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. 8.Claims.

. . 1

- This-invention:relates

ing moisture from solid materials suchas. salt
or other -crystalline orrgranular materials.

_It.is.an object-of:this invention to provide ap-

paratus of the aforementioned type which is con-

(CL. 34—135)

to-apparatus for remov-

structed:as a compact -machine -s0.a8 10 remove

siich moisture in a-much.more -efficient and eco-
nomical manner than has heen heretofore known
in the -art. | ' |
 _Jt.is a further object of. this invention to pro-
vide in apparatus-of ‘the aforementioned type an
improved final -drying: mechanism, into- which
partially dried solid materials may be fed by any
suitable feed mechanism, and- which will .com-

pletely dry the solid materials in-a *rapid;eeﬂ‘_lcient'

and - inexpensive Tanmer. -
- -Tt-is a-further -object of this invention :to-pro-
vide a mechanism of the- aforementioned: type

in -which the '_.partia,llyridrie,d-.;_mater-ial is fed into

o rotatable, -drying . drum- and: axially -moved
through -the drum -while heated air- or gas 1is
passed therethrough 80 as to completely . dry-it
before it-is discharged from :the .drum. |

- A further -ob] ect. .of -this -invention -is to ‘pro-
vide in-apparatus of ‘the- aforementioned type,
novel .means for  axially feeding -or moving. the
material .through' the rotatable’ drum. |

A -further object of -this 4invention-is. to pro-
vide in:apparatus ol the- aforementioned: type,
novel - means-for rotatably. supporting.
ing .said drum. | |

. Tt is. a .still further .object of this invention.to
provide an improved: arrangement. for directing
and.conducting heat from exteriorly of the drum

through the drum. wall and.the material therein

<o as to completely dry the material as it is fed
" through the container, and so that the heated
_air passed through the material can be recircu-
lated, thus saving power and fuel consumption
to the user. | | |

A still further object of this invention is to

and driv- -

10

L .
Pig. 2 is.a -sectional view of the'structure:illus-
trated in Fig. 1 taken along the line.2—-2:thereoi;
_Pig. 3 is a fragmentary sectional view of the
structure ‘illustrated in- Fig. 1 taken along -the

- line 3—3 thereof; and

Fig. 4 is a fragmentary -sectional view -of .the
structure -illustrated 'in. Fig. 1 taken: along the
line -4—4 thereof. = | |

In removing moisture from -solid -materials,

particularly salts.:such as: ammonium-sulphate,

- sodium-chloride,:potash, etc.,.it 1s-common prac-

Z4)

N
L |
)

tice to employ centrifugal driers which are-effec-
tive to. remove a substantial quantity -of liguid
by centrifugal force but which :cannot remove

2 g1l of the liquid content. It 1s necessary, there-

fore, to complete the' drylng operation by other
mesns which will-remove the residual liquid, usu-
ally amounting to from .about -one to five -per-
cent- of the mass. -Machines for-such final:dry-
ing -operations have been developed, but: these
have not been -especially efficient and- economi-.
cal to operate, especially .from the standpoint of
power and fuel consumption. The drying -ap-
paratus of this invention has been developed for
use -in completing the drying of ‘material which

" has been. partially dried -by .other :means such

o

e
o’ |

~drum d1.
 operating elements of

44)

provide in o rotatable drum of the "'aforemeng- |

peripheral wall construc-

tioned type, a novel
the material being

tion which will break up
axially fed therethrough so as to
passage of the heated air therethrough for dry-
ing the material. " c
- Other: objects of this invention will become ap-
parent from the following detailed. description
taken in- conjunction with the accompanying

drawings in which: | |

“Figure 1is a -fragmentary_ sectional _view of the

final drving device of this invention, and of the
means for feeding _partially dried material
thereto; | | - B :

facilitate the

as any form of centrifugal drier. With such cen-
trifugal devices;. a slurry. containing an. appreci-
able percentage of liquid is fed into the -device
and the greater part of the liquid -is separated
from -the- solid- material by centrifugal force.
The material from the: centrifugal or other -form
of preliminary drier may: be fed :into the final
dryving device by -any -suitable means. | |
‘The -final drying device.of the -present inven-
tion includes .- suitable. -stationary stand or
framework 9 .for rotatably :supporting: a. drying .
A ‘housing 12 -surrounds the drum. and
the device. .The drum 41!
includes .a- peripheral -wall 19- which : is..smaller
in -diameter-at the:inlet end thereof than at the
outlet -end thereof, so that the peripheral-wall
is of .o generally -frusto-conical shape. | -
The wall 15 is made up of aplurality of .con-

