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APPARATUS FOR COOLING FINELY DIVIDED

. MATERIAL | o
Poul Bessermann Nielsen, Copenhagen, Denmarl, as-
signor to F, L. Smidth & Co., New York, N.Y., a corpe-

ration of New Jersey )
Filed Feb, 15, 1957, Ser. No. 640,476
6 Claims, (Cl 34—F5

This invention relates to apparatus for cooling powdered
materials capable of being rendered fluent by air diffused
through them, examples of such materials being ground
cement, cement raw materials, alumina, coal dust, etc.
More particularly, the invention is concerned with a novel
apparatus for cooling materials of the type referred to,
which is of simple inexpensive construction, is efficient
and reliable in operation, has no moving parts, and re-
quires little aftention in use. The apparatus occupies lit-
tle ground area and it can be comstructed for use in a
space of limited height. : :

The apparatus of the invention comprises a chamber
or tower of a height much greater than either of its trans-
verse dimensions and having walls of substantial area,
which are made of heat-conducting material and are main-
tained at a temperature lower than that of the material
to be cooled. The tower has an inlet and an outlet for the
material so disposed as to insure that the material travels
along a long path in passing through the tower and the
length of the path may be increased by suitable baffie
means, stich as partitions attached alternately to the top
and bottom walls and extending part way to the oppasite
wall. The cooling of the heat-conducting walls may be
effected in any desired way and sprinkling means directiog
water jets upon the walls near the upper ends therect
are satisfactory.

The passage of the material through the tower is fa-
_cilitated by introducing air into the material o aerafe
it and cause.it to flow with turbulence, so that all particles
of the material are brought close to or into contact with
the heat-conducting walls. The aeration is effected by
providing the bottom of the tower with porous plates of
a total area not substantially less than the cross-section of
the tower and air under pressure is admitted to plenum
chambers closed at the top by the plates and escapes up-
wardly through plates into the material. The air pass-
ing up through the body of material causes it to secthe
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and flow through the chamber with the desired turbulence, -

so that rapid and uniform cooling results.

In some forms of the new apparatus, more than cme
tower is employed and, in such constructions, the several
towers are constructed and connected to provide the long-
est path of travel for the material. When two towers are
used, the towers have a connection at their lower ends for
the passage of the material and one tower has an inlet
-2t its upper end and the other has an outlet similarly lo-
cated. With this arrangement, the levels of the fluidized

material in the two towers are the same, so that both

“towers take an equal part in the cooling action.
The cooling of the heat-conducting walls of the tower
or towers of the apparatus may be effected. in various
wavs other than by sprinkling so as to insure best. use of
the cooling medium and the towers may be constructed
in-sich manper that each tower has more than two walls
. confining the material and abstracting heat therefrom.
Tor g better understanding of the invention, reference
may bs made to the accompanying drawings, in which
FIG. 1 is a vertical sectional view of one form of
the apparatus on the line 2—1 of FIG. 2;
FIG. 2 is a vertical section view through the apparatus
at tight angles to FIG. 1;
FIG. 3 is a top plan view of the apparatus shown in
. FIGS. 1 and 2; .
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FIG. 4 is a vertical sectional view of a form of the ap-
paratus having a plurality of towers connected in series;

FIG. 5 is a sectional view on the line 5—5 of FIG. 4;

FIG. 6 is a vertical sectional view on the line 6—6 of
FIG. 7 of a form of the apparatus having an annuldr
tower; ) ) :

FIG. 7 is
of FIG. 6; )

FIG. 8 is a view, partly in wvertical section and partly
in elevation, of a modified form of the apparatus includ:
ing two hollow towers; - )

FIG. 9 is a sectional view on the line $—9 of FIG. 8;

FIG, 10 is a vertical sectional view of another modi-
fied form of the apparatus;

FIG. 11 is a vertical sectional view of another modified
form of the apparatus; .

FIG. 12 is a sectional view on the line 12—12 of FIG.
11; and

FIGS. 13, 14, and 15 are vertical sectional views of
other modified forms of the apparatus. ,

The form of the apparatus of the invention shown in
FIG. 1 comprises a chamber or tower 18, which is oblong
in cross-section and has relatively wide side walls 11, 12
made of heat-conducting material, such as sheet iron. The
powdered material to be cooled is supplied to the tower
through a pipe 13 leading to an inlet opening 14, which
is preferably formed in one end wall near the top of the
tower. Within the tower, the material is supported upon
a floor 15, which les slightly above the bottém of the
tower and forms the top of a plenum chamber 16, to which
air is supplied through a valved pipe 17. The floor 15
is made wholly or in part of porous fluidizing plates, so
that air supplied to chamber 16 may pass upward through
the plates and into the material within the tower to ren-
der the material fluent and to cause it to secthe and flow
with turbulence. The air escaping from the material is-
sues from the tower through vents 18 at the top of the
tower and the cooled material is discharged through an
outlet opening 19 formed in the other end wall near its
bottom with the material conducted away from the open-

a horizontal sectional view on the line 7—7

‘ing through a valved pipe 20.

