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Bailey Meter Company, a corporation of Dela 
Ware 

Application October 14, 1940, Serial No. 361,038 
(C. 263-53) 13 Claims. 

Our invention relates to a method and appa 
ratus for controlling industrial furnaces. More 
particularly our invention relates to a method and 
apparatus for controlling rotary cement kilns and 
the like. 
One object of our invention is to improve the 

efficiency with which fuel may be burned in in 
dustrial furnaces, such as rotary kilns. 
Another object of our invention is to increase 

the production which may be obtained from such 
furnaces. - 

Still another. object is to increase the quality 
and uniformity of the product which may be 
obtained. . 
A further object is to increase the safety with 

which rotary kilns and the like may be operated. 
Further objects and advantages of our inven 

tion will be apparent from the description to 
follow and from the drawings in which: 

Fig. 1 is a diagrammatic illustration of one 
form of Our invention. 

Fig. 2 is a diagrammatic illustration of a modi 
fied form of our invention. 

Fig. 3 is a diagrammatic illustration of a fur 
ther modified form of Our invention. 
We have chosen to illustrate and describe our 

invention applied to a rotary kiln, such as used 
to manufacture cement clinker. In the present 
day cement manufacturing plants, inclined ro 
tary kilns of considerable length are utilized for 
effecting fusion of two or more materials. A 
homogeneous mixture of the materials is fed into 
the high end of the rotary kiln and during the 
rotation of the kiln passes through the different 
zones thereof to the low end or the clinkering 
zone. At the extremity of the clinkering Zone, 
the cement clinker is discharged from the kiln 
and cooled. The union of the materials within 
the kiln is effected by the application of heat, 
which in the usual arrangement is produced by a 
burner projecting into the kiln at the lower end 
and discharging combustible material therein. 

Referring now to Fig. 1, an inclined kiln 
is rotatably supported on suitable bearings 2 and 
is rotated by a suitable driving means illustrated 
as an electric motor 3. The motor 3 may be of 
any suitable type, and is preferably provided with 
a manually operated speed controller so that the 
speed at which the kiln is rotated may be ad 
justed to suit varying conditions. However, our 
invention contemplates that the Optimum speed 
of the kiln f once having been arrived at, there 
after its speed will be maintained constant unless 
there is a material change in operating conditions 
such as a change in the character of the mate 
rials being fed, or in the character of product 
desired. 
The raw material, either in a dry, or in a wet state known as slurry, is introduced into the kiln 

at the high end through suitable feeding means 

5 

10 

diagrammatically shown at 4. The feeding 
means is preferably adjustable so that material 
may be fed into the kiln at any desired rate 
which may or may not be in proportion to kiln 
speed. Our invention again contemplates that 
after the optimum feeding speed has been deter 
mined, thereafter it will be maintained constant. 
The material in the kiln gradually travels to 
the low end or hood A of the kiln from which 
it is discharged into a cooler 5 provided with a 
perforated shaking or traveling grate 6 through 
which cooling air is blown by means of a fan T. 
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This air after passing through the cooler 5 
provides a convenient source of heated primary 
and secondary air for combustion, as will be de 
scribed more in detail hereinafter. The clinker 
is discharged from the cooler 5 through a Swing 
ing gate or door 6A. 
Any Suitable fuel may be used to fire the kiln. 

In the embodiment of our invention we have 
chosen to illustrate we have shown the kiln as 
being fired with pulverized coal from a unit air 
swept pulverizer 8. The pulverized coal is trans 
ported from the pulverizer 8 to the kiln through 
a burner pipe 9. The products of combustion 
resulting from the burning of the pulverized coal 
within the kiln and any excess air present, 
which for convenience We collectively term 'flue 
gas,' are drawn through the kiln f by means of 
an induced draft fan f f and discharged to the 
atmosphere through a stack O. 
The pulverizer 8 is illustrated as being of the 

air-swept type through which a stream of air, 
commonly called primary air, is passed. The pri 
mary air may be drawn from the cooler 5 through 
a duct 2 and forced through the pulverizer 8 by 
means of a fan 3. As will be readily understood 
by those familiar with the art, tempering air may 
be bled into the duct 2 from the atmosphere to 
maintain the primary air entering the pulverizer 
at a predetermined temperature sufficiently high 
to dry the Coal in the pulverizer; but lower than 
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that which would be likely to ignite the coal. 
The cooler is is also shown as being in communi 
cation with the hood A and accordingly also pro 
vides a source of heated secondary air for com 
bustion. 
RaW coal is fed the pulverizer 8 through a 

feeder 4 driven by a variable speed motor 5. 
As known, the quantity of pulverized coal dis 
charged from an air-swept pulverizer is substan 
tially proportional to the rate of flow of primary 
air therethrough so long as a proportional 
amount of coal is maintained therein. A meas 
ure of the primary air passing through the pull 
verizer may be obtained by means of a restric 
tion in the primary air duct 2, such as an ori 
fice f6, which produces a differential pressure 
varying in functional is to the rate of pri 
mary airflow. A measure of the quantity of coal 



