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This invention pertains to the art of dry-
ing liquid materials, including methods and
apparatus,
eliminated from the solid particles under
conditions which exclude bacteria from the
presence of the material undergoing treat-
ment and wherein the temperature of the
product is constant, or substantially so.

According to the invention, liquid mate-
rial is atomized at relatively low pressure
and by the aid of drying gases supplied in a
steril, or substantially steri], condition, from
a selected number of flues or chambers of
the apparatus, and such atomized liquid is

" subjected to the action of said gases which

flow by thermosiphonic action in a circula-
tory path within the apparatus and from
which path atmospheric air is excluded. The
circulation of the drying gases is obtained by
the chilling effect o} certain condensers and
by the heating effect of boosters located re-
spectively in different sections of the circula-
tory path within which such gases are di-
rected to flow.

A salient feature of my invention consists
in channeling the flow of the drying gases
and in heating the resulting multiple currents
of such gases to different temperatures,
whereby the differently heated multiple cur-
rents are directed into contact with the atom-
ized liquid material at different points along
a theoretical line of flotation of the residual
solid product, the latter floating in a defi-
nite path within a chamber the cross section
of which increases or expands beyond the
point of entry thereinto of the atomized lig-
uid and of the finely divided solids and of
the points of entry of the differently heated
multiple currents of the drying gases, said
finely divided solids deriving its initial im-
pulse from the atomization to which the lig-
uid material is subjected.

In my apparatus and mode of procedure,
the liquid material, such as milk, is in a
divided condition, suspended and floating in
the gasesof a chamber, and such divided float.
ing material is exposed to the effects of mul-
tiple currents of the heated gases, said mul-
tiple currents being heated separately and to
temperatures which vary from say 212° to

wherein the liquid constituent is

finely

96°, more or less. The finely divided liquid
at the point of entry into the chamber is ex-
posed to the high temperature gases supplied
by one of the multiple currents, and as the di.
vided material floats within the chamber, it
is exposed to the progressively decreasing
temperatures of the successive multiple cur-
rents flowing upwardly across the path or
line of flotation of the divided liquid mate-
rial. At the point of entry into the chamber,
the divided liquid material contains the larg-
est percentage of its aqueous content, and the
exposure at the entry of such material to the
highest temperature of the multiple current
has the effect of rapidly evaporating the aque-
ous content of the liquid material, and such
exposure of the divided material to the pro-
gressively decreasing temperatures of the
succeeding multiple currents brings about the
progressive evaporation of the aqueous con-
tent present on the surfaces and within the
bodies of the solid particles, whereby the
floating divided material is progressively
dried without an increase in the temperature
of the solid particles, the temperature of the
product remaining constant, or substantially
constant, in the period of its Hlotation, or from
its entry to its deposit.

Preferably, the liquid material is finely
divided by atomizing such material at the
point of entry into the chamber, and the gas
to produce atomization is in a sterile condi-
tion, such gas being taken from or supplied
by atmosphere from one of the multiple chan-
nels within the apparatus. The atomization
of liquid material is under bressure, with the
effect of imparting an impulse to the divided
material, impelling such material across the
chamber and across the paths of the upwardly
flowing multiple currents of the drying gases,
thus assuring the exposure of the divided ma.

' terial to the intimate contact thevewith of the

multiple currents, for the rapid evaporation
of the aqueous content of such divided mate-
rial, the temperature of which is constant or
substantially so.

Other functions and advantages of the in-
vention will appear from the following de-
scription taken in connection with the draw--
ing, in which the figure is a vertical sectional
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elevation of one form of apparatus wherein
the direction of flow of the drying gases and
of the path of movement of the residual solid
product are indicated by arrows. '

Within a housing A 1s a treating chamber
B the roof b of which is inclined. At one
end of the housing is a partition ¢ forming
o chamber or flue C, within which is a con-
denser D shown herein as a coil or coils with
suitable provision for feeding thereto a cool-
ing medium and with a valve or valves for
controlling the supply of such medium to the
condenser, the feeding mechanism not being
shown.

At the bottom of the housing is a flue or
chamber E, and erected vertically within
chamber B is a series of partitions 7 which
produce a series of flow channels F' in com-
munication with the chamber E. These par-
titions f extend upwardly from the bottom
of the housing, it being preferred to vary the
height of said partitions and thus produce

fiow channels F which decreasein height from P

one end of chamber B toward the condenser
D. The gases flowing into the channels F are
directed by baffles g which may be movable to
act as valves, and at the top of some of the
flow channels are other deflectors or hoods A
which overhang the channels and are so re-
lated to the partitions f as to attain a series of
hot air outlets ¢ from the flow channels into
chamber B below the path of movement of the
residual solid product floating within the
chamber B.