In its passage through the tower from the inlet 13 to
the outlet 19, the material may be caused to travel along
a tortuous path, as, for example, by means including a
baffle 21 extending downwardly through the tower from
the top and lying in front of inlet 13. - The baffle 21 ter-
minates above the floor 15 and a second baffle 22 rises
from the floor between baffle 21 and the outlet opening
and terminates short of the top of the tower. The baffles
thus cause the material entering the inlet to pass down-
ward and beneath baffle 21, after which the material
rises between the baffles and then passes over the top of
baffle 22 and downward along the outer side of baffle
22 to the outlet. . )

The material is cooled in its travel through the tower
by means of a cooling medium, which may be water
directed against the wide side walls of the tower. The
water is supplied by a valved pipe 23 to troughs 24 ex-
tending across the side walls near their upper ends and
constructed to discharge water against the side walls.
The water is collected in troughs 25 extending across the
side walls near their lower ends and the water is led
from troughs 25 by pipes 26. -

The form of the apparatus shown in FIGS. 4 and §
includes three towers 27, 28, 29 lying side by side.  The
towers are generally of the coustruction illusirated in
FIG. 1, although those illustrated are not provided with
baffles corresponding to baffles 21, 22. The tower 27 has
an inlet 30 for material in one end wall near the top-
thereof and an outlet 31 for the material through a side
wall near the lower end thereof and adjacent the other
end wall. ‘The outlet 31 is connected by a pipe 32 to an
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inlet 33 in the side wall of tower 28 near the bottem of

that wall and ad;acent an end wall. The tower 28 has a
material outlet 34 in its other side wall near the top
thereof and adjacent the other énd wall. The outlet 34 is
connected by a pipe 35 to aa inlet 36 in the side wall of
tower 29 near the fop theresf and adjacent an end wall
and the tower 29 has a material outlet 37 in its other
énd wall near the bottom thereof. - A valved pipe 38 leads
from outlet, 37 to conduct away the cooled material.
Each of the towers 27, 28, 29 has a false bottom or floor
39 ‘made wholly or in part of porous aerating plates 48
ahd forming the top of a plenum chamber 41. Air is
siipplied to the chamber 41 beneath the ficor in each
tower through a valved pipe 42 and air traveling upward
through platés 48 and the material in the towers flnidizes
the material and escapes through air vents 43 at the top
of the towers. )

Fach tower is provided with Cooling means, and, for
this purpose, troughs 44 are mounted on the towers to
extend across the wide side wails thereof near their upper
ends. The troughs are supplied with water through a
valved pipe 45 having branches 46 leading into the troughs
and the troughs are comstructed to discharge watet
apainst the side walls of the towers. Water traveling
gi wn_ the walls is collected in troughs 47 extending across
the side walls of the towers near their lower ends and the
ater i§ carried away from troughs 47 through pipes 48.
_In the operation of the coolmg apparatus shown in
FIGS. 4 and 5, the hot material is supplied to tower 27
through inlet 39 and is aerated by air entering the mate-
tial through the aerating plates 46. The material travels
through the tower to the material outlet 31 and then
passes through pipe 32 and enters the bottoin of tower

28 through the inlet 33, The taterial rises in tower 28

to. the outlet 34, from which it enters pipe 35, and the
aterial travels, through the pipe and enters tower 29
through inlet 36. The material passes. downward through
towei 29 to issue through the outlet 37 and be led away
through pipe 38. In its travel through the towers, the
material flows with turbulence. and. is. cooled by heat
tfransfer through the wide side walls. of the towers.

The apparaLus shown in FIG. 6 compnses a tower 49,
which is of annular cross-section With, inner and. outer
cylmdrlcal walls made of sheet iron or like heat-conduct-
ing material. The material to be. cooled is supplied to the
tower through a p1pe 50 leading into the top of the tower
and the material issues through an cutlet opening 51,
which is formed in the outer cylindrical wall of the tower
and diametrically disposed in relation to the inlet. The
space inside the inmer cylindrical wall of the tower is
closed at the bottom by a plate 52 to form a chamber 53,
to.which coohng water is supplied through a valved pipe
54, and the inmer wall of the tower extends upwardly
above the top and is covered to close the upper end of
chamber 53. The. water. escapes. from chamber 53
through an outlet pipe 55 with branches 56 and the
branches discharge the water into a circular trough 57,
which surrounds the tower near its upper end and is
constructed to discharge the water upon the outer surface
of the tower. The water flowing down the. outside of
the tower enters a circular trough 58 and is led away
through a discharge pipe. 59.

