the latent heat of liquefaction of 
the refrigerant being transferred to the boiling 
juices. The refrigerant whether partially or 
wholiy condensed will be withdrawn from each 
tube chest through a pipe 6 into a common 
header 4, thence through a water cooled con 
denser 42, pipe 42' and a liquid refrigerant cooler 
43. Cooling water for the cooler and condenser 
are supplied by a pump 44 to the cooler 43 and 
through the interconnecting pipe 45 to the con 
denser 42, and is discharged through an outlet 
pipe 46. 
The liquid refrigerant then flows through pipe 

47 to a receiver 48. If desired the admission of 
the liquid refrigerant into the receiver 48 may 
be controlled by a float valve 49, although it may 
be controlled by some other valve which will 
serve to maintain pressure on the high pressure 
side of the system. 

Liquid refrigerant from the receiver 48 is con 
ducted through a pipe 50 to the bottom of the 
tubular evaporator 35, which is preferably of a 
common tubular chest construction, and allowed 
to flow upwardly through the vertical tubes there 
in which are sufficiently indicated by a partial 
sectional view of the tube chest. The evaporator 
35 is referred to hereinafter in the claims as a 
condenser, in view of its important function of 
condensing the water vapor received from the 
product evaporators . 
In the operation of this system for condensing 

citrus fruit juices such as orange juice, it is con 



S 
templated that ammonia, if used as the refriger 
ant, will be compressed to 'about 205 lbs. gauge 
pressure with a Superheat which may attain 180° 
F. The sensible heat in the gas will be utilized 
but most of the evaporation is performed by the 
latent heat of liquefaction of the gas. The re 
frigerant will condense at about 102° E. and 
emerge from the evaporators at about 102 F. 
Even though the cooling water available near an 
Orange juice extraction plant may be as high as 
80 F., it will be entirely practical to cool the 
refrigerant from 102° F. down to about 85 F. in 
the condenser and cooler. 
The degree of cooling of the refrigerant and 

the total heat removed therefrom at this point 
is a matter for regulation in Order to maintain 
uniform operating pressures and temperatures in 
the system. This control and an alternative con 
trol for the same general purpose will be described 
hereinafter. 

Before bringing the liquid refrigerant into heat 
exchange, relationship with the water vapors 
which are to be condensed, it is desirable to chill 
the refrigerant below the temperature of the 
vapor. In the process contemplated the juices 
will be evaporated at about 60° F., and in order 
to attain an adequate temperature differential in 
the condenser 35 between the water vapor and the 
liquid refrigerant the latter preferably may be 
cooled to about 50 F., by flashing off Some of the 
refrigerant into the suction side of the refriger 
ant cycle, for example, in the receiver 48. By 
maintaining the compressor Suction pressure at 
about 75 pounds' gauge pressure the refrigerant 
will vaporize in the condenser at about 50 F. 
Waporized refrigerant will then be withdrawn 

from the space in the condenser above the upper 
end of the tubes through a pipe 5 into the re 
ceiver 48 and thence through a pipe 52 into a 
compressor 53 of any suitable construction from 
which it is then delivered to the pipe T for re 
circulation again through the evaporators. 
Thus, briefly, the latent heat of vaporization 

of the refrigerant is supplied by the water vapor, 
thus condensing the latter, while the sensible heat 
and latent heat of liquefaction of the refrigerant 
vapor is transferred to the juices in the evapora 
tor to boil the water therefrom. Through the 
use of a suitable ejector and a condensate pump 
and an evacuator pump for the concentrated 
juice, the high vacuum produced principally by 
the condensation of the water vapor, can be 
maintained in the evaporator and the condenser. 
It is found that a vacuum of about 2 to 1% 
inches of mercury absolute may be maintained 
easily. 
In a system. Such as is here described orange 

juice may be evaporated from an initial average 
density of about 11 Brix to about 44 Brix. It is 
contemplated that the concentrated juice may 
immediately thereafter be frozen or kept at a very 
low temperature and reconstituted later into a 

- solution of normal density at which time it will 
be found to retain substantially all of its initial 
qualities both as to food value and flavor. 
As an aid to the maintenance of natural flavor, 

I have found it desirable to concentrate the fruit 
juice, or particularly orange juice, to about 55 
Brix, discharge it from the evaporator to a tank 
under atmospheric pressure, and before freezing 
it, dilute it with Sufficient fresh Orange juice to 
lower the density to about 44 Brix. The introduc 
tion of this proportion of fresh juice is found to 
impart a sufficient natural flavor to the entire 
body of concentrate. Subsequent freezing of the 
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concentrated product, thus produced, does not at 
all impair, the flavor. 

