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1ms invention relates to drying, and partic-
ularly to the drying of heterogeneous finely di-
vided material of low average bulk density and
which tends to deteriorate at high temperature.
However, the apparatus of the invention may be
employed advantageously in the treatment of a
variety of materials, including those which are
homogeneous and those which can be subjected
to high temperature without damage. .

This application is a contmuatlon-m-part of
my co-pending application Serial No. 735,511
filed March 18, 1947, now Patent No. 2;513,370.

It is common practice to dry solids by suspend-
ing them in a current of drying gas, say hot air,
and many products are dried successfully in this
fashion at the present time, although thermal
efficiencies are not always as high as might be
desired. In other:instances, such drying proce-
dures are not satisfactory, since they result in a
scorching of the material being dried or some
other deterioration in quality.

Design of structures in which low density‘

solids to be dried are carried in suspension in a
current of hot air and the like frequently is based
on three assumptions:

1. That wet partlcles are heav1er than dry
particles;

2. That large partlcles are not only heavxer.

than small particles but also require a. longer
time to dry;

3. That for any properly dried product, the
particles are of uniform specific gravity.

There may be cases in which these assumptions
are ‘true, but in the case of fish meal and other
materials, they are incorrect and equipment de-
signed in accordance with them does not operate
properly. Wet fish meal is a heterogeneous mix-
ture of bone, muscle, scale, skin and gut particles.
Particles vary with respect to size, shape, mois-
ture content, texture and density. There is a
great difference between round, dense tuna eyes
and flat, light bones, and between fluffy muscle
tissue and dense leathery gut tissue. Even
though the meal has been cooked, pressed and
passed through a disintegrating mill, its con-
stituents do not lose their identity and varia-
tions such as those noted above continue to exist.
Both plant experience and laboratory tests show
that. many undried particles of fish meal are
lighter and more buoyant in air than other com-
pletely dried particles.

drying, the final product contains partieles of
widely different densities and buoyancy in a gas

stream. Processes or apparatus which classify-

So, although each in--
dividual particle of fish meal tends to lighten on:
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2 .
material particles on the basis of density either
in the drying .gas current, or subsequently in an
operation.from which the more dense particles.
are returned for additional drying, are not optl-

‘mum for fish meal.

The apparatus of the instant invention is a
practical and efficient means for low temperature
drying ‘of fish meal or the like while it is sus-
pended in a gas current, say warm air. .The
scorching of protein, the odor nuisance, the smog
production, the vitamin loss and the lowered
feeding value which occur in the drying of fish
meal in conventional dryers (including not only
the’ air current types but also direct fired or
steam tube rotary driers) are avoided in the
practice of the invention. Moreover, the appa-
ratus of the invention is compact, and has ex-
tremely high throughput in terms of space occu-
pied. In it the buoyancy and the carrying power
of the stream of drying gas are maintained while
an adequate lag between particle speed and gas
‘speed is induced to permit proper drying in rela-
tively small space,.

The apparatus of the invention in its simplest
form comprises a tower having a chamber, the
cross section of which increases with height. An.
inverted frusto-conical chamber is preferred, but
one of inverted frusto-pyramidal shape may also
be employed. A conduit, preferably disposed ver-
tically, opens into the: small bottom portion of
the chamber. A current of drying gas is forced
up through the conduit and the chamber, either
by pressure from below, or suction from.above.
The material to be dried, say fish meal or peat
moss, is introduced into the conduit and carried
upward into the funnel-shaped chamber by the
gas current, where it fountains outward with
the increasing cross section and decreased veloc~ -
ity, thereby partially losing its. buoyancy. The
inlet section velocity and cone dimensions are
so arranged that a portion of both the heavy and
light :solid particles will be carried to the full
cone height with considerable remaining velocity.
At a relatively high point, say near the top of
the flared chamber, a swirling motion is imparted
to the gas stream by means of a stationary baffle
having radial vanes which may be made adjust-
able: with respect: to the angle which they make
with_the horizontal. Solid particles: within the
gas stream tend to resist this sudden change of
gas-direction, strike the bafle and are deflected
downward to be again buoyed up by higher veloci-
ties in the lower cone area.. Some particles, both
heavy and light, will, of course, remain in the gas
stream and be-¢arried upward in a spiral motion.
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The bafie therefore acts as a partial separator
but not as a classifier. A condition is thus set up
where less solid matter is carried upward than
is fed in. However, as the solid load in the cone
builds up, an equilibrium is ultimately estab-
lished and the density of solid particles in the
gas stream is then high enough so that solid

matter passing through. the oblique baffles. is’

equal to that-being fed. Once having passed the
baffle, the spiral motion will continue to carry

the heavy and light, large and small, particles-- .-
~lower: portion of an alternative form of dryer of

10

upward and-out, say through a fan to a cyclone - .

separator.

librium load and therefore the drying time.

