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The invention relates to a method and apparatus for 
automatic control of the combination process in a heating 
or an' evaporation apparatus. More particularly, this in 
vention relates to a method and apparatus wherein signals 
arising from’ the measured values of the fuel ?ow or of the 
air ?ow or of both of them, of one or more variables of 
the heated or evaporated medium, and of the smoke in the 
combustion gases are utilized to adjust the fuel-air ratio 
to a value which results in the most economical operation 
of the system to produce a desired result. 

In order to reach and maintain a desired result in a 
heating or evaporating operation, such as the temperature 
of a stream of liquid that is heated in an industrial fur 
nace, or the quantity and pressure of the steam supplied 
by a boiler, it is essential that the operating conditions of 
the combustion process are controlled for the purpose of 
producing the required quantity of calories. For this 
purpose'the fuel flow is generally controlled in a direct 
and automatic manner by the temperature signal or pres 
sure signal from the heated liquid or steam. In order to 
reach maximum economy of operation, however, it is nec 
essary to attempt to supply only that quantity of air 
which is required for complete combustion of the fuel. 
In vmoist cases, and particularly in those where solid or 
liquid fuel is burnt, the limit in these attempts is set by the 
quantity of smoke formed in the combustion gases. The 
prevention of smoke "formation is of importance not only 
for an economical operation but also for the prevention 
of air pollution. 

Various ‘attempts have been made in the prior art to 
devise systems for optimizing a combustion process using 
a signal derived from the smoke in the combustion gases. 
One such system is described in the United States Patent 
No. 2,285,564. According to the system described in this 
patent, the signal for the control of the fuel ?ow and of 
the air ?ow is supplied solely by the measured temperature 
or pressure of the heated or evaporated medium, while 
the smoke signal from the combustion gases intervenes in 
the air?ow control if the smoke density differs from a 
certain predetermined value. 
'A-second system utilizing a signal derived from the 

smoke in the combustion gases is shown in commonly 
assigned United States patent application Serial No. 
134,396, ?led 'August 28, 1961, now Patent No. 3,184,686. 
According to an example given in this patent application 
of a system for the control of a process under optimum 
operating conditions, the signal for the control of the fuel 
flow is derived from the measured temperature or pres 
sure of the heated or evaporated medium while the air 
?ow is controlled by an optimizing controller, likewise 
under the influence of the signal derived from the meas 
ured temperature or pressure of the heated or evaporated 
medium. Whenever the smoke density in the combus 
tion gases rises above a certain predetermined value a 
signal indicating this fact is supplied to the optimizing 
controller which then varies the air ?ow. The optimizing 
controller causes the air ?ow to increase and decrease 
continually, so that the system is constantly oscillating 
relative to the desired value. 

In order to obtain maximum e?iciency of the combus 
tion and to attain near-smokeless combustion, it is essen 
tial that the air ?ow matching the fuel ?ow is supplied 
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2 
continuously and instantly. Although both of the above 
mentioned systems give satisfactory results when ‘slow 
variations in the fuel supply occur, for instance owing to 
pressure disturbances in the fuel supply line, they will not 
respond instantly to large and rapid variations in the 
fuel flow since the system only responds to changes in the 
temperature or pressure of the heated medium and the 
smoke'in the combustion gases. This is caused by atime 
lag which occurs before the temperature or pressure gauge 
located in the heated or evaporated medium or/the smoke 
density meter located in the stream of combustion gases 
indicates variations occasioned by a variation in the fuel 
flow. In this connection the size of the furnace or of the 
boiler plays an important part. If the control of the air 
?ow takes place under the in?uence of these signals which 
are delayed by a time lag, there will continually be periods 
when combustion takes place with an excess of air or 
when smoke formation occurs. Particularly with rapid 
and large variations in the fuel ?ow, large deviations 
from the fuel/air ratio desired for an economical‘ and 
near~smokeless combustion will occur. If the regulation 
takes place under the in?uence of signals derived from, 
for instance, the fuel ?ow without a smoke density meter, 
then a rapid'change of the air ?ow is obtained ‘upon a 
variation in the fuel ?ow. It is not, however, automati 
cally veri?ed whether the ratio of vthe fuel ?ow to the 
air ?ow is the ‘proper ratio to ensure combustion which 
is as economical as possible and. near-smokeless. I 

It is, therefore, a primary object of this invention to 
provide a system for optimizing the fuel-air ratio in 'a 
combustion process used in a heating or evaporating 
apparatus. 