It is obvious that the preservation of citrus 
fruit juices in this condensed form offers many 
advantages from the standpoint of storage and 
shipping costs. 
The invention is not limited to the concentra 

tion of citrus fruit juices, but embraces the evap 
oration of other aqueous solutions, which may be 
advantageously concentrated in this manner. 
Orange juice, as it comes from the presses, is 

preferably heated to kill ensymes or other con 
stituents that might interfere with its preserva 
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tion. As it also contains considerable air I prefer 
to introduce it through pipe 54 into a de-aerator 
55, and allow it to flow downwardly in a thin film 
over a spiral channel 56 and then fall into the 
bottom of tank 5.5 from which it will be with 
drawn by pipe 34. A vacuum pump 57 of any 
suitable construction will evacuate the air from 
the film of juice flowing over channel 56. Thus 
foaming of the juice in the evaporators will be 
prevented and counterpressures due to excess air 
in the water vapor space in condenser 35 will be 
avoided. 

It will be assumed that the usual accessories 
such as valves, pressure gauges and thermometers 
will be supplied throughout the apparatus So that 
uniformity of desirable operating conditions may 
be observed and regulated. 
In Figures 7 and 8 I have shown a modified 

form of juice evaporator units, the modification 
being a substitution of a different vapor separa 
tion device at the bottom of the evaporator tubes, 
to cause the vapors to rotate about a vertical axis 
instead of a horizontal axis, as in Figure 5. 
The upper ends of the tube chests 60 will be 

constructed in the same manner as are the upper 
ends of tube chests . The lower ends of the 
tubes, however, do not open directly into the 
vapor separators. Instead, the vapors and un 
vaporized juice will flow from the bottom vapor 
space 60' below the tube ends through the hori 
zontal ducts 6 tangentially into the cylindrical 
separator units 62, the liquid falling into the 
conical sumps 63 for recirculation through pipes 
64, pumps 65 and pipes 66 back again to the liquid 
space in the top of each evaporator. 
The pipe 34’ corresponds in function to the 

pipe 34 of Figure 1, that is, for the entry into the 
system of the solution to be evaporated, while 
the pipes 29' and 28' correspond in function to 
the pipes 29 and 28 of Figure 1 for the flow of 
partially concentrated solution from the first 
evaporator sump to the second and from the sec 
ond evaporator sump to the third. 
The upper end of each separator is united as 

by welding to open fully and directly into the 
horizontal vapor evacuator duct 67, which delivers 

60 

65 

70 

the low temperature water vapor from each of 
the units to the condenser 35 through a pipe 
such as 26. 
In this type of separator the vapors will there 

fore rotate about a vertical axis, while entrained 
dropets, if any, will be thrown centrifugally 
against the separator walls and fall into the 
sumps 63. 
The connections to the tube chests for entry 

and exit of the refrigerant are the same as in 
the preferred form, hence need no detailed de 
scription here except to mention that heating 
medium, for example the refrigerant gas, Sup 
plied from the compressor through a common 
supply pipe 7' and individual inlet pipes such 
as 5' is introduced into the space surrounding 
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the tubes in the tube chests 60, and the con 
densate from the heating medium is withdrawn 
from the bottom of such space through individual 
outlet pipes such as 16 connected to a common 
outlet duct 4". 
The supplying of liquid to be evaporated, the 

evacuation of the concentrated liquid product, 
the recirculation of the liquid in the two forms 
of evaporators will be the same, hence no further 
description of these features in connection with 
Figures 7 and 8 will be required here. Sight 
glasses are not shown in these two figures, but 
as in the first described embodiment, a sight glass 
such as 23 (Figure 5) will be installed on the 
sump of each evaporator and a sight glass such 
as 68 (Figure 4) will be installed above the upper 
tube sheet in each evaporator. For highest effi 
ciency the tubes of each evaporator unit should 
be covered with liquid film their entire lengths, 
and the recirculating pumps for each unit may : 
be variable to assure this condition in each unit. 

It is contemplated that the evaporation meth 
ods and apparatus herein described will be oper 
ated on a continuous basis, and to be used suc 
cessfully the operation should proceed without 
substantial variation in the temperatures and 
pressures maintained in various parts of the Sys 
tem. Heat exchange with variable temperatures 
in the surrounding atmosphere, and variations 
in the constituents of the liquid, such as Orange 
juice, undergoing concentration will tend to alter 
the operating temperatures and pressures. 
The amount of refrigerant which must be 

evaporated per hour in the water vapor Con 
denser, under constant load conditions, is Such 
that this same quantity of refrigerant will con 
tain more total heat when it passes through the 
juice evaporators than is required for production 
of the predetermined water vapor load. This 
excess heat will be due largely to the heat of 
compression of the refrigerant. Unless this ex 
cess heat is constantly eliminated from the sys 
tem the high side gas pressure will continuously 
rise and disrupt the operation of the System. 
Accordingly for controlling the system to make 

it operate uniformy I provide two methods of 
control, and will employ whichever heat elimina 
tion method suits, local plant conditions. 