2 
in the pulverizer may be obtained by measuring 
the pressure differential across the whole or a 
part of the pulverizer. These pressure differen 
tials are transmitted to a controller, generally in 
dicated at , which operates to vary the speed 
of the feeder motor 5 to maintain the correct 
quantity of coal in the pulverizer for the exist 
ing rate of flow of primary air. The rate at 
which pulverized fuel is discharged into the kiln 

is adjusted by means of a damper 8 control 
ling the flow of primary air to the pulverizer. 
Thus if it is desired to increase the rate of heat 
liberation in the kiln the rate of flow of pri 
mary air is increased proportional to the increase 
desired, and vice versa. 
We have found that practically any type of 

fuel burning equipment for firing a fuel in sus 
pension does not fire the fuel at an unbroken 
constant rate; but that fluctuations of greater 
or lesser magnitude continuously occur. For ex 
ample, in the air-swept unit pulverizer we have 
shown, relatively minor variations in the amount 
or character of coal within the pulverizer may 
cause momentary fluctuations in the weight rate 
of flow of coal to the kiln . Likewise in the so called storage system of pulverized fuel firing, 
feeders may flood or feed varying amounts, due to 
variations in fineness or moisture content of the 
coal. A feature of our invention resides in the 
means we have provided for insuring that fuel is 
fed at Whatever rate is necessary to produce a 
uniform unvarying rate of heat release. Fur 
ther, in accordance with our invention the air 
and fuel are proportioned to maintain optimum 
combustion conditions, so that neither an un 
necessary excess of air exists in the due gas nor 
combustibles such as carbon monoxide. 
As will be appreciated, for each pound of air 

Supplied a furnace a definite heat liberation 
should be obtained. For example, over the en 
tire variation in chemical composition of com 
mercial coals it will be found that to produce 
10,000 B. t. ul. by burning any given coal substan 
tially the same weight of air will be required as 
for any other given coal. The same is true of 
oils and gases used in industrial furnaces. In 
accordance with our invention, we make use of 
this principle by first predetermining or estab 
lishing the rate of air flow necessary for the de 
sired rate of heat release, and thereafter regu 
late the rate of fuel flow to maintain a uniform 
oxygen content in the flue gas, thereby aSSuring 
that for each pound of air supplied a definite 
number of heat units are released. In this man 
ner, not only are variations in the feeding of 
the fuel to the furnace correctly compensated, 
but changes in the chemical composition of the 
fuel as well. 

Referring to Fig. 1, in the arrangement shown 
we establish a pneumatic loading pressure corre 
sponding to the desired rate of heat release with 
in the kiln . Such loading pressure may be es 
tablished by an Operator, who on the basis of 
observation of the material in the kiln from time 
to time manually adjust the loading pressure so 
that the desired heat release isobtained; or auto 
matically from an indication of the temperature 
at a given location within the kiln. 
The operator may select the method by which 

the loading pressure is to be established by means 
of a selector valve 9 which may be of the type 
illustrated and described in U. S. Patent No. 
2,202,485 to Edward W. Fitch, to which reference 
may be had for a more detailed description. 
With the transfer knob 20 in the "automatic"po 
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sition, then a loading pressure automatically es 
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within the kiln . 

tablished by a temperature responsive device 
hereinafter to be described is rendered effective. 
With the transfer knob 20 in the “hand' post 
tion, then a loading pressure established b man 
ual manipulation of the knob 2 ? is rendered effec 
tive. 
We show the temperature responsive device 

for establishing a pneumatic loading pressure as 
a photoelectric device 22 focused to receive light 
from the material passing a predetermined spot 