5 ecentric, axially overlapping and radially -'spaced:

eylindrical rings 17,  which:are of progressively

larger diameters from the inlet end to the out--

50

-
L

- B

o

let-end of the drum. The rings: (7 .are -posi--
tioned and retained in the aforementioned over-.

lapping. and. spaced relationship by:--an annular.

retainer -member {8 which includes- a- pair-of

- annular track portions {8 and :20'-and;a=.;plura,1.it3r .
of circumferentially spaced: axially extending”

ribs 21; each of which:has the Inner face thereof

. formed-with. a plurality -of axially spaced.-steps.
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22. Fach of the rings {7 is secured to its respec-
tive step portion of the ribs 21 by means of
countersunk screws 23. It will thus be appreci-
ated that each of the rings (7 overlaps its ad-
jacent ring of a larger diameter so that the
inner surface of the peripheral wall {5 is stepped
from the inlet end to the outlet end thereof, and
spaces 24 are provided between the overlapping
- portions of the rings.

In order to rotatably support the drum 11 o1l

the framework 9, a plurality of circumferentiglly
spaiced roller devices 28 are provided which are

supported by the framework adiacent the drum
peripheral wall. Each of the roller devices 29
Includes a roller 3{ which engages the outer
periphery of the annular track {9 and a roller
33 which engages the outer periphery of the

annular track 20. The rollers 31 and 33 are

rotatably supported in the framework 9 by means
of a trunnion 35. One of the roller devices 29
1s connected with suitable driving means, such
as an electric motor, in any conventional man-

ner so as to rotatably drive the annular tracks.

{9 and 20 and the drum I secured thereto.
The roller devices 29 and 33 therefore both ro-
tatably support and drive the drum I1.

The housing adjacent the small end of the

__ partially closed by an annular plate
14 which defi nes a coaxial inlet opening 18 for
the drum through which material
1s fed by any suitable means. A screw conveyor
feed comprising a tubular housing 5 and a screw

drum {1 js

to be dried

10

91 50 that the heated

4 .
of the housing 9 which directs heated air into
the space within the housine and surrounding
periphery of the drum. The heated air passes

through the spaces 24 in the peripheral wall

I3 and into the interior of the drum i | through
the layer of material carried by the drum wall.
A hot air outlet conduit or passageway 5§ is
provided in the housing 12 in an opposed rela-
tionship with respect to the inlet passageway
alr from the interior of

- the drum flows through the open end of the

15
“the air. A material outlet passageway 61 is

drum and out through the outlet passageway 59.

- Any desired portion of the discharged air may

be reheated and recirculated in order to reduce
the amount of power and fuel necessary to heat

~ brovided in the housing 12 adjacent the outlet

20

29

- end of the drum I{, into which the solid material,

In its fully dried condition, is dischareed by the
drum for delivery into a SCrew conveyor or the
Iike, not shown, which will not permit passage
of the air. | B -
~In operation, the partially dried material is
fed into the rotatable drum through the conduit
9 by means of feed screw 1, or otherwise. The
material drops out of the conduit § down onto

- the wall {5 of the drum {1, or, if the discharge -

30

T is illustrated. However, if the preliminary

drier is a centrifugal drier of the type in which
material is moved axially along the interior sur-
Tace of the rotating centrifugal drier drum and
discharged off the open end or peripheral edge
of that drum the centrifugal drier may be re-
counted coaxially, with respect to the drum |1
with the discharge edge of the centrif ugal drier
drum in the plane of the open end of housing
» 50 that the centrifugal drier ‘discharges di-

rectly into the final drier of the present invention.