G is an atomizer herein shown as a nozzle
with a liquid feed pipe § leading from a tank
or other source of supply as G and with an
air feed pipe % leading from a tank G? to
which sterilized air is supplied by 2 pipe 7
connected to one of the flow channels F orto
chamber B. - A pump or other circulating de-
vice H is connected to feed pipe j for supply-
ing sterilized air under relatively low pres-
sure to the nozzle G for atomizing the liquid
material so as to mechanically divide such
material and project the same Into the cham-
ber at a point above the outlets 7 from the flow
channels. An initial impulse is thus given to
the atomized liquid material with a view to
projecting the same across the chamber in a
substantially definite path indicated as an arc
by dots and arrows.

Within the flow channels F are radiators
or boosters I, the same being shown as coils
to which steam is supplied, suitable provision
being made as by valves for controlling the
feed of steam *o the coils. These radiators
or boosters within the flow channels are of
varying heating capacity and thus consti‘ute
a heating apparatus of differential capacity.
The coils within the first and second channels
T are of greater capacity than the coils in
the third channel, and so on through the
series, with the radiators progressively de-
creasing in capacity in proportion to the de-
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creased height of the flow channels, whereb
the currents of drying gases flowing upward-
ly within the flow channels are heated -to
different temperatures. Thus the gases flow-
ing within the longer channels adjacent the
atomizer are heated to higher temperatures,
say 212° Fahr., whereas the gases flowing
within the shorter channels are heated to
lower temperatures, say 96° Fahr., the gases
in the channels intermediate the longer and
shorter channels being heated by the radia-
tors to progressively decreasing temperatures
between the selected maximum and mini-
mum temperatures.

The radiators I within the flow channels
are of different heating capacities so that
said series of radiators collectively constitute
a differential heating means or a differential

‘radiator. In this connection it is to be ob-

served that such differential radiator or dif-
ferential heating means functions as a means
for heating to different temperatures multi-
le currents of drying gases, and, further,
that the heat units in such multiple currents
are apportioned to the moisture content of
the floating residual particles of material, as
a result of which the product 1is at a sub-
stantially constant temperature and the heat
units are supplied by the radiators to the
multiple currents of drying gases in ratio
of moisture diffusion, the temperature of the
multiple air currents decreasing from the ini-
tial stage of product treatment to the final
stage or stages of such product treatment.

According to my invention the circulation
within the chamber is occasioned by chilling
and heating the drying gases in different
zones remote to the chamber into which is
blown the atomized material, which succes-
sive chilling and heating of the gases sets up
a flow the velocity of which is less than the
speed of the atomized material at the point
of entrance into the chamber. Again, the
compressed air utilized for injecting the lig-
uid material is expanded within the cham-
ber, reducing the velocity of the inflowing air,
but such air velocity imparts to the atomized
material a certain velocity sufficient to carry
or float the atomized material across the
chamber, such floating residual product be-
ing exposed to the drying effect of the multi-
ple currents of upwardly flowing air heated
to different temperatures, as hereinbefore
described.

Below the inclined roof b is a lifting coil
J extending parallel to said roof and termi-
nating close to the inlet to the condensing
chamber C, suitable means being provided
for feeding a heating medium to said coil
and for controlling the feed of said heating
medium to the coil.

The drying atmosphere flowing upwardly
within the chamber B and downwardly with-
in the condensing chamber C carries as a
constituent thereof the aqueous content
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evaporated from the finely divided liquid
material. In the downflow of the atmosphere
within chamber C, the aqueous content is con-
densed by contact with the cold surfaces of
the condenser D, the atmosphere being cooled
and chilled, and the water of condensation is
discharged from chamber C and condenser
D by a suitable Dipe or a trap.

In operation, a cooling medium of a se-
lected character is supplied to the condenser,
steam is supplied to the radiators and the
lifting coil, and the pump is set into opera-
tion.

