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This invention relates to the drying of liquid-
containing materials, by evaporation of liguid
therefrom, and particularly to the dehydration
of solid or liguid materials containing water, by

5 contact with a heated gaseous drying medium.

In the methods heretofore used for this pur-
pose, it has been customary to bring the mate-
rial, in a state of suitable sub-division, into con-
tact with a gaseous drying medium at a tem-

10 perature sufficient to effect removal of liquid
from such material, but in many cases diffi-
culty has heen experienced in obtaining a uni-
form degree of liquid removal from all the par-
ticles of material. This difficulty may be due

15 in part to differences in initial liquid content of
different particles of the material, in part to dif-

ferences in size or physical structure of the par-’

ticles, by reason of which the smaller particles,

or those particles which are of less dense struc--

20 ture, tend to undergo a more complete liquid
removal than the larger or more dense parti-
cles, and in part to a failure to obtain uniformly

effective contaet and uniform time of contact ~

of all the particles of material with the gaseous

25 drying medium. These factors have frequently
resulted in insufficient drying of some of the par-
ticles of material, and excessive drying of other

" particles, and in some cases have caused burn-
ing, hardening or other injury to some of the
particles. Under such non-uniform conditions,

if it is attempted to insure drying of all the par-

ticles to less than a certain liquid content, by.

using a drying medium at sufficiently high tem-
perature and providing a sufficiently long time
5 of contact to cause drying to the desired extent
of even the largest and densest of the particles
and the particles having the highest original liq-
uid content, as well as those particles which are
subjected to the least effective contact with the
drying medium, the result is not only an in-
crease in cost of operation due to the greater
amount of heat consumed in unnhecessary and
expensive heating of some of the more easily
dried particles, but alsc, in many cases, serious
5 jnjury to the material, due to heating of some
of these particles to excessive temperatures, and
to excessively prolonged treatment of such par-
ticles at these temperatures. )
This latter objection is particularly serious in
50 the case of organic materials or other materials

(ClL. 159—4)

susceptible to injury by heat. For example, in
the dehydration of certain vegetables and fruits,
which has long been practiced for the purpose
of preserving the same and reducing the weight -
thereof, it has been found that the fiavor, ap-
pearance, and other properties arée injuriously
affected if the material is subjected to excessively
high temperature for an unduly long period.
The same is also true in the treatment of heat
sensitive liquid materials such as milk or milk
products.

The principal object of the present invention
is to provide for drying liquid-containing par-
ticles in such manner to produce material of a
uniform degree of dryness, regardless of varia-
tions in the size of such particles, and at a
minimum cost. )

A further object of the invention is to minimize
the heat required to remove a certain amount of
liquid from liquid-containing materials, and par-
ticularly from liquid-containing materials in the
form of particles differing from one another in
size or physical structure, or in original liquid
content. )

A further object of the invention is to provide
for the uniform drying, to any desired degree of
dryness, of liquid-containing material suscepti-
ble to injury by heat, and to prevent any of such
material from being subjected to high tempera-
ture for an excessive period of timme. A partic-

~ ular object of the invention is to provide a meth-

od and apparatus for the above purpose, in which
each particle of material is subjected to only such
temperature and for only such length of time,
as is required to effect the- desired removal of
liquid from that particular particle.

A particular object of the invention is to ob-
tain an efficient and economical removal of lig-
uid from materials containing the same, with-
out causing burning, hardening or other inju-
rious effects on such material, and also without
causing excessive heating or hardening of the
surface of the particles of such material.

A distinguishing feature of the present inven-
tion is that the movement of the particles of
liquid-containing material through and out of
the drying zone is controiled in accordance with
the amount of liquid remaining In such particles,
in such manner that, as the liquid content of

. each particle is reduced to a certain desired point,
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such particle is removed from the high tempera-
ture zone and thus prevented from injury by

‘continued subjection to high temperature and

also prevented from taking up additional heat
from the drying medium.

A further distinguishing feature is that the
liquid-containing particles are subjected to heat-
ing and drying in an elongated drying chambczs
and that the temperature of the drying medium

“within said chamber is caused to be progressive-

1y reduced in the direction of travel of such par-:
ticles therethrough, and the particles are intro-
duced first into -a zone of relatively high tem-
perature and are progressively carried into zones
of decreasing temperature in accordance with
the degree of removal of liquid therefrom.

According to a preferred embodiment of the .

invention, the liquid-containing material is in-
troduced in divided condition intc an ascending
column of heated gaseous drying medium of up-
wardly decreasing velocity and temperature. The
upward velocity of the drying medium at the
lower portion of said column-should be sufficient
to overcome the tendency of any of the particles
to fall out of said column under the action of
gravity, and thus keep all of the material in sus-

-pension, The lighter particles are carried up-

wardly by the gas stream until the upward ve-
locity of the gas is sufficiently reduced to just
balance the force of gravity on such particles,
while the heavier particles, namely, particles of
greater size or inherent density or having rela-
tively high liquid content, remain in the lower
portion of the gas stream and are subjected to

- the maximum temperature thereof. As the liquid

content of each particle, and consequently the
weight thereof, is reduced, the particle is carried
upwardly by the gas stream to progressively

higher levels where it is subjected to further ’

drying action by gas of progressively lower fem-
perature, until the liquid content is-so reduced
that the particle becomes sufficiently light to be
carried to the top. of the ascending column of gas.
The spent gaseous drying medium together with

- dried particles carried away In suspension there-

in, is conducted from the top of the ascending
column to suitable means for separation of the
dried particles therefrom. -

The liquid-containing material may be . iritro-

- duced at any suitable level in the ascending col-

umn, but is preferably introduced at or adjacent
the lower end of said column.