It is a further object of this'invention to provide a 
system for optimizing the fuel-air ratio in a combustion 
process which system is instantly responsive to large and 
rapid ?uctuations in the fuel supply. 

- It is still a further object of this invention to provide a 
system for controlling the fuel-air ratio in a combustion 
process, which system is instantly responsive to large ‘and 
rapid variations in the fuel supply and which results in 
near~smokeless operation of the combustion process. 

It is another object of this invention'to provide 'an 
improved control system for ‘a combustion process used 
in a‘ heating or evaporating apparatus which control sys 
tem rapidly adjusts the fuel-air ratio for the desired heat 
ing requirements and near-smokelesscombustion. 

Brie?y the above objects of this invention are achieved 
by controlling the ratio of the fuel ?ow to the air ?ow by 
signals derived from the measured values of at least‘one 
of these flows and of the smoke in the combustion gases. 
The control of, for instance, the air ?ow under the in 
?uence‘of a signal derived from the fuel'?ow will—even 
if the latter varies rapidly-provide for an immediate 
rough adaptation of the air't-o the fuel‘?ow, while after 
that the signal from the smoke density meter regulates 
the fuel/air ratio in such a way that'a high combustion 
e?iciency is reached with little smoke formation. The 
fuel ?ow in turn is controlled by a variable ‘of the medium 
which has been heated in the system. This variable may 
for example be the temperature of a heated liquid, the 
steam pressure of an evaporated substance or any~other 
variable property‘ of a heated medium which can be di 
rectly related to the amount‘ of heat ‘applied ‘to ‘the me 
dium. 
The above objects and advantages of this invention will 

be more easily understood from ‘the following detailed 
description of the invention when taken in conjunction 
with the attached drawings wherein: 
FIGURE 1 is a schematic diagram of a heating’ system 

controlled according to the invention wherein the air 
?ow is’ controlled by signals proportional to the fuel ?ow 
and the smoke in the combustion gases; 
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FIGURE 2 is a schematic diagram of a heating system 
controlled by a modi?cation of the invention in which the 
air ?ow is controlled by signals proportional to the fuel 
?ow, the air ?ow and the smoke in the combustion gases; 
and 
FIGURE 3 is a schematic diagram of a heating system 

controlled by a further modi?cation of the invention 
wherein the air ?ow is controlled by signals proportional 
to a variable of the heated medium, the air ?ow and the 
smoke in the combustion gases. 

Referring now to FIGURE 1, there is shown a furnace 
1 containing a pipe system 2 through which a liquid to be 
heated is continuously ?owing. The liquid in pipe sys 
tem 2 is continuously heated by means of a burner 3 
which is supplied by fuel through a pipe or conduit 4. 
Air for combustion is supplied to the burner 3 via a pipe 
or conduit 5. The combustion gases escape from the 
furnace through a ?ue or stack 6. 
The quantity of fuel supplied to the burner 3 via pipe 

4 is controlled by a control valve 7 having a valve oper 
ator 8 which positions the control valve 7 in accordance 
with a signal proportional to a desired parameter or vari 
able of the output from the furnace 1. In the instant 
application the derived variable is the temperature of 
heated liquid ?owing in the pipe system 2. It is under 
stood, however, that in other applications, other variables 
may be measured, e.g., in a steam boiler, the desired out 
put variable would be the steam pressure. 

