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METHOD AND APPARATUS FOR DISPERSING 
OR ORYING FLUENT MATERAL IN HIGH 
WELOCITY ELASTC FLUID JETS 

Nicholas N. Stephanoff, Bryn Mawr, Pa., assignor 
to Thermo-Plastics Corporation, Camden, N.J., 
a corporation of New Jersey 

Application February 26, 1940, serial No. 320,788 
15 Claims. 

This invention relates to a method and appa 
tus for drying, in a broad sense, material in the 
form of droplets or particles and, more particu 
larly, to a method and apparatus for effecting 
such drying by the atomization of the material 
to be dried in a high velocity gas or vapor jet 
or jets. 
In my application Serial No. 199,687, filed April 

2, 1938, now Patent No. 2,297,726, there is de 
Scribed the drying, in a broad sense, of material 
by atomization in high velocity gas or vapor jets. 
AS pointed out in said application, in accordance 
with its disclosure drying and comminution of 
materials may be effected to secure extremely 
minute particles. 
cerned with improvements in the methods and 
apparatus described in said prior application; and 
for the broad action of high velocity jets and 
other broader features of this method reference 
may be made thereto. 
The present invention is concerned primarily 

with particular problems arising in effecting the 
results described in said prior application, more 
particularly with quite low pressure jets and 
economy of heat and gas. One of the objects of 
the present invention, for example, is the pro 
vision of improved nozzle arrangements whereby 
deposition of dried or partially dried materials 
is prevented in the vicinity of the nozzles. They 
are, in effect, what might be designated 'self 
cleaning.' Another related object of the inven 
tion is the provision of an apparatus on the walls 
of which deposition of material does not occur, 
particularly in the handling of highly viscousma 
terials relatively difficult to dry. 
A further specific object of the present inven 

tion is the provision of a method and appara 
tus for the more effective handling of highly 
Viscous materials of the nature of the filter cakes 
produced in the manufacture of pigments, such 
as, for example, titanium dioxide. In accord 
ance with the present invention, these pigments 
may be extruded into high velocity jets which 
effect not only the drying, but the disintegration 
of the pigment as well to produce an extremely 
fine product. This involves, furthermore, an im 
proved method of obtaining the final product di 
rectly from a filter cake without going through a 
preliminary drying of the filter cake prior to 
grinding. When drying is effected in conven. 
tional fashion, agglomeration takes place, and 
the resultant dried material is ground only with 
considerable difficulty. By the application of 
the present method, the grinding or disintegra 
tion is effected before the agglomeration can take 

The present invention is con 
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2 
place, and a superior product of very uniform 
nature is thereby secured. 
In accordance with the present invention, the 

drying and/or grinding is effected while the ma 
terial in comminuted form is maintained in a 
relatively restricted zone. Under such circum 
stances, it may be subjected to radiant heat, 
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in the form of infra-red or heat rays, which, in 
the case of a wet material in comminuted form, 
is very effective for applying heat thereto. By 
the use of radiant heat, a desired rise in tem 
perature to facilitate drying may be secured more 
efficiently than through heating by the gas ulti 
lized for the drying. By an extension of the 
application of heat, actual calcination may be 
effected for the production of particular mate 
rials, Such as pigments which involve calcina 
tion to bring then into final form. Under such 
circumstances, there may be produced in a sin 
gle apparatus drying, fine grinding and calcina 
tion with direct collection of the final product. 

In accordance with the arrangement described 
hereafter, Wet grinding of particles can be effected 
with subsequent drying, as well as mere drying 
of solutions or suspensions of sufficiently fine 
particles requiring no further grinding. 
A further object of the invention is the produc 

tion of chemical reactions while one or more of 
the reacting materials is in a fine atomized state. 
A material undergoing drying, grinding and/or 
heating may be reacted with a gas included in 
Or forming an atmosphere into which it is di 
rected or, in fact, with the gas which may be 
used in whole or in part for its drying and 
Comminution. More important, however, is the 
Securing of reaction between two non-gaseous 
substances by their intimate admixture in finely 
Comminuted State. Specifically, in accordance 
With the present invention, the two materials 
in suspension or solution in liquid or even in a 
moderately finely powdered dry state, may be 
projected in finely comminuted form and in ac 
curately regulated proportions into a common 
ZOne wherein violent admixture is effected and 
reaction accomplished. It will be evident that, 
since reaction time is dependent upon contact, 
reactions taking place relatively slowly or neces 
Sarily in relatively dilute solutions under ordi 
nary circumstances can be caused to take place 
with great rapidity, and, if desired, finely com 
minuted solid products may be secured directly 
without going through the usual separate filter 
ing, drying and grinding steps. As an example, 
lithopone may be produced by feeding into the 
apparatus zinc sulphate in the form of a rela 
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tively thick paste with a similar paste of barium 
Sulphide. These two materials, finely atomized, 
are brought together in a common Zone, where 
reaction may take place simultaneously with dry 
ing and grinding. After drying is accomplished, 
the temperature may be raised while the mate 
rial is still in suspension to produce calcination 
and thereafter chilling and collection of the final 
product. By proper proportioning of the react 
ing materials the reaction will be complete with 
substantially no proportion of either of the origin 
nal materials remaining, Thus in a single step 
there may be secured the production of the final 
product normally requiring a number of indi 
vidual steps. 
In the types of apparatus described herein, 

there may also be accomplished the admixture 
of materials involving, for example, coating of 
One material with another, as described in said 
application. 
The above and other objects of the invention, 

particularly relating to details of the method and 
apparatus, will become apparent from the follow 
ing description, read in conjunction with the ac 
companying drawings, in which: 

Figure 1 is a diagrammatic sectional view 
through One form of apparatus designed for car 
rying out the objects of the invention; 

Figure 2 is a transverse section of the appa 
ratus of Figure 1 taken on the plane indicated at 
2-2 in said figure; 

Figure 3 is a vertical Sectional view through 
One of the nozzle assemblies illustrated in Fig 
ure l; 

Figure 4 is a transverse section taken on the 
plane indicated at 4-4 in Figure 3; 

Figure 5 is a vertical sectional view of an alter 
native form of nozzle assembly particularly 
adapted for the more thorough grinding of ma 
terials than that illustrated in Figure 3 and for 
the handling of extremely viscous materials; 

Figure 6 is a section taken on the plane indi 
cated at 6-6 in Figure 5; 

Figure 7 is a section taken on the plane indi 
cated at 7-7 in Figure 5; 

Figure 8 is a section taken on the plane indi 
cated at 8-8 in Figure 5; 

Figure 9 is a diagrammatic view illustrating a 
material proportioning apparatus designed for 
feeding materials to the dryer of Figure 1, and 
particularly materials of highly viscous nature; 

Figure 10 is a vertical section through still an 
other form of nozzle assembly, particularly de 
signed for the intimate admixture of reacting 
materials from the moment of their initial atomi 
zation; 

Figure 11 is an inverted plan view of the noz 
2le assembly of Figure 10, illustrating particu 
larly the relationships between the material feed 
ing nozzles and the disintegrating jets; 