The bottom of the annular chamber of the tower is pro-
vided with a floor 60, which lies at an- angle to the vertical
with its lowest part near the material outlet 5%. The
floor is formed wholly or in. part of porous aerating plates
61 and beneath the plates is a ple*xum chamber 62, to
which air for aeration purposes . is supplied through
valved pipes 63, the -air. escaping through one or more
vents 63a. i ’

In the operation of the apparatus shown in FIGS. 6
and. 7, material supplied to the tower enters the annular
interior thereof through the inlet. pipe 50 and is aerated
and becomes fluent. The fluent material travels down-
wardly in turbulent flow through the chamber and to the
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outlet 31 and the material is cooled in its passage through
the tower by giving up heat through the inner and outer
heat-conducting walls of the tower.

The apparatus shown in FIGS. 8 and 9 includes a pair
of towers 64, 635, which are of hollow form. The towers
may be annular in crogs-Secticin or formed as inner and
outer hollow. squares, té lattér ¢construction being shown.
The material to be coaled is supplied through a pipe 66,
which leads to an inlet at the top of one side of tower 64
and the tower has an outiet from the botiom of the oppo-
site side, from which a pipe 67 lsads to an inlet at the
bottom of ome of the sides of tower 65. The material
issues from the tower 65 through an outlet in the ovpo-
site side wall near the top thereof and the cooled material
is conducted away through a pipe 68.

In its travel through tower 64, the matesial is cooled

by water, which travels down along the outer surfaces of
the inner and outer walls of the tower. The water is
supplied by pipes 62 ic ticughs 78, which extend along
the inner and otiter walls of the towers near their upper
ends. The space defined by the inner walls of each tower
is closed at the bottom by a plate 71, upon which the
water discharged against the inner walls of the towers
collects to be led off thicugh a pipe 72. The water dis-
charged against the outer walls of the towers: ccliects in
a trough 73 surrcunding ¢ach tower and is led off through
a pipe 74.

The bottom of each tower is formed with a floor 75
made wholly or in part of porous aerating plates 76
and there i5-a plenum chamber beneath the floor, to which
air for aerating purposes is supplied through a valved
pipe 77. The duct 67 connecting the outlet of tower 64
and the inlet of tower 63 is provided with aerating plates
78 forming the tops of chambers 79, to which air is sup-
piied through valved pipes 88, the aii escaping through
one or more vents 884.

In the operation of the apparatus shown in FIGS. 8
and 9, the material entering the top of tower 64 is aerated
and travels with turbulent flow through the tower to the
bottom outlet; the material being cooled in such move-
ment by giving up heat through the inner and outer walls
of the tower to the cooling medium. The material issuing
from the tower is conducted through passage 67 into the
bottom of tower 65, in which the material travels up-
wardly with turbulent flow to the outlet and is carried
away through pipe 68. In its travel through tower 65,
the material is further reduced in temperature by heat
transfer through the side walls of the tower.

The apparatus shown in FIG. 10 comprises a cooling
tower 81 annular in form and generally similar to that
shown in FIG. 6. The.space within the inner cylindrical
wall of the tower is closed at the top and bottom to form
a chamber 82, to the lower end of which the cooling
water is supplied through a pipe 83 to escape at the upper
end through a pipe 84 discharging into a trough 85 en-
circling the upper end of the tower and discharging jets
upon the outer cylindrical wall of the chamber. The
water collects in a trough 86 encircling the tower near
its lower end and is led off through a pipe 87.

The tower:is provided at its bottom with porous plates
88 forming the top of a plenum chamber 89 supplied with
air under pressure for aerating purposes, the air escaping
through one ot more top vents 90. The interior of the
tower is connected at its lower end by a passage 91 to
the lower end of a similar tower 92 and the bottom 93 of
the passage is ‘porous and forms the top of a plenum
chamber 94 supplied with air for aeration through a
pipe 95. The tower- 92 has an internal cooling chamber
96 supplied with water through a pipe 97 and escaping
at the top of the chamber through a pipe 98 leading
to a trough 99 encircling the tower near its upper end
and discharging jets of water upon its outer surface. The
water is collected at the lower end of the tower in a
trough 100 and led off through a pipe 10i. The tower
92 has porous plates 102 at its bottom, which form the
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top 6f a plenum chamber 163 supplied with air under
pressure through a pipe 104, the air escaping through
one or more vents 105. Ths material entering the bot-
tom of the tower through passage 91 escapes through-an
outlet 166 leading from the tower.

