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inlet 33 in the side wall of tower 23 Fear the botten of 
that wall and adjacent an end wall. The tower 28 has a 
material outlet 34 in its other side wall near the top 
thereof and adjacent the other end wali. The outlet 34 is 
connected by a pipe 35 to an inlet 36 in the side wall of 
tower 29 near the top theredf and adjacent an end wall 
and the tower 259 has a material outlet 37 in its other 
end wall near the bottom thereof. A valved pipe 38 leads 
from outlet. 37 to conduct away the cooled material. 
Each of the towers 27, 23, 29 has a false bottom or floor 
39 made wholly or in part of porous aerating piates 46 
and forming the top of a plenum chamber 41. Air is 
stipplied to the chamber 45 beneath the ficor in each 
tower through a valved pipe 42 and air traveling upward 
through plates 46) and the material in the towers fluidizes 
the material and escapes through air vents 43 at the top 
of the towers. 

Each 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 constructed to discharge water 
against the side walls of the towers. Water traveling 
down the walls is collected in troughs 47 extending across 
the side walls of the towers near their lower ends and the 
water is carried away from troughs 47 through pipes 43. 

In the operation of the cooling apparatus shown in 
FIGS. 4 and 5, the hot material is supplied to tower 27 
through inlet 3) and is aerated by air entering the mate 
rial through the aerating plates 40. The material travels 
through the tower to the material outlet 31 and then 
passes through pipe 32 and enters the bottom of tower 
28 through the inlet 33. The material rises in tower 28 
to the outlet 34, from which it enters, pipe 35, and the 
material travels through the pipe and enters tower 29 
through inlet 36. The material passes downward through 
tower 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 
transfer-through the wide side walls of the towers. 
The apparatus shown in FIG. 6 comprises a tower 49, 

which is of annular cross-section with inner and outer 
cylindrical walls made of sheet iron or like heat-conduct 
ing material. The material to be cooled is supplied to the 
tower through a pipe 50 leading into the top of the tower 
and the material issues through an outlet opening 5, 
which is formed in the outer cylindrical wall of the tower 
and diametrically disposed in relation to the inlet. The 
space inside the inner cylindrical wall of the tower is 
closed at the bottom by a plate 52 to form a chamber 53, 
to which cooling water is supplied through a valved pipe 
54, and the inner 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 5E. The 
floor is formed wholly or in part of porous aerating plates 
61 and beneath the plates is a plenum chamber 62, to 
which air for aeration purposes is supplied through 
valved pipes 63, the air escaping through one or more 
vents 63a. ? - 

In the operation of the apparatus shown in FIG.S. 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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4. 
outlet 5 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, 65, which are of holiow form. The towers 
jihay be annular in cross-section or formed as inner and 
outer hollow, squares, the latter construction being shown. 
The material to be cooled is supplied through a pipe 66, 
which leads to an illet at the top of one side of tower 64 
and the tower has an outlet from the bottorn of the oppo 
site side, from which a pipe 67 leads to an inlet at the 
bottom of one of the sides of tower 65. The materia! 
issues from the tower 65 through an outlet in the oppo 
site side wall near the top thereof and the cooled material 
is conducted away through a pipe 63. 

in its travel through tower 64, the material 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 69 to troughs 7t, which extend along 
the inner and outer 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 7A, upon which the 
water discharged against the inner walls of the towers 
collects to be led off through a pipe 72. The water dis 
charged against the outer walls of the towers cci lects in 
a trough 73 surrounding each 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 is 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 65 is provided with aerating plates 
78 forming the tops of chambers 79, to which air is sup 
pied through valved pipes 89, the air escaping through 
one or more vents 8a, 

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 or 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 of through a pipe it). The tower 
92 has porous plates 102 at its bottom, which form the 
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top of a plenum chamber 103 supplied with air under 
pressure through a pipe 104, the air escaping through 
one or more vents 105. The material entering the bot 
tom of the tower through passage 91 escapes through an 
outlet 106 leading from the tower. 

In order to insure a long travel of the material through 
the apparatus, the material is supplied to tower 8i 
through an inlet pipe 07, 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 08, which is connected 
to one end of passage 91 and extends upward into tower 
81 to terminate a short distance from the top thereof. 
The travel of the material through tower 92 is prolonged 
by placing the outlet 106 near the top of the tower and 
in diametrical relation to the connection of passage 9i 
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 107 
and 08. 
The apparatus of FIGS. 11 and 12 is similar to ap 

paratus of FIG. 10, except that the inlet and outlet pipes 
107, 108 are not employed and the travel of the material 
through the towers 09, 119 is prolonged in different man 
ner. 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 12 lying at one 
side of the inlet 113 into the passage 111. The tube 
114 supplies material to tower 109 through the top of the 
tower and close to and on the side of the partition 112 
opposite to the outlet 113. The tower i0 has a vertical 
partition 115 at one side of and close to the connection 
16 of passage 121 to the tower and the tower has an 

outlet 117 leading from its interior near its upper end 
and on the side of partition 115 opposite to the connec 
tion 6. 
The apparatus shown in FIG. 13 includes a tower 18 

having a bottom 119 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 
to a similar tower 124 and the passage has an inlet tube 
125 extending upwardly from the passage into tower 18. 
An annular cooling chamber 26 extends into tower i8 
through its top and the space within the inner cylindrical 
wall 27 of the chamber is open at the botton and has 
a closed top with vents i28 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 33 
encircling the tower near its lower end and led away 
through a pipe 34. 
The tower 124 contains an annular 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 36. The tower is provided at its 
bottom with aerating means generally designated 139 
and has an outlet pipe 140 leading from the tower near 
its upper end and at a point diametrically opposite its 
connection to the passage 23. 
The operation of the apparatus 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 32 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 

0. 

6 
142 and top air vents 143. An annular cooling chamber 
i44 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 47 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 51 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 52 encircling the tower near its lower end and 
having a discharge pipe 53. 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 54. 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 plenum 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 bottom and water from a 
trough 161 lying above the top of the space is directed by 
a baffle 162 upon the interior of wall 160 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 165, 166 and an 
annular water trough 167 is mounted above the top of 
the chamber and discharges water upon a baffle 368, which 
causes the water to flow 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 56) of 
the tower and the water is led off through pipe 63. A 
trough 70 encircles the tower near its upper end and is 
Supplied with water by a pipe 17, which also supplies 
water to the troughs 551 and 67. The water from 
trough 7) 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 F.G. 15 is a development of 

that shown in FIG. 14, but is more efficient in that it 
includes four surfaces, 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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flow 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 introducing 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, 
är connection between the outlet for powdered materiai 
from the second chaimber and the inlet for pgwdered 
material into the third chamber, means for causing a cool 
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 fow 
over the external surfaces of the inner 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 vertical coaxial heat-conducting walls connected 
at their upper ends, the outer wall extending downward 
below the inner wall and the inner wall being double and 
defining an annular cooling chamber, a closure for the 
upper end of the inner wall, a closure for the lower end 
of the outer wall, and means for causing a flow of cooling 
liquid 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 
for 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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