Figure 12 is a vertical section through another 
form of nozzle assembly for dispersing materials 
embodying possibility of ready adjustment; 

Figure 13 is a bottom plan view of the assem 
bly of Figure 12; 

Figure 14 is a sectional diagrammatic view 
illustrating an alternative form of dryer, particu 
larly designed for the utilization of radiant heat; 

Figure 15 is a fragmentary sectional view taken 
on the plane indicated at 5-5 in Figure 14; 

Figure 16 is a diagrammatic view, partially in 
Section, showing an auxiliary grinding attach 
nent applicable to the dryers of the preceding 
figures; and 

Figure 1 is a sectional view illustrating an al 
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4. 
ternative nozzle assembly desirably used in cer 
tain cases, 

In the following description and claims it will 
be understood that where the term 'gas' or 'air' 
is used it is generally to be regarded as synony 
mous with "elastic fluid,' i. e., it includes the 
vapor state of a substance below its critical tem 
perature. As pointed out in said prior applica 
tion, evaporation of a liquid, such as water, may 
be carried out not only in a fixed gas, such as 
air, but in a vapor, including the vapor of the 
liquid to be evaporated in a superheated or re 
duced pressure state, e. g., steam. Vapors as 
well as fixed gases may also be used in produc 
ing chemical reactions as described hereafter. 
Superheated steam is a thoroughly effective dry 
ing medium for materials wetted with water or 
other liquids and, in fact, the desirable effects of 
distillation in steam may be used to produce low 
temperature drying of high boiling liquids which 
are immiscible with water. To simplify the de 
Scription, reference may be made hereafter to 
Specific gases or vapors with the understanding 
that the terms used are to be broadly construed. 
Where "drying' is referred to herein, it will be 
understood that there is included the transition 
from a liquid to a solid or semisolid state, though 
that may not occur by evaporation of a liquid. 
For example, drying in this broad sense may oc 
cur by polymerization of a liquid, as the result 
of chemical reaction, or by chilling of a molten 
liquid. 

Referring first to Figures 1 and 2, there is dis 
closed therein an apparatus adapted, in the form 
illustrated, for drying and comminution and, in 
addition, for performing chemical reactions. By 
slight modifications, as will be apparent here 
after, involving, primarily, different nozzle con 
structions, it may be applied for other purposes. 
The apparatus comprises a shell 2 preferably 

having a cone-shaped lower end, indicated at f6, 
and surrounded by a jacket 4 for heating pur 
poses, as described hereafter. Located within 
the upper portion of the shell 2 are a pair of dis 
persing nozzle assemblies 6 and 8. These are di 
rected within the shell, preferably as indicated in 
the construction lines in the figures, i. e., they 
are located close together and have their axes di. 
rected convergently toward each other (prefer 
ably so as to intersect not far from the assem 
blies) and somewhat eccentrically with respect to 
the lower conical portion of the shell in a direc 
tion opposite the direction of flow of air having 
a general flow countercurrent to the streams pro 
duced by the nozzles. This air is introduced 
through a controlled pipe O and a venturi 2 
which communicates through the opening 4 with 
the lower portion of the cone 6. By reason of 
the provision of the venturi, a smooth high ve 
locity flow of air into the cone is produced, and 
by reason of the peripheral entrance it acquires 
a vortical motion to flow upwardly through the 
apparatus. By reason of the centrifugal action 
which occurs, it tends to flow along the walls as 
it progresses upwardly. The gas introduced at 
the bottom of the apparatus may be hot waste 
gas under low pressure. The heat of this gas 
may be primarily relied upon for the drying, the 
dispersing nozzle gas being cold or only moder 
ately heated. 
The lower portion of the cone 6 communicates 

at 8 with a receiver 20. In most normal opera 
tions of the device, nothing passes into this re 
ceiver 20, but it appears to form a gas cushion 
serving to smooth out irregularities in flow, while 
it is also present to receive any material which 
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might happen to reach it. But if the velocities 
in the shell are properly adjusted, centrifugal 
separation may becaused to occur in the cone 6 
with collection of the dried product in the re 
ceiver 20. 
From the upper, preferably conical, end of the 

shell there extends the outlet passage 22, which 
communicates peripherally at 24 with the upper 
portion of a dust separator and collector, indi 
cated at 26. The final product separated in 26 
is collected in the receptacle 28, while the out 
flowing gas and vapor may escape through the 
passage 30 controlled by a damper 32. A side 
pipe 34, controlled by a damper 36 is adapted to 
lead a controlled amount of the escaping fluid 
through the heater 38 to the jacket 4, whereby 
heating of the shell is accomplished with most 
effective utilization of the residual heat of the 
waste gases. The jacket may discharge these 
gases through the pipe 40. In the event that they 
contain vapors desired to be recovered, suitable 
condensation may follow. 

Referring to Figures 3 and 4, there is illus 
trated therein a form which the nozzles 6 and 8 
may take which is found to be highly satisfactory. 
A tube 42 is provided for the feed of the material 
which is to be dispersed. While the arrange 
ment is capable of dispersing Substantially any 
type of material, it is particularly adapted for 
the dispersion of highly viscous material Such 
as wet press cake, which may have to be extruded 
from the tube 42 under considerable pressure. 
The lower end of this tube is preferably rounded 
and restricted somewhat, as indicated, to secure 
a cleaning action, as will be described. 
About the lower end of the tube 42 is located a 

chest 46 arranged to be fed with steam, air or 
other vapor or gas at high pressure, and, usually, 
high temperature. Nozzles 50 are provided in 
this chest and are directed as Will be evident from 
consideration of the lines indicating their axes 
in Figures 3 and 4, i. e., these axes are so directed 
as to just miss the tip of the tube 42 and be sub 
stantially tangent to the lower end of the tube. 
From this arrangement it will be evident that a 
Swirling array of jets will be provided. 

It has been stated that the axes of the nozzles 
just miss the lower end of the tube 42. This, 
however, does not mean that the jets from the 
nozzles completely miss the tube 42, but actually 
the adjustment is preferably such that the jets 
at their upper sides engage the tube at its tip. 
As a result of this, a violent disturbance is set 
up at the tip of the tube and extends in the jet 
in the form of a wake made up of vortices, and 
the wiping of the tube by the jets prevents any 
possibility of having the material leaving the tube 
cake its outer side or pass upwardly within the 
annular chest 46. 
Above the chest 46 there is provided a conical 

enclosure, indicated at 52, converging down, to a 
throat at the position of the chest. By reason of 
the direction of the jets of gas from the chest, 
a high degree of vacuum is produced in the cone, 
and by reason of its Wenturi action, a high veloc 
ity of down Ward flow of gas Within the throat 
is produced. Desirably the cone may be sup 
ported by means of directing vanes 56, giving to 
the gas flowing through the cone a swirl which 
may be in the direction of, or opposite, the swirl 
produced by the jets from the nozzles 50, depend 
ing upon the action which is desired. In the 
event that it is desired to confine the dispersion 
Which is produced, the rotations thus secured 
may be in opposite directions. If spreading is 

