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(571  ABSTRACT

Apparatus for cooling solid particu’late material
treated in a kiln comprising a plurality of elongated

~ cylinders attached to the periphery of a rotary kiln.

Particulate material is discharged from the kiln into
the material inlet of the cooler while cooling air is in-
troduced into the cooler countercurrent to the mate-
rial flow. The particulate material is uniformly ad-
vanced from the material inlet to the outlet by means
of a helical plate means which is continuous through-

~out its length. Annularly offset openings in the plate

means deflect the cooling air from its initial flow path

1n order to increase the rate of heat transfer between

the cooling gas and the particulate material, plate
means and walls of the cooler. The plate means is eas-
ily manufactured and installed. The plate means is de-
signed to prevent clogging by the particulate material.
The interior of ‘the cooler and the entire plate means
are easily accessible for maintenance or- repair by
means of access doors near the material inlet and out-
let. Spent gas is returned to the kiln to be used as pre-

| heated air of combustlon

~ 6 Claims, 8 Drmﬁring' Figures '
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APPARATUS FOR COOLING SOLID
PARTICULATE MATERIAL
- BACKGROUND OF THE INVENTION

The present invention provides attached tube coolers

for cooling material treated in a kiln including an im-

proved means for obtammg effective heat transfer.
Coolers arranged in a planetary fashion around the

periphery of a rotary kiln have been used to cool partic-

ulate material dlscharged from the kiln for many years.

Particulate material is fed into the material inlet near

one end of a cooler as large quantities of the cooling

gaseous fluid, usually air, is introduced countercurrent
~ to the material flow near the material outlet. Spent air

passes from the cooler through the material inlet into
the kiln to be used as preheated air of combustion.

~ Coolers of the prior art have tried various means to
increase the rate of heat transfer between the particu-
late material- and the gaseous fluid. U.S. Pat. No.
1,905,744 is illustrative of helical plate means attached
“to the inner wall of the cooler which advance material

- at a uniform rate. By varying the pitch of the helix, the

‘amount of time which the particulate material is re-
tained within the cooler can be controlled, subject to
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The objects of the present invention will be achieved

by providing apparatus for cooling solid particulate ma-

terial treated in a rotary Kiln including a plurality of
elongated cylinders adapted to be connected to the ro-
tary kiln for rotation with said kiln about an axis: each
of said cylinders having an inlet at one end for receiving
hot solid particulate material discharged from said kiln,

an outlet at the other end for discharging cooled solid
particulate material from said cylinder; means adapted
to be connected to said other end of said cylinder for
supplymg cooling air to said cylinder whereby the cool-

‘Ing air passes through the cylinder, cools the hot mate-

rial, is heated by the hot material and is returned to the
Kiln as combustion air; and apparatus for improving

heat exchange between the solid particulate material

and the cooling air and controlling the movement of

- solid particulate material from said inlet to said outlet
- comprising: a 'substantially continuous helical plate

20

certain limitations imposed by the d:scharge rate of 25

“particulate material from the kiln. Coolmg air is passed
through the concentric openings in the various plates
which comprise the helix. A dlsadvantdge of this type
of cooler is that much of the cooling air will not contact
the particulate material, the plate means, or the interior
walls of the cooler but will instead pass unobstructedly
through the concentric openings in the plate means
from the inlet to the outlet.

In an effort to overcome the disadvantage described
above, complex diverting baffle plates were introduced
within the openings of the helical plate means in order
to deflect the cooling air from its initial path parallel to
the axis of the cooler against the surfaces of the partic-
-ulate material, plate means, and the inner walls of the
cooler and thereby achieve an increased rate of heat
transfer for a. glven quantity of cooling fluid. The baffle
plates of the prior art were difficult to manufacture, in-
stall, and replace. The baffle plates were also subject to

cloggmg by the particulate material which may at times -

be binding or adhesive. During extreme conditions, a
complete blockage of the cooler plate means may ne-
cessitate shutting down of the entire kiln operation in
order to effect uncloggmg of one or more of the cool-
~ers. An access opening must generally then be burned
with a torch through the side wall of the cooler casing

to permit unclogging of the plate means. shutdowns of

the kiln operation and cleaning of the cooler in this
manner cause extremely costly delays.