Oddly enough, the holding time is reduced by

moving the bafles toward a horizontal position,

i. e. the holding time of material in the dryer-is-

greater when the baffles :are set at 35° from the

horizontal than when they are. sét at 10°%.from
~This is due.to.increased gas .

the -horizental.
velocity. .at -the lower .angle which permits:- a:
higher -percentage. of entrained solid particles to

continue upward with the gas rather:.than being .

deflected: downward.. . The fotal gas volume. and
bafile angle -may . therefore:be adjusted . .so . as to

establish- optimum. condmons for the particular..

material being. dried..

- If desired, the: app.aragus;may;ha-ve a plurahty:

of radially vaned bafiles superposed one above the

other; ang-the vanes. of successive baffles may.be.

reversed,:so:-as to.induce.a.reversal in the. direc~
tion of swirling.of: the gas as:it rises through the
paffles. To accommodate .either: the single baffle
or-a:-plurality of them, a eylindrical section.orithe
like:may be disposed above:the. funrel section;.as
deseribed. in. greater detail hereafter. - The height
of -the. bafle: or bafiles. .and-the. distance between

them; if a.plurality: is-employed, may be.adjusted :

to suit theé particular material. to be dried..
~It-is-desirable to.avoid turbulence.angd .swirling
in the funnel-shaped chamber exceptimmediately
belew -the first- or :lowest: baffle, .since it ‘has-been
determined experimeiitally that an abrupt.change

of gas direction.and a sudden beginning: of swirl+
(W¥ith this in mind, T-pre--

ing-action is desirable.
fer-to.provide plates. in.the lower conduit, or in

the funnel-shaped chamber or both to-direct the.
gas upward and- to.prevent furbulence or swirling
in:the eonduit and in-the lower portlon of-the. fun—

nel=shaped chamber. .. .
Jri-order to :facilitate. the swirling mduced by-
the-tadially vaned bafies.in the upber- portion.of:

the diyer, I prefer to withdraw the. gas from:the -

space.above-the bafes:through. a tangential pipe.

In-the. preferred :design,. the ‘tangential /pipe -is..

connected-to g .suction :fan, which exhausts to a
cyclone collector or: the like in which the bulk of
the dried:product is colleeted:

Ancthierextremely desirable feature whlch may
be incorporated in the dryer of the invention isa
pipe which is ¢onhected to-the dryer -outlet, foi

example, in.or ‘just ahead of the suction fan and -
drops-down through:the conduit below: the fun-- 62

nel-shaped chamber: Friction of gas against-the
inlet conduit walls creates:a lowered:veloeity ‘ad-

jacent to:the shell and some:particles, prineipally -
the. heaviest ones, whichk ' have been -deflected”

downward to the cone:wall will ¢continue down-

ward close to the shell.dnd eollect in the bottom*

hopper. The small: diameter pipe with consider-

ably :higher gas velocities:: serves to re-entrain-
these particles, - now: dry,.and transport them to .
- the.fan.- With some products it is.desirable to end.
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4
this pipe above or below the-adjustable cone bafile
rather than at the fan inlet.

The foregoing and other aspects of the inven-
tion are explained in detail with reference to the
accompanying drawings in which:

Fig. 1is a diagrammartic vertical elevation, part-
ly in section, of a drying plant designed in accord-
ahce with theinvention- partlcularly for the dry-
ingof fish meal;

Fig.2is a plan view of the apparatus of Fig 1;

Fig, 3 is a fragmentary vertical section of the

' thn invention;
The angle of the baffle adjustment together ' : .-
with the total air volume determines the equi= 1

" Fig. 4 is-an elevation of the vertical conduit at

':- the bottom of the dryer of Figs. 1 and 2;

