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UNITED STATES PATENT OFFICE 
2,326,142 

METHOD OF AND APPARATUS FOR CON 
CENTRATING LIQUID PRODUCTS 

Joseph M. Hall, Chicago, Ill., assignor to Drying 
& Concentrating Company, a corporation of 
Delaware 

Application February 7, 1940, Serial No. 317,722 
(CI. 159-1) 11 Claims. 

This invention relates to a system for concern 
trating liquid products or for reducing the mois 
ture content thereof. 
One of the objects of the invention is the pro 

vision of a new and improved method of concer 
trating liquid products with a minimum of heat 
loss. 
Another object of the invention is the provi 

Sion of a new and improved method of concen 
trating a liquid product by the use of air or other 
gas as the heating medium arranged in a plu 
rality of closed circuits. 
A further object of the invention is the pro 

vision of a new and improved apparatus for con 
centrating a liquid product that is provided with 
a novel arrangement of mechanism for circulat 
ing the drying or evaporating medium. 
Another object of the invention is the provi 

sion of a new and improved system for evapo 
rating or condensing liquid products in a plu 
rality of stages by the use of air or other gas as 
the heating medium and by employing a single 
heating unit for the entire system. 
Another object of the invention is the provi 

sion of a new and improved method of concen 
trating a liquid product in such a manner that 
the entire process from the time the particles 
are introduced into any one of the evaporators 
of the system until these same particles are dis 
charged therefrom requires but a few seconds of 
time, usually about a minute or so, whereby the 
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fireatment does not cause chemical changes in 
the constituent particles of the product. 
A still further object of the invention is the 

provision of a new and improved apparatus for 
concentrating a liquid product that is simple in 
construction, easily assembled, efficient in oper 
ation, and that may be cleaned with a minimum 
of time and labor. 
Other and further objects and advantages of 

the invention will appear from the following de 
scription, taken in connection with the accom 
panying drawings, in which 

Fig. 1 is a side elevation of the forward end 
portion of the apparatus shown more or less dia 
grammatically, with parts in section and parts 
broken away; - 

Fig. 1a is a side elevation of the rear portion 
cf the apparatus shown more or less diagram 
matically, with parts in section and parts broken 
away; 

Fig. 2 is a plan view of a policn of the concen 
trator chamber of the first stage of evaporation; 

Fig. 3 is a bottom plan view of the lower por 
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tion oi the first stage evaporator, shown diagram 
matically; . 

Fig. 4 is a vertical section of the spray head and 
associated structure, with parts broken away; 
and 

Fig. 5 is a section on the line 5-5 of Fig. 4. 
It is common practice, in apparatuses having a 

plurality of stages of evaporation, to provide an 
evaporating chamber for each stage having 
means for operating one or more of the evapo 
rators at sub-atmospheric pressure. Such a sys 
tem is objectionable because of the additional 
power required in operating the vacuum pumps 
and because, in a vacuum system, leaks that de 
velop in the system lower the efficiency of the 
system very materially. 
The present invention seeks to avoid these dif 

ficulties by the provision of a system that oper 
ates at comparatively low temperatures and at 
substantially atmospheric pressure and, Conse 
quently, the equipment is very much simplified. 
Where the vacuum system is employed, the ap 
paratus must be more strongly built to withstand 
the pressure of the atmosphere. But, in the pres 
ent system, since there is but a comparatively 
small difference in the outside and inside pres 
sures, the structure need not be so heavy nor so 
massive. 
In a system employing vacuum pans or cham 

bers where heat is applied indirectly, as in the 
previcusly named constructions, the liquid prod 
uct must necessarily be plesent in large quanti 
ties in the evaporators or vacuum pans in Order 
to operate with any degree of efficiency. But this 
prolonged exposure of the product to such tem 
peratures as are necessary to evaporate the liquid 
is objectionable as adversely affecting the quality 
of the product. 
The present invention avoids this objection by 

employing a system in which the product is 
sprayed into direct contact with the heating 
medium in Small particles which are exposed 
to this medium for extremely short periods of 
time. Under ordinary operating conditions, the 
exposure in any one of the evaporators requires 
a comparatively few seconds of time, hence 
there is little time for any chemical change in 
the product during the concentrating period. 
This is considered an important feature of this 
invention. Milk, for instance, that has been 
concentrated in this manner, will retain its origi 
nal taste and flavor and may be returned to 
its original condition simply by adding the re 
quired amount of moisture to restore its origi 
nal fluidity. The heating medium employed 

  



2 
is a gaseous fluid and for the purpose of dis 
closing one form of the invention, air is used 
as the heat conveying medium. 