The correct spot upon whicil 
the photoelectric device 22 is focused may be d - 
termined experimentally, and usually corre 
sponds to the point in the kiln at which the sc 
called clinkering Zone begins. If the light, and 
accordingly the temperature of the material at 
the spot upon which the device is focused, is 
above a predetermined amount, it indicates that 
the heat release is greater than necessary, and 
that the clinkering Zone is beginning too far up 
in the kiln, which will result in Overburned 
clinker and an unsatisfactory product. Con 
versely if the temperature at the spot upon which 
the photoelectric device is focused is below a pre 
determined value, it indicates that the heat re 
lease is insufficient, and if the condition is per 
mitted to continue underb'urned clinker will re 
sult. The photoelectric device 22 through a suitable 
amplifier, shown diagrammatically at 23, serves 
to position an arm 24 in accordance with the 
temperature of the material at the spot on which 
it is focused. The arm 24 in turn positions the 
movable valve member 25 of a pneumatic pilot 
valve 26, which is illustrated as being of the type 
described in U. S. Patent No. 2,054,464 to Clar 
ence Johnson, to which reference may be made 
for a more detailed description. This pilot wave 
serves to establish a pneumatic loading pressure 
corresponding to the position of the arm 24 and 
hence corresponding to the temperature of the 
material on which the device 22 is focused. 
The loading pressure established by the pilot 

valve 26 may be transmitted directly to the se 
lector valve 9, and thence to the devices regu 
lating the rate of fuel and air supply to the 
kiln f. However, we usually prefer to have he 
loading pressure established by the pilot 26 first 
transmitted to a device, such as a standardizing 
relay 27, which may be of the type described in 
U. S. Patent No. 2,098,914 to H. H. Gorrie. 
The purpose of the device 27 is to maintain 

a sufficient rate of heat release within the kiln 
so that the temperature of the spot upon which 
the photoelectric device 22 is focused will re 
main precisely at the desired value without over 
shooting or hunting. As shown, the pilot valve 
26 is connected to a chamber 28 of the relay 27. 
Pressure changes in the chamber 28 are immedi 
ately reproduced in a relay chamber 29. Follow 
ing such immediate reproduction of pressure 
changes a slow continuing change of the pres 
sure within the chamber 29 occurs by virtue of 
an adjustable bleed passage 30 and chamber 3. 
The device 2 is initially adjusted so that when 
the loading pressure established by the pilot 2 
corresponds to the desired temperature, it is in 
equilibrium, and the pressure within the cham 
ber 29 remains constant. Any change in pres 
Sure within the chamber 28, however, acts, as 
stated, to produce an immediate corresponding 
change in pressure within the chamber 29 foll 
lowed by a slow continuing change until the 
pressure within the chamber 28 is restored to 
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that value corresponding to the desired tem perature. 

Pressures established within the chamber 29 
are transmitted to the selector valve 9 and, 
if the transfer knob. 20 is in the 'automatic' 
position, relay to a differential standardizing 
relay 32. . The relay 32 is similar to the relay 2 
heretofore described and operates to establish 
a loading pressure in a chamber 33 which may 
be considered as the resultant of the loading 
preSSures established through the selector valve 
9 and one established by a pneumatic. pilot 

valve 34. The movable valve member 35 of the 
pilot valve 34 is operated by a rate of flow meter 
comprising a differential pressure responsive de 
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a servo-motor 40 operating the damper 8 in the 
primary air duct 2. Accordingly, it will be seen 
that upon a change in temperature of the mate 
rial at the spot within the kiln , upon which the 
photoelectric device 22 is focused, an immediate 
and proportionate change will occur in the rate . 
at which air is supplied for combustion and in 
the rate of fuel flow from the pulverizer 8. If 
desired, a selector valve 4 may be introduced 
between the chamber 39 and servo-motor 40 so 
that changes in rate of fuel supply may be made 
manually rather than automatically. 

5 
vice 36A and an orifice 3A positioned in the 
duct leading from the fan 7 to the cooler 5. Ac 
cordingly, the pilot valve 34 establishes a pneu 
matic loading pressure corresponding to the rate 
of flow of air supplied the cooler 5 and used for 
combustion of the fuel within the kiln . The 
relay 32 is so adjusted that when the loading 
pressure transmitted from the selector valve 9 
is equal to or in predetermined proportion to that 
established by the pilot 34, it is in equilibrium. 
However, if the loading pressure established by 
the pilot valve 34 is not equal to or in predeter 
mined proportion to the loading pressure trans 
mitted from the selector valve 9, then the pres 
sure within the chamber 33 will vary. Thus, 
for example, aSSunning the loading pressure 
transmitted from the selector valve f3 and that 
established by the pilot valve 34 to be equal, if a 
change occurs in the loading pressure trans 
mitted from the Selector valve 9 an immediate 
and proportionate change in loading pressure 
Will occur in chamber 33 and thereafter a slow 
Continuing change will occur therein until the 
two loading pressures are again returned to 
equality or stand in predetermined proportion to 
each other. 
The loading pressure within the chamber 33 

