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UNITED STATES 

1,653,050 
PATENT OFFICE. 

PovL T. LINDHARD, oF BRooKLYN, NEw YoRK, ASSIGNOR TO F. L. SMIDTH & CO, OF 
NEW YORK, N. Y., A. CORPORATION OF NEW JERSEY. 

ROTARY KILN AND CooLER. 
Application filed November 19, 1925. Serial No. 70,110. 

This invention relates to rotary kilns and 
coolers of the general type shown in Letters 
Patent of the United States, No. 1404,381 
and No. 1,510,140, in which the devices in 
which the clinker is cooled are directly as 
sociated with and in effect form part of the 
kiln, moving with the kiln in its rotation. 
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The general purpose of the present invention 
is to improve the construction shown par 
ticularly in said Letters Patent No. 1,510,140, 
in which the cooling of the clinker is effected 
in a series of drums supported by the kiln 
or an extension thereof and about its periph 
ery and to meet satisfactori?y the require 
ments which have been developed in the 
practical use of such kilns and coolers. In 
coolers of this type, the length of the cool, 
ing drums is limited ordinarily by the avail 
?? space and by the amount of weight 
which the kiln shell can carry, while the 
cross section of the drums is largely depend 
ent upon the diameter of the kiln itself. In 
the former construction, the clinker is some 
times discharged too quickly, that is, before 
it has been cooled sufficiently, particularly in 
the case of the larger lumps or pieces which 
require more time for cooling than do the 
smaller pieces. It has therefore been the 
principal object of this invention to make it 
possible to give to the cooling devices a very 
large radiating surface and to provide for 
circulation of the cooling air, not only 
through the cooling drums but also around 
the drums, so that the heat radiated from 
the drums shall be carried off as rapidly as 
possible, while at the same time no mate 
rially greater volume of air is used in the 
cooling than is necessary to sustain combus 
tion in the kiln. Provision is also made 
whereby the clinker can be cooled to some 
extent within the kiln or an extension there 
of and before it comes in contact with the 
metal parts of the cooling drums, which can 
not be protected easily or advantageously by 
a lining of firebrick or other refractory heat 
resisting material. A further object of the 
invention is also to improve certain of the 
details of construction so that the structure 
can be dismantled readily and repaired in 
case of need and shall also permit ready ac 
cess to the interior. of the kiln and to pro 
vide for easy removal of the fuel pipe, to the 
end that loss of time through shut-downs 
and repairs shall be reduced to a minimum. 

5 The invention will be more fully explained 

showing a portion of the kiln and its exten 

broken plane of section indicated a 

further reduced at or near the extremity of 

hereinafter with reference to the accompany 
ing drawings in which it is illustrated and 
in which 

Figure 1 is a view in longitudinal section 
O 

sion, with its associated parts and the cool 
ing devices, the cooling drums above the kiln 
extension being shown in side elevation. 

Figure 2 is a view of the same as seen 
65 from the left-hand in Figure 1, the right 

hand half of Figure 2 being shown in end 
and 
A. 

Figure 3 is a view in outline and on a 
smaller scale than that of Figures 1 and 2, 
showing particularly the arrangement of the 
fuel feeding devices. 

Figures 4 and 5 are detail views on a 
larger scale in sectional elevation and face 
view respectively, illustrating particularly 
the connections between the kiln or its ex 
tension and the cooler drums. Figure 5 
more particularly shows the flanged plates. 
forming the ring to which the elbow con 
nections to the individual drums are secured. 

Figures 6 and 7 are views in longitudi 
nal section and in end elevation and trans 
verse section, illustrating a slightly modi 
fied arrangement of the cooling drums. 

Figure 8 is a detail view of the two-part 
kiln closing door. * 
The kiln may be supported in the usual 

manner through its shell 1 by tires 2 which 
rest on rollers 2 which are mounted on suit 
able foundations 3. In the embodiment of 
the invention shown the shell 1 has secured 
to it, as by means of flanged rings 5, an ex 
tension 4, which is preferably of slightly 
smaller diameter. The main shell 1 and the 
extension 4 receive the usual lining 6 of re 
fractory material, which is increased slight 
ly in thickness at the end of the burning Zone 
of the kiln, as indicated at 7, for the pur 
pose of retarding slightly the movement of 
the clinker from the burning zone into the 
cooling zone and causing an accumulation of 
clinker in the burning zone. The inside 
diameter of the kiln or its extension is 

elevation, while segments of the left 
half are shown insectional elevati 
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the kiln extension by further thickening of 
the refractory lining, as indicated at 32. 
In the end portion of the kiln or its ex 

tension, in advance of the shoulder 32, are 
formed openings 8 for the discharge of the 10 