An annular wobble plate 37 is positioned with-
in the drum f{{ at the inlet end thereof and
projects radially inwardly from the peripheral
wall 15 of the drum 1{. The wobble plate 37 is

provided on its outer periphery with one or more

tabs 39 which fit into slots 41 in the innermost

rings {71 so as to provide g, driving connection .

between the wobble plate and drum while per-
mitting the wobble plate to move axially of the
drum within the predetermined limits defined
by the axial extent of the slots 41. |

~In order to impart wobbling action to the wob-

ble plate 37, a plurality of circumferentially

35

the peripheral wall.

Is from the drum of a horizonta] centrifugal
drier, is thrown outwardly on to the wall (5.
The drum (1 is rotated at a suitable speed to
maintain the material therein in a layer against
_ - The action of the wobbile
plate 37 will move the layer or cake of material
let end of the drum. |

An important feature of the invention resides
in the fact that the material forms a. layer which

‘axlally along the peripheral wall toward the out-

~1s stationary with respect to the drum wall ex-

40

cept- Insofar as it ‘may be fed axially by the

action of the wobble plate. The rate of feed may
be adjusted by adjusting the angle of action of
the wobble plate and thus the period during

- Which the material is retained in the drum may

] |
ot

spaced roller assemblies 43 are provided. Fach

of the assemblies 43 includes a roller 45 which
engages the outer face of the wobble plate 37T
and which is rotatably supported on a framework
bracket 47 by means of a sultable bolt and nut
49 and bearing 5f. The framework bracket 47

- prevent the layer of material from forming a

~be adjusted as required to complete the drying

action. The rings 1T are provided with intermal
cylindrica] surfaces so that no movement of the
material toward the open end of the drum occurs
except as the result 'of the action of the wobble
plate 37T. It will be apparent, however, that the
inner surfaces of the rings 17 may be made
frusto-conical, so long as the conical angle is
Insufficient to cause the material to slide out the
end of the drum as the result of centrifugal force.

It should ke noted that while the drum and

5 ma,terial therein are rotated, drying action results
-entirely from the flow of heated air through the

layer of material. Accordingly, it is essential to

- solid cake which would prevent such air flow.

6O

1s provided with a slot 53 through which the bolt

43 extends so that the roller 45 can be adjusted
mwardly or outwardly with respect to the wobble
plate 31. The axes of the rollers 45 of all of the
roller devices 43 lie in a plane which is inclined

with respect to a plane normal to the drum

2X1s so that as the drum 11 and wobble plate
- 81 are rotated, the rollers 45 will cause the plate
to wobble axially with respect to the drum.

- In order to completely dry the material which

70

Is moved through the rotatable drum (1, as will

be hereinafter described, an air inlet conduit or

B Passageway §7 is provided in the lower portion

“breaks up as it moves o

T'his result is achieved with the minimum power
requirements as a result of the fact that the drum
15 generally conical in form.. Thus, as the layer
Is progressively moved from the small to the large
end of the drum its diameter progressively in-
creases. This keeps the layer broken up into a
l00se mass through which the air may flow. The
stepped arrangement of the rings 17 is peculiarly
advantageous in this connection since the layer
I the discharge edge of

-each ring and it is at this point that the air inlet

passages 24 are located. A further advantage of
the stepped and overlapping arrangement of the

rings {71 is that it provides air inlet openings

which face in a direction parallel to the direc-:



tionyof :fiow -of the ‘material-and-hence cannot
become: clogged. | UL

- The:speed of rotations fthe drum is.not erifical |

50 -long-as it is sufiicient to retain ‘thematerial
in.a relatively stationary. layer on its inner sur-
fape. | If the drier is ‘connected. directly: to the
discharge end .cof a centrifugal drier drum; which
drums rotate at a very high speed, it'1s Necessary
to rotate ‘the drum 15 at o speed sufficient. o
prevent thermaterial ‘from. sliding - helically -out
through the drum .as the result of :the high-speed
with: which it is-discharged tangentially. by the
centrifural drier. . .
@ntisfactory. results have been: achieved with
drum speeds in the order: of 170 :R. P. M. for a
drum: having. a: maximum. diameter of 24’ :when
the: material to be dried ‘was received  directly
from 2 centrifugal drier in the manner indic ated
above. | -
. While the invention-is illustrated as embodied