6 
desired, rotations in the same directions are de 
sirable. The divergence of the dispersed cone of 
material nay also be controlled to a substantial 
extent by direction of the jets 50 so as to be tan 
gent to circles of greater or less diameter. 
The jets produced should conform to the con 

ditions described in my prior application Serial 
No. 99,687; i. e., the nozzles should be so formed 
as to produce at least acoustic velocities of the 
gas or vapor in these jets. It is generally desir 
able that the nozzles be of abrupt type to secure 
a maximum of turbulence to promote comminu 
tion or grinding, though smoother flow may be 
desirable (secured by convergent and properly 

15 divergent nozzles) if drying only is desired with 
a minimum of grinding, i. e., if the particles are 
not desired to be of too small size. As pointed 
out in Said prior application, acoustic velocities 
may be secured by the use of abrupt nozzles and 
Superacoustic velocities by the use of convergent 
divergent nozzles. The acoustic velocities corre 
spond to the temperature and pressure conditions 
in the jet. When intensive grinding is to be ac 
complished, the jets from the nozzles 50 are pref 
erably caused to be tangent to a smaller circle 
than that indicated, so that they impinge upon 
each other. In fact, they may be made to inter 
Sect substantially at the axis of the tube 42, in 
which case a maximum of turbulence and grind 
ing is Secured. 
The action of a single nozzle assembly just de 

scribed within the arrangement of Figure 1 is to 
produce along the general line of the axis of the 
nozzle assembly an extremely fine dispersion of 
the material passing through the tube 42. This 
dispersion is bounded by a surrounding atmos 
phere of gas passing at relatively low pressure 
and in large quantity through the cone 52 and 
is thus prevented from impinging upon the walls 
of the shell. Before the dispersion can reach the 
lower portion of the shell toward which the axis 
of the assembly is directed, the expanding dis 
persion, now slowing down, will have met the 
Outflowing gas from the opening 4, which, in 
the lower portion of the cone, has a relatively 
high velocity, slowing up as it enters the central 
portion of the shell. Here again, a protective 
layer of helically moving gas keeps the dispersion 
from reaching the walls of the shell, and by the 

50 time sufficient diffusion can have occurred to 
bring any of the material in contact with the 
shell, it will have been dried and in such a fine 
state that deposit on the shell does not occur. 
As the helix of flowing gas changes to a spiral 

55 approaching the outlet 22, its linear velocity will 
be maintained which means that, with reduction 
of radius, the centrifugal forces on particles in 
crease. Thus if larger incompletely dried par 
ticles reach this region, there will be a tendency 

60 to reject them from the outlet with a probability 
that in their circulation they will be drawn into 
a nozzle assembly cone 52 to be recirculated into 
the lower portion of the drier. 

In the Securing of drying of materials, it is de 
6 sirable first to have as long a period of contact 

of the material to be dried with the drying at 
noSphere as possible, and consequently a rela 
tive movement of the material to be dried and 
the drying atmosphere... Both of these ends are 

70 achieved in the present apparatus, which in 
Wolves both countercurrent and concurrent dry 
ing. The downwardly flowing dispersion has re 
ative movement with the upwardly flowing spiral 
ly moving gas and the path of a particle in con 

75 tact with a drying atmosphere is from the dis 
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persing assembly to a lower portion of the appa 
ratus and then extends helically upwardly to . 
ward the outlet. Throughout this entire path, 
relative motion is produced, as by the meeting 
of the downwardly moving particles or droplets 
with the upwardly flowing gas, and secondly by 
reason of the turbulence set up by centrifugal 
action in the helical flow. It may be pointed out, 
furthermore, that larger particles will have great 
erinertia and hence will reach the lowermostpore 
tions of the shell which are not reached by the 
smaller particles or droplets. In this fashion, the 
larger particles or droplets are brought into con 
tact with the upwardly flowing gas before it be 
comes even partially saturated by evaporation of 

O 

5 
liquid from the finer particles or droplets. Uni 
form effective drying is thereby promoted. 
This action is described for a single nozzle as 

sembly only, as would be used for Ordinary dry 
ing. In the case of two nozzle assemblies, as il 
lustrated, whether for mere drying or for the pro 
duction of chemical reaction or coating, the action 
so far as the shell is concerned is quite similar, 
though the dispersions may be caused to merge 
closely adjacent the assemblies. The matter of 
reactions will be referred to in greater detail here 
after. 
In Figure 5 there is illustrated another form of 

nozzle assembly particularly desirable where vis 
cous material rather than a mobile solution or 
suspension is to be dispersed. In this assembly 
a Venturi entrance passage 58 is assembled to a 
group of gas chests 60, 64 and 68, the inner sur 
faces of which continue the Wenturi passage be 
gun by the entrance 58. The gas chests are re 
spectively provided with nozzles 62, 66 and 70, 
of which, for example, as indicated in Figures 7 
and 8, the nozzles 62 and TO may be directed to 
produce a rotation of the gas in a clockwise di 
rection, viewed from above, and nozzle 66 may 
tend to produce rotation in a counter-clockwise 
direction. The axes of these nozzles are disposed 
as indicated in the figures, and if reverse direc 
tions of rotation are imparted by the successive 
sets, intense turbulence and comminution of the 
material to be dispersed is effected. 
A central tube 72 is provided for the introduc 

tion of the material, this tube being restricted, as 
indicated at 4, at its lower end. The material 
enters this tube from the chamber 76, to which 
entrance is afforded through the central tube 78 
and a group of tubes 80 communicating with the 
chamber 76 through eccentrically directed pas 
sages, indicated at 8 in Figure 6. This arrange 
ment provides considerable flexibility for use with 
various types of materials. If the material to be 
introduced is plastic in nature but flows compara 
tively readily, it may be forced into the chamber 
76 through either the axial or peripheral en 
trances and extruded therefrom through the tube 
72 into the region of the jets issuing from the gas 
nozzles. In such case of extrusion, it is not nec 
essary to have the upper jets wipe the lower end 
of the tube, as illustrated in Figure 3, the extruded 
rod of material meeting the jets and being broken 
up by them as it projects thereinto. If the mate 
rial is more viscous, so as to be desirably diluted 
with gas as it leaves the tube 72, the material 
may be forced into the chamber 76 at 78, there 
to meet jets of gas issuing from the passages or 
nozzles 8, so that there will emerge from the 
tube 72 at high velocity the material already sub 
stantially suspended in the gas. Liquid for its 
dilution may be introduced instead of the gas. 
Alternatively, the material to be dispersed may 
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s 
be introduced through the peripheral tubes and 
gas introduced through the central tube 18 tend 
ing to force it directly through the tube 2. The 
approach of the tube 72 to the dispersing jets may 
be varied to secure the most desirable action, de 
pending upon the nature and particularly the vis 
cosity of the material to be dispersed. In the case 
of low viscosity material it may be located to be 
wiped by the uppermost jets as in the modifica 
tion of Figure. 3 to produce suction and turbu 
lence. It may be noted that even if the jet is of 
smooth flow characteristics, such as a jet of su 
peracoustic velocity produced by a De Laval noz 
2le, turbulence will result as it reaks away from 
a surface at the feed tube tip in contact with 
which it flows. . . . 
As in the case of the modification of Figure 3, 

a high velocity of flow takes place through the 
Venturi approach, cleaning out of the passages 
any material which might tend to pass upwardly 
and forming, in effect, a sheath of gas about the 
dispersion promoting evaporation and preventing 
its deposition in Wet state upon the walls of the 
apparatus. 
To secure most intense grinding in the type of 

assembly illustrated in Figure 5, the jets are 
caused to inpinge upon each other to a maximum 
degree. The material so ground in the wet state, 
then in a finely dispersed form, is dried in the 
region through which it Subsequently travels. 