  



smaller lumps or pieces of clinker from the 
cooling zone of the kiln into the cooling de 
vices presently to be described. These open 

- ings 8 are provided with protective bush 
5 ings 9, provision being made whereby such 
s bushings may be removed and replaced 
from the outside of the kiln or its exten 
sion when the connecting elbows 10 have 
been removed. As shown, each bushing may 

10 be provided with a cross rib 11 for the pur 
pose of reducing, if so desired, the size of 
the openings through which the clinker may 
pass from the kiln or its extension into the 
cooling drum. These bushings are prefer 

15 ably extended inwardly beyond the shell 4, 
the spaces between the inwardly extended 
ends of the circumferential series of bush 
ings being filled with firebrick or other 
suitable refractory material, as indicated at 

2012, so as to form a continuation of the lining 
6. A sectional ring 13, surrounding the 
kiln extension externally and securely fas 
tened to the shell 4, is formed with suitable 
openings 13, preferably shouldered, as at 

25 13, to receive the bushings 9, preferably 
shouldered, as at 14, and is suitably secured 
to the shell 4. 
Each section ring 13 has secured thereto, 

as by bolts 9", an elbow 10, to the other end 
30 of which is secured, as by bolts 10, a 90 

degree elbow 15, the two elbows 10 and 15, 
forming a connection through which the 
clinker is discharged from the kiln or its 
extension into the first cooling drum 16. 
Each of the cooling drums 16 may have any 
suitable or convenient shape in cross section. 
As shown, each drum is semi-circular with 
a flat cover. The feed end, that is, the end 
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at which the clinker is admitted from the 
kiln or its extension, of each drum 16, is 
secured to a plate 17, which in turn is se 
cured to the shell 4 of the kiln extension by 
any suitable and substantial means, where 
as the delivery end of each drum 16 is sup 
ported upon the corresponding final cooling 
drum 18 by means of an expansion joint 19 
which at ???é same time provides the neces 
sary opening for the discharge of the 
clinker from the drum 16 into the corre 
sponding drum, 18, a spout 20 being ar. 
ranged in the drum 18 for the purpose of 
preventing the return of the clinker from 
the drum 18 to the drum 16 when, in the 
rotation of the kiln, to which they are se 

55 cured the drums. 16 and 18 reach or ap proach the high point. The drums 18 may 
also have any suitable shape in cross sec tion, but preferably the same shape as the 
drum 16. - 
The axes of the drums 16 and 18 are pref 

erably parallel with the axis of the kiln, so 
that the drums have the same pitch as the 
kiln. As the material in the drum 16 moves 

65 in, a directii toward the feed end of the kiln and therefore on an ascending grade, 
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it is desirable to provide each drum 16 with 
flights 21 of usual character to cause the 
clinker to move in the proper direction as the drums revolve about the axis of the 
kiln. In the drums 18 no flights are needed 
as the clinker in these drums moves toward 
the discharge end under the influence of 
gravity during the rotation of the kiln. 
Each drum 18 is provided with a discharge 
opening, as at 22, from which the clinker 
may drop into a hopper 23 and thence upon 
a conveyor 24. 
Near their delivery ends the drums 18 are 

supported by the plate 17, to which they 
are secured in any convenient manner. At 
the other end each drum 18 is supported by 
a flexible or yielding p. 
turn secured to the shell of the kiln, as by 
means of the flanged ring 5. The flexible or 
yielding character of the plate 26 permits 
of the free expansion and contraction of 
both drums 16 and 18 under the influence 
of changes in temperature. Both the plate 
17 and flexible plate 26 are preferably 
formed in sections, one for each pair of 
drums 16 and 18, and the sections may be inter-connected at their outer edges, aš in 
dicated at 27 and 28 in Figure 2. This fea 
ture of construction permits the ready re 
moval of one drum or another for inspec 
tion or repair. 