For example, in the vicinity of orange groves, 
if the water available for cooling is Warner than : 
the water vapor I may elect to eliminate excess 
heat by means of such cooling water flowing 
through the condenser 42 and liquid cooler 43. 
In this instance I install a pressure regulated 
valve 70, of any well known design, such as a 
diaphragm controlled valve, in the Water intake 
pipe leading to pump 44. A pipe 72, contain 
ing a fiuid Suitable for transmission of the regu 
lating pressure, Will connect this valve to the 
housing 73 which contains a diaphragm whose 
upper side is subject to pressure variations in the 
high pressure refrigerant gas line 5. Thus the 
rate of water flow, and hence heat discharge, will 
be controlled by the pressure of the compressed 
gas. If the heat load in the refrigerant should 
start to built up the prSSure in the line 7, this 
increasing pressure, transmitted through the pipe 
2 to the pressure regulated valve 70, would cause 
the valve to open a little wider and thus admit 
a higher rate of water flow into the condenser 
42 and the liquid cooler 43. The increased volute 
of water flowing through the condenser and cooler 
would thus absorb more of the heat from the re 
frigerant, thus reducing the total heat carried 
by the refrigerant and reducing its pressure when 
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8 
it is delivered compressed into the refrigerant 
pipe 7, and as the refrigerant gas pressure in 
pipe drops back again to the desired normal 
the valve 70 will gradually cut down the water 
flow, automatically maintaining the balance or 
normal pressure condition desired. 
The details of construction of the valve do 

not form a part of this invention, it being as 
sumed that valves of this type are so well known 
in industry that they may readily be procured 
from a number of well known manufacturers, so 
that detailed description thereof is not needed 
here. No difficulty will exist in obtaining a valve 
which will be further opened by an increase in 
pressure on its associated diaphragm and will 
tend to close as pressure on the diaphragm 
decreases, 

in the event that water available for cooling at 
the plant is colder than the water vapor tem 
perature I may use the other method for elimi 
nating excess heat from the system. In this lat 
ter instance I may install the condenser shown 
in Figure 9, connecting it to condenser 35 in place 
of the ejector. 40 shown in Figure 1. The pipe 
4 will be connected to the upper end of the water 
Vapor Space, in place of pipe 39 and will admit 
water vapor into the condensing chamber 75. A 
housing 6 containing a diaphragm will be con 
nected to the compressed gas line T and its dia 
phragm, Subject to the pressure in the gas line, 
will transmit pressure variations through pipe 
to a diaphragm controlled valve 78 positioned in 
the Water Supply line 79 which delivers water to 
the condenser 5. Water spilling over the weir 
80 and falling down over the splash plates 8 will 
condense the water vapor and be discharged 
through a barometric leg 82. A high pressure 
steam jet 83 will eject non-condensable gases 
through ejector 4. 

Pressure in the compressed gas line will de 
termine and regulate the amount of water vapor 
condensed in this manner. The liquid refriger 
ant evaporating in the condenser 35 will there 
fore have a constant condensing load, less than 
the total vapor received from the evaporators by 
the amount condensed in condenser 75. The 
amount of refrigerant evaporated, compressed 
and delivered into the pipe. is thus regulated to 
produce enough compressed gas at the prede 
termined desired pressure to accomplish a uni 
form amount of evaporation per hour. The wa 
ter vapor and refrigerant temperatures and pres 
Stres may thus be kept uniform. This control 
method, of course, contemplates that pre-cooling 

5 of the refrigerant liquid before entry into con 
denser 35 will be accomplished, as heretofore ex 
plained by the flashing off to the suction side of 

... the compressor of enough refrigerant to effect the 
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desired pre-cooling. 
The juice evaporator units disclosed herein are 

claimed in my co-pending application Serial No. 
695,641 filed September 9, 1946, wherein sub 
Stantially the same units are shown. Reference 
may also be made to my other co-pending appli 
cations Serial No. 554,015, filed September 14, 
1944, now Patent No. 2,554,138; Serial No. 695,642, 
filed September 9, 1946, and Serial No. 716,581, 
led December 16, 1946. 
While I have herein described a preferred man 

ner of practicing the invention and have de 
Scribed it in detail as applied to the concentrating 
Cf orange juice it should be understood that the 
invention is not limited to such details or such 
material, but is capable of considerable variation 



and modification, within the scope of the ap 
pended claims. 
I claim as my invention: 
1. A continuous process for evaporating a heat 

Sensitive water-containing solution under vacuum 
at relatively low temperatures comprising... util 
lizing the latent heat contained in a compressed 
refrigerant gas for boiling the solution to extract 
water vapor therefron, liquifying and cooling the 
refrigerant to a temperature substantially below. 
the temperature of the Water vapor, continuously 
discharging from the System Sufficient of the heat 
extracted from the refrigerant during said cooling 
to maintain uniform temperatures and pressures 
in the system, condensing the water vapor to 
produce a vacuum on the boiling solution by 
vaporizing the cooled liquid refrigerant in heat 
exchange relationship with the water vapor, re 
compressing the vaporied refrigerant for re 
cycling through the system, and continuously 
adding fresh Solution and Separately discharging 
from the system the condensed water vapor and 
concentrated Solution in a controlled manner to 
maintain the vacuum on the evaporating solu 
tion. 