The gases in the vicinity of the condenser
are chilled, whereas the gases around the
radiators are heated to varying temperatures,
and owing to these conditions & tranquil flow
of the drying gases is set up within chamber
B from which outside atmospheric air is ex-
cluded except such as is admitted during the
atomization of the liquid material. The gases
flow downwardly within chamber C, and up-
wardly within the flow channels F, and thus

the gases are set into motion through chan-

nel K and within the chamber B, The liquid
is supplied by the atomizer in a finely di-
vided mist or spray to the chamber within
which it floats in suspension, and upon the
admission of the spray it is met with an up-
flowing current of heated gases from the
longer flues F, and is subjected to the action
of the decreasingly heated gases from the

- remainder of the flow channels, the result of

- Which is, mainly,
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to envelop the particles or
globules of solid material in heated steril
gases and thus effect the evaporation of mois-
ture. The atomized material derives an im-
pulse as a result of the atomization which
carries the solid particles in g definite path
across the chamber and above the outlets
from the flow channels, during which move.
ment the solid particles are progressively
dried by the upflowing currents of gas from
the channels, and at this period of the treat-
ment the temperature of the channeled gas
Is progressively decreased in a definite ratio
to the decreasing moisture content of the
solid residual particles, whereby the product
temperature remaing practically constant
during the movement within the chamber,
whereas the gas temperature is conditioned
to suit the product with a view to the effec-
tive elimination of moisture from the prod-

- uct. The ascending currents of gases from
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the flow channels are below the path of the
product in a manner to so get upon the solid

“particles as to contribute to the mechanical

suspension thereof within the gases of the
chamber, and thus the solid particles are ex-
posed to the gases under conditions which
permit the gradual or progressive descent of
such particles under the force of gravity until
the particles in a thoroughly dry condition
will collect or accumulate within the cham-
ber adjacent the condenser. o

_going treatment.

-3

It will be noted that the atomized liquid
when first admitted meets current of gases
at the maximum temperature, thus effecting
the rapid evaporation of moisture from the
material and reducing the temperature of
the residnal particles, water, vapor and dry-
Ing gases, by reason of such rapid evapora-
tion. In theevaporation of the atomized ma-
terial the gases become at least partly satu-
rated with moisture and in order to lift the
more or less moisture laden gases above the
path of the product T provide the lifting coil
below the roof of the chamber, which coil
radiates heat units into such moist gases and
induces or accelerates the flow of the moist air
into the condensing flue C. The contact of
the downflowing air with the cold surfaces of
the condenser tends tQ condense the moisture
present in the gases and to deposit the same
in the condition of dew upon the condenser,
whence the moisture is discharged in a suit-
able manner.

¥ invention is to be used for different
liquid materials for obtaining a dry product
from such liquids, but its especial utility is
the treatment of whole milk, i. e. milk in-
cluding the Tatty contents of milk, for the
reason that there is no appreciable tempera-
ture variation in the product while under-

Having thus fully described the invention,
what I claim as new and desire to secure by
Letters Patent is:

1. In the art of evaporating liquids con-
taining solids, the process which consists in
atomizing a liquid containing solids -into
drying gases present within a closed  cham-
ber so that the atomized particles are free
to float in a determined path and to gravitate
toward a common place of deposit within said
chamber, circulating the drying gases through
said chamber, dividing the inflowing gases
into multiple currents flowing upwardly to-
ward the path of flotation of the atomized
particles, and heating such. upwardly flowing
multiple currents of gases to temperatures
which decrease from the point of entry of the
atomized liquid. .

2. In the art of evaporating liquid ma-
terials containing solids, the process which
consists in atomizing a liquid material into
drying gases so as to project the atomized
particles in a determined path within the
chamber and to expose such atomized par-
ticles to the drying effect of such gases, cir-
culating the gases through the chamber, di-
viding the gases into multiple currents and
directing such multiple currents across the
path of flotation, and heating the divided cur-
rents of drying gases to temperatures de
creasing along the path of flotation of the
atomized particles, - .

3. In the art of evaporating liquid ma-
terials coutaining solids, the process which
consists in seting up a tranquil flow through
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a closed chamber of drying gases, channeling
the flow of such gases as they enter the cham-
ber into multiple currents, injecting a liquid
material containing solids into the gases in
finely divided particles in a path across the
multiple currents and evaporating moisture
from such finely divided particles, and heat-
ing such multiple currents to temperatures
which decrease progressively from the entry
of the liquid and solids into the chamber.

4. In the art of evaporating liquid mate-
rials containing solids, the process which con-
sists in setting up a tranquil flow through
a closed chamber of drying gases, injecting
a liquid material containing solids into the
gases and projecting in a finely divided con-
dition the particles free to float in a deter-
mined path across the chamber, dividing the
gases into multiple currents flowing across
the path of flotation of the divided particles,
and heating such multiple currents to tem-
peratures which decrease progressively from
the entry of the particles into the chamber.