In order to insure a long travel of the material through
the apparatus, the material is supplied to tower 8%
through an inlet pipe 107, which enters the tower through
its top at a point diametrically opposite the connection
of passage 91 to the tower and terminates a short distance
above the bottom of the tower. The material then leaves
tower 81 through an outlet pipe 108, which is connected
‘to one end of passage 91 and extends upward into tower
81 to ferminate a short distance from the top thereof.
“The travel of the material through tower 92 is prolonged
by placing the outlet 166 near the top of the tower and
in diametrical relation to the connection of passage 91
to the tower.

The operation of the apparatus of FIG. -10 is similar
to that of FIGS. 8 and 9, but an increased cooling effect
is obtained by the use of the inlet and outlet pipes 167
and 108.

The apparatus of FIGS. 11 and 12 is similar to ap-
paratus of FIG. 10, except that the inlet and outlet pipes
107, 168 are not employed and the travel of the material
through the towers 169, 118 is prolonged in different man-
per. The towers are connected at their lower ends by an
aerating passage 111, which is similar to the passage 91,
and tower 109 has a vertical partition 112 lying at one
side of the inlet 113 into the passage 111 The tube
114 supplies material to tower 189 through the top of the
tower and close to and on the side of the partition 132
opposite to the outlet 113. The tower 119 has a Verti'cal
partition 115 at one side of and close to the connection
116 of passage 111 to the tower and the tower has an
outlet 117 leading from its interior mear ifs upper end
and on the side of partition 115 opposite to the connec-
tion 116.

The apparatus shown in FIG. 13 includes a tower 118
having a bottom 112 formed of porous plates closing the
top of a plenum chamber 120 supplied with air for aera-
tion through a pipe 121, the air escaping through vents
122, The tower is connected by an aerating passage 123
1o a similar tower 124 and the passage has an inlet tube
125 extending upwardly from the passage into tower 118.
An annular cooling chamber 126 extends into tower 118
through its top and the space within the inner cylindrical
wall 127 of the chamber is open at the bottom and }}as
a closed top with vents 128 and a material inlet pipe
129. Cooling water enters the cooling chamber through
an inlet pipe 130 extending through the top of the cham-
ber and terminating near its lower end and the water is
led away from the top of the chamber through a pipe
131 to a trough 132 encircling the upper end of the tower
and discharging the water in jets against the outer surface
of the tower. The water is collected in a trough 133
encircling the tower near its lower end and led away
through a pipe 134.

The tower 124 contains an anmular cooling chamber
135 similar in all respects to the chamber 126 and is
cooled externally by water, which has passed through the
chamber and is directed against the outer wall of the
tower from a trough 136. The tower is provided at its
bottom with aerating means generally designated 139
and has an outlet pipe 140 leading from the tower mear
its upper end and at a point diametrically opposite its
connection to the passage 123.

The operation of the apparafds of FIG. 13 is similar
to that of the apparatus of FIG. 10, but a greater cooling

_action is obtained in that the cooling chambers 126 and
135 have surfaces in contact with the material, which
are of greater area than the corresponding surfaces of
chambers 82 and 96.

The form of the apparatus shown in FIG. 14 is similar

.-to one of the towers employed in the apparatus of FIG.

13 and includes a tower 141 having an aerating bottom
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142 and top air vents 143.. An annular cooling chamber
144 extends into the tower through its top and the space
inside the inner cylindrical wall 145 of the chamber is
closed by a top 146 having air vents 147 and an opening,
to which the material supply pipe 148 leads. Cooling
water is introduced into the chamber through a pipe 149;
which extends through the top of the chamber and ter-
minates close to its bottom, and the water leaves the
chamber through a discharge pipe at its top, which con-
ducts the water into a trough 151 encircling the top of

" the chamber and constructed to discharge water upon the
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outer side wall of the tower. The water is collected in a
trough 152 encircling the tower near its lower end and
having a discharge pipe 153. The material, which enters
the tower from pipe 148, travels down through the inte-
rior of the annular cooling chamber and then passes up
outside the chamber to a discharge pipe 154. As in the
construction shown in FIG. 13, the apparatus described
has three surfaces, through which heat is taken from the
material.’ )