Fig. 5 is a plan view of the conduit of Fig, 4
showing the arrangement of the interior plates
provided to streamline the gas and prevent tur-
bulence;

Pig. 6 is a vertical elevation of the funnel-
shaped drymg chamber of the apparatus.of Figs.
1 and 2;

Fig. 7 i§a p1an view of. the drying chamber of
Fig.-6 showing.-the -arrangement of a spider of.
plates provided. to prevent turbulence of gas:in
the. chamber until the.vaned bafle at the top of
the chamber is reached;

Fig. 8 is'an elevatlon of-a cylindrical chamber
in the apparatus of Figs. 1 and 2 above the funnel-
shaped:chamber and containing the: first: of-two
transverse baffles with:radial vanes;

Fig. 9 is g plan view of the chamber of Flg 8
showiiig details of the tlansverse baffle referred
to in eonnection with Fig. 8;

Fig: 10 is-an elevation of.a- cyhndncal chamber
in.the apparatus of Figs. 1 and 2 overlying -the
chamber of Fig.-8 and containing a second trans-
verse, radially vaned bafile'and a tangential gas
outlet. which connects:to. a suction fan; and

Fig. 11 is a plan view of -the apparatus of -Fig:
10. : .
Attention is directed first to Figs. 1 and 2. - The
apparatus there illustrated is particularly adapt-
ed to the drying of fish meal following the usual
steps of cooking, pressing and disintegrating; but
it is also useful for drying-other products of low
bulk density and high mecisture content, such as-
sewage:sludge, peat moss, etc. -Heat for the oper-
ationis supplied by a. conventionial furnace-or-fire
box 20. The hot gases of combustion: from the:
furnace pass into-an exit-flue 22 which rises ver-
tically and then drops -down to:g communicating
hopper:23.. Cold sir.in controlléd amount is -in-
trodueed into the bottem. of the flue through a
damper=controlled inlet 24:

The: dryer proper:is. dlprSed ghove: the hopper '
It hag . a lower vertical eylindrical pipe section
25-which opens into a vertical upwardly flaring
frustosconical chamber 26:° The upper end of
this ‘funnel-shaped chamber opens into-an up-
right cylindrical chambet. 2T ‘disposed  directly
above. it and having the.same’ diameter as the
upper portion-of:-the cone. A horizontal pipe 28
projects tangentially from the upper portion of
the eylinder and serves as:a connection betweeen
the egylinder -and the suetion -side of a ‘powers
driven fan'29, the outlet 30 of:which is connected
to-a -eonventional cyclone: collector 31, - In: many-
instances..the chamber21.tay only be of suffi-
cient-height.above the c¢éne to provide for the-
tangent. outlet 28, since pr actmally all drymg OC~
curs:below the cone bafile.. :

Vertical vanes 32 in the form of a grid are dis=
posed:in the lowér or inlet  pipe 25 of the dryer.’
THé :material fo:be -dried, say-fish-meal, is fed
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continuously into the pipe 25 by a screw- feeder
33 disposed just above - these vanes. L

_ In the frusto-conical or funnel-shaped cham-
ber of the dryer there is another set.of vertical
vanes 34 arranged to streamline the gas.and solid
flow through the lower portion of this chamber
so as to present a vertically rising stream abrupt-
ly to .the -action of. g first transverse baffle 36
(see Figs: 8 and 9) -disposed at or slightly above
the.level where the funnel-shaped chamber JOlIlS
the upper cylindrical chamber. - ..

A second baffle 37 (see Figs. 10 and 11) havmg
radial-vanes is disposed-in the upper cylindrical
chamber about two-thirds:of the way up, lor just
below the tangential outlet pipe.: If-the upper
chamber is short the second bafﬂe 37 may be d1s-
pensed with.