Referring now to the drawings, the reference 
character to designates the concentrating Sys 
tem which comprises a first stage concentrator 
or evaporator , a second stage concentrator 
or evaporator 2, a third stage concentrator Or 
evaporator f3, and a fan 4 for circulating the 
heating medium through the first closed circuit. 
This circuit includes the fan 4, a heater 5, 
the evaporator f f, a condenser or heat eXchang 
er 6, and connecting conduits. The System 
also includes a second closed circuit for the dry 
ing medium comprising a fan means , the 
condenser or heat exchanger 6, for heating 
the heating medium in this second circuit, a 
condenser 8, and the connecting conduits. In 
the third stage concentrating mechanism, air 
from the outside is drawn into the system through 
the condenser or heat exchanger 8 for heat 
ing the same. This air is caused, by the fan 
9, to pass through the third stage concen 

trator or evaporator 3 and is discharged into 
the air. The liquid product is contained in 
the receptacle or container 2 and is conducted 
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to the evaporators or concentrators in Series, 
that is, in regular order from the first, through 
the second, to the third concentrator and sprayed 
therein, respectively, as will presently appear. 
Each concentrating stage has a separate cir 

culating system for the heating medium and 
the condenser for the air circuit of the first 

30 

stage functions as a heater for the second stage . 
air circuit. Likewise, the condenser for the 
second stage air circuit functions as a heater 
for the third stage air circuit. 
The apparatus for effecting the first stage 

evaporation will now be described. 
Starting with the air discharged from the 

fan 4, the same will pass along the conduit 
22 into and through the heater 5. The fan 
4 is of the usual centrifugal type and need 
not be described in detail. The heater 5 may 
be of the usual or any well known type, that 
shown being of flue or tubular type and mount 
ed in the upper portion of a furnace 23. The 
furnace 23 comprises a combustion chamber 24, 
a heating chamber 25 located above the com 
bustion chamber, and a smoke chamber 26 be 
low the rear end of the heating chamber. 
The combustion chamber 24 is provided with 

a front wall 27 having an opening 28 therein 
through which the burner 29 extends and an 
opening 3 below the burner opening for re 
ceiving the forward end of a conduit 32 for re 
turning a portion of the combustion gases to the 
combustion chamber 24, as will presently ap 
pear. 
The rear wall 33 of the furnace is provided 

with an opening 34 into which the rear end of 
a conduit 4 is secured. The conduit 32 is a 
branch of the conduit 4, as clearly shown in 
Fig. 1. 
The heating chamber 25 is provided with fue 

sheets or partitions 35 and 36 at the forward 
and rear ends of the heating chamber within 
which are rigidly secured a plurality of par 
allel flues or tubes 37 through which the air 
from the fan 4 travels during the operation 
of the apparatus. 
Combustion chamber 24 pass upwardly through 
the passages 38 in the top wall 27 of the com 
bustion chamber and flow about the front ends 
of the tubes 37 and then downwardly on the 

The heated gases from the 
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opposite side of a baffle 39 around the rear 
ends of the tubes 3 and into the Smoke cham 
ber 26 for heating the air as it passes through 
the tubes. Since the burner. 29 is of the usual 
or any well known construction, it is not thought 
necessary to further illustrate or describe the 
S3E d 

Suitable means are provided for returning a 
portion of the combustion gases to the combus 
tion chamber to be recirculated through the 
heater 5 in order to conserve the heat con 
tained therein. As shown, the passage 32 is en 
ployed for this purpose. The passage 32 is con 
nected to a main passage 4 secured in the open 
ing 34 and has its front end secured in the open 
ing 3. In order to control the amount of com 
bustion gases recirculated through the passage 
32, a valve 42 is provided for closing either the 
passage 4f or the passage 32 or partially closing 
either, as may be desired. The heated air from 
the heater 5 passes through a conduit 43 into a 
snail 44 mounted on the concentrator chamber 

and passes into that chamber through a pas 
sage 45 in a downwardly spiral movement. 
The concentrator is of the centrifugal type 

