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‘This invention relates to improvements in ap-
paratus and methods for dehydrating, heating
and cooling pneumatically borne material.

It is the primary object of the invention to

- provide, without baffles, for rectified pneumatic
flow through a dehydrating chamber for the pur-
pose of enabling the full capacity of the cross
section of the chamber to be utilized uniformly,
whereby the effect of the pneumatic currents
upon material to be dried may accurately be
predetermined.

In the ordinary dehydrating chamber partic-
ularly one in which either the admission ports
or the delivery ports are tangential, the air cur-
rents have the nature of a vortex. The material
to be dried, ordinarily heavier than air, is thrown
thereby to the outside periphery of the chamber
and the air itself tends to densify at the outside
of the chamber and to become rarefied near the
center. The capacity of such a chamber is ma-
terially less than would be the capacity of a
chamber of like cross section if the air were mov-
ing uniformly through the chamber using the
entire cross section thereof for rectified delivery.

Under certain circumstances it is desirable to
use relatively high speed vortex currents for the
support and. pneumatic elevation of material
heavier than air which is to be dehydrated. By
introducing the relatively heavy rough material
in a vortex current when it is admitted to the

" dehydrating chamber, and by subsequently rec-
tifying the current, it is possible, by employing
the reduced current velocity consequent upon
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rectification, to hold the material suspended or

at least retarded in its advance by the reduced
velocity of the current until it is sufficiently de-
hydrated to be further lifted by the pneumafic
current even at such reduced velocity. However,
if baffles are employed for this purpose, they rap-
idly become clogged and catch material which
tends to burn thereon if the dehydrating current
is heated.

" Accordingly, I seek to provide the entire con-
trol without the use of baflles and to convert a
whirling or vortex current of pneumatic pro-
pulsion air or gas into a rectified current of air
or gas moving rectilinearly parallel to the axis
of the chamber throughout its entire cross sec-

- tion without the use of baffles.

Other objects of the invention pertam to the
efficient and economical accomplishment of the
aforésaid purposes with various arrangements of
chamber inlets and outlets and propulsion fans.

While the invention has its primary applica-
tion to dehydration, it is also applicable in anal-
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ogous manner to chilling apparatus or to appa-
ratus which is used for heating without dehydra-
tion, as will hereinafter be made apparent.

A further object is generally to simplify and
improve the construction, arrangement and op-
eration for one or more of the purposes men-
tioned, and still other objects will be apparent
from the specification.

In the drawings:

Fig. 1 is a view partially in side elevation but
largely in axial section showing a device embody-
ing the invention.

Fig. 2 is a view in perspective partially broken
away to an axial section showing the treating
chamber of the device of Fig. 1.

Fig. 3 and Fig. 4 are diagrammatic views on a
greatly reduced scale showing in side elevation
modified embodiments of the treatment cham-
bers and associated apparatus.

Fig. 5 is a view largely in axial section but
partly in side elevation showing the invention
applied to a rotary drum dehydrator.

Fig. 6 is a detail view taken in section on line
6—6 of Fig. 5. v

Fig. 7 is a detail view taken on line T—7 of
Fig. 5.

Fig. 8 is a view partially in side elevation but
largely in axial section through a treating cham-
ber and associated apparatus comprising a mod-
ified embodiment of the invention.

Fig. 9 is a view diagrammatically illustrating
the application of cooling rather than heating
means to the device of Figs. 1 and 2.

Like parts are identified by the same reference
characters throughout the several views.

The treatment chamber 10 is a generally cylin-
drical drum of suitable height. The ends of the
drum preferably comprise cones {1 and 12 about
which the incoming and discharging gases take
circuitous paths. The incoming gases are sup-
plied through conduit 15 and the discharging
gases leave through conduit 16. The false bot-
tom 1T encircling the cone (I gives the incom-
ing gases sufficient helical pitch to clear without
eddy currents the top of the delivery pipe I5.
Similar provision is made by a false top 18 at the
discharge end of the treating chamber.

The air or other gas supplied through the de-
livery pipe 15 to the treating chamber is prefer-
ably heated and may comprise a mixture of air
and flue gas from the furnace 20. The material
to be treated, if solid, is preferably introduced
through a charging hopper 2f and a charging
valve 22, the latter comprising a rotor driven
from motor 23 through rate changer 24 subject
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to & regulator 25 which may be operated by air
pressure subject to the control of the thermostat
26 near the top of the treating chamber or oth-
erwise exposed to the temperature of the gases
leaving such chamber.