A concentric vertical p1pe 38 of relatlvely small
diameter extends from a point near the bottom of
the hopper upward through.the various super-
imposed sections of the dryer and is connected at
its upper end to the suction p1pe 28 Whlch forms
the inlet to the fan. :

The flue and hopper constructlon shown in
Figs. 1-and 2 is: preferred for ‘a- number of rea-
sons.. The cold air entering the flue at its: bot~
tom adjacent-the furnace protects the wall: 39
between the two portions of the flue from the
direct action of the hot gases, and the:sharp
bend at the top of the flue assures proper mixing
of the furnace gases and the cold air whichis
drawn- in-through the dampers. Consequently;
the surfaces in the hopper ete. which may come
in contact with the material to be dried. do not
become hot enough to cause scorching.-of:mate-

“rial which may come in contact with or:lodge
‘upon them. Second, the flue and hopper -struc-
ture is such that it.can all be built:above ground
level, permitting easy access to the bottom of
the hopper for cleaning, etc. The bottom of the
hopper . is provided with a cleanout door 40
which is opened periodically.to permlt tramp iron
and other very heavy matenal present in the feed
to be withdrawn into a wheelbarrow, car or the
like (not shown). If desired, an opening of rela-
tively small cross section may.be prov1ded in the
hopper bottom for cont1nuous dlscharge of heavy
material.

The vertical vanes 1n the lower p1pe sectlon of
the dryer of Figs. 1 and 2 are best seen'in Flgs 4
and 5. - The vanes comprise radial plates 4f ex-
tending from the interior suction pipe to the out-
side wall of the cylinder, and held together by
concentric ring plates 42, the arrangement being
such that a number of openings 43 of roughly
equal cross section are provided.” The effect of
the vanes, which are located in the bottom of the
pipe with their major surfaces vertical, is to re-
duce turbulence caused by the change of gas di-
rection ete. in the flue and hopper. ’

The vertical vanes 34 .in the funnel-shaped
-chamber of the dryer are best seen in Figs. 6 and
7. They are simply radial plates 44 which ex-
tend from the central pipe to the wall.of the
eone with their lower edges about half<way up
the cone. They can be constructed as an integral
“spider” unit and simply set into the cone. Their
function is to keep the stream of gas and ‘sus-
pended solids rising vertically, without substan-
tial swirling, unt11 the first transverse baﬂie is
reached

“This transverse bafﬂe 36 is shown in- deta11 in
Flgs 8 and 9. It comprises eight segments 45,
each of which is rotatable on‘a radial axis ex=

6,
on a projecting radialshaft 48 to hold:the vane
at the desired.angle.’. A-handle 49 is fastened on

- to this:shaft;parallel: to the major- surface of the
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tending from a hub 46 out through'the shell' of

the dryer.- A nut 47 on the outside:is threaded

75

vane,. : It serves to rotate the vane and to. mdlcate
the angle:it ‘makes.with the horizontal:...When
all:the vanes are horizontal, they: substantlally
close :the: dryer: cross section; ‘but: in_operation
they -are set as:louvres at: approxnnately equal
angles. - The angle with the. hor1zonta1 may range
from.10°:to almost 90°. . The average :time: that.
material is held in.the .drYer is adjusted by.ad-
justing the angle of: the radial baffles... As noted
above, the holding time is-reduced by: movmg the
baffles toward a.horizontal position;.i..e. the. hold—
ing time of material in the dryer is greaterv when
the baffles are set at 35° from the horizontal than
when they are:seb at 10°.from .the horizontal.

‘The upper. transverse baffle 31.is best seen in
Figs. 10 and 11, It has.six radial. vanes 50 oc-
cupying .about: three. quarters-of the -cross sec-
tion. . The other quarter is closed by a floor plate
51 which underlies the tangential offtake pipe 28.
Ordinarily, the vanes need not be adjustable, and

-are simply bent . pie-shaped plates fastened at

one edge to radial spokes.52. which extend. _fr_o_m
a central hub to the shell of the dryer.. .In some
cases;: the -upper - transverse -baffle may be elimi-
nated.: In:those cases in-which it is employed. its
vanes may.be so set that:it tends to reverse .the
direction of sw1rl1ng 1mparted by the lower trans-
verse bhaffle, or vice versa. .As. shown in Flgs 10
and 11, the structure preferably is. such that 1f
the gas stream swirls counter- clockwise. as a re-
sult of passage through. the lower baffle it.should
be made to swirl counter- clockw1se through the
upper. baﬁle

The cone angle is not cr1t1ca1 but generally
speaking, the heavier is the material. to be dried
the steeper the cone walls should be.’ For fish
meal, the. wall angle shown 1n Figs. 1 and 6 is
about optimum.. .