and comprises an upper cylindrical section 46, a 
lower tapered section 47 and a top wall 48 which 
may be depressed as at 49 and is joined to a 
sleeve 99 for forming the axial passage 45. The 
snail 44 is connected to the top wall 48 by the 
sleeve portion 99 which defines the opening 45. 
Extending downwardly through the snail 44 is a 
casing or sleeve 5, the lower end of which ex 
tends axially through the opening 45 and being of 
less diameter than said Opening, an annular in 
take passage 100 for the concentrator is formed 
about the casing 5. The upper end of the cas 
ing or sleeve 5 is provided with an enlargement 
52 which extends above the snail 44 and has a 
conduit 53 leading therefron to the heat ex 
changer 6. The casing 5 constitutes a dis 
charge passage for the air from the concentrator 

. Extending axially downwardly through the 
enlargement 52 and the casing 5 is a sleeve 54 
within which is rotatably mounted a shaft 55 
which is provided with an axial bore through 
which the liquid product flows into the distrib 
utor member 56, as will presently appear. 
The lower end of the concentrator extends 

downwardly as at 94 and then inwardly and up 
wardly to form an upwardly cone-shaped por 
tion 95. The downwardly extending wall 94 and 
the cone-shaped portion 95 form a circular chan 
ne' or passage 96 for collecting the liquid which 
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will be moving spirally when it flows into the 
channel. An outlet passage 97 is provided which 
is arranged tangent to the channel 96, as shown 
in Fig. 3, whereby the liquid flowing in the di 
rection of the arrow in said figure will readily 
flow into the passage 97. This liquid flows into 
a reservoir 98 from which it is drawn by the 
pump of and discharged into the second stage 
concentrator 2. 
The distributor member 56 comprises a hollow 

body portion 5 in communication with the axial 
bore of the tubular member 55. Suitable arms 
6, having bores 62 in communication with the 
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hollow head 57, are secured in the head and ex 
tend radially outwardly therefrom. Any Suit 
able number of these arms may be employed, four 
being shown. The bores 62 are reduced Very ma 
terially in diameter at the Outer ends of the arms 
to form nozzles 63 which may, in practice, be 
detachable so that nozzles of different bores may 
be employed for use in concentrating fuids of 
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different viscosities. When the liquid product is 
fed to the head, the same will be discharged 
through the bore 62 and nozzles 63 by centrifu 
gal force for atomizing the product. 

Suitable means are provided for deflecting the 
air across the nozzles. This means comprises an 
annular deflector member 64 in the form of the 
frustun of a cone having an outer concave face, 
as shown at 65. This deflector is supported by 
the arms 6 and rotates with them. The air, in 
being discharged from the snail 44 will be defect. 
ed outwardly across the nozzles into direct con 
tact with the finely divided particles discharged 
by the nozzles 63 and being in intimate contact 
with those particles will evaporate a considerable 
portion of the moisture from them in the concen 
trator. The annular recess 90 formed by the 
central depression in the top wall of the concen 
trating chamber is sufficiently above the 
sprayed liquid that none of the spray collects on 
this Wall. • 

Suitable means are provided for rotating the 
distributor head 56 and arms and deflector rig 
idly connected thereto. As shown, a motor 66, 
mounted on the enlargement 52, is provided for : 
this purpose. The shaft 55 may be a continua 
tion of the motor shaft or may be rigidly at 
tached thereto. 
Appropriate means are provided for exhaust 

ing the air from the concentrator ff. As shown, 
the arms 6 of the distributor head 56 are flat 
tened and turned at an angle so that they Will 
function as an exhaust fan for removing the 
air from the concentrator it. The rotation of 
the distributor member performs the double 
function of atomizing the liquid product and of 
exhausting the air from the dehydrating 
chamber. 
The liquid product is forced, by a pump 0, 

through a passage 67 from the container 2 
downwardly through the hollow motor shaft 55. 
This liquid passes outwardly by the action of 
centrifugal force through the rotating nozzles 
and is discharged therefrom in the form of a 
spray, that is, the particles are finely divided or 
are atomized. The air, as it enters the evapo 
rator , is caused to rotate at a high velocity 
by the snail 44 and, moving across the nozzles 
63. will evaporate a considerable portion of the 
moisture from the particles and the centrifugal 
force will throw the particles outwardly into the 
spirally moving air thus evaporating moisture 
from the solid material. The air Will move 
downwardly in a spiral until it reaches the lower 
end of the evaporator and then will be caused 
to move upwardly in a spiral of comparatively 
small diameter by the fan formed by the arms 
6 and will be discharged into the heat eXchanger 
6 by the passage 53. The liquid particles will 

be thrown by centrifugal force outwardly against 
the side wall of the concentrator and will be 
caused to flow in a spiral path by the spirally 
moving air current down the side wall into the 
channel 96. 