2. A continuous proceSS for concentrating citrus 
fruit juices within a low temperature range com 
prising compressing a refrigerant gas to its lique 
faction pressure at a temperature substantially 
above the desired evaporating temperature for 
the juice, utilizing said compressed refrigerant 
gas in a first heat exchanger for evaporating the 
juice at a temperature Substantially below the 
gas liquefaction temperature, liquifying and cool 
ing the refrigerant to a temperature substan 
tially below the temperature of the water vapor 
boiled out of the juice in said heat exchanger, 
introducing Said cooled liquid refrigerant and 
Said water vapor into a Second heat exchanger in 
heat eXchanging relationship to evaporate the 
liquid refrigerant and to condense the water 
vapor, recompressing the refrigerant gas and re 
using it in the Sane cycle, maintaining the water 
vapor space in the Second heat exchanger in 
communication with the Water. vapor space in 
the first heat exchanger to thereby impress a 
high vacuum upon the boiling juice in the first 
heat exchanger, continuously supplying fresh 
juice to the first heat exchanger, continuously 
discharging the condensed water vapor and any 
non-condensable gases associated therewith from 
the Second heat exchanger, continuously evacu 
ating the concentrated juice from the first heat 
exchanger. 

3. A method of concentrating citrus fruit juiccs 
at relatively low temperatures comprising com 
preSSing a refrigerant gas to a high enough pres 
Sure to be condensable at a temperature substan 
tially above the desired fruit juice evaporating 
temperature, condensing the major portion of 
the compressed gas by transferring its sensible 
and latent heat to the juice in a first heat ex 
changer while simultaneously boiling water vapor 
from the juice, conducting the Water vapor to a 
Second heat exchanger, cooling the liquified re 
frigerant to a temperature substantially below the 
temperature of the water vapor, re-evaporating 
the cooled refrigerant in the Second heat ex 
changer in heat exchange relation with the water 
vapor thereby simultaneously condensing the was 
ter vapor, recompressing the refrigerant gas an 
recirculating it through the same cycle, continu 
Cusly supplying fresh juice to the first heat ex 
changer and evacuating the condensed. Water 
Vapor from the Second exchanger and the con 
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centrated juice from the first exchanger to main 
tain a high vacuum in both exchangers within the 
Space occupied by the juice and water vapor. 

4. A continuous process for evaporating a solu 
tion under vacuum at low temperature compris 
ing continuously flowing the solution through a 
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series. of successively connected evaporators in 
which the dilute solution enters the first of the 
series and attains successively higher concentra 
tions in the succeeding evaporators until with 
drawn from the last evaporator, repeatedly recir 
culating the solution in each evaporator under 
flow conditions which provide a thin layer of the 
Solution on the heat exchange surfaces, utilizing 
the latent heat in a compressed refrigerant gas 
to supply the heat to said evaporators for boiling 
the solution in said layers and thereby condens 
ing Substantially all of the refrigerant gas so en 
ployed, subsequently cooling the liquid, refriger 
ant to a temperature below that of the vapor 
derived from said evaporators, employing the 
vapors to supply the latent heat in a condenser 
for evaporating the liquid refrigerant and there 
by condensing the vapors, recompressing the re 
frigerant gas and recycling it back through the 
evaporators, discharging the vapor condensate 
from the system, and during said cooling of the 
refrigerant continuously extracting a portion of 
the heat carried by the refrigerant and discharg 
ing it from the system to maintain substantially 
an unvarying compression load and temperature 
and pressure conditions in the evaporators and 
vapor condenser. 

5. A continuous low temperature evaporation 
process comprising recirculating a Solution under 
vacuum in film formation over each of a plu 
rality of separated heat exchange surfaces and 
progressively thereover while increasing the con 
centration of the films, evaporating the films 
principally by means of transfer thereto of the 
heat of liquefaction of a compressed refrigerant 
vapor Supplied at the same pressure to all of 
said Surfaces, Condensing the vapor derived from 
the films and evaporating the liquefied refrig 
erant by heat transfer therebetween in a con 
denser, recompressing the refrigerant vapor for 
re-use in the aforesaid evaporation of said films 
on Said heat exchange surfaces, evacuating from 
the process both the condensed vapor derived 
from the solution, and the concentrated solution, 
continuously adding fresh Solution to the process, 
and continuously discharging regulatably from 
the process Stifficient heat resulting from the 
compression of the refrigerant to maintain sub 
Stantially unvarying operating refrigerant pres 
Sures in the process. 

6. A continuous process for evaporating an 
aqueous Solution under vacuum at low tempera 
ture comprising continuously adding fresh solu 
tion and flowing the solution during progressive 
concentration under vacuum through a heat ex 
change apparatus in which the Solution is main 
tained on one side of the heat exchange surfaces 
in heat exchange relation at substantially no 
hydrostatic pressure with a condensable refrig 
erant gas on the opposite side of the heat ex 
change Surfaces, the latter being maintained at 
a pressure which makes it condensable at a tem 
perature substantially above the temperature at 
which water evaporates from the Solution under 
the existing vacuum on the solution, thereby 
utilizing the latent heat of liquefaction of the 
refrigerant to supply the latent heat of vaporiza 
tion of the water, continuously discharging solu 



tion having a desired concentration, cooling the 
condensed refrigerant to a temperature lower 
than that of the water vapor, and condensing 
the water vapor to provide a vacuum upon the 
evaporating solution by conducting the water 
vapor through a condenser in heat exchange 
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relation with the cooled liquid refrigerant to 
thereby evaporate the refrigerant, recompressing 
the refrigerant gas and recycling it back to said 
heat exchange apparatus. 