In order to provide for constant circula 
tion of relatively cool air about the exteriors 
of the drums 16 and 18, there is provided 
about the upper part of the kiln extension 
and its associated drums, a stationary hood 
29, Openat bottom and at the top con 
nected with a stack 30, which is carried up wardly through the roof of the building so 
as to create an upward draft, which assists 
materially in keeping down the temperature 
of the cooling drums and therefore pro 
motes the cooling of the clinker as it passes 
through the drums. 
The open discharge end of the kiln ex 

tension is contracted somewhat by an in 
wardly extended flange 31 and the shoulder 
32 formed by the lining so that the larger 
pieces of clinker which are not discharged 
through the openings 8 in the kiln exten 
sion will be retained within the kiln exten 
sion until such time as it may be convenient 
to remove them. The flanged ring 31 is 
preferably formed with a cylindrical flange 
33 to carry the sealing ring 34, which fits 
into the groove of a ring 35 carried by the 
two-part door 36 which closes the end of 

plate 26, which is in 
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the kiln, the sealing ring preventing the en 
trance into the kiln of any excess of un 
heated air. The door 36 is made in two 
parts, which are supported by rollers 37 on 
a suitable frame 38, so that the two parts 
of the door may be moved in opposite, di rections for the purpose of opening widely 
the end of the kiln when necessary. The 
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two parts of the door close about the fuel 
pipe 39 and may be provided with a door 
40 to permit the removal of the larger 
pieces of clinker from time to time, without 
opening the kiln widely, and are provided 
also with suitable peep holes 41 to permit 
observation of the interior of the kiln. The 
sealing ring 34, above mentioned, is loosely 
mounted on the cylindrical flange 33 so that 
longitudinal expansion and contraction of 
the kiln may take place, although the door 
does not move in the direction of the lon 
gitudinal axis of the kiln. 
The fuel pipe 39 is preferably insulated 

at its inner end so as to prevent the destruc 
tion of the pipe and also to prevent the com 
bustion of the fuel within the pipe before 
it is discharged into the burning zone of the 
kiln. It is also so supported as to permit 
it to be moved longitudinally to change the 
point of discharge of the fuel with respect 
to the burning zone of the kiln. As shown. 
the fuel pipe is supported by a trolley 42 
and strap 43 from an I-beam 47, one end 
of which may be supported by the frame 
38 and the other by a frame 48 on the burn 
er's platform 48". The fuel pipe may also 
carry, by means of a strap 45, a roller 44 
to bear against the under side of the beam 
47. A chain 46 may be provided to effect 
the movement of the fuel pipe. 
The fuel, which is commonly powdered 

coal, may be delivered to the fuel pipe 39 
through a smaller pipe 49 which forms a 
telescope joint with the pipe 39 so that the 
pipe 39 can be moved back and forth readily 
without disturbing the pipe 49. If pow 
dered coal is used as a fuel, the air to be 
delivered with the coal may be drawn con veniently, in a 
the top of the hood 29 through a pipe con 
nection 50 connected to the suction side of 
a fan blower 51, by which air is discharged 
into the pipe 49 by an injector 52, to which 
the coal is delivered by a feeder 53, as usual, 
and as illustrated particularly in Figure 3. 
In the slightly modified embodiment of 

the invention shown in Figures 6 and 7, the 
first cooler drum 54 is conical in shape and 
is provided internally with alongitudinal 
division plate 55, which has flights 56 on 
both sides so as to facilitate the movement 
of the clinker through the drum. At its 
delivery end the drum 54 is connected by 
suitable connections 57 to two secondary 
drums. 58, each of which receives half, more 
or less, of the clinker, which passes through 
the drum 54 on opposite sides of the longi. 
tudinal partition plate. A somewhat greater 
cooling surface may thus be provided with 
out increasing the diameter of the drums. 
The clinker is discharged into the drums 54 
substantially as already described with re 
spect to the construction shown in Figures1, 
2 and 4, except that the elbows 59 are dis 

preheated condition, from 

posed radially with respect to the kiln ex 
tension and therefore do not have the same 
advantages as do the elbows 10 and 15 in 
respect to the removal and replacement of 
the drums and their connections. 
In the operation of the improved kiln and 