3,824,124
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of:hot:.gases “4herethrough,-and means for:con~

- dudting and :transraitting - hot gases from exte-
riorly-of :the drum throu ¢h ‘the openings in the

g |

15
- sively increasing diameter arranged in-axially
overlapping and - radially - spaced ‘relationship,

20
in g machine having a drum mounted cn.g hori-
rmontal axis, the principles and advantages of ‘the

invention may be realized by a machine having

o vertical axis drum since the iorce of gravity
has negligible effect as compared with the cen-
trifugal force holding the- material against the
drum wall. - In the case of vertical axis machines

in which the drum discharges upwardly the rings
" 11 may be made slightly frusto-conical so that
they are of larger diameter at their upper edges
in order-to facilitate discharge of the material.
What is claimed is: |

1. Apparatus for completely removing moisture
from solid materials, including a frame; a drum
" rotatably supported-on-said -frame:and into one
end of which such material is adapted to be fed,

said drum having openings formed in the periph-

eral wall thereoi, a -mechanism’ connected with
said” drum for rotating said drum so that the
material fed therein will be centrifugally held

against the peripheral wall thereof when said

drum is rotated, a member connected with said

‘drum -peripheral wall-and the layer of material
supported thereon. e
3.+ Apparatus for removing moisture from solid
‘materials, - including a frame,-a druill’ rotatably
supported:on’ said frame
swhich such' material is adapted to he
10 .from ‘the opposite end of- which
'is-adapted to be. discharged, said rotatable drum
including:.a -peripheral wall which is-smaller in
diameter at the inlet end thereel than at ‘the

and into one-end: 'bf
red. "a;nd
stich material

discharge end; said peripheral wall being made
up-of a -plurality of concentric rings of progres-

means-connecting said rings in said overlapping

and spaced relationship ;so that air passageways

are -provided between the overlapping portions of

' said rings, means operatively connected with said
drum for retating said grum so-that the material
which ‘is fed ‘therein ‘will be centrif ugally ‘held

apainstsaid - peripheral wall in-the form of &

S
i

5 layer:when said drum'is rotated; a plate element
 connected to said drum-adjacent ‘the inletend

 thereof. for rotation therewith and axial move-
 ment relative thereto, means 1or axially actuat-

30

ing said plate element so as 10 axially move the
sy, material -held against 'said peripheral ‘wall 1rom
~  theinlet end of said drum to the outlet end there-

of, and means for transmitiing and conducting
ot cases from' exteriorly of said drum ‘through

- sald peripheral 'wall alr passageways and the
layer.of . material ‘suipported thereon Ifor com-

“pletely .drying the latter as 1t s axially moved

40

drum for rotation therewith and movable axially |

for moving the material therein from the inlet
end thereof to the discharge end thereof, means

for oscillating said member axially of said drum
thereof, and means for con-
exte~ -

during the rotation
ducting and transmitting hot gases from
riorly of the drum through the openings in the

peripheral wall of the drum and layer of mate- ;

rial suapported thereon.

9. Apparatus for completely removing moisture '

from solid materials, including a frame, & drum

rotatably supported on said frame and into one
end of which such material is adapted to be fed, 5
said drum including a peripheral wall of a gen-

through said .drum. .