For example, the material to be treated may
be comminuted kelp or green alfalfa and the
objective may be dehydration. Such material,
cut up in an ensilage cutter or otherwise, is de-
livered into the hopper 21 and discharged by
air and gas traversing conduit |5 enroute to
chamber 0.

For the purpose of making a stock food it may
be desired to enrich the comminuted vegetable
growth with some such material as molasses. In
that event the liquid molasses is supplied through
pvipe 28 to a spray nozzle at 30 which is located
at the apex of cone (i and directed upwardly in
the treating chamber {0 so that the spray will
become thoroughly mixed with the pneumati-
cally borne alfalfa or the like, and be dehy-
drated at the same time. A valve at 31 control-
ling the liquid supply line 28 is provided with a
regulator 32 operable synchronously with regu-

lator 25 from the thermostatic control mecha--

nism 26.

Alternatively, the molasses or other liquid ma-
terial may be the sole material to be treated in
chamber 10. Partially condensed or evaporated
milk may be supplied through line 28 and sprayed
at nozzle 30 into the path of the air for treat-
ment in the chamber.

Under many conditions the air currents trav-
ersing chamber {0 may be motivated .by a fan
propelling the air through the admission con-
duit 15 but preferably the fan is applied to the
air and material leaving the chamber, as this
produces a partial vacuum in the chamber which
assists in the dehydration of the treated mate-
rial, assuming that dehydration is the objective.
A large blower at 35 motivates the air currents
for the purposes of the present exemplification
of the invention and delivers both the air and
the treated material through the discharge pipe
36. The fan is driven by belt 37 from the rate
changer 38 which is operated by motor 39. A
regulator 40 determines the rate of motion trans-
mission through the fan subject to the control
of the thermostatic control device 26, air pres-
sure being transmitted through the control de-
vice from the air supply line 4! to the various
regulators 40, 25 and 32. The arrangement for
dehydration is preferably such that if the tem-
perature of the gases leaving the treating cham-
ber is increased, the control will energize the
several regulators to increase the rate of ma-
terial delivery through the charging valve 22
and the liquid valve 3f and at the same time to
increase the rate of fan operation whereby to
accelerate the flow of both gaseous and solid and
liquid materials through the device. Conversely,
when the temperature to which thermostat 26
is subject falls, the fan operation will be re-
tarded to slow the air currents and concurrently
the amount of liquid and solid material intro-
duced into such air currents will be reduced.

The slightest off center location either of an
inlet or outlet from a cylindrical chamber will
tend to induce helical motion of gases travers-
ing the chamber from end to end. For the pur-
poses of the present description an off center lo-
cation of inlet or outlet will be referred to as
tangential even though it may not be mathemat-
ically tangential to the chamber.
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Where the air currents move upon a helical
path they tend to concenirate current flow at the
periphery of the chamber and at relatively high
velocity about the chamber even though the ve-
locity axially of the chamber may not be high.

© The currents of high velocity are well adapted

10
valve 22 into the path of the heated currents of -
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to propel relatively heavy material such as the
undehydrated green produce or wet molasses or
milk previously referred to by way of exempli-
fication. If the helical current is continuous
throughout the chamber, the heavy produce tends
to be conveyed too rapidly through the chamber
without adequate time for dehydration, and there
is no substantial change of velocity anywhere in
the chamber to produce a differential such as

.automatically to differentiate between the rate

at which wet material will move through the
chamber and the rate at which dry material will
move therethrough. In other words, if the heli-
cal velocity of the air currents is substantially

‘uniform throughout, and if such velocity is high
‘enough to cause wet material to be elevated at

the inlet.end of the chamber it will likewise be
high enough to cause such wet material to move
with undiminished velocity through the chamber
and out the discharge end or top.

Not all material is susceptible of being uni-
formly dried. A larger particle, or one which
does not have many cut surfaces, will be rela-
tively slow to dry and consequently will require
relatively prolonged exposure to the hot dehy-

-drating gases in order to reach a given degree of

dehydration. On the other hand, a smaller par-
ticle of material or one having numerous cut sur-
faces, will tend to become dehydrated with ra-
pidity. If particles of these various types are
all given a uniform treatment of exposure to hot
gases the relatively large and uncut particles may
be inadequately dried while the relatively small
and well exposed particles may become too dry
or even burned.