SUMMARY

It is, therefore, the principal object of this invention
to provide an attached tube cooler for a rotary kiln
which improves the heat exchange between the hot ma-
terial and the cooling air. |

It is another object of this invention to provide an im-
proved cooler for hot particulate material which per-
mits greater contact between the hot material and the

cooling air than can be achieved with prior cooler of

the type to which the present invention relates.
It 1s a still further object of this invention to provide
an attached tube cooler for a rotary kiln which im-
proves material advancement through the cooler.
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means rigidly mounted in said cylinder for increasing
the rate of heat exchange by contact between the cool-
Ing air, solid particulate material and said plate means

“and havmg a first flight near said cylinder outlet, a last

flight near said cylinder inlet and a plurality of flights
intermediate said first and last flights, each of said
flights having at least one opening therein for the pas-
sage of cooling air therethrough; said opening in at

least the first and last flight having a circular opening

therethrough having its center on the longitudinal axis
of the cylinder; said opening in the ﬂ:ghtq intermediate
said first and last ﬂlght having an opening smaller than
said circular opening and having its center offset from
the center of said circular opening and being spaced
angularly from the Opemng in the adjacent flights to
thereby define a tortuous air flow path through said cyl-
inder; each of said opemngs being dimensioned to per-
mit sufficient cooling air to pass through the cylinder
to cool the material.

BRIEF DESCRIPT]ON OF THE DRAWINGS

The invention will be described In connection wnth
the annexed clrawmge wherein:

FI1G. 1 1s a view of the cooler of the present invention
shown 1n relationship with a rotary kiln with one sec-
tion of the cooler shown in section:

FI1G. 2 15 an enlarged perspectwe wew of a pertlon of
the present invention; . |

FIG. 3 is a sectional view.of a portion of the present -'

‘invention as taken along the lines 3—3 of FIG. 1 in the
direction of the arrows; and - |

FIGS. 4 through 8 are sectional views similar to FIG. |

- 3 as taken along the lines 4—4 to 8—8, respectwely, In
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FIG. 1 1in the direction of the arrows.

DESCRIPTION OF THE PREFERRED
~ EMBODIMENT

In FIG. 1, a cooler of the present invention generally
designated at 1 has been shown in relationship to a ro-
tary kiln which is shown generally as 2. The kiln 2 is ro-
tatably mounted on support roller bearings and kiln rid-
Ing rings, both shown generally as 3, and is driven by
conventional driving means ( not shown). The cooler 1
includes a plurality of elongated cylinders 4 each at-
tached to the discharge end of kiln 2 by any conven-
tional means such as welding (not shown). Since the
cyhnders 4 are fixed to the kiln 2, as the kiln is rotated
about its own axis, the cooler 1 will be rotated about
the longitudinal axis of the kiln.



_ 3 _
Partlculate material is dlscharged from klln 2 by

N grawty Into each. cylinder 4, in turn, as each cylinder
‘rotates below the height of the kiln discharge outlet 6.

- contact the plate means 10 of the present invention for
~ heat transfer. Material enters cylinder 4 through mate-
rial inlet 7 which is flow connected to the kiln outlet 6.

Particulate material is prevented from reentering Kiln
2 when cooler 1

any conventional means, such as conduit 8 which ex-
tends into the material inlet 7 a distance greater than
the normal height of the material bed in cooler 1. As

material cascades down mlet section 9, it contacts the

plate means of the present invention shown generally
~as 10 and spec:ﬁcally as 10a through 10f. It should be

understood that the number of plate means and the he--

lical pitch as. shown in FIGS. 1 and 2 are intended
merely as schematic representations because these fac-
tors will vary for any cooler upon the rate of heat trans-
- fer sought to be achieved and the quantity of cooling
fluid which is used. Furthermore while subsequently

1 1s raised above the axis of the kiln by
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- After material has entered each cylinder 4, it will

5

10

4
blocked and deflected tcrtucuS.ly towards surface 32b
and through opening 22 in plate means 10c. |
Referrmg specifically to FIG. §, opening 22 in plate
10c is seen as a portion of a circular opening through
which surface 33 of plate 104 is visible. Opening 22

may be fcrrned by arc 50 and planar surfaces 51 and
52. |

It should be apparent that in fcrmmg helical plate

means 10, surface 30b of a flat circular plate 10a would

be joined as by welding to surface 31a of subsequent

plate 10b while surface 31b of the same plate 105

- would be joined to’ surface 32a of subsequent plate 10c.

15

The joining of plates in this manner will be continued
until all subsequent surfaces 33 through 35 are simi-

larly joined to provide a helical plate means which is

continuous throughout its length for uniformly advanc-

ing partrculate material while permitting large portions
of cooling air to tortuously pass therethrough. Spent air

* which has passed through the last plate 10f will be dis-

20

the cooling fluid will be referred to as “air,” it should

be understood that any inert gas may be used as a cool-

ing medium and should be con51dered within the scope
of the present invention.