7. A continuous process for evaporating a Solu 
tion under vacuum at low temperature compris 
ing continuously introducing fresh solution into 
the process and repeatedly flowing the solution 
under vacuum in film formation at substantially 
no hydrostatic pressure into heat exchange rela 
tionship with a condensable refrigerant gas, the 
latter being maintained at a pressure which 
makes it condensable at a temperature Substan 
tially above the temperature at which vapor 
evaporates from the solution thereby utilizing the 
latent heat of liquefaction of the refrigerant as 
the refrigerant condenses to supply the latent 
heat for vaporization of the solution, progres 
sively increasing the concentration of the solu 
tion as it moves to a discharge port, continuously 
discharging the concentrated solution, cooling 
the condensed refrigerant to a temperature lower 
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than that of the vapor, condensing the vapor . 
by heat exchange with the cooled refrigerant 
thereby imposing a vacuum upon the evaporat 
ing solution and evaporating the refrigerant, re 
compressing the refrigerant gas and recycling it 
back for further heat exchange with the Solu 
tion, discharging the vapor condenSate, and dur 
ing said cooling of the refrigerant continuously 
extracting under control of the pressure of the 
compressed refrigerant gas regulatably from the 
refrigerant and discharging from the System 
sufficient heat to maintain in the system a Sub 
stantially unvarying compression load and un 
varying temperature and pressure conditions in 
the evaporation and condensing portions of the 
process. 

8. A continuous low temperature evaporation 
process comprising continuously introducing an 
aqueous solution into the process and flowing it 
under vacuum from its dilute stage to its con 
centrated stage over a Series of separated heat 
exchange surfaces whereon films of the solution 
at successively higher concentrations on succes 
sive heat exchange surfaces are maintained at a 
hydrostatic head not substantially greater than 
the vapor pressure thereon, evaporating Water 
from the films by transfer to the films of the 
latent heat of liquefaction of a compressed re 
frigerant gas in heat exchange relationship there 
with under such compression as to be condensable 
at a temperature above the vaporization tem 
perature of the water, Subsequently cooling the 
condensed refrigerant to lower than the water 
vapor temperature, employing the water vapor 
to evaporate in a Condenser the COOled liquid re 
frigerant while simultaneously condensing the 
water vapor, recompressing the resultant refrig 
erant vapor for re-use in heat exchange with said 
films for further evaporation of the latter, evac 
luating the condensed Water vapor and concen 
trated solution from the process, and regulatably 
discharging from the process sufficient of the heat 
added to the process by compression of the re 
frigerant to maintain substantially unvarying 
operating pressure in the process. 
9. An evaporation process comprising contin 

uously introducing a dilute Solution into the first 
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of a series of progressively connected heat ex 
changers, continuing the flow of progressively 
concentrated solution through the series and 
withdrawing it at a desired concentration from 
the last exchanger in the series, supplying heat 
simultaneously to all said exchangers from a Com 
mon supply of compressed refrigerant gas con 
densable under a regulated pressure at a temper 
ature above the boiling temperature of the solu 
tion, evacuating the condensed refrigerant and 
cooling it to lower than the temperature of the 
vapor boiled from the solution, continuously evap 
orating the cooled refrigerant in a condenser by 
heat derived from said vapor while condensing 
said vapor, evacuating the vapor condensate from 
the process, re-compressing the vaporized refrig 
erant to said regulated pressure for recycling 
through the heat exchanger, and during said 
cooling of the refrigerant continuously discharg 
ing from the process a portion of the heat carried 
by the refrigerant to maintain substantially un 
varying compression load and temperature and 
pressure conditions in the heat exchanger and 
Condenser. 

10. A continuous low temperature evaporation 
process comprising continuously adding and flow 
ing a solution under vacuum in exposed films of 
successively higher concentrations over successive 
heat exchange surfaces, evaporating said films 
principally by the heat of liquefaction of a refrig 
erant vapor under Such compression on the sides 
of the heat exchange Surfaces opposite said films 
as to be condensable at a temperature above the 
desired vaporization temperature of the water in 
said solution, cooling the liquified refrigerant to 
lower than the water vapor temperature, elim 
inating from recirculation in the process suffi 
cient of the heat of compression of the refrig 
erant to maintain uniform operating conditions 
in the process, employing the water vapor to 
evaporate the liquified refrigerant in a condenser 
while simultaneously condensing the water vapor, 
re-compressing the refrigerant for re-use in the 
process, and continuously evacuating the con 
densed water vapor and the solution at a desired 
concentration. 
1. An evaporation process comprising main 