It will be evident that with the use of single 
dispersing nozzle assemblies in the apparatus of 
Figure 1 or the use of a plurality of such assem 
blies handling the same materials, not only may 
drying be effected, as indicated above, but reac 
tions with gas may be produced if the gas enter 
ing the casing 2 at 4 and/or the gas used for 
dispersion is adapted to react with the material 
dispersed. Thus, for example, vapors of form 
aldehyde may be caused to react with phenolic 
substances to form plastics recovered directly in 
a finely divided form suitable for introduction 
into molds. Similarly, other vapors or gases, such 
as ammonia, other aldehydes, etc., may be reacted 
with sprayed liquids. 
More important than the reactions with gases, 

however, are the reactions achieved between ma 
terials fed selectively through a plurality of noz 
Zle assemblies or dispersed individually in a sin 
gle assembly, as described in greater detail be 
low. The speed of chemical reaction is depend 
ent largely upon the surface contact of the re 
acting materials, particularly in organic reac 
tions which are frequently very slow when oc 
curring between liquids, liquids and solids, or 
solids and solids in solutions or suspensions. If 
Such materials are finely dispersed, and, in such 
state, admixed, or, alternatively, partially or com 
pletely admixed and then immediately dispersed, 
the reactions are greatly accelerated. The speed 
ing up of reactions, however, is not the sole ad 
vantage. If a reaction, for example between two 
salts, results in the formation of a precipitate, 
the final product may only be secured from a re 
action in Solution through the medium of filtra 
tion, washing and drying; and if a finely com 
minuted product is required, this drying is gen 
erally necessarily followed by grinding because, 
in the precipitation in solution and in the filtra 
tion, agglomeration occurs. If the materials are 
brought together infinely comminuted form, how 
ever, while wet (either in solution or suspension) 
the reactions will take place with the formation 
of products in finely comminuted form. If dry 
ing then occurs, a fine powder is produced which, 
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unlike precipitates, even if thereafter wetted, will 
not agglomerate. Since agglomeration is a mat 
ter of time, it is possible usually to achieve simi 
lar results by causing reaction to occur, and then, 
before agglomeration may happen, dispersing the 
product. If there is produced in this reaction 
no material which need be washed from the solid 
product, the result is the direct production of an 
extremely fine powder. If, on the other hand, 
a soluble salt remains which must be washed out, 
the dried powder can be subjected to Washing 
and can then be filtered, washed and dried, gen 
erally without further agglomeration, since it has 
already passed into a stable physical state, non 
conducive to the further growth of the particles. 
Such a Wet washed powder can be dried by a 
subsequent operation in the machine illustrated. 

Generally, in reactions in which one material 
is not a gas, it is necessary for economy, if not 
for the obtaining of a desired final product, that 
the reacting materials be fed in rather close'y 
related proportions. These proportions need not 
necessarily be chemical equivalents but may in 
volve predetermined excesses of one or more ma 
terials to secure most effective reaction in ac 
cordance with the law of mass action. In con 
ventional batch processes or even continuous proc 
esses in which the time of reaction is indefinitely 
long and thorough intermixture may be leisure 
ly caused to occur, it is sufficient that the mate 
rials be measured out in desired proportions and 
mixed together either at one time or progres 
sively. In the described apparatus, however, it 
will be evident that a particular small amount of 
material passing from one nozzle assembly will 
be completely out of the reaction zone in a time 
of the order of a fraction of a second to not more 
than a few seconds, and hence it is necessary to 
feed the materials continuously in continuously 
closely regulated proportions to insure that the 
reaction will be completed or have proceeded to 
the desired extent before drying occurs and, at 
any rate, while the materials are in suspension, 
i. e., before they come to a condition in which 
agglomeration can occur in a separator or col 
lector. To this end, there may be provided a pro 
portioning apparatus of the type illustrated in 
Figure 9 for feeding the resrective reacting ma 
terials to the nozzle assemblies 6 and 8 through 
the feed tubes 2 and 23. 
In Figure 9 there is indicated at 82 a shaft 

suitably driven at a suitable high rate of speed 
and connected to discs 84 and 86, which carry 
radially adjustable crank pins 88 and 90, desir 
ably in the same phase relationships, though this 
phase may be desirably adjustable, as indicated 
hereafter. These crank pins operate in slotted 
cross-heads 92 and 94, respectively, carried by 
plungers 96 and 98, which, at their lower ends, 
are reduced to provide pistons foo and fo2, work 
ing in cylinders 04 and 06. These cylinders 
receive, respectively, through connections includ 
ing check valves fo8 and fo, materials from sup 
ply tanks 6 and 8. If highly viscous mate 
rials are being handled, gas pressures may be 
maintained on the materials in these tanks 
through the medium of connections 20 and 22. 
In such case, the rate of feed may be controlled 
by control of the pressures, as indicated by suit 
able gauges, to insure that on the upstroke of 
each piston the corresponding cylinder will be 
filled with material and not have therein spaces 
in which may exist partial vacuum. Stirring 
means may be present in tanks 6 and 8 to 
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maintain uniform suspensions or mixtures there 
in. 
The cylinders discharge through connections 
24 and 26, containing discharge check valves 
f2 and f4 (sufficiently resisting direct passage 

of material due to pressure in tanks 6 and 8) 
into containers 25 and 27, in the nature of air 
domes to smooth out the fluctuations, and from 
these cylinders there extend connecting tubes 
2 and 23 to the nozzle assemblies such as 6 
and 8 of Figure 1. 
By the use of this apparatus and the proper 

adjustment of crank pins 88 and 90 radially, and 
with a suitable high velocity of rotation of the 
shaft 82, coupled with small size of cylinders fo4 
and 06, there can be insured a carefully con 
trolled delivery of proportionate amounts of ma 
terials through the assemblies, the amounts being 
so proportioned as to secure the desired reaction. 
Substantially continuous streams of materials in 
finely suspended form will issue from the noz 
zle assemblies at an accurately predetermined 
rate in the case of each to insure complete re 
action in the limited zone afforded by the flow 
through the apparatus. If materials of different 
viscosities are fed, then to insure simultaneous 
delivery of portions corresponding to strokes of 
the pistons it may be desirable to adjust the 
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phase relationship of the crank pins because of 
slight lags occurring in passage of the more vis 
cous material to its nozzle assembly due to elas 
tic effects in the feed line. 
As an example of the type of chemical reac 