is transmited to a servo-motor 36 operating a 
damper 3 in the duct leading from the fan to 
the cooler 5. Thus it will be evident that upon a 
change in the loading pressure transmitted from 
the selector valve 9 the rate at which air is 
Supplied the cooler 5, and accordingly utilized 
in combustion of the fuel within the kiln i, will 
Continue to vary until a change in the rate of 
air supply has occurred which is proportional to 
the change in loading pressure transmitted from 
the selector valve 9. In other words, for each 
and every loading pressure transmitted from the 
selector valve 9 there will be established a pre 
determined definite rate of combustion air sup 
ply, which, by virtue of the fact that the damper 
37 is positioned in response to changes in rate of 
air flow, will be precisely maintained. Briefly, 
it may be said that the control operates first to 
set up a desired rate of air supply and thereafter 
Serves to maintain the actual rate of air supply 
equal to the desired rate. 
The loading pressure, either automatically es 

tablished by means of the photoelectric device 
22 or manually established by means of the 
knob 2 of the selector valve 9, may also be 
transmitted to a chamber 50 of an averaging 
relay 38, somewhat similar to the relay 2 but 
which operates to produce changes in loading 
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pressure within a chamber 39 proportional to 
changes in the difference between the pressures 
within the chamber 50 and a chamber 49. The 

We effect changes in the rate at which fuel is 
Supplied the kiln in accordance with changes 
in the loading pressure established by the pilot 
valve 26, in the form of our invention illustrated 
in Fig. 1, merely to anticipate required changes 
therein to maintain the desired heat release per 
unit weight of air Supplied for combustion. Es 
sentially the loading pressure established either 
automatically by means of the photoelectric de 
vice 22 or manually by means of the selector 
valve 9 is used to establish the desired rate of 
air supply, and accordingly the desired heat 
release per unit of time within the kiln . How 
ever, if a change in either of these loading pres 
sures is made, it is evident that a correspond 
ing change should be made in the rate at which 
fuel is Supplied. Accordingly, such changes in 
either of these loading pressures may be used to 
anticipate changes in fuel Supply which would 
later be found necessary. In order, however, to 
be assured that for each unit weight of air 
supply a predetermined heat release is obtained, 
We determine the Oxygen content in the fue 
gases leaving the kiln and adjust the rate of 
fuel Supply to maintain that oxygen content in 
the flue gas which from observation and expe 
riment has been found to give optimum com 
bustion conditions. 
Arranged to continuously analyze the flue 

gases leaving the kiln f for oxygen we show a 
recorder 42 which may be of the type forming 
the subject matter of an application to Clarence 
Johnson fled in the United States Patent Office 
on January 16, 1940, Ser. No. 314,189, to which 
reference may be made for a more complete de 
scription. The recorder 42 is arranged to posi 
tion an index 43 relative to a chart 44 to in 
scribe thereon a record of the oxygen content of 
the flue gas leaving the kiln . As diagram 
matically illustrated, the mechanism 45 for op 
erating the recording pen 43 may be provided 
with an auxiliary arm 45A for positioning the 
movable valve member of a pilot valve 46, which 
will operate to establish a pneumatic loading 
pressure corresponding to the oxygen content of 
the flue gas. 
The loading pressure established by the pilot 

valve 46 is transmitted to a standardizing relay 
4, which operates to establish in a chamber 48 
pressure changes corresponding to changes in 
the loading pressure established by the pilot 46 
and a continuing change corresponding to the 
amount of departure of the loading pressure 
established by the pilot 46 from that existing 
when the oxygen content of the flue gas is at the 
desired value. The loading pressure within the 
chamber 48 is transmitted to the chamber 49 of 
the relay 38, so that changes therein cause pro 
portionate changes in the chamber 39 which are - 
transmitted through the selector valve 4f to the 
servo-motor 40. It will be observed that the 
relay 38 is not provided with a bleed connec 

pressure within the chamber 39 is transmitted to 75 tion between the chamber 39 and a chamber 
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89A, but that the latter is open to the atmos 
phere so that changes in pressure within the 
chamber 39 occur only when there is a change 
in the loading pressure transmitted through the 
selector valve 9, or from the relay 47. By vir 
tue of the standardizing relay 47 when the oxy 
gen content in the flue gas is other than that 
desired, the loading pressure in the chamber 49 
continues to vary in a direction necessary to 
adjust the rate of fuel supply in order that the 
oxygen content will be restored to the desired 
value. 
While in Fig. 1 we have shown our invention 