I-also prefer to provide means for producing
vortical rotion of the gaseous drying medium and

- suspended particles in the upper portion of the
ascending column, such vortical motion being
preferably effected by withdrawing a portion of .

the gaseous medium and suspended particles fram
one point in said upper portion and reintroducing
the same at another point in said upper portion,
such removal and reintroduction being carried

" out in a tangential direction with respect to the

70

periphery-of the ascending column, and in- the
same rotafive direction so as to maintain whirl-
ing or vortical movement of the gaseous medium
and suspended particles in the upper portion of
the column and cause prolonged contact of the
heavier particles of material with the drying

medium, due to the greater tendency of such -

heavier particles to be thrown outwardly toward
the periphery of the whirling gaseous medium by
the ‘action of centrifugal force. The "gaseous
drying medium.is caused to leave the ascending
column through a restricted central opening at
the top of the column and of less diameter than

2,054,441

the column at the region of such vortical motion

so that no particles are permitted to be carried

ouf through such openings until they are suffi-

ciently light to be carried inwardly by the gas
_.against the action of centrifugal force. - -

.Means are.also preferably provided for utiliz-
Ing the velocity of the gaseous drying medium
itself to create a reduced pressure at the point of
introduction of the material to be dried, for the
purpose of drawing such ma.tena.l into the dry-
ing column.

Other features and possible modlﬂcatlons of the
invention will be described more fully herein-
after, and additional objects and advantages
thereof will ‘be either apparent from such de-
scription or specifically pointed out.

10
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The accompanying drawings illustrate typical B

forms of apparatus according to the present in-
vention, and in which the method of my inven-

. tion may be advantageously carried out. Refer-

ring to these drawings: -

Fig. 1 is a partly sectional side eleva.tlon of a
preferred form of apparatus for removing liguid
from divided solid materials.

Fig. 2.is a horizontal - section on line 2—2 in

Fig. 1.
Fig.3isa vertical section of the lower portion

- of the drying chamber showing a modified means

for introducing divided solid material thereto.

Fig. 4 is a vertical section of the lower portion
of the drying apparatus, showing a modification
of such apparatus and of the material introducing
means particularly adapted for the ireatment of
liquid materials.

Fig. 5 is a partly sectional side elevation of a-

modified form of drying apparatus, in which the

20
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35

Hquid-containing material is introduced at a Jevel -

somewhat above 'the bottom of the ascending

gas column.

Fig. 6 is a vertical section of another modifica-
tion, in which the liquid-containing material is
introduced adjacent the upper end of the ascend-
ing gas column.

The apparatus shown in Figs. 1 and 2 comprises
a source of heated gaseous drying medium, such

‘as-a furnace or heat interchanger indicated gen-

erally at i, a vertically elongated drying chamber
18 and a partial separator or concentrator 30 for
receiving the spent gaseous drying medium and
suspended dried material and effecting a partial
separation of such material from said drying me-
dium and a concentration of such material in a
relatively small proportion of such medium. .
.“The drying chamber is shown as comprising a
vertically disposed casing of. circular cross-sec-
tion and having a height equal to several times
its greatest diameter. Said casing is of upwardly
increasing cross-sectional area throughout the
greater portion of its height, increasing from a
diameter di near its lower end lfo a diameter da

near its upper end, which latfer diameter may

be for example from 2 to 6 or more times as great
as the first-mentioned diameter. The height i
of the casing, from the point of lesser diameter

. to the point of greater diameter is equal to several

times the greater diameter, for example, said
height may be frum 3 to 6 or more times as great
as said diameter. This major portion of the
casing therefore has the form of a narrow, grad-
ually tapering inverted frustism of a come.

The lower end of the drying chamber is con-
nected by a suitable entrance housir.z {1 to the
source of gaseous drying medium. Such entrance
chamber is shown as being of elbow shapeand may
advantageously be of somewhat grea.ter diameter
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than the minimum diameter di of the main dry-
ing chamber, so as to provide a restricted throat

12 at the base of said drying chamber. Suitable

means are provided for introducing the material
to be dried into said drying chamber adjacent
the lower énd thereof and preferably at or near
said restricted throat. For example, for the treat-
ment of solid material in divided condition, such
means may comprise a hopper-like receptacle 3
havipg a spout (4 leading from the lower end
thereof into a conduit 1% which extends into the
entrance chamber Il and is provided with an
upwardly extending portion 6 opening at its
upper end 17 into the drying chamber at sub-
stantially the level of said throat. Said conduit
preferably opens upwardly into the drying cham-
ber and substantially centrally thereof. The con-
duit 15 may be connected at its other end to the at-
mosphere or to any suitable source of air or other
gas at atmospheric temperature or at any other
desired temperature, and at atmospheric or any
other suitable pressure. According to a preferred
embodiment of the invention, such conduit is open
to the atmosphere, and the necessary velocity of
air therethrough for conveying the divided solid
material into the drying chamber is created by
the reduction of pressure produced at the re-
stricted throat 12 due to the high velocity of the
gaseous drying medium at this point past the
oven end {7 of said conduit, the velocity of said
gaseous medium at said point being sufficient to
cause a reduction of pressure below atmospheric
pressure. 'The delivery of divided solid material
from the spout 14 into the gas stream in conduit
{5 may be .facilitated by inclining said spout
downwardly and forwardly in the direction of gas_
flow through said conduit and by providing said
spout ‘with an opening 18 at its lower end which
is disposed forwardly in the direction of such gas
flow.