tion which may be produced, there may be men 
tioned the production of lithopone by the spray 
ing into a common reaction zone of an aqueous 
paste of zinc sulphate and an aqueous paste of 
barium sulphide. In the feeding of these mate 
rials, stirring may be used to maintain the ma 
terial fed of uniform composition and adjust 
ment of feeding means such as that of Figure 9 
made upon analysis of the materials to insure 
their feed in equivalent quantities. The reaction 
between the two constituents will take place with 
great rapidity, in view of the large Surfaces Offered 
for reaction by the droplets or particles, and the 
result will be a dry cloud of fine particles com 
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posed of zinc Sulphide and barium sulphate. This 
cloud may be passed through a calcining zone 
provided either in a separate apparatus or by 
the introduction of sufficiently hot gases, for ex 
ample. in the bottom of the apparatus of Figure 1. 
If chilling of the particles is desired, large quan 
tities of air at Ordinary temperature may be ad 
mixed with the suspension prior to its reaching 
the separator. It will be evident that the reac 
tion may take place in inert gas or in a reduc 
ing gas if the temperatures used are such that 
detrimental oxidation might possibly take place in 
air. In the case of chemical reactions, not only 
can there be removed by evaporation liquid sol 
vent, but there may also be removed volatile solid 
products of a reaction if the temperature required 
is not too high to cause damage to the other 
particles. For example, in the precipitation of 
chemical bases by the use of ammonium hydrox 
ide, the resulting ammonium salt may be vola 
tilized together with the water used for solution 
or Suspension and the base in a dry form and 
free of ammonium salt recovered. In such case, 
the volatilizing temperature must be maintained 
through the dust collector, and the spent vapors 
may be fractionally or wholly condensed to re 
cover material of value such as, in the example 
justmentioned, ammonium salts. Evaporation or 
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volatilization of products of many reactions will 
cause them to approach substantial completion 
according to the law of mass action. 
In the operation of the apparatus in Figure 1 

in accomplishing a chemical reaction, the pro 
portioned amounts of materials intermix in the 
region about the dash lines indicated in that 
figure. Generally speaking, the materials will be 
initially moist with aqueous or other suspending 
liquid or solvent, though, of course, either or both 
may be completely in solution. As the reaction 
proceeds, evaporation of the solvent or Suspend 
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ing liquid simultaneously occurs and this evapora 
tion may be substantially complete before the sus 
pended material reaches the cone 6. At this 
point its velocity in a downward direction will be 
greatly reduced, and as it meets the relatively 
high velocity vortical flow in the cone the direc 
tion of movement of the suspension will be up 
Ward in a spiral direction adjacent the Walls. 
The adjustment should be such that, before any 
particles can reach the walls 2 they will have 
been dried So as not to adhere thereto. The sus 
pension carried upwardly, with centrifugal sep 
aration and recirculation of large particles 
through cones such as 52, will pass out through 
connection 22 to the separator 26. In some cases, 
Some of the material will enter the receiver 20. 
More usually, if a fine product is desired, little 
Or no material will reach this receiver. 

Not only chemical reactions but physical ad 
mixture or coating and quasi-chemical reactions 
may be produced. For example, lakes may be 
formed by Spraying together a metallic base and 
a dye Solution, the resulting pigment in a fine 
state resulting directly as a product. Or particles 
intended to form the disperse phase of an emul 
sion may be coated with a dispersing agent, such 
as a Soap, to produce a fine powder which forms 
an emulsion directly upon introduction into a 
liquid. 

Polymerizations may also be effected, for ex 
ample, the catalytic polymerization of liquid iso 
butylene, by dispersing it into admixture with a 
catalyst Such as aluminum chloride or boron 
fluoride at a low temperature (O. F. to -40° E.). 
The Viscous resulting product may be admixed 
with other materials while in the dispersed state 
and before it may engage and stick to the walls 
of the apparatus. 

In the case of reactions of materials with gas, 
a similar action takes place, and a similar flow of 
Suspended material occurs also in the case of or 
dinary drying, in which there may be used only 
a single nozzle assembly. Similar actions occur 
in the use of the other nozzle assemblies hereto 
fore described. 

In the case of the nozzle assembly of Figure 5, 
it will be evident that great freedom of choice in 
the admixture of materials may be had. Partial 
admixture may occur in chamber 6 and tube 72 
accompanied by partial reaction. Dispersion may 
Occur before any, agglomeration can take place. 
Reacting gas or gases may be introduced through 
one or more of the nozzle groups 62, 66 and O. 
While heating may be accomplished by the in 

troduction of hot gases for atomization through 
the nozzle assemblies in Figure 1 and by the in 
troduction of hot gas through the passage 2, 
and by reason of the provision of a hot jacket 
indicated at 4, materials in fine suspension are 
adapted to be quite efficiently heated by the use 
of radiant heat. The use of radiant heat for 
directly heating suspensions eliminates the losses 
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58, as illustrated, 

2 
gas, passing this to a drier and then producing 
a heat interchange between the gas and the man 
terial to be dried. By the direct application of 
radiant heat to the suspension, losses are avoided, 
and the heat may be more eficiently utilized, 
Since it must not be brought to the liquid to be 
evaporated through the medium of a gas of low 
Specific heat and poor heat absorbing qualities 
Such as air. Radiant heat is readily absorbed by 
dispersions, particularly when they contain solid 
particles. In the formation of dispersions as de 
Scribed herein, temperature drops generally occur 
at the nozzles due to expansion, and radiant heat 
may be utilized directly at these points to raise 
the temperature of the dispersion to the proper 
degree. 
In the apparatus of Figure 14, the arrangement 

is such as to impart, heat to a material being 
dried, or to materials undergoing chemical reac 
tion, by means of radiant heat to a primary ex 
tent. Such chemical reaction may be between 
tWO materials or may consist of polymerization 
of a single material. For example the polymeriza 
tion of styrene may be started while the styrene 
is in a dispersed state to form polystyrene resin 
in a finely Comminuted form. In the case of 
an exothermic reaction such as this polymeriza 
tion, the application of the radiant heat is local 
ized So that the dispersion rapidly passes from 
the region of its application, and into a cooler 
region. 

In the apparatus of Figure 14, there is pro 
vided a shell 28 having a dome shaped top 
30 surrounded by a combustion gas chamber 
32, within which is burned fuel such as oil from 

burners 34, receiving their air through passages 
36. These products of combustion may raise 
the dome 30 to a temperature desired to secure 
the necessary amount of infra red or heat radi 
ation. The products of combustion may escape 
through the outlet 38. 
The lower end of the shell has a conical shape 
40 and communicates with a separator 42, of 
conventional type from which there extends the 
Outlet, 44. As indicated diagrammatically to 
the left of this figure, vapors or gases from which 
the Solid material has been separated may be 
pumped by means of a pump or blower 48 into 
the top 50 of a jacket 52 surrounding the 
combustion chamber 32. This jacket 52 has 
a skirt portion 54 from which the gas and 
vapors heated by passage over the combustion 
chamber 32 may enter the shell through open 
ings 56, being given a rotary flow by guide vanes 

Inasmuch as increasing 
amounts of vaporS are being continuously formed 
by the evaporation of liquid, a controlled escape 
46 is provided to bleed from the apparatus the 
exceSS vapors. The material to be dried may be 
introduced through the nozzle assembly 60. If 
chemical reactions are to take place, a plurality 
of Such assemblies may be provided as illustrated 
in Figure 1. 