cooler, the clinker which is formed in the 
burning zone of the kiln, is discharged over 
the internal ring 7 of the lining into the 
extension or cooling section of the kiln, 
where it is cooled somewhat before it is dis 
charged through the openings 8 into the 
drum 16 and thence into the drums 18, in 
both of which it is cooled by the current of 
air drawn through these cooling drums in 
a direction opposite to that of the movement 
of the clinker by the draft within the kiln. 
At the same time the drums are cooled exte 
riorly by the relatively cool air made to cir 
culate about the drums, as before described, 
so that the clinker is well cooled before its 
discharge from the cooling drums. The pre 
heated air from the hood 29 is delivered 
through the pipe 50 to the suction side of the 
fan 51, by which it is delivered with the fuel 
to the burner. The air which traverses the 
cooling drums and is preheated therein by 
contact with the clinker, is supplied in such 
volume as proper to support combustion in 
the burning zone of the kiln. It will be ob 
served that the construction is such as to 
provide for the ready dismantling of sepa 
rate cooling drums for the purpose of repair 
and renewal as may be necessary, that con 
venient and ready access to the kiln is af 
forded, that the fuel pipe can be easily ad 
justed in position or withdrawn for repair 
or renewal and that all of these operations 
can be performed with a maximum of con 
venience and a minimum of loss of time. 

It will be understood that various changes 
in details of construction and arrangement 
can be made to suit different conditions of 
use and that, except as pointed out in the 
accompanying claims, the invention is not 
restricted to the precise construction shown 
and described herein. 

I claim as my invention: X 
1. The combination with a rotary kiln for 

the manufacture of cement, of a circum 
ferential series of individual cooling drums 
positioned at the discharge end of the 
kiln and adapted to receive the clinker 
formed by the passage of the materials 
through the successive zones of the kiln, said 
drums being supported by the kiln about 
itself, connections through which the clinker 
is discharged from the kiln to said drums, 
and a second circumferential series of cool 
ing drums also supported by the kiln but 
externally to the first series of drums, and 
arranged to receive, at one end, the partially 
cooled clinker from the drums of the first 
series and to discharge the cooled clinker at 
the other end. 
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2. The combination with a rotary kiln for 
the manufacture of cement, of a circumfer 
ential series of individual cooling drums po 

O 

sitioned at the discharge end of the kiln 
and adapted to receive the clinker formed 
by the passage of the materials through the 
successive zones of the kiln, said drums being 
supported by the kiln about itself, with their 
axes parallel with the axis of the kiln, con 
nections through which the clinker is dis 
charged from the kiln to said drums at their 
forward ends, flights in said drums to cause 
the movement of the clinker therein toward 
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the rear or delivery ends, and a second cir 
cumferential series of cooling drums also 
supported by the kiln but exteriorly to the 
first series of drums and arranged to receive 
at their rear ends the partially cooled clinker 
from the drums of the first series and to dis 
charge the cooled clinker at their forward 
ends. 

3. The combination with a rotary kiln for 
the manufacture of cement, of a circumfer 
ential series of individual cooling drums po 
sitioned at the discharge end of the kiln and 
adapted to receive the clinker formed by the 
passage of the materials through the Succes 
sive zones of the kiln, said drums being sup 
ported about the kiln, connections through 
which the clinker is discharged from the kiln 
to the ends of said drums, means to support 
the drums at one end from the kiln, a flexi 
ble plate secured to the kiln at the other 
ends of the drums, and means whereby the 
drums are supported by said plate at such 
other ends to permit longitudinal expansion 
and contraction of the drums. 
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4. The combination with a rotary kiln for 
the manufacture of cement, of a circumfer 
ential series of individual cooling drums po 
sitioned at the discharge end of the kiln and 
adapted to receive the clinker formed by the 
passage of the materials through the succes 
sive zones of the kiln, said drums being Sup 
ported about the kiln, connections through 
which the clinker is discharged from the 
kiln to the ends of said drums, a second cir 
cumferential series of cooling drums about 
the kiln externally to the first series of drums 
and arranged to receive at one end the par 
tially cooled clinker from the drums of the 
first series and to discharge the cooled clinker 
at the other end, a plate secured to the kiln 
to support the drums of both series at one 
end, a flexible plate to support the drums 
of the second series at the other end, and 
connections whereby the drums of the first 
series are supported at one end upon the 
drums of the second series. 