The casing 10 is shown as provided With an
upper end portion 19 formed as a frustrum of a
cone, extending upwardly and inwardly from the
point of maximum diameter. of said casing to a
restricted centrally disposed outlet opening 20.
Said opening 20 is of considerably less diameter
than the maximum diameter dz, and may, for ex-
ample, be approximately equal to the minimum
diameter di. The converging upper portion {9
is of considerably greater inclination to the ver-
tical than the main casing portion 1@, and is
consequently of relatively small height as com-

‘pared to said main caging portion. The interior

of the casing 10 is shown as being entirely unob-
structed between the restricted throat 12 at the
lower end thereof and the ceniral outlet opening

- 20 at the upper end thereof. A conduit 21 leads

from said outlet opening 20 to the partial sep-
arator or concentrator 38, ahd is shown as open-
ing tangentially into said separator or concen—
trator, as indicated at 22.

Means are also preferably provided for produc?

ing vortical or whirling motion of the gas in the
upper portion of the drying chamber, such means
being. shown as consisting of circulating means
comprising a conduit 23 communicating substan-
tially tangentially with the interior of the drying
chamber adjacent the periphery thereof as shown
at 24 and leading to a fan or blower 25 and a
conduit 26 leading from the outlet of said fan
or blower and opening substantially tangentially
into said drying chamber adjacent the periphery
thereof as shown at 27. The conduits 23 and
26 are so disposed as to respectively withdraw and
reintroduce gas from and to said chamber in the

" upper portion of said chamber.

3

same rotative direction, so as to maintain an ac-
tive whirling or vortical motion of the gas in the -
The conduit 23
is shown as disposed somewhat above the con-
duit 26, but this relationship is not essential to 8
the invention. The vertical distance between -
these two conduits may be varied as desired, or
the relative disposition thereof with respect to

- the height of the drying chamber may even be

reversed if desired. 10
'The separating apparatus 30 is shown as com-
prising a centrifugal separator adapted for down-
ward flow of gas and suspended material, and
comprises a housing of circular-cross-section in-
cluding an upper cylindrical portion 3f and a
Iower portion 32 of inverted frusto-conical shape.
The upper end is closed by a top plate 33 of any
suitable shape. A gas outlet conduit 34 extends
centrally within the lower portion of the sep-
arator housing, from a level considerably above 20
the lower end, thereof downwardly through said
lower end, and opens at its upper end into the
interior of the separator housing as shown at 35.
The point of communication of said outlet con-
duit with the separator housihg may, for example, 25
be adjacent the level of the lower end of the

13

. cylindrical portion 34 and is, of course, substan-

tlally centrally disposed with respect to said hous-
ing. If desired, a suitably shaped hood or baffle
36 may be mounted over the upper end of said 30
outlet conduit, but spaced somewhat above the
same so as to permit outward flow of gas into
said conduit. The cther end of said outlet con-
duit may lead, as shown, to a suitable device such

as a fan or blower 31 for creating the desired 35
flow of gas through the apparatus. In case it is
desired to remove any suspended particles which
may remain in the gas discharged through outlet
conduit 34. the discharge of said fan or blower:
may be connected by conduit 38 to any suitable
means for collection of such material.

Another outlet pipe 39 opens substantially tan-
gentially into the interior of the separator hous-
ing adjacent the periphery thereof and at or
adjacent the lower end of the downwardly con-
verging portion 32 thereof, and said conduit leads
to a suitable device such as fan or blower 41 for
withdrawing gas and suspended particles there-
through. The discharge of said fan or blower may
be connected by conduit 42 to any suitable means,
not shown, such as a centrifugal separator or
filter, for separation and collection of the treated
material from that portion of the gaseous medium
which is removed from the separator 3¢ along
with such material. .

In the operation of the abeve described ap-
'paratus the several fans 25, 31 and 4 are set
in operation, and the furnace or other heat-
ing apparatus ! is also operated, so as to cause . -
gaseous drying medium at suitable temperature 60

45
50

55

C to be delivered from said heating apparatus

through entrance chamber (f, through the re-
stricted throat 2, and thence upwardly through
the drying chamber. The liquid-containing ma-
terial to be treated, consisting in this case of ma-
terial of a solid nature, in suitably crushed,
ground, shredded or otherwise divided condition,
and containing water or other liquid, either chem-.
ically or physically associated therewith, is de- .
livered. to the feed receptacle i3 and thence 70
through spout 14 into the current of air or other =
gas which is induced to flow through condui¢.
-§5 by the reduced pressure crea.ted at the re-
stricted throat 12. Such material is mixed with -
and suspended in said cwrrent of air or other 78

83




4
gas and is carried thereby through said conduit

. and delivered upwardly through the opening 17 .

into the lower portion of the drying chamber.
Such material is thus brought into contact with
8 the ascending column of gaseous drying medium
in said chamber and is simultaneously heated
and carried upwardly thereby, the rate of such
upward movement and consequently the duration
-+ of the drying operation being dependent upon
10 the size and weight of the individual particles.
The velocity of upward gas flow at the lower end
of the drying chamber is sufficient to exert a
great enough upward force to hold all the par~

ticles of material in suspension. Esach particle

16 is carried upwardly until a level is reached at
which the upward velocity of gas is just sufficient
to counter-balance the weight of such particle,
and will thereaffer gradually continue to rise

. as the weight is reduced due to evaporation of

20 liquid therefrom. The cross-sectional area of
the upper end of the drying chamber is so se-
lected, jn proportion to the amount of gas mov-
ing upwirdly at this point, as to provide a cer-