It Will be evident that the material will be 
heated in this apparatus to a very substantial 
extent through the medium of radiant heat from 
the Source surface 30. Further heating, of 
course, takes place by the introduction of the 
heated vapors and gas at 56. The dispersing 
gas or Vapor may also be heated to a consider 
able extent. By the provision of the recirculat 
ing arrangement for the gaseous fluid, the ef 
ficiency of the apparatus is greatly increased, 
Since the heat of the hot gases is not entirely lost. 

involved in first heating a drying atmosphere of 75 The heat from the escaping gases at 46 may 
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be transferred through heat transfer apparatus 
to preheat the fluid used for the dispersing or 
to preheat the solutions or suspensions of ma 
terials to be dried or reacted. 
By the use of the arrangement shown, dust 

and wet particles will not reach the radiating 
surface 30 and the dispersion or fog will have 
the radiation playing down upon it. 
While radiant heat may be provided from a 

hot surface such as 30, it may be supplied, par 
ticularly if infra-red radiation is primarily de 
sired, from infra-red electric bulbs located in a 
dome such as 30 along with suitable reflectors. 
Infra-red radiation is particularly effective for 
the heating of fogs which are deeply penetrated 
by it to secure thorough heating of a dispersion. 
Flames open to the drying region may also be 
used for supplying radiant heat without danger 
of contamination of the product with combus 
tion gases if a pressure is maintained to drive 
the combustion gases away from the drying Zone 
and to maintain the product of the drying away 
from the zone in which it can remain only by 
incorporation in a jet. For example, if open 
flames are provided in the location of the dome 
30, and a slight excess of pressure is main 

tained therein, with suitable outlets for the prod 
ucts of combustion, this separation may be main 
tained. In many cases, however, separation is 
quite unnecessary, and in such case, the radiant 
heat of flames may be used as well as direct heat 
ing by the products of combustion which may 
pass with the evaporated vapors to the outlet and 
collector. Such an arrangement is particularly 
desirable where calcination of the product in a 
finely suspended State is desired, in which case 
flames may be projected directly into the disper 
sion. Heat may be quite locally applied, for ex 
ample being focussed on the region in which a 
dispersion is being formed by the use of a heat 
ing bulb and reflector, when it is desired merely 
to start a reaction which is exothermic in char 
acter, as in the case of certain polymerizations. 
The reaction may be exothermic to such ex 

tent that, after it begins, cooling should be effect 
ed. This may be done in the apparatus of Fig 
ure 1 by introducing cold, rather than hot gas 
at 4. Such introduction of cold gas is also used 
where the apparatus is used for the chilling of 
dispersed droplets of molten material. In the case 
of the latter procedure, if it is desired to prevent 
adherence of solidified droplets of bituminous or 
Waxy materials, a suitable dust-laden atmos 
phere may be introduced from outside the ap 
paratus by means of a conduit connected to one 
or more of the funnels such as 52. The dust will 
coat the particles of plastic material preventing 
their adhesion. The dust may consist of a dis 
persing material So that the final product when 
mixed with a liquid may form directly a disper 
sion or emulsion. 
In the types of apparatus illustrated in Fig 

ures 1 and 14, the products of either drying or 
reaction will generally be in an extremely fine 
state, but sometimes the fineness will not be 
sufficient. Accordingly, a further grinding of the 
product may be desirable, and for this purpose 
there may be added the apparatus illustrated in 
Figure 16. 
At f6 in this last figure, there is illustrated a 

cone which may be either the cone f6 of Figure 1. 
or the cone f40 of Figure 14, in either case 
designed to receive particles which are to be 
further ground. In the case of the apparatus of 
Figure 1, for example, the velocity of flow through 
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the passage 2 may be so controlled that the 
upward flow within the chamber 2 is so low as 
to carry through the outlet 22 only very fine 
particles. In such case, the larger particles may 
settle down through the cone such as 76. The 
pressure within the apparatus is then also desir 
ably increased (by restriction of the upper Out 
let) so that in the cone 76 will be Secured a 
sufficient pressure to cause the gas therein and 
suspended particles to be forced through the ex 
tension 78 and nozzle openings 80 in an end 
less tubular passage, as illustrated. These noz 
zles may be controlled by gates indicated at 82, 
to secure greater or less velocity of entrance of 
materials into the passages 80 and to control 
the pressure drop. 

It will be noted that evaporation of liquid will 
increase the pressure in the drying apparatus if 
the outlet is restricted and Will furnish a COn 
siderable volume of gas to form the jets in the 
auxiliary grinding apparatus. The material is 
already entrained in the gas So that high veloc 
ity jets may be produced by nozzles 80 without 
regard to entrapment of material. Material 
which is originally quite wet is very effectively 
handled by this apparatus because of the large 
quantity of steam produced by evaporation in the 
drier which becomes available for the grinding 
jetS. 
The tubular apparatus comprises a lower bend 

84 and an upper bend 90 connected by straight 
portions f88 and 92. An outlet 94 communi 
cates with the inner side of the straight down 
flow passage f 92 and serves to lead centrifugally 
separated fine material into the separator 96, 
communicating with the collector 98 and the 
outlet pipe 200. Within the tubular grinder the 
final commin1ition of the material takes place in 
the high velocity auxiliary jets issuing from noz 
Zles 86. In the upper bend centrifugal sepa 
ration takes place with the result that the heavier 
particles are thrown outwardly and hence caused 
to recirculate through the device, while the finely 
ground particles may be carried through the pas 
sage f$4 of the separator. The operation of 
this tubular mill is described in my application 
Serial No. 235,139, filed October 15, 1938. The 
nature of the comminution occurring therein and 
the construction involved are described in said 
application. 

For the purpose of securing a zone of reaction 
extended to the maximum, it is desirable that 
the reacting Suspensions should be in intimate 
contact substantially from their initial disper 
sion. Accordingly, instead of having independ 
ent assemblies, such as 6 and 8, spraying their 
Suspensions into reactive admixture, it is more 
desirable to utilize an arrangement such as that 
illustrated in Figure 10. In this figure a series 
of tubes, 202, 204 and 206, of any suitable num 
ber, terminate closely adjacent each other in out 
lets 208, 20 and 22. The material issuing from 
these Outlets is engaged by high velocity jets 
issuing from nozzles 24, 26 and 28. In a pre 
ferred arrangement, the nozzle openings are 
duplicated in each of these, as indicated at 220, 
and are directed so as to converge substantially 
at the location of the outlets of the tubes 208, 
20 and 22. Preferably, these high velocity jets 
should barely wipe these tips to secure the most 
effective dispersion of the materials. The direc 
tions of these jets are preferably as illustrated 
in Figures 10 and 11, i. e., downwardly and tan 
gentially to a circle in which the openings of 
the tubes lie, so that a downward and spiral 
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motion will be given to the dispersions, very sub 
stantially promoting their almost immediate in 
termixture. Additionally, as in the case of the 
nozzie assemblies already mentioned, a cone 22 
is provided to form a Wenturi approach, the 
throat of which is in the vicinity of the forma 
tion of the dispersion. Thus a large volume of 
gas sweeps downwardly tending to confine the 
dispersion and shield it as a dynamic barrier from 
the walls of the apparatus. The dispersing are 
rangement just described will, of course, take the 
place of the nozzle assemblies heretofore de 
scribed. 