By introducing the gases helically into one
end of the chamber and removing them through
a helical discharge port oppositely located at the
other end of the chamber, I induce oppositely
whirling helical currents at the respective ends
of the chamber and thereby assure the produc-
tion of a rectified and non-helical axially mov-
ing current at some intermediate point, the ex-
act location of which will depend upon the de-
sign of the chamber and the disposition of the
air circulating means and other factors.

As elsewhere exemplified by discussion of par-
ticular figures of the drawings, I contemplate
that either end of a given chamber may be the
inlet and either end may be the outlet, and the
movement of the product may be with or against
the current. Where the axis is vertical the gase-
ous currents may move either up or down and
the product {o be dehydrated may, in proper
cases, move either up or down.

In stating that the tangential outlet is oppo-
site to the tangential inlet I do not mean that
it is located at the opposite side or diameter
of the chamber. On the contrary, the inlet and
outlet, both tangential, are located at the same
side of the chamber, as clearly appears from
Fig. 2 and Fig. 3. They are, however, opposite
in the sense that they tend to produce oppo-
site directions of whirling movement of the con-
veying gases. The interaction of the two op-
positely rotating vortices of gas currents within
the chamber is responsible for producing at an
intermediate point within the chamber a rec-
tified current in which all of the gas is moving
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axially of the chamber substantially uniformly
throughout the entire cross section thereof..

The arrows in Fig. 1 show the inlet vortex
at A, the outlet vortex at B, and the intervening
rectified axial current at C. .

For various special conditions the drum may
be reduced in diameter at the point where the
current is rectified so as to compensate in part
for _the decrease in velocity which occurs by
reason of the use of the entire cross section of
the chamber. This is illustrated by the chamber
100 in Fig. 3 which is identical with the Fig. 1
arrangement except for successive reductions in
diameter toward the center of the chamber. Or
the chamber may be increased in diameter at
its center as indicated by the chamber 181 in
Fig. 4. In such a case the larger cross section
at the center will so far reduce the velocity of
the gases as to make it virtually impossible for
the gases to lift any material to be treated.
Consequently, in the Fig. 4 construction I have
diagrammatically illustrated the reverse of the
arrangement shown in Pigs. 1 and 2, the furnace
20 supplying hot gases through the upper inlet
pipe 158 equipped with a charging hopper 21

" like that shown in Fig. 1. The flow of the mate-
rial and the gas is downward through the cham-
ber 101 and delivery occurs through the tangen-
tial discharge conduit 160 to the fan 35.

In all of these arrangements the flow differ-
‘ential is employed to vary the action of the cur-
rents upon the material to be treated. Using
Pig. 1 as an example, it will be apparent that the
relatively high velocity currents confined closely
to the periphery of the drum at A will carry
relatively heavy material upwardly upon a helical
path. However, as the air assumes a more di-
rectly vertical direction and spreads out over
the relatively quiescent. and non-whirling cur-
rent in the area C of the chamber, the velocity
of the current will be inadequate to lift the heav-
ier particles and these will tend to remain sus-
pended while only the lighter particles are car-
ried on ouf. As the air above zone C resumes
helical motion and thereby throws the suspended
particles again to the outside of the drum, its

3

axially of the drum in the central portions

. thereof intermediate its ends which will have
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a much higher differential effect to distinguish
between the rate of advance of wet material and -
the rate of advance of dry material than is
possible where the current is continuously heli-
cal throughout the drum.

Therefore the flights within the drum which
lift the material will respond differently accord-

‘ing to whether the air current is moving axially

of the drum or is moving in such a direction as
to tend to hold the material in the successive
flights, or is moving with the direction of drum
rotation so as to tend to deliver the material
prematurely from the flights

As shown in Figs. 5, 6 and 7, the furnace 200
is cylindrical and co-axial with the delivery pas-
sage 151 and with the triple drum. Air inlet 41
is tangential to the drum. Centrally of the air
inlet is the burner 48 supplied with combustion
air by blower 46. In actual practice a plurality
of tangential inlets will be used. thus producing
high velocity vortex of gases within the furnace.
The helical travel of such gases in the furnace is
desirable because it gives time for fuller diffusion
of the hydrocarbon in the air and for thorough
combustion before the resulting flue gases are de-
livered into the dehydrator. In the dehydrator,
however, it is desirable that the gas currents be
rectified. Accordingly, at the discharge end of
the drum the blower 35 has its delivery pipe 36
tangentially arranged to be opposite to the tan-
gential air inlets 47 of the furnace in a sence
as to tend to produce an opposite vortex. The
rotation of the blower rotor 49 has the szme
effect in communicating backward into the drum
a high velocity vortex which neutralizes within