- tain . upward ‘ velocity, which is insufficient to
28 carry away -any particle containing more than
- approximately desired amount of liquid, so that
each particle is caused to remain in the drying
chamber "for whatever length of time may be
necessary to reduce its liquid content to this de-

80 sired point. Furthermore, particles of relatively
high liquid content and consequently of rela-
tively large weight are caused to remain at a

lower level in the drying chamber than particles

of relatively low liquid content, and are thus
35 subjected to contact with the drying medium at
relatively higher temperatures, since it ‘will be
observed that the temperature of the gaseous
- drying medium progressively decreases in its up-
. ward movement through the drying chamber
40 due to transfer of heat to the solid particles
and to utilization of such heat in evaporating
liquid therefrom. Thus the temperature to

‘which each particle is subjected, is progressively

decreased, as the liquid content thereof decreases,

;5 a feature which is of particular advantage in pre- -

venting burning or other injury to the material
being freated. When the liquid content of such
_material is relatively high, burning or injury is
‘prevented .due to the rapid utilization of heat
80 In evaporating such Hquid, and probably also
/dde in part to the presence of an envelope of
liberated vapors around such particle; as the
Tliquid content decreases the particle becomes
more susceptible to injury by heat, but such in-

55 jury is prevented according to this invention by
a corresponding reduction in the temperature to

which the particle is subjected. As the particles

approach the desired state of dryness, and when
" their susceptibility to injury by heat is a maxi-
so mum, they, are subjected:only to the relatively
low temperature of the drying medium at or
near the upper part of the drying chamber. The
automatic removal-of particles from.the zone of
- . highest temperature before the liquid content
65 thereof is reduced below a certain point also
prevents excessive heating and hardening of the
surfaces of the particles, which would not only
result in direct injury to the product, in certain
cases, but would also tend to prevent the desired
70 -evaporation of liquid from the interior portions
of the particles.-

‘Furthermore, particles of relatively large size
are moved upwardly within the drying chamber
somewhat more slowly than particles of rela-

78 tively small size, as the buoyant effect of the gas

3,054,441

on the suspended particles increases to a less
extent with increased size of particle than does
the downward pull exerted by the force of gravity.
This is advantageous, since somewhat more pro-
longed heat treatment is required to remove a 5
given proportion of liquid from a large particle
than from a small particle, due to the longer
time required for the entire particle to become
heated -and also to the greater difficulty of es-
cape of vapors therefrom. The same is also true 10

-of particles of relatively high specific gravity,

as these particles are carried upwardly more -
slowly than particles of relatively low specific
gravity, and also require -more prolonged heat )
treatment due to the fact that they are generally 15
of-a more dense structuré and consequently give-
up their liquid by evaporation less readily.

In the upper portion of the drying chamber, a
portion of the gaseous medium is continually
withdrawn tangentially from the periphery of the 20
chamber through conduit 23 and reintroduced
tangentially adjacent the periphery of said cham-
ber through: conduit 26, and the gaseous medium .
in this portion of the chamber together with the
suspended solid particles contained therein are 25
thereby caused to whirl about the axis of said ~
chamber at relatively high velocity. Any par-
ticles which might tend to pass through the dry-
ing chamber due to the initial upward momen-
tum thereof, are caught in this whirling gas and, 30
due to the relatively large weight thereof, are
driven outwardly by centrifugal force and are
eithet recirculated with the gas through said con-
duits 23 and 26 or are carried around with the
whirling gas in the upper portion of the dry- 35
ing chamber until they are sufficiently dried so
that theéir weight becomes sufficiently small to
permit them to be carried upwardly and inwardly
by the gas, against-the action of centrifugal force,

"and 'to reach the restricted central outlet open-- 49

ing 20. 1 is, thereforel seen that the use of this
restricted central outlet opening is of importance
in connection with the whirling gas movement
in the upper portion of the drying chamber, as
no- particle can move inwardly to said opening 45
and against the actioh of centrifugal force until
its weight is reduced to a certain predetermined
point corresponding to a certain liquid content.

It is evident therefore that both the force of
gravity and centrifugal force are utilized accort- 59
ing to this invention for controlling the duration
of the drying action and for causing all particles
to remain in the drying chamber for just suf-
ficient time to dry the same to the desired extent.

The gas discharged through opening 28, fo- 55
gether with the suspended particles carried there-
by, passes through conduit 2! and enters tangen-
tially into the separator 30. .Said gas passes
downwardly with a whirling motion within the
housing portions 31 and 32, and the major por- go

- tion of the gas is drawn inwardly by the exhaust-

ing action of fan 31 and passes through opening

35 and conduit 34 to said.fan. However, due to
the centrifugal action on the suspended par-
ticles, such particles are prevented from being gs
drawn inwardly with the gas and are concentrat-

ed principally of wholly in the outer layer of the
whirling gas and against the walls of the sep-
arator housing, and are eventually carried down- -
wardly to the lower end of said housing and are 79
drawn off through the discharge conduit 39, to-
gether with a relatively small proportion of gas,
by the action of fan:4l. From said fan this con-
cenfrated suspension of solid particles in a rel-
atively small volume cof zas is delivered through s
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conduit 482 to the above-mentioned means for
separating such suspended particles from this
small volume of gas, and for collecting the dried
material.