For drying purposes, especially where attends 
ant grinding is desired, a desirable form of noz 
zle assembly is that of Figures 12 and 13. In this 
modification, a central member 226 has an Open 
ing fed by a tube 228 with a suitable elastic fluid. 
The passage through 226 is preferably in the 
form of a nozzle having a throat 232 and a 
diverging outlet 230. At its outside the member 
226 is formed as illustrated, with a conical lip 
at 234. Threaded to its exterior and securable in 
adjusted position by a lock nut 235 is a sleeve 
member 236 provided with an inner conical Sur 
face corresponding to the surface 234 and pro 
viding with it a conical shaped opening 242 which 
can be adjusted, as will be obvious, by axial 
movement of the sleeve 236 relative to member 
226. Between the two members 226 and 236 there 
is provided the chamber 240 to which the mate 
rial to be dispersed may be fed through con 
nection 238. The sleeve 236 supports through 
the medium of arms 244 a cone 246 threaded at 
248 to support the elastic fluid chest 250 adapted 
to receive the dispersing fluid through connec 
tion 252 and project it at high velocity through 
the nozzles 254. The direction of these nozzles 
may be understood by comparison of Figures 12 
and 13, in which it will be noted that the axes 
of these nozzles are directed Substantially tan 
gential to the conical outlet 242 as viewed in 
inverted plan in Figure 13 and in a downwardi 
direction as viewed in Figure 12. The jets from 
these nozzles will wipe the metal Walls bounding 
the opening 242 and, it will be noted, will strike 
all parts of the conical sheet of the material 
to be dispersed issuing from the opening 242. 
The gas drawn at high velocity through the COne 
246, and received either from the interior of 
the apparatus or through a conduit communicat 
ing with the exterior atmosphere or a source of 
relatively low pressure gas, will again form an 
outer dynamic barrier while the gas flow through 
the nozzle 230 at high velocity will engage the 
inner face of the dispersed sheet, so that the 
result is a cone of dispersed material engaged 
both exteriorly and interiorly with gaseous fluid 
to produce a high rate of evaporation. In view 
of the conical nature of the dispersion produced 
by this nozzle, it is not so well adapted to the 
production of chemical reactions by association 
with another of similar type as are the nozzles 
discussed previously. However, if there is no 
objection to having the reacting materials inter 
mixed immediately before dispersion, a mixture 
thereof may be formed in the chamber 240 and 
dispersion with proper reaction will then occur. 
This dispersing assembly is particularly useful 

with heavy viscous materials because of the thin 
sheet presented essentially edgewise to the 
nozzles. In the case of feed of heavy rods of 
viscous and adherent material, for example from 
the nozzle of Figure 3, the impact of the jet with 
the material may use up so much of its energy 
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that complete fine uniform dispersion may not 
occur. This difficulty is met in this last arrange 
ment, in which the thin sheet of material is 
sheared edgewise. 
The various dispersing assemblies described 

involve in Common the direction of a plurality of 
high velocity jets at acute angles to a restricted 
region of a plane towards the same side thereof 
but with their axes in non-intersecting directions 
to form a dispersion of material flowing from 
said region in the fluid from the jets. The axes 
of these jets are preferably in the same skew 
direction relative to a line normal to Said region. 

In Figure 17 there is shown still another form 
of nozzle assembly designed for the effective dis-- 
persing of relatively low viscosity material. This 
comprises a tube 260 having a head 262 of Smooth 
form, preferably spherical or ellipsoidal in nature. 
This head 262 is provided with a plurality of 
openings, indicated at 264. Directed toward the 
rearward portion of the head are nozzles 268 on 
the ends of tubes 266. Any suitable plurality of 
such nozzles may be provided, or even one may 
be used if completely symmetrical results are not 
required. Gas issuing from these nozzles tends 
to spread itself about the head 262 and then 
streams therefrom, Carrying with it material 
which is pulled from the head by the suction in 
the vicinity of the openings 264 set up by the 
breaking away of the stream from the surface 
along which it flows. It may be remarked that 
this creation of suction to a considerably greater 
degree than in the preceding modifications makes 
this type of arrangement particularly attractive 
when it is not desired to feed the material to be 
dispersed under pressure. m 
In the case of all of the dispersing assemblies 

it is desirable to have one or more high velocity 
jets of elastic fluid wipe over a convex surface in 
the region of an opening in the surface through 
which there is introduced the material to be dis 
persed, so that the stream of fluid breaks from 
the surface in the vicinity of the opening to en 
train and form a dispersion of the material. An 
exception is the apparatus of Figure 5 in which 
a highly viscous material Such as filter cake may 
be projected into the path of jets by extrusion. 
The gas nozzles in all the forms of the appa 

ratus disclosed herein are desirably of the types 
described in detail in my application Serial No. 
199,687, the particular forms used depending 
upon the type of flow required in the case at 
hand. 
What I claim and desire to protect by Letters 

Patent is 
1. The method of drying material comprising 

passing material to be dried through an opening 
in a convex surface, and directing a high velocity 
jet of elastic fluid to Wipe, Subsequently to its 
formation, Over Said convex surface in a direction 
in which said Surface has Substantial curvature 
and in the vicinity of Said opening So that the 
stream of fluid breaks from the curvature of said 
Surface adjacent said Opening to entrain and 
form a dispersion of the material in fluid from 
the jet. 

2. Apparatus for forming a dispersion of mate 
rial comprising a plurality of Series of nozzles 
discharging into a relatively restricted passage, 
and means for feeding material to be dispersed 
to the nozzles of one of said series, all of said . 
nozzles being directed in the same general direc 
tion in Said passage, so that the dispersion formed 
by the first series passes in turn through the jets 
issuing from the nozzles of the Subsequent Series, 
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said series of nozzles being arranged to produce 
helical flow of the dispersion within Said passage. 

3. Apparatus for the dispersion of material 
comprising a receiver, means providing a con 
verging fluid guiding region within said receiver 
and spaced at least in part from the Walls there 
of, both ends of said means being Open to fluid 
within the receiver so that fluid leaving one end 
of said region may enter the other end thereof, 
means for producing in the vicinity of the throat 
of said region a high velocity jet of elastic fluid 
directed away from the enlarged entrance por 
tion of Said region and arranged to induce flow 
through Said region, and means for introducing 
material to be dispersed into Said jet. 