A dryer like that Just descrlbed and of rela-
tively large size has been operated continuously
to remove molsture from fish meal. It has a total
helght of about 25 feet and the funnel-shaped
portlon of ‘the’ dryer is: 7 feet hlgh and.6 feet in
diameter at the top The fan is drlven by a 40
H.P. motor s .

.The temperature, of the gases entenng the bot:-
tom -of: the -dryer-is low, ranging from,200° to
300° F. The fish meal is heated to:a. maximum
temperature ranging from- 100° to 125°.F. . -At
these low temperatures the meal does not scor_ch
or give off objectionable odors or fumes.

Tuna, mackerel and sardine: meal- have been
dried inthe equipment with excellent results from
the standpoint: of character of product and
thermal . efficiency.. -In all cases the dried meal
is-light and fluffy and of:much lighter eolor\than
that produced in conventional dryers. Moreover,
the dried meal has a hlgher feeding .value than -
that produced in . conventional: equlpment this
being due to conservation of nutritional- values
by low temperature drying. A notable property
of the fish meal dried in accordance with the in-
vention is its lack of tendency to cake or harden
during storage, provided that the meal is-cured
for g short time, say two: to three hours, prior to
sacking ‘and’ preferably pr1or to grmdmg and
sacking. .

sCuring: preferably is accomphshed by storage
in a fairly well insulated bin and blowing a small
volume: of air.upwardly through the massof meal -

“in.‘the bin:: ‘This allows oxidation of fat in the

meal to be substantially completed prior to pack-
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aging so: that-the heat: of oxidation isnot- avall-
able $o.injure the préduct: dubiig istorag

‘In-operatingthe dfier of ‘the:
desira.ble ‘to”have a 2<pen’ temperature recorder
and- controller one for recording theé:ialet tem-
peratire ‘of the mixed:air and furnace gas, the
gecond: pen Tecording and controlling: the: finish
temperature by a:bulb 'placed -in>thé: equipment
 beyond. the drying:cone. ‘Suitableigauges -to-in=
| dicate suetion, 1.e. 4t the hopper-and fan intake
. afe‘recommniéended,; togetherwith eithéra variable
: speed drive on:the fanor stitable louvies tocon-
trol 1he total air-volume.:

The operatlon ‘of ‘the-dryer: 6f- Figs 1 and 2 is
s+followsi
- e Warm-gas consisting 6f -3 mlxture of ¢om=
pustion ‘gases from the furnage and the bled-in
air meets the introduced feed:and tendsito:carry

jnvention 4t is -

[

10

thé wet patticles thereof -up into theifunnel ‘or -

cone of the dryer. - Just below -the: Sfirst- trans=
verse béffle -the vertlcally rising -column -of gas
and-§uspended solids suffers an abrupt: change 6f
direction. ~Many:of the: particles strike the bafiie

20

and-are “bounced”:downward into:the lower:por-

tion ‘of ‘thé eone where veloeities -are higher and
they are again’buoyed up.:
| “-*Thé¢ eentral pipe:is conneeted directly:to: the
fan by-a connector 60 (See Figs. 10:and 11).
high' suction exists-at-the-lower énd 6f the: plpe
sufficient to-entrain the héavy particles:and draw
them: upward through the central pipeto thefan,
where’ they join the: particles drawn up throuah
the outer portion-of the drier:
Tramp iron ‘and- ‘other impurities “which -are

too heavy to be lifted by ‘even the high suetion

of. the center plpe collect in the boftom: of the
hopper a8 waste.” -

Certain modifications ‘of the apparatus 6F Tigs:
1,2 and 4 to 11 are shown- d1agramma.mcally in
Fig, 3. As -shown, fish ‘meal 10:'being passed
through a disintegrator Tl preparatory-to feed-
ing into the dryer is preé- -heated by gas withdrawn
trom & zone of telatively low suction in the drier
column’ through a-conduit- ‘12 and returned - into
the eolumn -along  with the: preheated feed-at-a
point T3A of higher-suction. “The- dxsmtegrator
and thé conduits are-substantially -gas: tlght (see
the star feeder T4) so that the action -just-de-
seribed ‘can take plaee.- It hag been found: that

the ‘preheating -aids" dlsmtegratlon and yields a. ‘

fliffier final produet.

In-the-apparatus: of Fig. ?'3»hot; furnace-gases
. pass-through’s eheckerwork-wall-at theend of
the furnace-iite a ‘down draft flve 15, eold air to
diltite-the: furnace gases-being drawn in through
a-‘dampered -opening ‘16 -at: ‘the .top- 6f the flue.