applied to a kiln having a fan 7 for providing 
forced draft, it may fully as well be applied to 
a kiln having no forced draft and where the 
air for combustion is Supplied solely by induced 
draft. Reference to Fig. will indicate that 
notwithstanding that the fan is eliminated the 
orifice 37A will still provide a measure of the 
air supplied for combustion. It is also evident 
that the location of the orifice 37A may be 
changed without departing from the teachings. 
of our invention, for example, in some installa 
tions it may be preferable to locate the orifice 
37A in the duct leading from the kiln to the 
induced draft fan f. It is further evident that 
any Suitable fow measuring device other than 
an orifice may be employed if desired or that 
in some instances such an element may be dis 
pensed with entirely and the pressure drop 
through the kiln used as a measure of the rate 
of flow of air for combustion. So also a differ 
ent form of clinker cooler than the specific type 
We have shown or the elimination thereof en 
tirely will not render our invention any the less 
applicable to a particular kiln. 

Regardless of whether or not the kiln is pro 
vided with forced draft and/or a clinker cooler, it is highly important that a predetermined 
draft be maintained in the hood of the kiln so 
that air indraft will be held constant. It is 
usually preferable to maintain a slightly nega 
tive draft in the hood. So that the air infiltration 
through inspection openings and clearances will 
be held at a minimum, while at the same time 
preventing Smoke and flame from being. blown 
into the atmosphere. 
In the embodiments of our invention illus 

trated we maintain a constant hood draft of pre 
determined amount by means of a suitable draft 
gage comprising an oil sealed bell 5, the interior 
of which is connected to the interior of the hood 
A by means of a pipe 52. The bell 5 is piv 

otally connected to a fulcrumed beam 53 to which 
is secured a pendulum 54 so that for each and 
every draft within the hood of the kiln there will 
be a corresponding position assumed by the beam 
53. The movable valve member of a pilot valve 
55 is pivotally connected to the beam 53 so that 
a loading pressure is established corresponding to 
the draft within the hood of the kiln. The load 
ing pressure so established is transmitted to a 
standardizing relay 56 similar to the standard 
izing relay 27, and which establishes a control 
pressure transmitted through a pipe 57 a selector 
valve 58, and thence to a servo-motor 59 arranged 
to operate dampers 60 within the duct leading 
from the kiln to the induced draft fan . 
arrangement is such that upon a departure of 
the draft within the hood of the kiln from that 
desired an immediate and proportional change 
takes place in the position of the damper 60 in 
a direction tending to restore the draft within 
the hood to the desired value. Thereafter the 
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standardizing relay 56 operates to gradually pos 
sition the dampers 60 until the draft within the 
hood is restored to exactly the predetermined 
desired value. The selector valve 58 provides a 
convenient means for transferring operation of 
the damper 60 from automatic to manual control, 
as it will be appreciated that during certain 
times, for example in starting up or shutting 
down the kiln, it is preferable to have the hood 
draft controlled manually rather than automati 
cally. 