- 4., Apparatus for rerroving moisture from solid

materials rincluding a frame, & drum rotatably

supported on said frame and into one end of
““which such material is adapted to be fed, said
_drum including a peripheral wall against which
" the material is adapted to be held in the form of

a layer by centrifugal force when said drum 18
rotated, said peripheral wall having a plurality
of openings therein, means for conducting and
transmitting hot gases from exteriorly of the

. drum through said peripheral wall openings and
_the layer of said material supported thereon, a

plate extending radially inwardly from said pe-

-_ripheml wall adjacent the end of said drum into
- which the material is fed, means operatively con-

- necting said plate to said drum for rotation there-

erally frusto-conical shape which is smaller in

diameter at the inlet end of said drum than at
the opposite end, said peripheral wall having a-

nlurality of openings therein, mechanism con-

60

nected with said drum for rotating said drum so

that the material which is fed therein will be
held as a layer against the peripheral wall by
centrifugal force when sald drum is rotated, a

member connected with said drum for rotation -

therewith and for axial movement relative there-
to for axially feeding the material in said drum
from the inlet end thereof towards the opposite
end thereof, means for oscillating said memper
axially of said drum during the rotation thereof,
said frusto-conical waill being stepped so as to
ecause said material layer to break up into a loose
mass as it moves from the small diameter inlet
end of said drum toward the larger diameter

discharge end thereof, and facilitate the passage

“with while permitting relative axial movement
between said plate and sald drum peripheral wall

w.iphin predetermined limits, and means engaging
said plate for wobbling the same axially so as to

- move the material in such drum axially there-
- through. |

5. Apparatus for removing moisture from solid
materials, including a frame, a drum rotatably
supported on said frame and having an injet end

into which the material is adapted to be fed and
' an outlet end through which the material is -

adapted to be discharged, said rotatable drum

- including a peripheral wall made up of a plural-
ity of rings of progressively increasing diameters

W’hiﬁh are 'arranged so that each overlaps its
~ adjacent member in radially spaced relationship,

70

75

means connecting said rings in said overlapping
“and spaced relationship so as to provide air pas-

sageways therebetween through which hot gases
may flow, mechanism connected with said drum

for rotating said drum so as to centrifugally

maintain the material therein against the periph-
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eral wall thereof, means for directing hot gases
from exteriorly of said drum through the periph-
eral wall air passageways, in order to dry the
layer of material in said drum, g plate element
extending radially inwardly irom said peripheral
wall adjacent the inlet end thereof, means opera-
tively connecting said plate to said drum wall so

that said plate will rotate with said drum, while
permitting relative axial movement between said

plate and said drum within bredetermined limits,
and means engaging said plate for wobbling the

same axially of said drum so as to move the layer

of material axially along said peripheral wall
and out the discharge end thereof.

6. Apparatus for removing moisture from solid
materials including a drum having an inlet end

into which the material is adapted to be fed and
an outlet end through which the material is

2,624,124
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adapted to be discharged, said drum including a

peripheral wall which is smaller in diameter at
the inlet end thereof than at the discharge end,
sald peripheral wall being made up of a, plurality
of ring members of progressively increasing diam-
eters which are arransged so that each member
overlaps its adjacent ‘member and is radially
spaced with respect thereto, means Securing said
members in said overlapping and spaced relation-

ship so as to provide air passageways between

sald rings through which gas may filow from the
exterior to the interior of the drum, and a mem-
ber connected with said drum for rotation there-
with and for axial movement relative thereto
for moving material through said drum and in
contact with the walls thereof axially from the
Inlet end thereof to the discharge end thereof,

and means for oscillating saig axially movable

member axially of said
thereof.

7. Apparatus for removing moisture from solid

drum during the rotation

20

S

materials, including s drum into one eng of which
such materials are adapted to be fed, a peripheral
wal]l for said drum, a plurality of air passageways
in said peripheral wall which extend substantially
parallel to the axis of said drum, and a member
supported by said drum for axial movement rela-

tive thereto for axially moving such materials
through said drum from one end to the other,

and means for oscillating said member axially of
said drum during the rotation thereof.

- 8. Apparatus for removing moisture from solid
materials, including a frame structuhe, a2 drum |
rotatably supported by said frame structure and

‘Including a peripheral wall, a plate like element

supportied for rotation with the drum and axial
movement relative thereto, a plurality of circum-
ferentially spaced roller devices supported by said
frame structure and engaging said plate element
at circumferentially spaced points, said rollers
being in- a plane which is Inclined with respect.
to a plane normal to the drum axis so as to
wobble said plate axially with respect to said
drum when the latter is rotated. | -

HENRY F. IRVING.
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