taining a continuous flow of an aqueous solution 
at progressively higher concentrations to a point 
of discharge through a series of progressively 
Connected evaporators, recirculating a body of 
the Solution under vacuum repeatedly in each 
evaporator, maintaining the bulk of the solution 
in each evaporator when contacting a heat ex 
change surface at substantially the same hydro 
static head as the vapor pressure thereon, em 
ploying the latent heat of a compressed refrig 
erant gas condensable at a temperature above 
the boiling temperature of the Solution in each 
evaporator for vaporizing water from said solu 
tions while thereby condensing said refrigerant, 
Withdrawing the condensed refrigerant and water 
vapor separately from said evaporators, cooling 
the liquid refrigerant to less than the water vapor 
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temperature, employing the latent heat of the 
Water vapor in a condenser to boil the refrig 
erant while thereby condensing the water vapor 
and maintaining a high vacuum on the solution 
in the evaporators, re-compressing the refriger 
ant gas and recirculating it back to said evap 
orators, removing the water vapor condensate 
under vacuum from the System, and continuously 
discharging from the system a portion of the 
heat carried by the refrigerant to maintain a 
substantially unvarying compression load and 
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temperature and pressure conditions in the con 
denser and evaporators. 

12. A low temperature continuous evaporation 
process for evaporating water from an aqueous 
solution comprising continuously adding fresh 
solution and flowing the Solution under vacuum 
through a series of Successively connected evapo 
rators, causing the solution to flow as films in the 
evaporators while heating the film principally by 
means of the heat of liquefaction of a refrigerant 
gas in heat exchange relationship with the films, 
supplying said refrigerant gas from a common 
source at a common pressure enabling the gas to 
condense at a temperature above the vaporizing 
temperature of the water in said solution films, 
cooling the refrigerant regulatably after con 
densation and continuously and regulatably dis 
charging from the process Sufficient of the heat 
extracted from the refrigerant during said cool 
ing to maintain uniform operating pressures in 
the process, maintaining the vacuum on said 
solution by condensing the water vapor in heat 
exchange with the cooled refrigerant while thus 
causing the latter to be re-evaporated, re-com 
pressing the refrigerant gas and re-using the 
compressed gas in further heat exchange with 
said films, and continuously discharging from 
the process the water vapor condensate and the 
concentrated solution. 

13. Apparatus for dehydrating fruit iuices at 
low temperatures comprising a refrigerant gas 
compressor, an evaporator, means for introduc 
ing the compressed refrigerant gas into said 
evaporator and means for withdrawing it there 
from in liquid State, means for continuously in 
troducing dilute juice into said evaporator and 
means for Withdrawing concentrated iuice there 
from, a water vapor condenser having a condens 
ing chamber communicating with the juice space 
in said evaporator, means for cooling the liquid 
refrigerant to a temperature below the tempera 
ture of the water vapor, means for regulatably 
introducing pre-cooled liquid refrigerant into 
said water vapor condenser in heat excitanging 
relationship with the water vapor therein, means 
connecting the compressor with the refrigerant 
vapor space in said condenser, said refrigerant 
cooling means including means controlled by the 
pressure of the compressed refrigerant for regul 
latably extracting from the refrigerant and dis 
charging from the Systern Sufficient heat to main 
tain substantially uniform operating conditions 
in the apparatus. 

14. A low temperature evaporation apparatus 
comprising a series of successively connected 
falling film evaporators, means for causing a 
falling film flow of an aqueous solution on the 
insides of the evaporator tubes, means for sur 
plying a condensable refrigerant gas to the tube 
chest of each evaporator at a pressure sufficient, 
to enable the refrigerant gas to condense at 
temperatures above the vaporization tempera 
ture of the aqueous solution, means for con 
ducting the unvaporized solution from the bot 
tom of each evaporator to the next succeeding 
evaporator for circulation, through the tubes 
thereof and from the last evaporator in the series 
to a point of discharge, a condenser, means for 
conducting the condensed refrigerant from the 
evaporators to said condenser, means controller 
by the pressure of the compressed refrigerant for 
partially cooling the condensed refrigerant en 
route to Said condenser and for discharging from 
the System the heat added to the refrigerant 
during Compression, means for further cooling 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

14 
the partially cooled liquid refrigerant to lower 
than the water vapor temperature, means for 
conducting the water vapor from the evaporators 
into heat exchange relation. With the cooled 
liquid refrigerant in the condenser, means for 
recompressing the vaporized refrigerant for re 
turn to the evaporators, and means for discharg 
ing the condensed Water vapor under vacuum 
from the System. 

15. Apparatus for concentrating an aqueous 
Solution under vacuum at low temperature com 
prising a compressor arranged to compress a 
refrigerant gas to a pressure whereby it is con 
densable at a temperature above the desired 
evaporating temperature of the solution, an 
evaporator having heat exchange surfaces, 
means for controllably flowing the solution in 
film formation at successively higher concentra 
tions over said surfaces, means for evacuating 
Solution of a desired concentration from the 
evaporator, means for introducing the con 
pressed refrigerant gas into said evaporator, 
means for withdrawing condensed refrigerant 
from Said evaporator, means for partially cool 
ing the condensed refrigerant, means for further 
Cooling the condensed refrigerant to lower...thari 
the water vapor temperature, a condenser, means 
Connecting the condenser and evaporator to con 
duct water vapor from the evaporator to the 
condenser, means for introducing the cooled liq 
uid refrigerant into said condenser for condens 
ing said vapor and evaporating the refrigerant, 
and means for evacuating the condensed vapor, 
said partial cooling means including controllable 
means for extracting from the refrigerant and 
means controlled by the compressed refrigerant 
for discharging from the apparatus sufficient of 
the heat created by compression of the refriger 
ant to maintain uniform operating conditions in 
the apparatus. 