Usually it is necessary because of the Severe 
atmospheric conditions existing adjacent a kiln 
to locate the draft responsive device at a differ 
ent elevation and at a considerable distance from 
the kiln, for as will be appreciated Such devices 
are relatively delicate and may not be able to 
withstand the high temperatures and dust-laden 
air immediately adjacent the kiln. As the am 
bient temperature Surrounding the draft respon 
sive device may therefore be quite different than 
that surrounding the kiln, an error, particularly 
where the draft responsive device is located at 
a different elevation than the kiln, may be intro 
duced into its operation. To prevent such error 
we provide a second oil sealed bell 6 pivotally 
Suspended from the beam 53 and the interior of 
which is connected by a pipe 62 to the atmosphere. 
immediately adjacent the hood of the kiln. 
The pipe 62 throughout its entire length is lo 
cated adjacent the pipe 52, so that both pipes 
will be maintained at substantially the same tem 
perature and be subjected to the same atmos 
pheric conditions throughout their length, Because 
of this arrangement the draft responsive device 
measures the difference in pressure existing be 
tween the interior of the hood A and the atmos 
phere immediately adjacent thereto rather than 
the difference in pressure existing between the 
interior of the hood A and that surrounding 
the bell 5, which would be the case if but a 
single oil sealed bell were provided. It will be 
apparent that we have shown an oil sealed draft 
responsive device merely by way of example, it 
being evident that any suitable differential dia 
phragm device or other type of gage may be sub 
stituted. In Fig. 2 We show a modified form of our in 
vention, which except for the differences now to 
b3 described, functions as the embodiment of 
Our invention shown in Fig. 1. In the embodi 
ment shown in Fig. 2 the kiln operator manually 
establishes a rate of air supply which from ob 
Servation of the material in the kiln is necessary 
to give the required heat release. In other words, 
sufficient under normal and stable operating con 
ditions to maintain the temperature of the ma 
terial at the spot on which the photoelectric de 
vice 22 is focused at the desired value. There 
after as the temperature of the spot increases or 
decreases, due to temporary upsets in operating 
conditions, the Zone of combustion in the kiln 
is automatically moved forward or backward so 
that the temperature of the spot is restored to 
the desired value. The location of the combus 
tion Zone within the kiln is controlled by intro 
ducing more or less air into the burner pipe 9. 
An increase in the amount of air introduced in 
creases the velocity with which the fuel is pro 
jected into the kiln, and hence will act to move 
the combustion Zone forward. Conversely a de 
crease in the amount of air introduced will de 
crease the velocity of the fuel and cause the 
combustion zone to move backward. 

Referring to Fig. 2, the rate at which air is 
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applied for combustion is established manually 
by means of a loading valve 63 similar in Opera 
tion to the selector valve 9, in that any desired 
loading pressure may be established by manual 
manipulation of knob 64 in the same manner as 
any desired loading pressure may be established 
by manual manipulation of the knob 2. The 
kiln operator by means of the loading valve 63 
may therefore establish a rate of air and fuel 
supply which from observation of the material 
in the kiln is necessary to give the required heat 
release. Such rates of air and fuel supply will 
thereafter be automatically maintained by means 
of the control explained with reference to Fig. 1. 
Likewise the rate at which fuel is supplied will 
be readjusted, as explained with reference to 
Fig. 1, to maintain a predetermined oxygen con 
tent in the flue gas. If operating conditions 
thereafter remain stable no further, adjustments 
would be required. It has been found however 
that temporary operating upsets do occur which 
cause the burning or clinkering zone to recede 
or advance in the kiln, resulting in a non-uniform 
and inferior product. Such upsets may be caused, 
for example, by a ring of material forming around 
the interior of the kiln, or by an uneven flow 
of material through the kiln. These upsets are 
usually temporary in character, and therefore 
require but a temperary correcting adjustment, 
which may be made as heretofore stated by in 
troducing more or less air into the burner pipe 9. 
In accordance with our invention we adjust 

the quantity of air introduced into the burner 
pipe 9 by having the loading pressure established 
by the pilot valve 26 transmitted to a servo-motor 
65 operating a damper 66 in a duct 67 which 
forms a by-pass around the pulverizer 8. Ac 
cordingly, air under pressure may be directly 
transmitted from the outlet of the fan 3 to the 
burner pipe 9. Assuming for example that the 
temperature of the material at the spot in the 
kiln. On which the photoelectric device 22 is fo 
cused decreases, the arrangement is such that 
the damper 66 is proportionately moved in an 
opening direction, thereby introducing more air 
into the burner pipe 9, so that the fuel is pro 
jected into the kiln at a higher velocity and 
combustion thereof occurs at a greater distance 
from the burner pipe. This will cause a greater 
heat liberation to occur a further distance from 
the hood A, thereby acting to restore the tem 
perature at the spot of the kiln on which the 
photo-electric device 22 is focused to the desired 
value. Upon an increase in temperature at the 
spot in the kiln on which the photoelectric device 
22 is focused the reverse operation occurs, the 
damper 66 then being positioned in a closing di 
rection, thereby causing combustion of the fuel 
and consequent maximum heat liberation to oc 
cur nearer the burner pipe 9. As the pilot valve 
26 establishes a loading pressure proportional to 
the temperature at the spot within the kiln f 
on which the photoelectric device 22 is focused, it 
is evident that for each and every temperature 
there will be a definite position of the damper 
66, and accordingly a definite location in the kiln 
at which maximum heat release will occur. 
In Fig. 3 we show a further modified form of 

our invention wherein the rate of heat release is 
maintained constant and the kiln speed and feed 
of material to the kiln varied to obtain a prop 
erly burned clinker. We have shown this form 
of our invention applied to a kiln having no pro 
vision for forced draft, as we have found it par ticularly adaptable to this type. 
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Referring to Fig. 3, the secondary air for com 