' The lower-énd of the flue opens inte-a:pit 18 inte

iwhieh the central-pipe‘of the drying eolumn Ppro-
jetts. - 'This pipe-has-a- telescoped :end-section 11
swhieh-sHdes over thé rest-of the pipe-and-may be
sét-at various'levels,“so-as-to -adjust-the degree
of duction-at the bottom 6f the pit.
“Prebris;ete;Which'is too-heavy to be sucked up
through the -central pibe:colleets in the pit,'which

- is-cleaned: out-perivaieally, say: at times o1 sshut=. -

down:
“The rest of the apparatus-of: F1g *3: is,substan-
-t* ally thesame asthat:6fFigs: lrand:2. .
:Ordinarily the fish meal-fror the. cyclone ieol-
lector is subjected to grinding prior to sacking.
Increased  thermal:efficiency for-the: fish:meal
drying operation may be:obtained -by-enclosing
thie grinder. :(1xot ;shown) -and-passing the wafm
exhaust .gases from the cyclonerexhiaust through
the grinder- inclosure -and thente to.-a smaller

39

8
eyelone- (not §hown) Wwhich: eollects. the ground
meal and feeds'it-to the bagging apparatas, - The
cubing step for-fish ‘meal-alréady- d1scussed may
beincoiporated in these.operations..

‘Numerous: variations may be made in-the ap-
paratus:without: depaiting from the:scope of the
invesition. - “Thus the central pipé: which isvem=- -
ployed “to. -draw up ' the heaviest ‘particles by
means “of-higher suction, may ‘be ‘disposed- out-
side the:shell of -the drying. tower. . 'This; how=
ever, complicates the: ‘desigh - and is ordlnarﬂy
notto be desired. :

“A-number.of:the. dryer units: may be connected
either:in series or in-paralel.

To:summarize, the .dryer of ‘the. 1nventmn is
particalarly useful: in . drying finely divided ma-
terials of low bulk density, and is .particularly
useful-in-drying heterogeneous material such-as
fish 'meal, which :includes. -particles ‘of -widely
different deénsity. It permits drying at very low
temperatures, .below ‘those at which many con-
ventional dryers are operative.  The.low dryer
temperature reduces fire: hazards, -eliminates
scorching of ‘combustible-products: and- inithe
case of “fish ‘meal, ‘efc., produces an improved
product, : lighter fand ‘more uniform :in color;
fluffier;" and with:«a-higher nutritional value.: It
can be operatedon fish:mealiete., without caus=
ing :odor: nuisance:or-smog—=serious. problems’ in
congested industrial: areas. - :Liastly, with certam
materials,:i. e..peatimoss,: with .a moisture con-

- tent of :80~90% -moisture -may “be - eliminated

40

60

s

mechaniecally (as mist) -to.a ldrge extent, so-that
the evaporation -efficieney in -terms. of thermal

Ainput may be- vely h~1gh+—1n seme cases; in-excess

of-200%.

~Ielaim:

1T a - drier,  the combmatmn whmh icom=
prises ‘an upwardly ‘flaring <drying -‘chamber, a

tube: having-substantially: para}lel walls disposed

in a substantially upright pésition-and- opening
into the bottom of theflared chamber, ‘means for
feeding material to- be‘drred into-the tibe means
for passing a -<current-of’ drying gas upwardly

5 through the tube-and the‘chamber-with sufficient

force to buoy ‘up atleast some-of the matertal to
be dried, means ‘for “preventing turbulent flow
of the drying gas in the tube and the lawer‘por-
tion -of ~the -flgred ~chamber; "and &’ bdfie for
abruptly imparting a swirling- motion 4o the gas
arid *the “material “buoyed" up by it, “said’ ‘baffle
being disposed in thedifer st a level near the t0p
of the flared chamber. and transverse to the ‘up-
ward passage of the gas.