~ the dehydrator the vortex produced at the fur-

lifting force will be greater upon such particles -

and they will be rapidly expelled. The chief
regulatory effect, therefore, at least for purposes
of dehydration, will occur in or between zones
Aand C.
I bhave discovered that the prineiples here
enunciated affect the operation of rotary de-
hydrators such as that illustrated in my Patent
No. 1.988,677. This device involves a triple drum
such as is shown in Pig. 5. The hot gases from
the furnace 200 pass through the feed pipe 1514
into an inner drum 102 and thence into an inter-
"mediate drum. 103, from which the material
passes through the outer drum 104 to the dis-
charge conduit 161 leading into blower 35, the
blower discharging into centrifugal separator 45.
In such a device the triple drums are rotated,
and flights within the several drums lift the ma-
terial and discharge it across the path of the air
stream whereby the material is advanced pro-
gressively throush the series of drums. How-
ever. g cylindrical furnace so arranged that the
gaces in the furnace rotate co-axially with the
delivery pipe will induce helical currents within
the drum instead of axial currents. Similarly. a
fan at the outlet of the drum will induce helical
currents within the drum. By ovvosing the di-
rection of rotation of these currents I am able
to produce witiiout baffles a rectified current
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nace end of the system, so that there is a result-
ing rectified current axially of the drum hetween
its inlet and outlet ends.

Fig. 8 is an arrangement in which the material
is delivered into.the top of the treating chamber
105. The furnace 201 supplies hot flue gases to
the inlet pipe 152 which enters chamber 185 tan-
gentially at its top. Into such hot gases any
solid material requiring debhydration will prefer-
ably be fed through a hovper 21 and charging
valve 22 similar to those already described.

At the bottom of the treating chamber 105
there may be a tapering section 50. though this
is not at all essential. Below this is a section 51
in which the blower fan 52 is operated to deliver
the material through the usual tan<ential outlet
162, the direction of fan rotation and the location
of outlet 162 being. of course, such as fo induce
at the bottom of the treating chamber a vortex
opposite to that produced at the tro thereof by
the tangential locaticn of the inlet passage 152.

The fan 52 is almost entirely exposed to the
descending material and convection currents and
the fan casing 51 is therefore virtuallv a part of
the treating chamber. The rectification of the
pneumatic currents intermediate the two ends cf
the treating chamber will greatly vary the rate
of delivery which would otherwise be effected so
far as the lighter particles are concerned. The
heavier particles of pneumaticallv horne material
will tend to continue upon their initial helical
paths long after the gaseous cnrrents have been
rectified. 'The lighter material will readily dif-
fuse toward the center of the chamber with the
gaseous currents and will readily partake of the
accelerated axial movement of the gasenrus cur-
rents, thereby moving toward the outlet of the
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drum more rapidly than will be the heavier par-
ticles which are continuing helically about the
drum. .

It will be understood that the treated material
and the gaseous medium carrying it will be passed
from the discharge conduit 181 into any type of
separating means, whether it be the centrifugal
separator 45 or any other acceptable means for
diverting the treated material from such gaseous
carrier.

While all of the devices thus far illustrated
have been equipped with furnaces for heating or
dehydration of the material treated, it will of
course be understood that the invention is equal-
ly applicable to an arrangement in which cool-
ing is the objective. Fig. 9 diagrammatically

10

15

illustrates a cooling application to the structure -

of Fig. 1. The intake pipe 15, instead of leading
from & furnace, passes through the evaporator
radiator 54 of a refrigeration system, wherein 55
is a motor driven compressor and 56 a condenser.
The control 260 is a thermostat said to respond
to the desired degree of chill produced within
the treating chamber 10, and the thermostat reg-
ulates the operation of the motor 57 which drives
the compressor. This is intended to be merely
representative of numerous arrangements in
which the chilling of the air entering the cham-
ber may be automatically controlled to respond
to the temperature of that air which has already
acted upon the product so that if the air leaving
the chamber is too warm, the rate of feed of the
product may be reduced, as through the mecha-
nism shown in Fig. 1 and the rate of refrigera-
tion increased. :
Regardless of the purpose of the process and
whether it is used to heat or to chill the mate-
rial undergoing treatment, and regardless of the
direction and movement of the pneumatic con-
vection currents in the treatment chamber, and
regardless of whether the chamber is vertical or
horizontal or movable or fixed, in either case
I produce opposite rotation of the pneumatic con-
vection currents in the opposite ends of the cham-
ber with a resulting rectification of such currents
to a direction axially of the chamber in an in-
termediate portion thereof, thereby regulating
the relative rate of delivery of large and small
or heavy and light particles of material through

the chamber, exposure of the product being in- -

versely proportioned to axial velocity of the gases.