Particulate material will be advanced frcrn the mate-

rtal inlet 7 to the material outlet 11 at a uniform rate

by plate means 10 connected to the inner cooler walls

12 by any suitable means, such as welding. Air supplied. -
by -any conventional means (not shown) enters the

cooler countercurrent to the particulate material

_thrcugh gas mlet 15 and communicates with plate

means 10 wherein the air is deflected from its initial
path of flow parallel to the axis of the cylinder by plate
means 10 and is caused to contact the pulverulent ma-
terial, the subsequent portions of plate means 10, and
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the inner cooler walls 12. It is well known that as the

time in which the air is retained within the cooler 2 is

increased, the rate of heat transfer for a gwen quantity
of air is also increased.

Referring now to FIGS: 2, 3 and 9, p]ate means 10q

" and 10f are seen in a plane perpendlcular to the axis of -
the cylmder as screw flights with a concentric circular

opening. Plate means 10b through 10e, shown in FIGS.
4 through 7, respectively, are each seen in a plane per-

pendicular to the axis of the cylinder as a screw flight
which has an opening therethrough which is a cn'cular_

section less than a complete circle. |
Plate means 10a and 10f, which are ccnmdered tran-
sitional plates, provide surfaces 30’ and 35’ respec-

~ tively, for advancing pulverulent material while cooling
air passes through circular openings 20 and 25. Plate

means 10b through 10e, however, have smaller open-
ings, and conversely, larger surfaces to deflect cooling
~gas tortuously from its initial flow path towards the
“inner cylinder walls 12 and towards the material which
- 1s being advanced through the cooler. More 5pec1ﬁcally
referring to FIG. 2 and 4, plate means 10b is seen to

have opening 21 for the passage of coolrng air there-

through and surface 31 for deflecting the air into inti-
mate contact with the material to obtain heat transfer.

Surface 31 is seen to block and deflect the air, forcing

the air through opening 21 towards surface 32 of subse-
quent plate means 10c. Plate means 10¢ may be par-
tially viewed through opening 21 in FIG. 4. A portion

of the air w1ll 1n1t1ally contact surface 32a and then be
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charged from the cooler and enter the klln to be used |
as seccndary air of combustion. | -

It 1s believed that the objects of the present invention
will be effectwely achieved if the radius of openings 20
through 25 are approximately one-half to three-fourths .
the radius of the cylinder 4. This radius will permit sur-
faces 30’ through 35’ to be higher than the level of the.
bed of particulate material being advanced by the con- -

- veying helix. It should be readily understood that addi-
‘tional portions of intermediate plate means similar to

plate means 10b through 10e may be included within
the scope of the invention for longer coolers or in-

- creased heat transfer and would be assembled and con-

nected to one another and to the inner cooler wall 12
by the same means such as welding and in the same
manner as ilustratively described above. The flow path
of the air from the gas inlet 15 to the gas dlecharge if
additional plates are included, will be substantially sim-

ilar throughout the length of the cooler as that which

has been described with reference to plate means 100
through 10e. | |
Referring agaln to FIG. 1, access ‘door 40 has been
provided.near the material m]et portion 9 to permit ac-
cess to the intertor of the cooler for inspection, mainte-
nance or repair. The arrangement of the plate means
10 of the present invention should enable a person to

easily enter most coolers of conventional size for these

~ purposes. A second access door 41 may also be pro-
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vided near the material outlet 5 for the same purposes
of inspection, maintenance or repair.

In the operation of the cooler 1, the rotatron of kiln
2 causes particulate material to be d:scharged thrcugh

kiln outlet 6 which is flow connected to cooler material *
Inlet 7, through conduit 8, into the cooler inlet portion
. 9. The particulate ‘material is umformly advanced

through cooler 1 by plate means 10 towards material
discharge outlet 11. Cooling air enters cooler 1 through
gas inlet 15 near material discharge outlet 11 counter-
current to the direction of flow of material and contacts
plate means 10 which deflects the gaseous fluid against
the material and inner cooler walls 12. Spent air which
has been heated enters the kiln thrcugh the material
inlet 7 to be used as preheated air of combustion., -
The path of flow of the air may typically be described
as passing through opening 20 in transition flight 10a
whereupon a portion of the flow contacts surface 31 of
flight 105 before belng deflected upwardly against the
upper pcrtrcn of the inner cocler wall 12 and down-
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wardly towards the particulate material which is ad-
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vanced by surface 31°. The gaseous fluid then passes
through opening 21 in plate means 106 whereupon it |