In the heat exchanger 6, the vapor in the 
air is condensed and a considerable portion of 
sits sensible and latent heat is transferred to the 
air in the circuit of the second evaporator Stage, 
as will presently appear. The heat exchanger 6 
is of the usual or any well known type and con 
prises a casing 40 having a flue sheet or parti 
tion 50 at one end and a similar flue or partition 
60 at its opposite end within which are Secured 
the ends of tubes 70 as clearly shown in Fig. 1 of 
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the drawings. The air passing through the Con 
duit or passage 53 enters the side of the casing 
40 adjacent the partition 50, flows about or 
around the tubes 70 and is discharged through 
a conduit 80 at its opposite end. The conduit 
89 constitutes the intake of the fan 4 thus con 
pleting the circuit for the air through the first 
stage evaporation. 
The drying medium, which, in the present in 

stance, is air, is also circulated in a closed cir 
cuit in the second evaporating stage. The sec 
ond stage evaporating mechanism comprises an 
evaporator 2, and spray member or atomizing 
mechanism 68 which is similar to the spray 
member 56 described above. The evaporator 2 
is similar in construction to the evaporator 
and has mounted thereon a snail. 69' similar to 
the Snail 44 previously described. The snai 69 
is in communication with the fan 7 by a conduit 

through which air discharged from said fan 
passes into the evaporator 2 in a downwardly 
moving Spiral as has already been described. 
A sleeve 72, depending from the casing 73, ex 

tends axially downwardly into the evaporator 2 
and has mounted axially therein a sleeve 4 
Within which is the rotating motor shaft T5 of 
the motor 76 for rotating the spray head 68. 
Since the construction of the evaporator 2, spray 
head 68 and the arrangement of the snail 69, 
sleeves 2 and 74 are substantially the same as in 
the construction described above, it is not 
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thought necessary to repeat the description of . 
these parts at this time. 
The air withdrawn by the fan formed by the 

arms of the, distributor member 68 is discharged 
through a conduit 77 into a heat exchanger 8 
The heat exchanger 8 comprises a casing 78 
having a flue sheet or partition T9 at one end 
and a flue sheet or partition 8 at the opposite 
end. Flues or tubes 82 are secured at their ends 
in the partitions as is usual in such constructions. 
Saturated air from the conduit 7 passes into the 
casing 78 and flows downwardly about the tubes 
82 and is discharged into a conduit, 83 which is 
in communication with the casing 40. From the 
conduit 83, the air passes upwardly through the 
ttbes 7 of the heat exchanger 6 into the fan 

and from the fan 7 through the conduit 
into the evaporator chamber 2. From the 
chamber 2 and conduit 77, this air passes 
through the heat exchanger 8 thus completing 
the closed circuit of the heating medium for the 
Second stage evaporator 2. The air, as it passes 
upWardly through the tubes or flues 70, is heated 
by conduction from the air of the first stage 
circuit as the latter flows downwardly through. 
the heat exchanger 6, This upwardly flowing 
air cools the air flowing downwardly from the 
Conduit 53 thus condensing a considerable 
amount of the moisture which is discharged from 
the casing through a pipe 84. The air in the 
Second evaporating stage circulates in a closed 
Circuit and consequently, the moisture evapo 
rated from the liquid product in the evaporator 
2 must be removed in order that the mechanism 

shall properly function, 
The heat exchanger 8 is provided for this pur 

pose. At its upper end, this exchanger is pro 
vided with a tubular extension 85 through which 
fresh air is caused to flow by the fan 9. This 
cool air functions as a condensing agent for the 
moisture contained in the air flowing through the 
closed circuit in the second stage evaporator. The 