Various forms of the device may be preferred
to other forms according to the material to be
treated. The treatment may involve the dual
objective of mixing a liquid such as molasses with
a solid such as alfalfa for the production of a
stock food while uniformly drying all of the ma-~
terial. For this and many other purposes the
organization shown in Fig. 1 is preferred since,
as above described, it involves the suspension of
the treated material on the pneumatic convec-
tion currents in space within the chamber until
drying is effected, the change in relative rate of
flow of the convection currents being varied with-
out exposing any internal baffle through the wet
material.

The chambers herein disclosed are preferably,
though not necessarily, round in cross section.
The round cross section eliminates corners which
might produce undesired and uncontrollable
eddies. It also tends fo prevent material from
accumulating in the corners. However, irre-
spective of the shape of the chamber in cross sec-
tion, references herein to the movement of the
material axially of the chamber are intended to
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mean movement longitudinally of the chamber
along its general center line between its inlet and
outlet ends, irrespective of the particular form of
the chamber in cross section. It has already
been explained that references to the disposition
of the inlet and outlet conduits tangentially of
the chamber are not intended to refer to a tan-
gent in any mathematical sense but to an off
center location such as to tend to produce rotation
of the convection currents in the respective ends
of the chamber,

I claim:

1. The combination with a treatment chamber
of circular form in cross section having a tan-
gential inlet, of a cenfrifugal fan casing com-
prising an axial extension of said chamber in
communication with said chamber, a fan rotor
in said fan casing, said fan casing having a pe-
ripheral outlet, means for rotating the fan rotor
for the expulsion of gas from the fan casing and
chamber whereby to establish in said chamber
a vortex current of gas admitted through said
tangential inlet, the direction of fan rotor rota-
tion being opposite to the direction of vortex
movement of the gas admitted to the chamber,
whereby the fan rotor tends to establish an oppo-
site vortex in the fan casing and the portion of
the chamber adjacent thereto, together with
means for introducing into the current of gas
established by said rotor a material to be pneu-
matically carried by said current and treated by
the gas in the course of its movement therewith.

2. The combination with a treatment chamber,
of a fluid conduit communicating in a general
tangential manner with said chamber adjacent
one end thereof, and a discharge fluid conduit
communicating in a general tangential manner
with said chamber adjacent’ the opposite end
thereof, the tangential connections of the inlet
and discharge conduits being opposife in the

‘sense of tending to produce opposite directions of

rotation of fluid convection currents in the
chamber.

3. The combination with a treatment chamber
of generally cylindrical tubular form provided at
one end with a tangential inlet conduit, of a cen-
tral cone at said end, an end wall following a
helical path about said cone from the outer side
of said conduit to the inner side thereof, said
chamber at its other end being provided with &
tangential outlet, a central cone at said other
end, and an end wall following a generally helical
path of opposite pitch to the path of said first
end wall about the last mentioned cone from the
inner side of the outlet conduit to the outer side
thereof.

4. A pneumatic convection system including
inlet and outlet conduits and an intervening
treatment chamber of progressively varying di-

‘ameter from one end toward an intermediate

point and having reverse variation in diameter
thence toward the other end, said conduits com-
prising means for introducing gases into one end
of the chamber in a predetermined direction of
vortex rotation and removing gases from the
other end in an opposite direction of vortex rota-
tion, and means for introducing into said gases
to be pneumatically conveyed thereby a material
to be treated in said chamber for automatic con-
trol of the advance of different particles of said
material in accordance with the change in cur-
rent movement produced by the interaction of
the vortices in the differently diametered inter-
mediate portions of said chamber.
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5, A chamber of generally circular cross sec-
tion provided with a tangential inlet conduit and
g tangential outlet conduit disposedein different

planes normal to the axis of the chamber, said
inlet and outlet conduits being oppositely disposed
in the sense of tending to produce opposite vor-
tex rotations in said chamber, and means asso-
ciated with the outlet conduit for exhausting gas
from said chamber whereby to produce convec-
tion current movement therethrough, means
associated with the inlet conduit for varying the
temperature of gas admitted therethrough to said
chamber, and means associated with the inlet
conduit for introducing therein material to be
borne through said chamber by a convection cur-
rent passing between the inlet and the outlet of
said chamber.