bustion is admitted to the hood. A through a 
suitable opening indicated at 70. The hood draft 
controller, which as explained with reference to 
Fig. maintains a constant draft in the hOOd of 
the kiln, also acts in this embodiment of our in 
vention to maintain a constant rate of air flow 
into the hood as the area of the opening 70 re 
mains constant. - The exact draft maintained in 
the hood, and hence the rate of air flow there 
into may be regulated to any value desired by 
means of an adjustment device T which changes 
the relationship between hood draft and loading 
pressures established by the pilot valve 55. . 
We utilize the constant air flow so maintained 

to produce a constant desired rate of heat release 
in the kiln by adjusting the rate of fuel feed to 
maintain a predetermined oxygen content in the 
kiln, as explained with reference to Fig. 1. In 
Fig. 3 variations in the loading pressure estab 
lished by the pilot valve 46 act to vary the rate 
of primary air flow, and hence the rate of fuel 
flow to the burner. 
To provide for variations in the quality and 

quantity of the material as it passes through the 
burning zone of the kiln, the speed of the kiln 

is varied to maintain the temperature of the 
material at the spot on which the device 22 is 
focused at a predetermined value. As shown, the 
control pressure established by the standardizing 
relay 27 is transmitted to a servo-motor 72 oper 
ating a speed control device 73 for the motor 3. 
The arrangement is such that if the temperature 
of the material at the spot on which the device 
22 is focused changes, then an immediate and 
proportional change in the speed of the kiln f will 
occur, and thereafter a gradual change in speed 
will occur until the temperature of the spot is 
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restored to the desired value. We have shown 
the speed control device 73 diagrammatically, in 
aSmuch as it is evident that any suitable device, 
such as a drum controller, variable resistance, or 
the like, may be employed. It is further evident 
that if desired a constant speed motor may be 
employed and a suitable variable speed coupling 
interposed between the same and the kiln f, such 
for example as a hydraulic or dynamic coupling, 
in which event the servo-motor 72 would be 
adapted to the particular control device required 
for Such a coupling. 
Concurrently with the change in kiln speed it 

is usually desirable to vary the rate of feed of 
raw material to the kiln, and we have therefore 
shown in Fig. 3 a feeder 74, the speed of which 
is maintained proportional to that of kiln f. We 
have for illustrative purposes shown the feeder as 
being mechanically geared to the kiln. However, 
it is evident that any suitable mechanical or elec 
trical means may be employed, or that the speed 
of the feeder may be maintained in proper pro 
portion to the speed of the kiln by manually op 
erated control devices. 
While we have illustrated and described cer 

tain embodiments of our invention, it will be 
understood that we do not intend to be limited 
other than by what we claim in view of the 
prior art. 
What we claim as new and desire to secure 

by Letters Patent of the United States is: 
1. The combination with a rotary cement kiln, 

means for, Supplying fuel and air to the kiln to 
maintain combustion therein, means for measur 
ing the rate at which air is supplied the kiln, 
means under the control of said last named means 
for maintaining a constant rate of air supply, 



6 
means for determining the oxygen content in 
the flue gas resulting from said combustion and 
means under the control of said last named 
means for varying the rate of fuel supply to main 
tain the oxygen content at a predetermined value. 

2. The combination with a kiln for heating a 
material, means for supplying fuel and air to 
the kiln to maintain combustion therein, means 
for automatically adjusting the fuel and air sup 
ply means. responsive to temperature changes in 
the kiln, and means for automatically. readjust 
ing the fuel Supply means in response to changes 
in the oxygen content of the flue gas resulting 
from said combustion. , 

3. In combination with a rotary kiln for heat 
ing a material, a burner from which fuel in sus 
pension is discharged into the kiln, means for 
injecting a gas into the burner, and means re 
Sponsive to the temperature of the material at 
a predetermined location in the kiln for auto 
matically adjusting the rate at which the gas is 
injected into said burner while maintaining the 
rate at which fuel is discharged into the kiln 
Constant. 

4. In combination with a rotary kiln for heat 
ing a material, an air-swept pulverizer for sup 
plying pulverized fuel suspended in air to the 
kiln, a burner pipe through which the fuel in 
Suspension is discharged into the kin, means for 
injecting air into the burner pipe, and means 
responsive to the temperature of the material at 
a predetermined location in the kiln for adjust 
ing the rate at which air is injected into the 
burner pipe to thereby vary the velocity of the 
fuel discharged therefrom and accordingly the 
distance from the burner pipe at which combus 
tion of the fuel takes place. 