5 moisture condensed from this air in the heat 
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exchanger 8 may escape through an Outlet pipe 
87 in the lower portion of the casing 78. Prefer 
ably, though not necessarily, a filter 88 is pro 
vided in the tubular extension 85. The tubular 
extension 85 may extend to the exterior of the 
building in which the mechanism is located and 
in that event, a protecting cap 89 is provided for 
preventing the entrance of rain, Snow and the 
like, into said extension. The fresh air introduced 
into the heat exchanger 8 passes downwardly 
through the tubes 82 of the heat exchanger 8 
where it is heated and in return, cools the air 
in the second stage evaporating circuit. It then 
passes into the fan 9 and is there discharged in 
to the third stage evaporator 3 and from thence 
into the air, thereby constituting what may be 
termed the air circuit for the third stage evap 
Orator. 
The mechanism for the third stage evaporat 

ing circuit Comprises the evaporator 3 and asso 
ciated parts and since it is similar to that already 
described, it is not thought necessary to further 
illustrate or describe the same. 
The air discharged from the third stage evap 

Orator f3 by the fan 9 or distributor member 09 
is forced upwardly through the sleeve or tubular 
member 9 and is discharged into the atmosphere 
through a pipe or passage 92 which may extend 
to the exterior of the building and be provided 
with a protective cap 93. 
Thermometers 94 may be placed anterior and 

posterior to the heater 5 and to each of the evap 
orators and heat exchangers for indicating the 
temperature of the air flowing through the dif 
ferent Systems. Thermometers 94 may also be 
mounted on the evaporator chambers to indicate 
the temperature within those chambers. 
The distribution of the liquid product and as 

Sociated mechanism will now be described. The 
product is contained in the receptacle 2 and is 
delivered by a pump ff0 to the distributor mem 
ber 56. The liquid product is atomized and the 
particles are thrown by centrifugal force, as de 
Scribed above, against the walls of the first evap 
Orator chamber and flow downwardly therein in 
to the circular channel 96 in a circular move 
ment and are discharged through the tangential 
passage 97 into the reservoir 98 and from there 
pumped through the conduit 02 by the pump 
f0? to the distributor member 68. The liquid is 
further concentrated in the concentrator 2 and 
is collected in the channel 03 which is similar 
to the channel 96 in the first stage evaporator. 
the concentrate that collects in the channel 03 
is moving clockwise in the channel and escapes 
from the channel through a conduit 04 arranged 
tangentially to the channel G3 in a manner sim 
ilar to that already described. The concentrate 
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is Collected in a reservoir 05 from which it is 
pumped by the pump f O6 into the third stage 
evaporator f3 where it is still further concen 
trated and is discharged into the reservoir in 
its final concentrated form. 

Certain liquid products are impaired and their 
chief characteristics very much affected by high 
temperatures employed in the evaporating stages. 
In the present invention, this is avoided by atom 
izing the product and discharging it in currents 
of air at moderately high temperatures for only 
an extremely brief interval of time. It has been 
found that treated under such conditions, the 
products, such as milk, for instance, will retain 
all the original flavor and other characteristics. 

Suitable valves 20 are provided for the reser 
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voirs 98, 5 and 0 for removing the concen 
trate therefrom, if desired. 
While in the construction shown, mechanism 

for a three stage evaporating system only is dis 
closed, it is evident that any suitable number of 
additional closed evaporating stages or circuits 
similar to the second stage circuit mechanism 
may be added between the second and third stage 
evaporating mechanism. It is also understood 
that the second stage may be omitted, if desired, 
for reducing the number of evaporating stages. 
The System, aS shown, may be regarded as com 

posed of a front, a rear, and an intermediate 
section. The front section comprises the heater 
5, fan 4 and first stage evaporator f; the in 

termediate section comprises the second stage 
evaporator mechanism including the heat, ex 
changer 6, the fan 7 and evaporator 2; and, 
the rear section includes the heat exchanger 8, 
the fan 9 and the third stage evaporator 3. 
The system may be contracted by removing the 
intermediate section which may be done by dis 
connecting the conduits 22, 53 and O2 at the 
points 2, 3 and 4 between the front and 
intermediate sections and at the points 5, 6 
and 1 in the conduits 83, 77 and 04 between 
the rear and intermediate sections, closing the 
valve 8 in the liquid conduit C4, and then con 
necting the conduits 83 and 77 of the rear sec 
tion to the corresponding conduits 22 and 53 of 
the front section. Additional intermediate units 
may be added between the forward and interme 
diate units or between the intermediate units or 
between two intermediate units. In other Words, 
the intermediate units are interchangeable. This 
is considered an important feature of the inven 
tion because it permits the System to be enlarged 
or contracted to meet different operatirig condi 
tions. 