5. In an apparatus for evaporating liquid
materials containing solids, the combination
of a chamber having means to set up flow
of drying gases therethrough, means for in-
jecting a Liquid material containing solids
into said chamber so that the particles in' a
finely divided condition are floatable in a
determined path, a series of channels posi-
tioned within the chamber adjacent the path
of flotation of the particles and operating
to divide the gases into multiple currents
adapted to intersect the path of flotation of
the atomized particles, and means for heating
the multiple currents to temperatures decreas-
ing successively from the point of entry of
the liquid material into the chamber.

6. In an apparatus for evaporating liquid
materials, the combination of a closed cham-
ber equipped with means for setting up the
flow therethrough of drying gases, means for
discharging in a finely
the gases a liquid material with residual
solids, the cross section of said
creasing away from the entry of said liquid
material, heating means in the upper part
of said expanded chamber, channeling means
in a lower part of said chamber and connect-
ed therewith for dividing the gases into mul-
tiple currents adapted to flow upwardly with-
in the chamber, and a plurality of individual
radiators of different capacities positioned
for heating the
multiple currents of the gases discharge into
the chamber. to temperatures progressively
decreasing from the entry of the liquid ma-
terial.

_ %, In the art of evaporating a liquid mate-
rial containing solids, the process which con-
sists in providing a chamber, projecting lig-
uid material in a finely divided condition
within said chamber, and conducting sepa-
rate currents of drying gases in paths across

divided condition into

chamber in--

1,866,769

the path of flotation of the finely divided
material, said separate currents being heated
to different temperatures and traversing the
path of flotation successively in the order of
decreasing temperatures.

8. In the art of evaporating liquid material
containing solids 1n a body of drying air,
utilizing a portion of said air to deliver in
a forwardly moving direction and in an
atomized state the said material into said
body of air, generating at levels below that
of said atomized material forwardly and up-
wardly moving successively placed currents
of said air of progressively decreasing tem-
perature to mingle with, and aid in the flota-
tion of, and progressively dry, said atomized
material, and providing beyond the region
of flotation a downwardly flowing current of
cooled air supplied from said upwardly mov-
ing air and In turn supplying the air for
¢aid upwardly moying currents.

9. In the art of evaporating liquid mate-
rial containing solids in a body of drying air,
moving in a forwardly directed course in an
atomized state the said material into the said
body of air, and generating at levels below
that of said atomized material forwardly and
upwardly moving successively placed cur-
rents of said air of progressively decreasing
temperatures to mingle with, and aid in the
flotation of, and progressively dry, said
atomized material.

10. A milk evaporator comprising a cham-
ber, means for projecting thereinto liquid
milk in a finely divided condition, a plurality
of means for separately channeling air and
discharging the same into said chamber, and
separate heating means for the air flowing
within the respective channeling means, said
separate heating means being of such pro-
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gressively varymg capacities as to heat the .

air to temperatures progressively decreasing
from the point of entry of said liquid milk.

11. In the art of drying atomized milk
traversing a chamber, the process which con-
sists in exposing suspended milk particles to
multiple currents of drying gases, the direc-
tion of flow of which multiple currents are
in paths crosswise of the travel of the atom-
ized milk particles and the temperatures of
which currents so decrease from the point
of entry of such atomized milk particles that
the temperature of the milk particles will be
substantially constant during the period of
such exposure.

12. An apparatus for evaporating liquid
material comprising a chamber, a plurality
of partitions of varying height arranged
transversely in said chamber adjacent one
end thereof and forming a plurality of pas-
sageways between adjacent partitions, a con-
Juit communicating with the upper portion
of said chamber adjacent the other end there-
of, and

portion of said chamber, means in said con-
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duit for reducing the hunfidity of gases flow- -

ing therethrough, means in said Passageways
for heating the gases prior to introduction
into the chamber and means at the end of
the chamber containing the partitions for in-
troducing a liquid into said chamber above
the partitions, the heating means in the pas-
sageways from the passageway nearest the
end of the chamber at which the liquid is in-
troduced to the passageway farthest away be-
ing of progressively lesser heating capacity.