6. The combination with a cylindrical furnace
having tangentially disposed burners and air in-
lets, of a treatment chamber comprising a drum
connected with said furnace to receive a vortex
" current of hot gas therefrom, means for intro-
ducing into such current material to be conveyed
and treated thereby, and means for exhausting
gas from said chamber in a manner to produce
an opposite direction of vortex movement thereof,
said exhausing means including means for re-
moving the freated material as well as the gas
exhausted from the chamber. .

7. The combination with a rotatable treatment
chamber comprising a series of concentric shells
having communicating spaces therebetween, of
means for introducing hot gases with a vortex
movement into one of said shells, means for re-
moving gases from another of said shells and
including means for producing an opposite direc-
tion of vortex movement in the course of such
removal, said shells communicating to provide a
gaseous path of varying cross section, and means
for introducing into said gaseous path material
to be pneumatically conveyed and treated by
gases traversing said chamber and to be affected
as to its rate of progress through said chamber
by the change of gaseous movement resulting
from the interaction in an intermediate portion
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of the chamber of the vortices adjacent the inlet

and outlet portions of the chamber.

8. The combination with a rotatable treatment
chamber comprising a series of three concentric
shells having communicating spaces providing a
path of gradually increasing cross section for
pneumatic convection current, of an inlet to the
smallest of said shells comprising a cylindrical
furnace having a tangential burner and air inlet
and communicating axially with the smallest
shell of said chamber, a charging valve opera-
tively connected to deliver material for treat-
ment into the path of hot gases delivered from
the furnace to the smallest shell of said chamber.
and a discharge blower having a tangential out-
let so disposed as to create a vortex. rotating
oppositely to the vortex originally in the furnace
- and communicated to the smallest shell of said
chamber, said blower communicating with the
largest shell of said chamber to receive convec-
‘tion current and treated material borne thereby
for delivery from said chamber, the arrangement
being such that the vortex produced in the fur-
nace and the opposite vortex produced in. the
blower interact at an intermediate point in said
chamber to produce a rectified current therein.

9. The combination with a vertical chamber
having upper and lower portions of substantiaily
like diameter, of gaseous inlet and outlet con-
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duits opening into and from the said respective
chamber portions and tangentially disposed with
respect to said chamber and opposite in the sense
of tending to produce oppositely rotating vortices
occupying the full cross section of the chamber at
the top and bottom thereof, means associated
with one of said conduits for inducing a convec-
tion flow of gas through said chamber, and means
for introducing into the gaseous current in said
chamber a material to be treated thereby.

10. The combination with a vertically disposed
treatment chamber of generally circular cross
section, of a tangential inlet at the bottom of said
chamber, means for heating gases admitted to
said inlet, means for delivering to the heated
gases a material to be conveyed and treated
thereby in said chamber and to partake in said
chamber of the vortex movement of such gases,
and a discharge conduit from the top of said
chamber communicating therewith tangentially -
in opposition to the inlet in the sense of tending
to produce an opposite direction of gaseous vor-
tex movement at the upper discharge end of said
chamber, together with means for circulating
gases through the inlef, the chamber, and the
discharge conduit the interaction of the inlet and
discharge vortices in said chamber tending to
produce intermediate the top and bottom of the
chamber a substantially rectified current of re-
duced actual velocity but increased vertical veloc-
ity. )

11. The combination with a vertically disposed
chamber, of means for passing a current of treat-
ment gas through the chamber and including
tangential conduits communicating with upper
and lower portions of the chamber in opposition
in the sense of tending to create oppositely rotat-
ing vortices in the chamber, means for effecting
a variation in the temperature of gas admitted to

‘the chamber through one of said conduits, and~

means for introducing material into the path of
such gas adjacent its point of admission to the
chamber,

12. The device of claim 11 in which the path of
gas movement through the chamber is downward,
said device including a fan adjacent the bottom
of the chamber to expel the gas and material
treated through the tangential conduit nearest
the bottom.