If a larger number of stages of evaporation 
be employed, in the interests of economy, the 
initial temperatures used should be increased to 
the point where the air and product discharged 
from the System are but slightly above atmos 
pheric temperature. 

In all constructions, the heat exchangers in 
the System function as a condenser for the pre 
ceding closed circuit and also as a heater for 
the succeeding circuit. The system is flexible 
it can be extended or contracted, as desired, and 
be Operated at various temperatures as best 
adapted for the particular product to be treated. 
With the use of the centrifugal type of evap 

Orator chamber for each stage of evaporation, 
the highest temperature for the drying medium 
may be relatively low, as for concentrating milk, 
for instance, and may be in the neighborhood of 
boiling water. This is extremely important in 
the evaporation or concentration of certain prod 
lucts, especially those products that are affected 
by chemical reactions caused or accelerated by 
high temperatures. 
The following is one example of how the sys 

tem may be operated in concentrating milk. Air 
enters the first stage evaporator if at around 
219 F. and leaves the same at around 1759 F. 
approximately saturated. A number of heat units 
are removed in the condenser from this saturat 
ed air thus condensing the moisture therefrom. 
These heat units are transferred to the air cir 
cuit of the second stage evaporator for heating 
the air in that circuit. The number of heat units 
removed by the heat exchanger 6 from the air 
in the first stage evaporator circuit are replaced 
by the heater f3. Likewise, the number of heat 
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units removed in the Second stage evaporator cir 
cuit by the heat exchanger, 8 and transferred to 
the air entering the third stage evaporator are 
replaced by the heat units transferred to it by 
the heat eXchanger 6. The number of heat units 
transferred from the first evaporator circuit to 
the Second, in the example given, and from the 
Second to the third in the operation of the sys 
tem may be the same in all stages. In each cir 
cuit, the air leaves the evaporator chamber sub 
stantially saturated. The temperature of the air 
entering each evaporator chamber is in decreas 
ing order. For instance, air enters the second 
evaporator 2 at around 166 F. and leaves at 
around 125° F. saturated and the air enters the 
third chamber at around 115 F. and leaves at 
73 F. saturated. The liquid product enters the 
first chamber at around 80° F., the Second at 
around 175° F. and the third around 125 F. and 
leaves the third around 73 F. The System may 
be operated differently for different products and 
under different conditions and the above is given 
as one example of how the system may be oper 
ated in the interests of economy. 
The construction herein disclosed has a high 

degree of efficiency because of the intimate con 
tact between the air and the fine particles of the 
sprayed product at each stage of evaporation. 
Because of this efficiency in evaporation of the 
product in each stage, the air in the first stage 
need not necessarily be above about 220 F. When 
it enters the first stage evaporator. This tem 
perature will not adversely affect the evaporation 
of milk. The system may be operated at higher 
temperatures, if desired, for evaporating other 
products or even milk if a greater degree of con 
centration is desired. But, if materially higher 
temperatures are employed, for instance, an addi 
tion unit may be necessary in the interest of econ 
omy, in this respect, the saturated air discharged 
from the system should be about, or possibly 
above, the temperature of the outside air. 

It Will thus be seen that there are three Cir 
cuits for the drying medium; that the first two 
are closed circuit, and the third an open circuit; 
that there is a circuit for each evaporating stage; 
that the drying medium for the first stage only is 
heated; that the drying mediums for the remain 
ing stages are heated by a heat exchanger from 
the preceding stage; and, that the drying me 
diums operate at moderate temperature. 

It is thought from the foregoing, taken in con 
nection with the accompanying drawings, that 
the construction and operation of my device will 
be apparent to those skilled in the art and that 
changes in size, shape, proportion and detail may 
be made without departing from the spirit and 
scope of the appended claims. 

I claim as my invention: 
1. A method of concentrating a liquid product 

which comprises discharging the product in the 
form of a spray into a spirally moving current of 
heated air for evaporating a portion of the mois 
ture of said product to form a concentrate, trans 
ferring a portion of the heat of said heated air to 
another volume of air, causing the last-named 
air to move spirally into a second stage evapora 
tor chamber, spraying said concentrate into said 
last-named spirally moving air, and removing 
the concentrate from said second-stage evapo 
rator. 