One advantage of the use of a centrifugal sep-
arator 30 of the down-draft type, such as above-
described, is that it provides for removal of both
gas and separated solids from the lower portion
of the separator, instead of requiring that a gas
outlet flue be carried up above the top of the sep-
arator housing, as is the case in separators of
the ordinary cyclone type. Since the drying
chamber itself is necessarily of considerable ver-
tical height, and since it is advantageous to have
the conduit 21 extend substantially horizontally
from a position above the drying chamber out-
let opening 20 to the tangential inlet of the sep-
arator 30 in order to minimize the draft loss in
said conduit, it is evident that a considerable
practical advantage in the way of minimizing the
total height of the apparatus is realized by pro-
viding a separator of such type that no additional
head room is required above the top of such sep-
arator.

The temperature of the gaseous drying medium
used, as well as the nature and quantity of such
medium, may be varied in accordance with the
nature and quantity of material to be treated and
the amount of liquid to be removed therefrom.
For example, in one specific instance where it was
desired to substantially dry alfalfa containing ap-
proximately 75% water. good results were ob-
tained by using furnace gases at a temperature
of approximately 625° F. at the point of entrance
into the drying chamber. In any event the quan-
tity of gas used and the initial temperature there-
of should be sufficient so that the temperature of
the gas at the outlet of the drying chamber ‘and
throughout the separating and collecting appa-
ratus is above the dew-point of the gas contain-

ing treated, so as to prevent condensation of lig-
uid in any part of the system. Preferably, the
final temperature of the gases is above the boil-

ing point of the liquid which is to be evaporated.

For example, in the specific instance above-men-

tioned, the quantity of gases used was such that -

the temperature of the gas at the outlet of the
drying chamber was approximately 220° F

The relative quantity of gas circulated through
the conduits 23 and 26, for maintaining whirling
motion within the drying chamber, as compared
to the total gas flow through the system may also
be varied according to the requirements of any
particular operation. For example, in the dry-
ing of alkalfa as above-mentioned, good results
were obtained by circulation of from-600 to 800
cubic feet of gas per minute through said con-

duits, while the total gas volume discharged -

through fan 37 (not including the relatively small
quantity of gas discharged through fan 1) was
from 4500 to 4800 cubic feet per minute, both
these volumes being calculated at approximately
220° F

The upward velocity of the gaseous medium
within the drying chamber, as well as the rela-
tion between the initial velocity at the diameter
d1 and the final velocity at the diameter .dz, may
2lso be varied according to the nature of the ma-
terial to be treated and other conditions. For
example, the initial upward velocity at the bot-
tom of the drying chamber may be from 50 to 150
feet or more per second, and the minimum up-
ward velocity at the top of the drying chamber
may be from %4 to 1/20 of the initial velocity. It

5

will, of course, be understood that all of the above

-values are given only by way of example, and are

not to be considered as limiting the invention to
these particular values.

In the drying of alfalfa with the above-de-
scribed apparatus, the alfalfa may be delivered

to the receptacle 13 in shredded, chopped or other-

wise divided condition, and of sufficiently small
particle size to pass readily through the spout
{4 and to be carried along by the gas passing
through conduit (5. The same method may also
be used for the drying of other liquid-containing
materials of a solid nature, either organic or in-
organic.” However, the invention is particularly
advantageous for the drying of organic materials
which :are more or less susceptible to injury by
heat. -Other examples of materials which may

10
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advantageously be dried by this method are veg-

etables, such as carrots or the like, and various
kinds of fruits, which may also be reduced to
shredded or chopped condition and introduced in
the same manner as described above for alfalfa.

Other means may be used for introducing the
liguid-containing material into the drying cham-
ber. For example, in Fig. 3, the feed conduit 15’
is shown as extending straight downwardly into
a receptacle 45, to a position near the bottom of
said receptacle, and divided solid material, such
as one of the materials above-mentioned may be

delivered to said receptacle as by means of screw

conveyor 46, in such manner as to maintain a
body of such material within said receptacle, as
indicated at 41, up to or somewhat above the low-
er open end of conduit 154 The conduit {5’
opens, as before, into the restricted throat 12’ of
the drying chamber 10°, in such manner that

the reduced pressure created at said throat serves.

20

25

35

to draw the divided solid material from said re-

ceptacle upwardly through sa1d conduit and into
the drying chamber.
- In Fig. 4 I have shown a form of feed means

" particularly-adapted for use in the drying of lig-

uid materials, such as milk or the like, which con-
tain solids in solution or suspension therein. In
this case the feed conduit 15’ extends downward-

-1y into a receptacle 49, into which the liquid ma-

terial is delivered as by means of pipe 5i. The
upper end of conduit 18’’ opens into the drying
chamber adjacent the restricted throat §2’’, and
is- preferably tapered inwardly toward the dis-
charge opening thereof, as shown at 52. Fur-
thermore, in order to assist in atomization or sub-
division of the liquid material into particles of

relatively small size, I prefer to provide a pipe 53"
. which extends upwardly within the pipe 1%,

through which air, steam, or other gas, may be
introduced. Said pipe 53 terminates in an open-
ing adjacent the opening of pipe 15"/, in the well
known manner of spraying or atomizing devices
of this type.

For use in the treatmenf, of lifuids, I also prefer

‘to provide means for introducing air or other gas

at relatively low temperature into the drying
chamber and between the ascending column of
high temperature gas and the walls of said cham-
ber; such relatively cool gas being also preferably
introduced in an upward direction so as to form
a protecting layer which not only tends to pre-
vent contact of the liquid material with the side
walls but also- to lower. the temperature of the
side walls sufficiently to prevent burning or in-
jury to any particles of material which may come
in contact therewith. - For this purpose, the lower
end of the drying chamber {0’’ is shown as pro-
vided With 8 downwardly and outwardly extend-
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spondingly inclined upper edge portion of the en-
trance chamber 11”’, so as to provide an annular
opening or passage IG therebetween, which opens
upwardly and inwardly toward the interior of the
drying chamber.