“2."Ti o drier, the combination ‘which cOIprises
an upwardly fiating “drying eh mper, 5 tube
having substantially parallel walls disposéd ‘in
& substantially upright position and epening, 1nto
the bottom of the fared chamber, means. for
feeding material t6 be dried into the tube, means
for passihg .a Ciffrent of drying gas upwardly
through the tube.and-the chamber With . siffi-
cient foice to buoy ub.at.least some of the ma-
terial to be- diied, means ¢omptising vanes dis-
posed ‘with ™ théir majol surfaces. lying in. the
direction..of gas flow.in thé. tube Tor preventing
turbulent flow- of .the. drymg gas-in.the tube. and
the lower portlon .of -the.flared . chamber,- and
a baffle-for -abruptly }mpartmg ‘a -swirling:. motion
to the gas and the material buoyed up -by-it,
said-baflle being disposed-in the drier-at a level
near-the top -of-the - -Hared - chamber : and trans=
verse-to the upward, passage-of the.gas. : ..

»3.-In g wdrier, ~the:--combination 'which . com=

prises-an -upwardly: flaring .drying chamber;:a
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tube having substantlally parallel Walls d1sposed
in a substantially upright position and opening
into the bottom of the flared chamber, means for
feeding material to be dried into the tube, means
for passing a. current of drying gas upwardly
through the tube and the chamber with sufficient
force to buoy up at least some of the material
to be dried, means comprising radial vanes with
substantially upright major surfaces disposed in
" the flared chamber for preventing turbulent flow
~ of the drying gas in the lower portion of the
flared chamber, and a multivaned bafile for
abruptly imparting a swirling motion to the gas
and the material buoyed up by it, said.baffle
being disposed in the drier at a level near the
top of the flared chamber and transverse to the
upward passage of the gas.

4. In a drier, the combination whmh com-
prises an upwardly flaring drying chamber,.a
tube havmg substantially’ parallel walls disposed
in a substantially upright position and opening
into the flared chambeér, means for feeding . ma-
terial t0 be dried into the tube, means for passing
a current of drying gas upwardly through-the
tube and the chamber with sufficient. force. to
buoy up at least some of the matenal to be dried,
means. for preventing turbulent flow of the dry-
ing gas in the tube, means for preventing turbu-
lent flow of the drying gas in the lower portion
of the flared chamber, and a baffle comprising
radial plates disposed on a slant from the hori-
zontal for abruptly imparting a swirling motion
to the gas and the material buoyed up by it,
said baflle being disposed in the path of the gas
and transverse thereto at a level near the top of
the flared chamber.

5. Apparatus according to claim 4 provided
with means for adjusting the slant of the radial
plates.

6. In a drier, the combination which comprises
an upwardly flaring drying chamber, a tube hav-
ing substantially parallel walls disposed in a sub-
stantially upright position and opening into the
bottom of the flared chamber, means for feeding
material to be dried into the tube, means for
passing a current of drying gas upwardly through
the tube and the chamber with sufficient force to

_buoy up at least some of the material to be dried,
means for preventing turbulent flow of the drying
gas in the tube comprising a plurality of plates
set upright in the tube, means for preventing
turbulent flow in the lower portion of the flared
chamber comprising a plurality of plates set up-
right in the chamber, and a baffle for abruptly im-
parting a swirling motion to the gas and the ma-
terial buoyed up by it, said bafle being disposed
in the path of the gas and transverse thereto at
,& level near the top of the flared chamber above
the upright plates.

7. In a drier, the combination which comprises
an upwardly flaring drying chamber, a tube hav-
ing substantially parallel walls disposed in a sub-
stantially upright position and opening into the
bottom of the flared chamber, the horizontal
cross section of the tube being substantially the
same as the horizontal cross section of the flared
chamber at the level at which the tube opens into
it, means for feeding material to be dried into
the tube, means for passing a current of drying
gas upwardly through the tube and the chamber
with sufficient force to buoy up at least some of
the material to be dried, means for preventing
turbulent flow of the drying gas in the tube and
the lower portion of the flared chamber, a first
bafle for abruptly imparting a swirling motion
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to the gas and the material buoyed up by 1t dis-
posed at a lével near the top of the flared chaim-
ber: and transverse to- the direction of gas pas-
sage,‘and a- second bafie to impart swirling dis-
posed’in the drier: above the first and transverse
to the direction of gas passage.