13. The combination with a treatment chamber
havihg a tangential inlet conduit and a tangen-
tial outlet conduit opposed in the sense of tend-
ing to produce opposite vortices in the chamber,
of means for inducing a flow of gas through the
inlet conduit, the chamber, and the outlet con-
duit in series, means for heating such gas prior
to its admission to the chamber, means for in-
troducing a solid material to be treated into the
path of the heated gas for pneumatic delivery
with the gas to the chamber, and means for
spraying into the path of such material and
neated gas within the chamber a liquid.

14. A treatment chamber having a cone at one
of its ends, a tangential inlet entering the cham-
ber between the cone and the side of the cham-
ber, gas discharge means adjacent the other end
of the chamber comprising a tangential discharge
conduit opposed to said inlet conduit in the sense
of tending to produce an oppositely rotating vor-
tex in the chamber, means for delivering a solid
material into the path of gas admitted to the
chamber through the inlet conduit to be pneu-
matically conveyed thereby into said chamber

- for treatment, and a spray nozzle disposed adja-
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cent the apex of the cone and provided with con-
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nections for the delivery of a liquid into sald gas
directly in the chamber.

15. The device of claim 13 in which such spray-
ing means comprises a spray nozzle provided with
liquid supply connections and disposed within
the chamber for projection of liquid in the form
of a spray into the path of such gas directly
within the chamber. :

16. The combination with a vertically disposed
treatment chamber having a tangential lower
inlet conduit and a tangential upper discharge
conduit in opposition to the inlet conduit in the
sense of tending to create an oppositely rotating
vortex in the chamber, means for withdrawing
gas through the discharge conduit, and a spray
nozzle centrally disposed within the chamber
and provided with liquid supply connections for
spraying a liquid into the path of gas rising
in said chamber,

17. The combination with a treatment chamber
having inlet and outlet conduits tangentially dis-
posed and opposed to each other in the sense of
tending to create opposite vortices in said cham-
‘ber, said conduits being located adjacent oppo-
site ends of the chamber, fan means for with-
drawing gas through the outlet conduit and
introducing gas through the inlet conduit, means
‘for delivering material into the gas adjacent the
inlet conduit, mechanism for operating the fan
means and the material delivering means, regu-
latory means for varying the rate of operation
. of the fan means and the material delivering
means, and a thermostat exposed to gas leaving
the chamber in operative connection with said
regulatory means for varying the rate of opera-
tion of the fan and the rate of supply of mate-
rial to be treated in said chamber in accordance
with the temperature of such gas.

18. A method of treating material in the course
of its pneumatic propulsion, such method in-
cluding the creation of a pneumatic current,
establishing oppositely rotating vortices at longi-
tudinally spaced points in said current and
axially exposed to each other intermediate such
points, whereby to establish a zone of rectified
current movement between said vortices, and
the delivery of material to be treated into said
current to pass through said zone.

19. The method of treating material in the
course of its pneumatic delivery, such method
including establishing a pneumatic current, de-
livering thereto the material to be treated, vor-
tically rotating the pneumatic current and mate-
rial in a predetermined direction helically with
respect to the general direction of current ad-
‘vance, rectifying such current and material into
a path of movement substantially parallel to such
general direction of current advance, and subse-
quently rotating such current and material heli-
cally in a direction opposite to the original direc-
tion of vortical movement.

20. A method of treating material in the course
of its pneumatic propulsion, such method com-
prising establishing a current having a generally
vertical direction of advance, vortically rotat-
ing the current in opposite directions at vertically
spaced points in the course of its advance, where-
by to produce an intermediate zone in which the
general movement of the current in vertical upon
the path of such advance, and delivering into one
of said vortices the material to be treated, where-
by such material is obliged to traverse one of
said vortices and the intermediate zone and the
other of said vortices.
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21. The method of treating material in the
course of its pneumatic propulsions, such method
comprising establishing a gaseous current hav-
ing a general upward vertical component of
movement, establishing vortices in said current
successively rotating in opposite directions where-
by to provide an intermediate rectified zone in
which' said current has a substantially directly
upward movement, and delivering into the lower
vortex of said current material to be pneu-
matically conveyed thereby, while maintaining
the velocity of the current such as to elevate
all particles of such material in the lower and
the upper vortex while elevating in-said inter-
mediate zone only the lighter of such particles.