In the treatment of liquld materials in this
form of apparatus, the liquid is drawn up through
the conduit 15’ due to the reduced pressure
at the throat 12’*. As such liquid emerges from
sald conduit it is atomized or subdivided by the
combined action of the gas admitted through
pipe §3, preferably under suitable pressure; and

the gas passing upwardly at high velocity around

the tip portion §2 of said conduit. The material
thus introduced is heated, and liquid is evapo-
rated therefrom in substantially the same man-

-ner as described above in the treatment of solid
materials, and the apparatus acts as before to
insure the desired degree of removal of liquid
from all of the particles, without injury or ex-
cessive heating of any of the particles, due to
the fact that the size and weight of the particles

decreases as liquid is evaporated therefrom. In

this way, the solids contained in milk, or other
liquid products, may be recovered in dry pow-
. dered condition, without danger of injury thereto
by excessively prolonged contact with gas at high
temperature.

The relatively cool air drawn in. through the .

annular opening 58 passes upwardly along the

walls of the dryiig chamber, as indicated by

the arrows at 88, and assists in preventing the
suspended liquid particles from.contacting .such
side walls and also in maintaining such walls at
& sufficiently low temperature so that any par-
ticles which may come in contact therewith are
not injured or caused to stick to said walls.

The remainder of the operation, including the

40 whirling of the gas and suspended particles in

the upper portion of the drying chamber, the
‘removal of the gas and dried particles from said

chamber, and the subsequent separation of such’
-particles from said gaseous medium, may be car-

45 ried out in substantially the same manner as

above described.
The form of apparatus shown in Fig. 5 com-

. prises a vertically elongated drying chamber {0

-of substantlally the same type as shown in Fig, 1,

50 means llg for introducing heated drying me-

dium from any suitable source. upwardly ‘into
the lower end of said chamber, and a flue 2ia
_Tfor conducting the spent drying medium and
"~ dried particles from the upper end of. sa.id cham-

55 ber.

The principal dlstinction of this form of ap—
paratus from that shown in Fig. 1 is that

the liquid-containing material is introduced into.

the drying chamber at a level somewhat above

60 the lower end thereof. In case the material to

: 05 above the lower end thereof, but at a considera-
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be treated consists of solid material in divided
condition, the means for introducing such ma-
terial may comprise a pipe 81. opening into the
“interior of sald chamber at a level somewhat

ble distance below the upper end of said cham-
. ber, and preferably having its inner end portion

§i’ directed downwardly. A stream of air or -

other suitable conveying fluid may be introduced
through said pipe, and the divided solid ma-

terial, containing liquid which it is desired to

remove thérefrom, may be introduced into said
fluid stream by means of hopper 13z and spout
‘f4a. It will be understood that any other suit-

able means for introducing liquid=containing ma-

. 2,084,441
ing flange 5%, spaced somewhat from the corre- |

terial at an intermediate level in the drying
chamber may be substituted for the means above
described. In case such material is of a liquid
nature, it may be either sprayed or atomized

directly into the gaseous drying medium at the

desired leyel or may be sprayed into a separate
stream of conveying fiuid, such as air, and car-
ried thereby into the drying chamber.

The apparatus may in this case also be pro-

-vided with means for maintaining whirling mo-

tion of the gaseous medium and suspended ma-
terial in the upper portion of the drying cham-

10

ber. Such means may comprise, a8 before, a fan .

or blower 25¢ and conduits 23a and 26a open-
ing tangentially 'into said chamber adjacent the
periphery thereof. In this case, however, the
pipe 23q leading from the drying chamber: to
the inlet of said fan is shown as disposed at a
somewhat lower level than the conduit 26a which
leads from the fan back to the drying chamber,
but this relative disposition is not essential. -

In the operation of the form of apparatus last
described the flow of drying medium into and

through the drying chamber is substantiaily the’

‘same as before. The material to be dried, how-
ever, is delivered into the ascending column of
drying medium at an intermediate level therein,
and preferably in a downward direction. The
lighter particles of such material are more quickly

arrested in their downward movement and carried

upwardly, while the heavier particles continue to
fall to successively lower levels until-their down-
ward movement is finally arrested by the entrain-

~ing effect of the upwardly moving gas, it being

understood that the upward velocity of the gas
at the bottom of the ascending column, that is, at
the point indicated at 63, is preferably main-
-tained sufficiently high to cause substantially all
of the particles of material to be arrested in their
downward movement and. thus prevent the dis-
‘charge of any, appreciable quantity of such ma-
terial through the lower end of the drying cham-
ber. The particles of material are, as before,
carried to progressively higher levels in the drying
chamber as their liquid content and consequentiy

- their weight is progressively reduced, and are thus

brought into contact with drying medium at pro-
gressively lower temperature. Furthermore, all

" the particles are caused to remain within the dry-

ing chamber until their liquid content, and con-
sequently their weight, becomes sufficiently small
to permit the same to be carried upwardly to the
point of minimum gas velocity at the top of the
drying chamber and thence out through conduit
2ia. The whirling gas movement within the up-
per portion of the drying chamber also acts in
substantially the same manner as before, to pre-
vent particles of excessive welght and Iliquid con-
tent from being prematurely carried out of the
drying chamber, and increases the period of sub-
Jection of such particles to contact with the dry-
ing medium.