8.1Ina drler, the combination which’ comprises
an upwardly flaring drying chamber, a tube hav-
ing substantially parallel walls disposed in a sub-
stantially upright position -and opening into the
flared chamber; :means. for feeding material to
be dried into:the tube, means for passing a cur-
rent. of drying: gas upwardly - through the tube
ahd the chamber with' sufficient force to buoy up
al least some of the material to be dried, means
for preventing turbulent flow of the drying gas:in
the - tube’ and - the lower portion of the “flared
chamber, and two superposed transverse baffles
for abruptly imparting a swirling motion to the
gas-and the material buoyed up by it at a level
near the top:of the flared chamber, the lower of -
the two baffles ‘being. near -the top of the flared
chamber and having radial; plates rotatable to a
slant with ‘the horizontal,: and means: for ad-
justing:the slant-of the plates.-

+9.. In'a.drier, the:combination which’ compnseb

’ an upwardly flaring drying chamber, a tube hav-
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ing substantially parallel walls disposed in a sub-
stantially :upright position and opening into the
bottom of the flared chamber, means for feeding
material to be dried into the tube, means for
sucking a current of drying gas upwardly through
the tube and the chamber with sufficient force
to buoy up at least some of the material to be
dried, means for preventing turbulent flow of the
drying gas in the tube and the lower portion of
the flared chamber, and a baffle for abruptly im-
parting a swirling motion to the gas and the ma~
terial buoyed up by it disposed in the drier at a
level near the top of the flared chamber and
transverse to-the direction of gas passage, a hop-
per below the tube and communicating therewith,

"a pipe opening into the hopper, and means for

applying a higher degree of suction to the pipe
than to the tube and flared chamber.

10.. Apparatus according to claim 9 in which
the pipe is disposed upright and passes through
the tube and the drying chamber.

11. In a drier, the combination which com-
prises an upwardly flaring drying chamber, a
tube having substantially parallel walls disposed
in a substantially upright position and opening
into the bottom of the flared chamber, means for
feeding material to be dried into the tube, means
for passing a current of drying gas upwardly
through the tube and the chamber with sufficient
force to buoy up at least some of the material
to be dried, means for preventing turbulent flow
of the drying gas in the tube and the lower por-
tion of the flared chamber, a bafile for abruptly
imparting a swirling motion to the gas and the
material buoyed up by it disposed in the drier
at a level near the top of the flared chamber
and transverse to the direction of gas passage, a
hopper below the tube and communicating there-
with, a flue passing upward and opening into
the top of the hopper, means for introducing hot
gas into the side of the flue remote from the
hopper,. and means for infroducing cooler gas
into the flue below the point at which the hot
gas is introduced.

12. In a drier, the combination which com-
prises an upwardly flaring drying chamber, a
tube having substantially parallel walls disposed
in a substantially upright position and opening
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into the bottom of the flared chamber, means for
feeding material to. be dried. together-with warm
gas-into. the -tube; means for. passing-a :current
of:drying gas upwardly. through the-tube.and.the
chamber with -sufficient force-te buoy. up.-at-least
some of the material to-be-dried, means:for.pre-
venting - turbulent: ffow- of .the-drying gas.in the
tube and the lower-portion of the flared chamber,
a-baffle for abruptly imparting-a swirling motion
to the-gas and-the: material buoyed. up by.it dis=
posed in-the ‘drier-at-a level near-the:top of;the
flared-chamber and:-transverse:to the direction of
gas passage,; a’'disintegrator for-the material to-be
dried:connected’to theifeed means; and a condait
for_passmg Warnr gas: Into the dlmntegrator from
the: tube: :

-13idnta dryer: the combmatlon whlch com-
prises a:tube: havihg:substantially parallel walls
disposed-in: a: substantially: upright position; an
upwardly: flaring drying .chamber disposed: above
thetube with. its bottom in communication:there=
with, means for feeding material tobe dried:into
the tabe; means for:passing a current of drying
gas upwardly through. the:tube and the chamber
with sufficient forcesto buoy up-a-large: partiof
the: material to- be: dried, means for preventing
turbulent: flow of the: drying: gas-in thetube and
the lower portion of the flared chamber; a-trans-

verse: bafile for- abruptly  imparting: a- swirling:
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motion to.the gas and the material buoyed up by
it. disposed. at.a:level near the top of the flared
chamber,. a..chamber. disposed. abave..the. flared
chamber, and an.outlet. conduit: tangential. to
said.upper.chamber. . -
: - PAUL:A.-SHAW.
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