5. In combination with a rotary kiln for heat 
ing a material, an air-swept pulverizer for sup 
plying pulverized fuel suspended in air to the 
kiln, a burner pipe for transporting the pulver 
ized fuel from the pulverizer to the kiln, means 
for injecting air into the burner pipe, means re 
sponsive to the temperature of the material at 
a predetermined location in the kiln for adjust 
ing the rate at which air is injected into the 
pipe, means for supplying air for combustion in 
the kiln, regulating means for automatically ad 
justing said last named means to maintain the 
rate of air supply constant, and means responsive 
to the Oxygen content of the flue gas in the kiln 
for adjusting the rate of air flow through the 
pulverizer. 

6. The method of operating a rotary cement 
kiln having fuel and air supply means for main 
taining combustion therein which includes, main 
taining a substantially constant rate of air sup 
ply for combustion, and concurrently varying the 
rate of fuel Supply in accordance with the Oxy 
gen content in the flue gas. 

7. The method of operating a rotary cement 
kiln having fuel and air supply means for main 
taining combustion therein which includes, driv 
ing the kiln at substantially constant speed, 
maintaining a substantially constant rate of air 
supply for combustion, and concurrently varying 
the rate of fuel supply in accordance with the 
oxygen content in the flue gas. 

8. The method of operating a rotary kiln for 
heating a material and having fuel and air sup 
ply means for maintaining combustion therein 
which includes, driving the kiln at substantially 
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constant speed, maintaining a substantially con 
stant feed of material to the kiln, maintaining 
a Constant rate of air Supply for CC;nbustion, de 
termining the oxygen content of the flue gas 
resulting in the Combustion of the fuel and air in 
the kiln, and adjusting the rate of fuel feed to the 
kiln to maintain a substantially constant oxy 
gen Content in the flue gas. 

9. The method of operating a cement kiln to 
which pulverized fuel suspended in air is supplied 
from an air-swept pulverizer and having air sup 
ply means, which includes, driving the kiln at 
substantially constant speed, maintaining a sub 
stantially constant feed of material to the kiln, 
adjusting the rate of air Supply selectively in ac 
cordance with changes in the temperature of the 
material at a predetermined location in the kiln, 
and adjusting the flow of air through the pull 
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verizer selectively in accordance with changes in 
the oxygen content of the flue gases resulting 
from the combustion of the fuel and air in the 
kiln. 

10. In combination with a rotary kiln for heat 
ing a material to which fuel is supplied through 
a burner, means for determining the tempera 
ture of the material at a given location in the 
kiln, and means for adjusting the velocity of the 
fuel discharged from the burner while maintain 
ing the rate of fuel discharged constant respon 
sive to said last named means. 

11. The method of Operating a rotary kiln 
for heating a material and to which fuel is sup 
plied through a burner which includes, maintain 
ing a constant rate of fuel discharged from the 
burner while varying the velocity at which the 
fuel is discharged from the burner in accordance 
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C) 

last named fluid pressure. 

with the temperature of the material in the kiln 
at a predetermined location therein. 

12. Apparatus for controlling the rate at which 
fuel is supplied to a rotary kiln for heating a 
material, comprising in combination, light sen 
sitive means for determining the temperature of 
the material at a predetermined location in the 
kiln, means Operated by Said last named means 
for producing changes in a fluid pressure propor 
tional to changes in the temperature of the ma 
terial at said predetermined location and for pro 
ducing a gradual continuing change in the fluid 
pressure at a rate corresponding to the difference 
between the actual temperature of the material 
and a predetermined temperature, and means un 
der the control of said fluid pressure for vary 
ing the rate at which fuel is supplied the kiln. 

13. Apparatus for controlling the rate at which 
fuel is supplied a rotary kiln for heating a ma 
terial, comprising in combination, light sensitive 
means for determining the temperature of the 
material at a predetermined location in the kiln, 
means operated by said last named means for 
producing a fluid pressure corresponding to said 
temperature, means for determining the oxygen 
content in the flue gases resulting from the com 
bustion of the fuel in the kiln, means operated 
by said last named means for producing a sec 
Ond fluid pressure corresponding to the oxygen 
content, relay means for establishing a resultant 
fluid pressure corresponding to the algebraic Sum 
of the first and second fluid pressures, and regul 
lating means of the fuel Supply operated by the 
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