The apparatus shown in Fig, 6 also comprises a
drying chamber 18 of substantially the same type
a% above described, provided with inlet means {{q
for delivering drying medium upwardly into the
lower end thereof and outlet means 2ia for con-
ducting the spent drying medium and dried ma-
terial from the upper end thereof. A pipe 62 ex-
tends downwardly into the drying chamber and
is preferably disposed substantially axially there-

‘of, and said pipe opens at.its lower end 63 .into

the interior of the drying chamber at a level ad-
jacent the upper end thereof. The material to be
treated may be delivered through said pipe in any
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suitable manner, for example in a manner similar

_to that in which it is delivered through the pipe
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61 in Pig. 5. Any other means for introducing
material of a solid or liguid nature, in divided
condition, into the gaseous medium adjacent the

upper end of the ascending column, may be sub--

stituted for the means above described.
In this case the apparatus is not shown as pro-

_vided with means for maintaining whirling move-

ment in the upper portion of the drying chamber.

- In carrying out the drying operation in this
form of apparatus the material is delivered down-
wardly from pipe 62 into the drying chamber, as

indicated by the arrow at 68. The initial down-"

ward momentum of the particles of material so
introduced, and also the force of gravity acting
thereon, tend to cause such particles to fall toward
the bottom of the drying chamber, but these
forces are opposed by the entraining force of the
upwardly moving gas column. The greater mo-
mentum and greater weight of the larger and
heavier particles; including particles of relatively
high ligaid content, will cause such particles to

-descend to a felatively low lével in said column

before their downward motion is completely ar-
rested, while the lighter particles .will descend to
a less distance and will remain- at relatively high
jevels in the drying chamber. As before, the up-
ward velocity of the drying medium at the lower
end of the drying chamber is sufficient to sub-
stantially prevent outflow of any ‘of the particles
of liguid-containing material into the inlet means
{1a, and such upward velocity progressively de-
creases throughout the height of the drying
chamber, due to the increasing cross-section
thereof.
pended particles, the progressive movement of
such particles to higher levels and consequently
to points of progressively lower temperature, and
the final removal from the drying chamber of
particles whose liquid content is reduced to the

desired point are carried out in this form of ap-

paratus in substantially the same manner as
above deseribed, except for the effect of the whirl-
ing movement in the upper portion of the drying
chamber, which in this case is omitted.

I claim:

1. The method of drying liquid—containing ma-

terials which comprises establishing an ascend--

ing column of gaseous drying medium of upward-
1y decreasing velocity and temperature, introduc-
ing liquid-coniaining material in divided condi-

tion into said column so as to cause removal of .

liquid from such material by evaporation and
cause particles from which liquid is so removed

to be carried upwardly in said column, the drying

medium in the lower portion of said column be-
ing caused to move substantially vertically up-
ward, maintaining whirling movement of gase-
ous medium and suspended particles in only the
upper portion of said column about the axis
thereof, and removing gaseous medium and sus-
pended particles from said column- above the

- . region of such whirling movement.
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* 2. The method of drying liquid-containing mea-
terials which comprises éstablishing an-ascend-

ing column of gaseous drying medium of upwardly

decreasing velocity and temperature, introducing
hqmd-contalmng material in divided condition
into said column so as to cause removal of liquid

_from such material by evaporation and cause par-

ticles thereof from which liquid is so removed to
be carried upwardly in said column, removing
gaseous medium substantially tangentially from
the upper portion of said column and reintroduc—

The removal of Hquid from the sus-

7

ing such gaseous medium substantially tangen-
tially into the upper portion of said column 5o as
to mainfain whirling movement -in said upper
portion about the axis of said column, and re-

moving gaseous medium and suspended particles’

from said column above the region of such whirl~

ing movement, and separating -such gaseous

medium and suspended particles from one
another. .
3. The method of drying liquid-containing ma-

10

terials which comprises establishing an ascend- °
ing column of gaseous drying medium of up- °

wardly decreasing velocity and temperature, in-
troducing liqu'd-containing material in divided
condition into said column so as to cause re-
moval of liquid from such material by evapora-
tion and cause particles thereof from which liquid
is so removed to be carried upwardly by said
ascending column, the drying medium in the lower
portion of said column being caused to move sub-~
stantially vertically upward, maintaining whirl-
ing movement of gas and suspended particles in
only the upper portion of said column about the
axis thereof, and removing gaseous medium and
suspended material from said column above the
region of such whirling movement and solely at
a position disposed centrally of said column and
wholly within an area of considerably less diam-
eter than the maximum diameter of said column.

4. An apparatus for drying Ilquld-contamlng
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material comprising a vertical chamber of up-

wardly increasing cross-section and provided at
its lower end with a restricted throat, means for
delivering gaseous medium at relatively high tem-
perature upwardly through said restricted throat
into the lower portion of said chamber at high
velocity sO as to create reduced pressure at said

86

throat, means for introducing liquid-containing -

‘material in divided condition into the gaseous
medium in the lower portion of said chamber, said "

chamber having an upwardly and 1nward1v di-
rected opening at said restricted throat for intro-
ducing relatively cool gas upwardly into said
chamber adjacent the side walls thereof at a
level adiacent the point of introducticn of -such
liquid-containing material, and means for re-
moving gaseous medium and suspended particles
from the upper portion of said chamber.

5. An apparatus for drying liquid-containing
material comprising a vertical chamber of circular
cross-section and of upwardly increasing diam-
eter, means for introducing gaseous medium at

relatively high .emperature upwardly into the

lower portion of said chamber, means for deliver-

[ing liquid-containing material in divided condi-

tion into the gaseous medium within said cham-
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ber, means. connected to the upper portion of said

chamber for withdrawing gaseous medium there-
from and re-introducing the same tangentially
into the upper portion thereof, so as to create
whirling movement of gaseous medium and sus-
pended particles in only the upper portion of said
chamber and about the axis thereof, and means
for removing gas and suspended partlcles from
the upper portion of said chamber.