2. A system for concentrating liquid products 
comprising a plurality of concentrating stages, a 
centrifugal evaporator in each stage, means for 
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gaseous drying medium for each stage, means 
for causing said medium to circulate through 
Said evaporators for evaporating moisture from 
the Sprayed particles, means for heating the 
drying medium in the first stage evaporator, and 
means for transferring heat from the first stage 
medium in Succession to the mediums of the re 
maining stages, for evaporating moisture from 
the Spray2d concentrate from the preceding 
evaporating stage. 

3. In a system for dehydrating a liquid prod 
uct, a first stage section, a final stage section and 
One or more intermediate stage sections, each 
Stage Section comprising a cyclone separator type 
of concentrator, and having a separate circuit for 
a heating medium for each section and a com 
mon heat exchanger between adjacent sections, 
means for adding thermal units to the heating 
medium of the first stage section, means, includ 
ing said heat exchangers, for transferring a por 
tion of those units to the remaining stage sec 
tions successively, means for causing the heat 
ing medium in the chambers to move spirally, 
and means for spraying the product into the 
Spirally moving air in each chamber, in series, 
from the first to the final stage sections. 

4. In a System for dehydrating a liquid prod 
uct, a first stage section, a final stage section 
and one or more intermediate stage sections, 
each stage Section comprising a cyclone separa 
tor type of concentrator and having a Separate 
gaseous drying medium circuit for each stage 
Section, means for adding thermal units to the 
drying medium of the front stage section, heat 
exchangers common to adjacent sections for 
transferring heat from the drying medium of the 
first stage section to the drying medium of the 
other stage sections in succession, means for dis 
charging the liquid product into said air within 
Said chambers, means for conducting the air 
from the top portions of the chambers, and 
means for conducting the concentrate from the 
lower portions of said chambers. 

5. An apparatus for concentrating liquid prod 
lucts comprising first, second and third Stage 
evaporators, a first stage heat exchanger and a 
Second stage heat exchanger, means for circulat 
ing a drying medium through said first Stage 
evaporator and first stage heat exchanger in a 
closed circuit, means for heating the drying me 
dium just prior to its entry into the first stage 
evaporator, means for circulating a drying me 
dium through said second stage evaporator and 
through said first and second stage heat ex 
changers in a closed circuit, means for circulat 
ing fresh air through the third stage evaporator 
and Said Second stage heat exchanger, means for 
Spraying a liquid product into the first stage 
evaporator for concentrating the product, means 
for Spraying the concentrate from the first stage 
evaporator into the second stage evaporator for 
further concentrating said product, and means 
for Spraying the further concentrated product 
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spraying a liquid product in each evaporator, a 75 

from Said second stage evaporator into said third stage evaporator for dehydrating the same. 
6. In an apparatus for evaporating moisture 

from a liquid product, a plurality of evaporating 
chambers of the centrifugal type arranged in se 
ries for the passage of the product therethrough, 
a reservoir for containing the liquid product to 
be evaporated, liquid spraying means in each 
chamber, means for conducting said product 
from Said reservoir to the spraying means in the 
first of the chambers of said series and for con 
ducting the concentrated product from each 

  



6 
chamber, except the last, to the spraying means 
of the succeeding chamber, a heater anterior to 
the first evaporating chamber, a heat exchanger 
anterior to each of the remaining evaporating 
chambers and posterior to each, except the last, 
condituits for conducting a gaseous drying medium 
to and from the first chamber in a closed circuit . 
through said heater and the first of said heat 
exchangers, conduits for forming a closed circuit 
for a drying medium through each of the suc 
ceeding chambers and corresponding, heat ex 
changers in a closed circuit, except for the last 
evaporator chamber, the drying medium for 
which is discharged directly into the air, and 
means in each chamber for causing the drying: 
medium to descend in an outer spiral and to 
ascend to the discharge opening in an inner 
spiral. 

7. In an apparatus for concentrating a liquid 
product, first, second and third stage evapora 
tors, means for Spraying a liquid product into 

0. 