4. Apparatus for forming a dispel'sion of ma 
teriai comprising means having a convex surface 
provided with an opening through which the 
material may emerge at a low speed, and a nozzle 
spaced from said surface for directing a high 
velocity free jet of elastic fluid having a substan 
tially definite linear direction of flow to wipe 
over said convex surface in the vicinity of said 
opening, So that the stream of fluid breaks from 
said surface adjacent said opening to entrain . 
and form a dispersion of the material in fluid 
from the jet. 

5. Apparatus for drying material comprising a 
receiver having its upper end communicating 
centrally with a discharge passage, elastic fluid : 
guiding means located inside the upper portion 
of said receiver at one side of the discharge pas 
Sage, means for providing a dispersion of mate 
rial flowing at high velocity in a downward direc 
tion from Said elastic fluid guiding means and 
serving to induce, flow therethrough, and means 
for providing a spirally ascending flow of elastic 
fiuid through said receiver, said guiding means 
Communicating at its upper end with the region 
in the upper portion of the receiver so that in 
jection of fluid through the guiding means is 
effected from a portion thereof moving spirally 
in Wardly towards said discharge passage. 

6. The method of drying material comprising 
directing a plurality of high velocity jets of 
elastic fiuid into a receiver, said jets being 
directed, convergently with respect to each other, 
at acute angles to a restricted region of a plane 
towards the same side thereof but with their axes 
in non-parallel and non-intersecting directions, 
and introducing into said jets material to be 
dried, thereby forming a dispersion of said ma 
terial flowing from said region in fluid from 
the jets. 

7. The method of drying material comprising 
directing a plurality of high velocity jets of 
elastic fluid into a receiver, said jets being 
directed, convergently with respect to each other, 
at acute angles to a restricted region of a plane 
towards the same Side thereof but with their 
axes in non-parallel and non-intersecting direc 
tions and in the same skew direction relative to a 
line normal to said region, and introducing into 
said jets material to be dried, thereby forming 
a rotating dispersion of said material flowing 
from said region in fluid from the jets, 

8. The method of drying material comprising 
directing a plurality of high velocity jets of 
elastic fluid into a receiver, said jets being di 
rected, convergently with respect to each other, 
at acute angles to a restricted region of a plane 
towards the same side thereof but with their axes 
in non-parallel and non-intersecting directions, 
and introducing into said jets substantially in a 
zone of their maximum convergence material to 
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be dried, thereby forming a dispersion of said 
material flowing from said region in fluid from 
the jets. 

9. The method of drying material comprising 
directing a plurality of high velocity jets of 
elastic fluid into a receiver, said jets being di 
rected, convergently with respect to each other, 
at acute angles to a restricted region of a plane 
towards the same side thereof but with their 
axes in non-parallel and non-intersecting direc 
tions and in the same skew direction relative to 
a line normal to said region, and introducing 
into said jets Substantially in a Zone of their 
maximum convergence material to be dried, 
thereby forming a rotating dispersion of said 
material flowing from said region in fluid from 
the jets. 

10. Apparatus for drying material comprising 
a receiver, a nozzle arranged to discharge into 
the receiver, means for supplying to the nozzle 
an elastic fluid under pressure to produce a high 
velocity jet thereof from the nozzle, means for 
introducing into the jet material to be dried, 
and elastic fluid guiding means located inside 
said receiver, extending rearwardly from the 
vicinity of formation of said jet, open at both 
ends to the fluid in the receiver, Spaced at least 
in part from the walls thereof, and constructed 
and arranged so as not to be engaged by said 
jet though subject to induction through it by the 
jet of high velocity flow of elastic fluid to carry 
the dispersion of material formed by the jet. 

11. Apparatus for drying material comprising a 
receiver, a nozzle arranged to discharge into the 
receiver, means for supplying to the nozzle an 
elastic fluid under pressure to produce a high 
velocity jet thereof from the nozzle, means for 
introducing into the jet material to be dried, and 
elastic fluid guiding means located inside said re 
ceiver, extending rearwardly from the vicinity 
of formation of said jet, open at both ends to 
the fuid in the receiver, spaced at least in part 
from the walls thereof, and constructed and ar 
ranged so as not to be engaged by said jet though 
subject to induction through it by the jet of high 
velocity flow of elastic fluid to carry the disper 
sion of material formed by the jet, said guiding 
means having a restricted throat in the vicinity 
of formation of the jet. 

12. Apparatus for drying material comprising a 
chamber of convex horizontal cross-section, 
means for introducing into a lower portion there 
of a stream of elastic fluid, means for introducing 
a dispersion of the material into said stream, the 
last named means comprising material feeding 
means and means for subjecting the material to 
a jet of elastic fluid having in at least a portion 
thereof a velocity of flow at least equal to the 
velocity of sound in the fluid of the jet having 
the same pressure and temperature as said por 
tion of the jet, thereby to provide a fine disper 
sion of the material, means providing a substan 
tially closed region communicating with the 
lower portion of said chamber below the region 
of entrance of Said elastic fluid, and a passage 
communicating with the upper portion of the 
chamber for removal of elastic fluid containing 
dried material. 

13. Apparatus for drying material comprising a 
chamber of convex horizontal cross-section, 
means for introducing substantially tangentially 
into a lower portion thereof a stream of elastic 
fluid to provide a spirally rising current of fluid 
therein, means for introducing a dispersion of 
the material into said stream, the last named 
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- means comprising material feeding means and 
means for subjecting the material to a jet of 
elastic fluid having in at least a portion thereof 
a velocity of flow at least equal to the velocity of 
sound in the fluid of the jet, having the same 
pressure and temperature as said portion of the 
jet, thereby to provide a fine dispersion. of the 
material, means providing a substantially closed 
region communicating with the lower portion of 
said chamber below the region of entrance of said 
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elastic fluid, and a passage communicating with 
the upper portion of the chamber for removal of 
elastic fiuld containing dried material. r 

14. Apparatus for drying material comprising a 
receiver and means for providing a dispersion 
of the material in the receiver, said means com 
prising an enlarged mixing chamber, means for 
introducing into said mixing chamber said ma 
terdal and an elastic fluid, the latter in the form 
of a high velocity jet, to produce in said chamber 
an intimate mixture of...the material and the 
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velocity jet of elastic fluid having in at least a 
portion thereof a velocity of flow at least equal 
to the velocity of sound in the fluid of the jet 
having the same pressure and temperature as 
said portion of the jet, and a tube for leading the 
mixture of material and fluid to said means for 
producing the second jet to be dispersed thereby. 

15. The method of drying material of viscous 
nature comprising feeding into a mixing region 
said material and a high velocity jet of elastic 
fluid to produce turbulently an intimate mixture 
of: said material and fludd having an average 
viscosity substantially lower than that of the ma 
terial originally, and leading said mixture to 
another high velocity jet cf elastic fluid to be 
dispersed thereby into a fine suspension, the sec 
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elastic fluid, means for producing another high . 

ond jet having in at least a portion thereof a 
velocity of flow at least equal to the velocity of 
sound in the fluid of the jet having the same 
pressure and temperature as said portion of the 
jet. 
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