22. A method of dehydration which consists
in establishing a current of dehydrating gas hav-
ing a generally vertically upward movement and
establishing at different levels in said current
oppositely rotating vortices and an intermediate
zone of rectified movement in which the gas com-
prising said current is moving substantially di-
rectly vertically upward, introducing into said
current particles of material to be dehydrated,
and maintaining gas velocity in said current
sufficient to elevate all of the material in the
respective vortices and to differentially elevate
only the lighter particles of such material in
said intermediate zone, whereby to maintain the
heavier particles in the lower vortex pending de-
hydration thereof.

23. A method of dehydration which comprises
heating gas, establishing a vertical current of
heated gas, subsequently establishing axially
spaced oppositely rotating vortices in the rising
current of said heated gas and an intermediate

- rectified zone in which all of the gas is moving
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substantially directly vertically, introducing intc
the current of said heated gas particles of mate-
rial to be dehydrated, and maintaining a gas
velocity such as to support all of such material
in the respective vortices and to differentially sup-
port the lighter particles in preference to the
heavier particles in said intermediate zone.

24, The method of claim 23 in which the
method includes moving the gas and the mate-
rial treated both in an upward direction and
atomizing liquid material to be dehydrated and
delivering the atomized liquid directly into the
lowermost vortex. '

25. A method of dehydration which comprises
heating gas, establishing a vertical current of
such gas, establishing oppositely rotating vortices
at vertically spaced points in the current of
heated gas and an intermediate rectified zone in
which said vortices interact, whereby all of the
gas in the intermediate zone is moving substan-
tially vertically, and introducing into the cur-
rent of gas to pass through at least one of said
vortices and said intermediate zone 3z finely
divided material to be acted upon by said gas.

26. The combination with a treatment cham-
ber having a tangential inlet and an outlet near
its center, of a centrifugal fan including a rotor
positioned to receive gas from said chamber out-
let, whereby to withdraw gas from the chamber
and to cause a flow of gas into the chamber
through said inlet in a whirling convection cur-
rent, means for rotating the fan rotor in gz
direction to produce a whirling current of gas
at the chamber outlet which is opposite in its di-
rection of rotation to the whirling current at the
chamber inlet, whereby an interaction of the oppo-
sitely rotating whirling currents of convection
gases at a point in the chamber intermediate the
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inlet and outlet in the path of movement of
such gases will produce & substantially rectified

zone, together with means for introducing into

the convection current material to be pneumat-
ically carried by said current and treated thereby
in said chamber.

27. The combination with a treatment cham-
ber of .generally circular form in cross section,
such chamber having a tangential inlet adapted
to deliver a pneumatic current into said cham-
ber for vortical rotation therein, a fan -cham-
ber communicating substantially axially with
said treatment chamber to receive a pneumatic
current therefrom, a fan in the fan chamber ro-
tatable ‘approximately coaxially with the treat-
ment chamber, means for rotating said fan in a
direction opposite to the rotation of the vortex
established in the treatment chamber by the
tangential inlet thereto, whereby said fan tends
to communicate an oppositely rotating vortex
from the fan chamber into the treatment cham-
ber, and a tangential outlet from the fan cham-
ber opposite from the tangential inlet in the
sense of tending to encourage the production of
a vortex rotating oppositely from that produced
by the tangential inlet, said tangential outlet be-
ing adapted directly to receive the vortex estab-
}ished in the fan chamber by the rotation of the

an.
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28. The combination with a treatment cham-
ber of generally circular form in cross section
and a blower comprising a casing.and a fan, said
casing having an inlet eye communicating sub-

" stantially coaxially with the treatmen{ chamber

and the fan being mounted for rotation substan-
tially coaxially with the fan casing eye and the
treatment  chamber, an approximately tangen-
tial inlet conduit opening to the treatment
chamber and tending to establish a vortical pneu-
matic current therein, an approximately tan-
gential outlet from the fan casing tending to
establish a vortical pneumatic current in the
fan casing, the tangentially disposed inlet and
outlet conduits aforesaid being opposite in the
sense that. the vortices tending to be produced
thereby rotate in opposite directions, and means
for operating the fan in the same casing in the
direction of operation of the vortex therein where-
by to deliver a pneumatic current from the fan
casing directly to the outlet conduit therefrom
and to encourage the propagation in said treat-
ment chamber of a vortex current approaching
said fan casing in a direction of rotation oppo-

site to that of the vortex current caused in said

treatment chamber by the tangential inlet

thereto.
GERALD D. ARNOLD.