The apparatus shown in FIG. 15 comprises an annular
tower 155, which is provided with a floor made of porous
plates 156 closing the top of a plemim chamber 157 sup-
plied with air through a pipe 158, and the air traveling
upwardly through the chamber escapes through top vents
159, The space defined by the inner cylindrical wall 160
of the tower is closed at the bottem and water from a

trough 161 lying above the top of the space is directed by

a baffle 162 upon the interior of wall 168 and is led away
from the bottom of the space through a pipe 163. An
annular cooling chamber 164 open at the top is formed
within the tower by concentric walls 185, 166 and an
annular water trough 167 is mounted above the top of
the chamber and discharses water upon a baffle 168, which
causes the water to fow down walls 165, 166. The lower
end of the chamber is connected by a plurality of pipes
169 to the space within the inner cylindrical wall 169 of
the tower and the water is led off through pipe 163. A
trough 370 encircles the tower near its upper end and is
supplied with water by a pipe 17%, which also supplies
water to the troughs %81 and 167. The water from
trough 179 is discharged from the trough and flows down
the outer cylindrical wall of the tower to be collected in
a trough 172, from which the water is led off through a
branch pipe 173 connected to pipe 163. The material to
be cooled is admitted through a supply pipe 175 into the
space defined by the walls 160 and 166 of the cooling
chamber and travels downwardly through the space and
then upwardly outside wall 165 of the chamber to a dis-
charge pipe 176.

The apparatus shown in FIG. 15 is a development of
that shown in FIG. 14, but is more efficient in that it
includes four suifaces, through which heat may be ab-
stracted from the material.

While the apparatus has been described as used for
cooling powdered materials, it will be apparent that it can
be employed in the heating of such materials. When the
apparatus is used for heating purposes, the heating me-
dium is caused to travel in contact with the heat-conduct-
ing walls of the apparatus and, when appropriate, the
walls may be jacketed to confine the medium.

I claim:

1. An apparatus for cooling a hot powdered material,
which includes a pair of independent chambers, each be-
ing of substantial height in relation to its transverse di-
mensions and having relatively closely spaced . opposed
vertical walls of heat-conducting material, one chamber
having an inlet for admitting powdered material into the
chamber near its upper end and an outlet for discharge
of powdered material near its lower end, the other cham-
ber having an inlet for admitting powdered material into
the chamber near its lower end and an outlet for discharge
of powdered material near its upper end, a connection
outside the chambers between the outlet of the first cham-
ber and the inlet of the second, means for causing a
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flovwr of a cooling liquid along the outer surfaces of the
heat-conducting walls of the chambers, and means at the
bottom of each chamber for iniroducing air into the
powdered material within the chamber to render it fluent.

2. The apparatus of claim 1, which includes means at
the bottom of the connection for introducing air into the
powdered material traveling through the connection.

3. The apparatus of claim 1, which includes a .third
chamber, which is of the same construction as the first,
a connection between the outlet for powdered material
from the second chamber and the inlet for powdered
material into the third chamber, means for causing a ccol-
ing liquid to flow in contact with the outer surfaces of the
heat-conducting walls of the third chamber, and means at
the bottom of the third chamber for introducing air into

the powdered material within the chamber to render it -

fluent.

4. An apparatus for cooling a hot powdered material,
which includes a pair of independent chambers each de-
fined by inner and outer coaxial heat-conducting walls,
one chamber having an inlet for material at its upper end
and an outlet for material at its lower end, the second
chamber having an inlet for material at its lower end and
an- outlet for material at its upper end, a connection
between the outlet of the first chamber and the inlet
of the second, means for causing a cooling liquid to fiow
over the external surfaces of the inmer and outer walls
of the chambers, and means at the bottom of the cham-
bers for introducing air into the material to render it
fluent.

- 5. The apparatus: of claim 4, in which means disposed
between the walls. of at least one chamber prolong the
travel of the material from the inlet to the outlet.
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6. An apparatus for cooling hot powdered material
which comprises a pair of chambers each having inner
and outer veértical coaxial heat-conducting walls connected
at their upper ends, the outer wall extending downwazd
Lelow the inner wall and the inner wall being dotble and
defining an annular cooling chamber, a closure for the
upper end of the inner wall, a closure for the lower end
of the cuter wall, and means for causing a flow of cooling
liguid through the annular cooling chamber and along
the outer surface of the outer wall, the first chamber hay-
ing an outlet for material at its lower end and an inlet
{or material at its upper end leading into the space defined
by the inner wall of the annular cooling chamber, the
second chamber having an inlet for material at its lower
end and an outlet for material at its upper end, a connec-
tion between the outlet of the first chamber and the inlet
of the second, and means at the bottom of each. cham-
ber for introducing air into the material within the cham-

ber to render it fluent.
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