5. In a rotary kiln for the manufacture 
of cement having a shell and a lining of 
refractory material, openings for the dis 
charge of clinker, a kiln extension between 
the openings and the burning zone, and a 
thickened portion in the lining interiorly 
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and circumferentially at the delivery end of 
the burning zone to form an interior circum- : 
ferential shoulder to retard the movement 
of the clinker from the burning zone into 
the kiln extension beyond the burning zone. 

6. The combination with a rotary kiln for 
the manufacture of cement, of a circumfer 
ential series of individual cooling drums po 
sitioned at the discharge end of the kiln and 
adapted to receive the clinker formed by the 
passage of the materials through the succes 
sive zones of the kiln, said drums being sup 
ported to receive at one end the clinker from 
the kiln and to discharge the cooled clinker 
and receive cooling air at the other end, and 
a hood about the upper part of the kiln and 
its associated drums and open at the bot 
tom, and a stack to which the hood is con 
nected at the top. 

7. The combination with a rotary kiln for 
the manufacture of cement, of a circumfer 
ential series of individual cooling drums po 
sitioned at the discharge end of the kiln and 
adapted to receive the clinker formed by the 
passage of the materials through the succes 
sive Zones of the kiln, said drums being sup 
ported about the kiln, connections through 
which the clinker is discharged from the 
kiln to the ends of said drums, a second cir 
cumferential series of cooling drums about 
the kiln externally to the first series of 
drums and arranged to receive the clinker at 
One end from the drums of the first series 
and to discharge the clinker at the other 
end, a hood about the kiln and its associated 
drums and open at the bottom, and a stack 
to which the hood is connected at the top. 

8. In a rotary kiln for the manufacture 
of cement, having a shell and a refractory 
lining with openings through the shell and 
the lining for the discharge of the clinker, 
bushings extended inwardly through said 
openings, and a sectional ring applied ex 
ternally to the shell to retain said bushings 
in position. 

9. In a rotary kiln for the manufacture of 
cement having a shell and a refractory lin 
ing with openings through the shell and the 
lining for the discharge of the clinker, bush 
ings extended inwardly through said open 
ings, a sectional ring applied externally to 
the shell to retain said bushings in position 
a circumferential series of cooling drums 
supported by the kiln about itself, and elbow 
connections connecting each bushing with 
the corresponding drum. 

10. The combination with a rotary kiln 
for the manufacture of cement having in its 
peripheral wall openings for the discharge 
of the clinker and an open discharge end 
with a cylindrical flange, a sealing ring 
mounted on said flange, and a two-part door 
carrying a two-part grooved ring for engag 
? the sealing ring to seal the discharge 
60s 
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11. The combination with a rotary kiln 
for the manufacture of cement, of a longi 
tudinally movable fuel tube, alongitudinally 
disposed beam supported in front of the 
kiln, a trolley on said beam, means by which 
the movable fuel tube is supported from the 
trolley, and a relatively fixed fuel tube hav 
ing a telescope connection with the movable 
fuel tube. 

12. The combination with a rotary kiln 
for the manufacture of cement, of a circum 
ferential series of individual cooling drums 
positioned at the discharge end of the kiln 
and adapted to receive the clinker formed 
by the passage of the materials through the 
successive Zones of the kiln, said drums be 
ing supported about the kilin, connections 
through which the clinker is discharged 
from the kiln to said drums at one end, a 
second circumferential series of cooling 
drums about the kiln externally to the first 
series of drums, connections from the drums 
of the first series to the drums of the second 
series, and spouts in the drums of the second 

? 

series to conduct the clinker from the drums 
of the first series to the drums of the second 
series and to prevent the return of material 
from the drums of the second series to the 
drums of the first series. 

13. The combination with a rotary kiln 
for the manufacture of cement, of a circum 
ferential series of individual cooling drums 
positioned at the discharge end of the kiln 
and adapted to receive the clinker formed 
by the passage of the materials through the 
successive zones of the kiln, said drums be 
ing supported to receive at one end the 
clinker from the kiln and to discharge the 
cooled clinker and receive cooling air at the 
other end, a hood about the upper part of 
the kiln and its associated drums and open 
at the bottom, and means to draw hot air 
from the hood and deliver it with the fuel 
into the kilm. 
This specification signed this 12th day of 

Nov. A. D. 1925. 

POWEL TT. ELENDARD. 
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