16. A process for concentrating an aqueous 
Solution under high vacuum at low temperature 
comprising employing the latent heat in a com 
pressed refrigerant gas condensable above the 
desired evaporating temperature of the solution 
for evaporating water from the solution, par 
tially cooling the refrigerant condensed during 
evaporation of the solution and discharging 
from the process the heat thus extracted to 
maintain uniform temperature and pressure 
conditions in the process, further cooling the 
liquid refrigerant to a temperature lower than 
the water vapor temperature by flashing off a 
portion of the refrigerant to the suction side of 
the refrigerant cycle, employing the water vapor 
for evaporating in a condenser the said further 
cooled refrigerant, and compressing all of the 
vaporized refrigerant for re-use in the process. 

17. A process for concentrating orange juice 
comprising Subjecting the juice to a vacuum to 
extract air therefrom and discharging the air. 
continuously introducing the de-aerated juice 
into the first of a series of vertical tubular evapo 
rator units, recirculating a body of the juice re 
peatedly through the first unit in a manner to 
cause a downward film flow through each tube 
thereof, continuously diverting a stream of par 
tially concentrated juice into the next unit and 
recirculating it therethrough in the same man 
ner, repeating Said diversion and recirculation in 
the remainder of said units until a desired con 
centration is attained in the last unit, continu 
ously withdrawing concentrated juice from the 
last unit, Supplying to the tube chest of each unit 
from a common Supply source a compressed re 
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frigerant gas maintained at such a uniform pre 
determined pressure as can be condensible at a 
temperature above the desired evaporating tem 
perature for the juice, conducting the Water 
vapor from the juice to a condenser therefor, 
withdrawing from all of the evaporator units the 
condensed refrigerant and cooling it to less than 
the water vapor temperature, vaporizing the 
cooled liquid refrigerant in Said condenser in 
heat exchange relation with said vapor to con 
dense the latter at a rate effective to impose a 
high vacuum. On the vapor Space in Said evapora 
tors, recompressing the vaporized refrigerant for 
return to said supply Source, and continuously 
discharging from the System. Sufficient heat ex 
tracted from the refrigerant during said cooling 
of the refrigerant to facilitate uniform operation 
of the compressor and uniform flow of the juice. 

18. A process for concentrating an aqueous 
solution under vacuum comprising employing the 
latent heat in a compressed refrigerant gas con 
densable above the desired evaporating tempera 
ture of the Solution for evaporating Water from 
the solution while simultaneously liquefying the 
refrigerant, conducting the water vapor to a 
condenser therefor, cooling the condensed re 
frigerant, Segregating a body of the cooled lique 
fied refrigerant out of heat exchange relationship 
with the Solution and further cooling the segre 
gated refrigerant to less than the Water vapor 
temperature by vaporizing a portion of said body 
to chill the remainder of said body, effecting 
heat exchange between the cooled refrigerant 
and the Water vapor to vaporize the refrigerant, 
to condense the Water vapor and to impose a 
vacuum upon the vaporizing solution, compress 
ing the vaporized refrigerant for re-use in 
evaporation of the solution, continuously sup 
plying fresh Solution to the process, continuously 
discharging from the process condensed water 
vapor and concentrated solution, and continu 
ously discharging from the process under con 
trol of the pressure of the compressed gas, of 
sufficient of the heat of compression of the gas 
to maintain a uniform pressure on the com 
pressed gas to facilitate uniform compressor out 
put. 

19. A continuous process for concentrating an 
aqueous Solution under vacuum comprising em 
ploying the latent heat in a compressed refriger 
ant gas condensable above the desired evaporat 
ing temperature of the solution for evaporating 
water from the solution while simultaneously 
liquefying the refrigerant, conducting the water 
vapor to a condenser therefor, sub-cooling the 
liquid refrigerant to less than the water vapor 
temperature by vaporizing a portion of a body of 
it to chill the remainder of said body, effecting 
heat exchange between the sub-cooled liquid 
refrigerant and the water vapor to vaporize the 
refrigerant, to condense the water vapor and to 
thus impose a vacuum upon the vaporizing solu 
tion, discharging from the process the water 
vapor thus condensed, compressing the vaporized 
refrigerant for re-use in evaporation of said 
Solution, continuously and regulatably under 
control of the pressure of the compressed gas 
discharging from the process a quantity of heat, 
extracted from a portion of the water vapor by 
direct condensing in a stream of cooling Water, 
which heat otherwise would be re-cycled in the 
refrigerant, to maintain a uniform pressure on 
the compressed gas to facilitate uniform con 
pressor output, and continuously Supplying fresh 
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Solution to the process and withdrawing concen 
trated Solution therefron. 