5 

20 

said evaporators in series in the order named, a 
heater, a first and a second stage heat exchanger, 
means for continuously circulating a drying me 
dium through said heater, first stage evaporator 25 
and through said first stage heat exchanger in 
a closed circuit for removing moisture from Said 
product, means for circulating a drying medium 
through said first stage heat exchanger, said sec 
ond stage exaporator and through said second 
stage heat eXchanger in a closed circuit for re 
moving further moisture from said product, and 
means for circulating a drying medium through 
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er between the intermediate and final stage evap 
orators, means for circulating a drying medium 
through said heater, first stage evaporator and 
the first mentioned heat exchanger, means for 
circulating a separate body of drying medium 
through said first-named heat exchanger, said 
intermediate stage evaporator and said second 
heat exchanger, means for circulating a body of 
air through said second heat exchanger and said 
final stage evaporator, and means for detachably 
connecting said sections together, said means be 
ing so constructed and arranged that said initer 
mediate mechanism may be removed and said 
first and final stage mechanisms may be oper 
atively connected together. 

10. In a system for concentrating liquid prod 
lucts, an apparatus comprising a first stage Sec 
tion, a final stage section and at least one inter 
mediate stage section, each section comprising 
a cyclohe separator type of evaporator chamber 
and each section having a separate air circuit, 
a heat exchanger common to adjacent sections, 
means for forcing air through each of said cir 
cuits and through the corresponding heat, ex 
changer, said heat exchangers constituting con 
densers for the preceding circuit and a heater 
for the next succeeding circuit, means for spray 
ing a liquid product in Succession into Said Sec 
tions into the air moving through said evapo 
rators, and means for detachably connecting said 
sections together whereby the number of Sections 

said second stage heat exchanger and said third 
stage evaporator for removing still further mois 

and as a heater for the following circuit. 
8. A method of concentrating a liquid product 

which comprises evaporating moisture from the 
product in a plurality of stages in series by first, 
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ture from said product, said heat exchangers 
functioning as condensers for the one circuit. 
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spraying the product into a current of spirally 
noving air confined in a chamber in each stage. 
in succession, causing the air in the first stage 
chamber to flow in a closed circuit through a 
heater, then through said iast-named chamber 
for removing moisture from said product and 
then through a heat exchanger for renowing 
moisture from said air, causing air for the Sec 
ond stage chamber to flow through said heat ex 
changer for heating said air, then through said 
second stage chamber for removing further mois 
ture from said product, then through a second 
heat exchanger, and finally causing fresh air to 
flow through said last-named heat exchanger 
through the last-stage chamber and into the at 
mosphere. 

... 9. In a system for concentrating a liquid prod 
uct, a first stage evaporating mechanism, a final 
stage evaporating mechanism and a removable 
intermediate stage evaporating mechanism ar 
ranged in Series, means for Spraying a liquid 
product into said evaporators in series, each 
mechanism comprising a cyclone type of evapo 
rator, a heater for the first stage evaporator, a 
heat exchanger between the first and interme 
diate stage mechanisms, a second heat exchang 

may be readily expanded or contracted. 
11. In an apparatus for evaporating moisture 

from a liquid product, a plurality of evaporating 
chambers of the centrifugal type arranged in 
series for the passage of the product there 

, through, a reservoir for, containing the liquid 
product to be evaporated, liquid Spraying means 
in each chamber for spraying said product into a 
rotating body of gaseous medium in said cham 
ber, means for conducting said product from said 
reservoir to the spraying means in the first cham 
bér of said series and for conducting the concen 
trated product from said first chamber to the 
spraying means of the succeeding chamber, a 
heater anterior to the first evaporating chamber 
and a heat exchanger posterior thereof, conduits 
for conducting a gaseous drying medium to and 
from the first chamber, means including said 

50 conduits and a fan for circulating all of said dry 
ing medium through said heater in a spiral path 
through the first chamber of said series and then 
through said heat exchanger in a closed circuit, 
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in the order named, conduits for conducting a 
gaseous evaporating medium through said heat 
exchanger for heating said evaporating medium 
and for causing the removal of moisture by con 
densation from the gaseous drying medium flow 
ing through said heat exchanger, and means in 
cluding said last-named conduits and a fan for 
causing ail of said evaporating medium to foW 
through said heat exchanger and the next ad 
jacent evaporator chamber of said series in the 
order named for further reducing the moisture 
content.of said liquid product. 
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