initially contacts surface 32a and is then deflected lat-
erally downward, contacting. particulate material be-
tween plate means 10b and 10c, and then passes
through the opening 22 in plate means 10c after con-

tacting surfaces 325 and 33q. The air is deflected down-

wardly and the flow path of the air repeats the pattern

plate means 10d correspond to opening 22 and surface
32 of plate means 10c, respectively. While the air is

contacting the plate means as described above, the
lower surfaces of plate means 10 such as 30’ through
35’ are uniformly advancing particulate material from
the material inlet. 7 towards the outlet 11 without the
material becoming clogged between the plate means or
without clogging the openings. It will be understood
that all of the air will be totally deflected from its initial
path parallel to the axis of the cylinder within a dis-
tance equivalent to twice the pitch of the conveying
helix formed by the plate means 105 thmugh 10e. In
this way the heat exchange between the air and the ma-
terlal can effectively be achleved
~ Inspection, maintenance, and repair of most conven-
tional coolers can be achieved by means of access
doors 40 or 41 which will permit a person to enter the
cooler. The arrangement and openings of plate means
10 will permit an inspector or repairman to pass
through the cooler without the necessity of damaging
the side of the cooler or plate means. It will be readily
- appreciated by those skilled in the art that the various

portions of plate means 10 may be easily fabricated

from individual circular sections and fastened together
by any suitable means such as welding.
While the invention has been described above in ref-

erence to a cooler attached to a rotary kiln, it will be.

understood by those skilled in the art that the apparatus
of the present invention can be applied to any heat
transfer process such as drying or heating wherein gase-
ous fluid 1s communicated with the particulate mate-
rial, plate means, and inner cylinder walls in an appara-
tus rotatably mounted and adapted to a source of
power for rotating the cylinder. It is for this reason that
it is desired that the invention be ltmlted solely to that

- which i1s cla:med below.

- I claim:
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1. Apparatus for cooling solid particulate materiat_ |

treated in a rotary Kiln including a plurality of elon-
gated cylinders adapted to be connected to the rotary
kiln for rotation with said kiln about an axis; each of
said cylinders having an inlet at one end for receiving
hot solid particulate material discharged from said kiln,
~an outlet at the other end for discharging cooled solid
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. 6
particulate material from said cylinder; means adapted
to be connected to said other end of said cylinder for

‘supplying cooling air to said cylinder whereby the cool-

ing air passes through the cylinder, cools the hot mate-
rial, 1s heated by the hot material, and is returned to the
kiln as combustion air; and ‘apparatus for improving

heat exchange between the solid particulate material
and the cooling air and controlling the movement of

- solid particulate material from said inlet to said outlet
described above wherein opening 23 and surface 33 of 0 - | |

comprising:
a Substantlally continuous helical plate means rigidly
mounted in said cylinder for increasing the rate of
~heat exchange by contact between the cooling air,
solid particulate material and said plate means and
- having a first flight near said cylinder outlet, a last
- flight near said cylinder inlet and a plurality of
flights intermediate said first and last flights, each
of said flights having at least one opening therein
for the passage of cooling air therethrough; said
opening in at least the first and last flight having a
- circular opening therethrough having its center on
the longitudinal axis of the cylinder; said opening
in the flights intermediate said first and last flight
having an opening smaller than said cylinder open-
“ing and having its center offset from the center of
said cylmder opening, being spaced angularly from
the opening in the adjacent flights to thereby deflne

N ‘a tortuous air flow through said cylinder;

each of said openings being dimensioned to permit
sufficient cooling air to pass through the cylinder
to cool the material.

- 2. The apparatus of claim 1 wherein said openings in
the intermediate flights are angularly spaced apart to
cause all of the gaseous fluid to be deflected from a
path parallel to the axis of said cylinder within the dis-
tance equivalent to twice the pitch of said helical plate.

3. The apparatus of claim 2 wherein the openings in
said intermediate flights include, in a plane perpendicu-
lar to the axis of said plate means, a substantially semi-
circular shape through which cooling air first passes
and substantlal]y a quarter circular section through
which cooling air subsequently passes.

4. The apparatus of claim 3 wherein each of said
openings have a planar surface which is 90° from the
planar surface of the opening in the adjacent flight.

-5. The apparatus of claim 4 wherein said continuous
helical plate means has an opening which is continuous
for the passage of cooling air therethrough. |

6. The apparatus of claim 5 wherein the radius of said
opening is between approximately one- half to three-

fourths the radius of said cylinder.
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