13. An apparatus for evaporating liquid

material comprising a chamber, a plurality
of vertical partitions of varying height ar-
ranged in said chamber adjacent one end
thereof and forming a plurality of passage-
ways between adjacent partitions, those of
greatest height being nearest the end of the
chamber, a conduit communicating with the
upper portion of said chamber at the other
end thereof, and with said passageways at the
Iower portion of said chamber, means in said
conduit for reducing the humidity of gases
flowing therethrough, means in said passage-
ways for heating the gases prior to introduc-
tion into the chamber and means for intro-
ducing a stream of gas-carrying a liquid into
said chamber above said partitions, the heat-
ing means in the bassageways between the
partitions of greafest height having higher
heating effect than the heating means in the
bassageways formed between the partitions
of lesser height.
' An apparatus for evaporating liquid
material comprising a chamber, a plurality
of vertical partitions extending upwardly
and arranged transversely in said chamber
adjacent one end thereof and forming a plu-
rality of passageways between adjacent par-
titions, a conduit communicating with the up-
per portion of said chamber adjacent the
other end thereof. and with said Passageways
at the lower portion of said chamber, means
in said conduit for reducing the humidity of
gases flowing therethrough, means in said
passageways for heating the gases prior to
introduction into the chamber and means for
withdrawing heated gas from one of said
bassageways and injecting it into the cham-
ber together with the liguid to be evaporated
above the partitions at the end of the chamber
containing the partitions, the heating means
in the passageways from the passageway
nearest the end of the chamber at which the
liquid is introduced to the passageway far-
thest awav being of progressively lesser heat-
ing capacity.

15. An apparatus for. evaperating liquids
comprising a horizontally arranged chamber
of gradually increasing eross section, means
for introducing atomized liquid into the
chamber at the point of smallest cross section,
means for introducing a plurality of streams
of drving gas into said chamber at a plural-
ity of points lengthwise thereof and means

S

for separately heating each of said streams
S0 as to maintain the temperature of the ma-
terial substantially constant.

An apparatus for evaporating liquids
comprising” a substantially horizontally ar-
ranged chamber of gradually increasing cross
scction, means for introducing atomized lig-
uid into the chamber at the point of smallest
cross section, means for introducing a plural-
ity of streams of drying gas into said cham-
ber at a plurality of points lengthwise thereof
and means for separately heating each of said
streams, the meang for heating the streams
introduced into the chamber adjacent the por-
tion of the chamber of smallest cross section
having a greater heating effect than the
means for heating the other streams so as to
maintain the temperature of the material sub-
stantially constant.

17. A method of drying liquid material
containing solids comprising floating the ma-
terial in finely divided form in g substan-
tially horizontally flowing stream of drying
gas, supplying upwardly flowing heated gas
to said material from a plurality of points
below and spaced along the path of said
stream, and graduating the temperature of
the upwardly flowing gas to maintain the
temperature of the material substantially
constant,

18. An apparatus for evaporating liquid
material comprising a chamber, a plurality
of partitions arranged transversely in said
chamber adjacent one end thereof and extend-
ing upwardly from the floor of said chamber
and terminating at varying distances from
the roof of gaid chamber, said partitions serv-
ing to form a plurality of passageways,
means for introducing a gas containing the
material to be evaporated into said chamber
above the partitions, a conduit communicat-
ing with the upper portion of said chamber
at the other end thereof and communicating
with the passageways adjacent the floor of
said. chamber, meang in said conduit for re-
ducing the humidity of gases passing there-
through, means in said passageways for heat-
ing gases prior to introducing them into the
chamber, and valve means arranged at the
lower portion of each of said passageways to
regulate the amount of gas passing through
said passageways, the heating means in the
passageways from the passageway mnearest
the end of the chamber at which the liquid
is introduced to the passageway farthest
away being of progressively lesser heating
capacity. :

19. A method of drying liquid materials
comprising floating finely divided material in
a horizontal path in a drying gas, supplying
in an upward direction, heated gas to said
material from below, and heating progres-
sive portions of said upwardly directed gas
in the direction of flow of the horizontal gas
to progressively decreasing temperatures so
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that the temperature of the material will re-
main substantially constant.

90. In the art of drying atomized milk
traversing a chamber, the process which con-
sists in atomizing milk with a gas, exposing
suspended milk particles to multiple currents
of drying gases, the direction of flow of which
multiple currents are in paths crosswise of the
travel of the atomized milk particles and the
temperatures of which currents so decrease

- from the point of entry of such atomized milk

particles that the temperature of the milk
particles will be substantially constant dur-
ing the period of such exposure, separating
the dried milk from the gas and recycling the
gas for atomizing the milk and to the multiple
currents of drying gas. ‘

21. A method of drying liquid materials
comprising floating finely divided material in
a horizontal path in a drying gas, supplying
in an upward direction, heated gas to said
material from below, and heating progres-
sive portions of said upwardly directed gas
in the direction of flow of the horizontal gas
to progressively decreasing temperatures so
that the temperature of the material will re-
main substantially constant, separating the
dried milk from the gas, and recycling the
as as the drying gas moving in the horizon-
tal path and as the gas supplied in the up-
ward direction.
~ In testimony whereof I have hereto signed
my name this 19th day of June, 1923,

GORDON D. HARRIS.