20. A continuous process for evaporating a 
volatile liquid from a solution under vacuum 
comprising continuously adding fresh Solution to 
the process and effecting heat exchange between 
a compressed refrigerant gas and the solution to 
vaporize said liquid and liquefy the gas, Sub 
cooling the liquefied refrigerant to lower than 
the vapor temperature, effecting heat exchange 
between the sub-cooled refrigerant and the vapor 
to vaporize the refrigerant and condense the 
vapor and to impose a vacuum on the boiling 
solution, recompressing the vaporized refrigerant 
for re-use in boiling further Solution, continu 
ously discharging separately the condensed vapor 
and the concentrated Solution, and regulatably 
under control of the pressure of said compressed 
gas discharging continuously from the process 
sufficient of the heat, which otherwise would be 
re-cycled in the refrigerant, to maintain at Sub 
stantially constant compressor Output a uniform 
compressor output pressure. 

21. A continuous process for evaporating an 
aqueous solution under vacuum comprising effect 
ing heat exchange between the Solution and re 
frigerant from a common Supply of a compressed 
refrigerant gas to vaporize the Solution and lique 
fy the gas, the solution undergoing evaporation 
being maintained in separate bodies of succes 
sively higher concentrations but interconnected 
to maintain them under a common vacuum, Sub 
cooling the liquefied refrigerant to lower than 
the water vapor temperature, effecting heat ex 
change between the sub-cooled refrigerant and 
the Water vapor to Vaporize the refrigerant and 
condense the water vapor to impose a vacuum 
on the boiling solution, recompressing the vapor 
ized refrigerant for re-use in boiling further so 
lution, continuously adding fresh solution to the 
process and Continuously discharging the vapor 
condensate and concentrated Solution, and regul 
latably under control of the pressure on said com 
pressed gas discharging continuously from the 
process sufficient of the heat which otherwise 
Would be re-cycled in the refrigerant to main 
tain at Substantially constant compressor output 
a uniform compressor output-pressure. 

22. A continuous method of concentrating fruit 
juices at relatively low temperatures to avoid 
injury to heat sensitive materials therein, con 
prising compressing a refrigerant gas circulating 
in a closed cycle to Such a pressure that its lique 
faction temperature is substantially above the 
desired evaporation temperature for the fruit 
juices, continuously circulating the compressed 
gas in heat-exchanging relationship with the 
juice to effect the desired concentration of the 
juice, withdrawing the refrigerant from said heat 
exchanging relationship largely in liquid condi 
tion and cooling and condensing the refrigerant 
to liquefy all of it, regulating said cooling of the 
refrigerant and discharging from the cycle suf 
ficient of the heat carried by the refrigerant as 
to maintain continuously substantially uniform 
temperatures and pressures on the refrigerant in 
both the high and low pressure sides of the 
cycle, further cooling the liquid refrigerant to 
a temperature substantially below the tempera 
ture of the water vapor boiled from the juices, 
condensing said water vapor by heat exchange 
with said pre-cooled refrigerant and thus im 
posing a high vacuum on the boiling juice, while 
at the same time evaporating the pre-Cooled liq 
uid refrigerant, recompressing the vaporized re 
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frigerant and returning it through the cycle, dis 
charging the condensate, and continuously adding 
fresh juice to and withdrawing concentrated juice 
from the process. 

23. A continuous process for evaporating a vol 
atlle liquid from a solution under vacuum com 
prising continuously adding fresh solution to the 
process and effecting heat exchange between a 
compressed refrigerant gas and the solution to 
vaporize said liquid and to liquify the gas, sub 
cooling the liquid refrigerant to lower than the 
vapor temperature, effecting heat exchange be 
tween the sub-cooled refrigerant and the vapor to 
vaporize the refrigerant and to condense the va 
por and to impose a vacuum on the boiling solu 
tion, recompressing the vaporized refrigerant for 
re-use in boiling further solution, continously dis 
charging the vapor condensate and the Solution 
concentrate separately from the process, and reg 
ulatably discharging from the process continu 
ously sufficient of the heat added thereto by 
compression of the refrigerant, to maintain a 
uniform pressure on the compressed gas to facili 
tate uniform operation of the process. 

JOSEPH A, CROSS. 

5 

10 

15 

20 

25 

18 
REFERENCES CTED 

The following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 
Number Name Date 

378,843 Lillie -------------- Feb. 28, 1888 
466,862 Lillie ------------- Jan. 12, 1892 
780,612 Meyer ------------ Jan. 24, 1905 
801,346 Tabrett et al. ------ Oct. 10, 1905 

1,119,011 Grosvenor ---------- Dec. 1, 1914 
1,465,020 Monti ------------ Aug. 14, 1923 
2011,220 Henning ---------- Aug. 13, 1935 
2,188,506 Hall -------------- Jan. 30, 1940 

FOREIGN PATENTS 
Number Country Date 

646 Great Britain ------ Jan. 12, 1905 
8,269 Australia ---------- July 25, 1933 

163,549 Great Britain ------ May 26, 1921 
562,352 France ------------ Nov. 9, 1923 

OTHER REFERENCES 
"Building Heating and Refrig. Equip.' Power, 

June 16, 1931, pages 948,949. 