6. An apparatus for drying liquid-containing
material comprising a vertical chamber of cir-
cular cross-section and of upwardly increasing
diameter, means for introducing gaseous medium
at relatively high temperature upwardly into the
lower portion of said chamber, means for deliver-
ing liquid-containing material in divided condi-
tion into the gaseous medium within said cham-
ber, circulating conduit means communicating
substantially tangentlally wzth sa.id chamber at
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" from said chamber at a. position above sald circu-'
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two separate positlons fan means connected In
said conduit means fér effecting withdrawal of

gaseous medium from said chamber at one of said’

bositions and reintroduction of said gaseous me-
dium into said chamber at the other of said posi-
tions, said last-named position being located at
the upper portion of said chamber, and means for
removing gaseous medium and suspended particles

lating conduit means.

7. An apparatus for drying liquid-containing

materials comprising a vertical chamber of cir-~
cular cross-section and of upwardly increasing
diameter, means for introducing gaseous medium
at relatively high temperature upwardly into the
lower portion of said chamber, means for deliver-
ing liquid-containing material in divided condi-
tion into the gaseous medium in said chamber,
means at the upper portion of said chamber for
maintaining whirling movement of gaseous medi-
um and suspended particles in said upper portion
of the chamber about the axis thereof, means
closing the upper end of said chamber and pro-
viding a restricted centrally disposed outlet open-
ing whose diameter is considerably less than the

" maximum diameter of said chamber, and means

30

. for removing gas and suspended particles through.

said outlet opening, said means for maintaining
whirling movement in the upper portion of the
chamber comprising conduit means opening at
-each end into said chamber tangentially and in

- opposite directions and at different levels, and fa.n
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means connected in said conduit means.

8. An apparatus for drying liquid-containing
materials eomprising a vertical chamber of cir-
cular cross-section and of. upwardly increasing
diameter, means for introducing gaseous medium
at relatively high temperature upwardly into the
lower portion of said chamber, means for deliver-

ing liquid-containing material in divided con-.

dition into the gaseous medium within said cham-
ber, means at the upper portion of said chamber
for maintaining- whirling movement of gaseous
medium and suspended particles in said upper
portion and about the axis of the chamber, said
chamber having an upwardly converging portion
at its upper end above the region of such whirling
movement and extending from the point of maxi-
-mum diameter upwardly to a restricted central
outlet opening, and means for removing gaseous
“medium and suspended particles through said

outlet opening, said means for maintaining whirl- -

ing movement in the upper portion of the cham-

- -ber comprising conduit- means opening at each

b5
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end. into said chamber tangentially and in oppo-
site directions and -at différent levels, and fan
means connected in said conduit means.

9. An apparatus for drying liquid-containing
materials comprising a vertical chamber whose
major portion isof upwardly increasing diameter
and is of considerably greater hezght than diame(
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ter and whose upper portion converges upwardly
from the upper end of said major portion to .a’
restricted central outlet opening, means for in-
troducing gaseous medium at relatxvely high tem-
perature upwardly into the lower end of said
major portion of the chamber, the interior of said
chamber being substantially unobstructed be-
tween said lower end and said restricted central

“outlet opening, means for delivering liquid-con-

taining material in divided condition into the
gaseous medium within said chamber, means con-
nected to the upper porton of said chamber for
withdrawing gaseous medium therefrom and re-

10

introducing the same tangentially into the upper .

portion thereof, so as to create whirling move-
ment of gaseous medium and suspended particles
in ‘only the upper portion of said chamber about
the axis thereof, and means for removing gaseous
material and suspended particles from said cham-
ber through said restricted central outlet opening.
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10. An apparatus for drying liquid-containing )

materials comprising a vertically extending cham-
ber of circular cross-section and of upwardly in-
creasing diameter, said chamber increasing uni-
formly in diameter from a point of minimum
diameter near the lower end thereof to the upper
end thereof, a frusto-conical member connected
directly to the upper end of said chamber and
provided at its upper end with a centrally disposed
outlet opening, means for delivering heated gase-
ous medium substantially vertically upwardly into
said chamber at said point of minimum diameter,
means for introducing liquid-containing material
in divided condition into the lower portion of said
chamber, and means for maintaining whirling
Inotion of the gaseous medium in the upper por-

_tion of said chamber, about the axis thereof.

- 11. The method of drying liquid-containing ma-
terials which comprises establishing an ascending
column of gaseous drying medium of upwardly
decreasing Velocity and temperature in an inclosed
chamber, continually introducing heated gaseous
drying medium upwardly into said chamber

.through a restricted throat at the lower end

thereof, the velocity of said gaseous medium at
said resiricted throat being sufficient.to create
8 reduced pressure at this point, introducing

liquid-containing  material in. divided condition -

into the ascending gaseous drying medium at the
region of reduced pressure adjacent said restrict-
ed throat so as to effect removal of liquid from
such material by evaporation and cause particles

* thereof from which liquid is so removed to be_car-
.. ried upwardly in said. column, introducing a rela-
“fively cool gaseous me&lium upwardly into said

chamber adjacent thé-side walls thereof at a
point of reduced pressure adjacent said restricted
throati, and removing gaseous‘medium and sup-
ported particles from the upper portlon of said
chamber

EAY]D D. PEEBLES.
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