In order to measure the temperature of the liquid ?ow 
ing in the pipe system 2, a transducer 9 is suitably con 
nected in the output side of the pipe system 2. The 
transducer 9 produces a signal proportional to the tem 
perature of the liquid in the pipe system 2 and supplies 
the signal to one input of a conventional controller 10. 
To the second input of the controller 10 is applied a 
variable external signal 11 which is preset, e.g., manually, 
to a value proportional to the desired temperature for the 
liquid in the pipe system 2. The controller 10 compares 
the two input signals and produces an output signal pro 
portional to the difference between the two input signals. 
The output signal from the controller 10 is then applied 
to the valve operator 8 which then further opens or fur 
ther closes the valve 7 according to whether the signal 
proportional to the temperature of the heated liquid is 
less than or greater than the preset external signal. 
Should the two input signals to the controller 10 be equal, 
then the output signal from the controller 10 will leave 
the valve 7 in its present position. 

In order to adjust the ?o-w of air to the burner 3 to 
optimum conditions, i.e., the proper fuel-air ratio, a con 
trol valve 12 having a valve operator 13 is inserted in the 
air supply pipe 5. The valve operator 13 adjusts the 
valve 12 in response to both the ?ow of fuel in pipe 4 and 
the density of smoke in the combustion gases. 

In order to measure the ?ow of the fuel in pipe 4, a 
?ow meter 14, or other suit-able device which produces a 
signal proportional to ?ow, e.g., a pressure gage, is iii 
serted in the fuel supply pipe 4. The output signal from 
the ?ow meter 14 is supplied to one input of a combining 
circuit 15 which may, for example, be an adding or a 
multiplying circuit. To the second input of the com 
bining circuit 15 is supplied a signal related to the quan 
tity of smoke in the combustion gases. 
The signal related to the quantity of smoke in the 

combustion gases is measured by means of a smoke 
density meter 16 which is suitably connected to the fur 
nace stack 6. The signal from the smoke density meter 
16, which is proportional to the density or quantity of 
smoke in the combustion gases, is supplied as one input 
to a controller 17 which preferably is of the type which 
will integrate the signals from the smoke density meter 
over a short period of time. The controller 17 compares 
the smoke density signal to a preset external signal 18 
and produces an output signal proportional to the ditfer~ 
ence. The output signal from tilt: Controller 17 is then 
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applied as the second input to the combining circuit 15 
where it is combined with the fuel ?ow signal and then 
applied to the control valve operator 13 which then 
adjusts the control valve 12 to the optimum fuel-air ratio. 
Although for absolute optimum combustion conditions, 

the external signal 18 should be set at such a value that 
the air ?ow will be adjusted to produce no smoke in the 
combustion gases, there is a risk when trying to adjust 
the system to this condition of the air ?ow control be 
coming adjusted to an excess of air. In order to avoid 
this situation, the signal 18 is preferably set at a value 
such that the controller 17 adjusts the air ?ow so that the 
desired amount of smoke formation is a small value 
other than zero. 

Referring now to FIGURE 2, there is shown a second 
modi?cation of a control system according to the inven 
tion. In this ?gure reference numbers which are the 
same as those in FIGURE 1 denote like parts. As in the 
embodiment of FIGURE 1, the liquid in the pipe system 
2 is heated in the furnace 1 and the fuel ?ow is adjusted 
in response to a signal proportional to the temperature 
of the heated liquid from the transducer 9 via the con 
troller 10, control valve operator 8 and control valve 7. 
In order to adjust the air ?ow, however, a signal propor 
tional to the air flow is used in addition to the signals 
proportional to the fuel ?ow and the quantity of smoke 
in the combustion gases. In order to produce a signal 
proportional to the ?ow of the air, a ?ow meter 21, or 
other suitable ?ow measuring device, is inserted in the 
fuel supply pipe 5. The signals from the fuel flow meter 
14 and the air ?ow meter 21 are then supplied to a ratio 
controller 22 which determines the fuel-air ratio, com 
pares the ratio to a set point value corresponding to the 
desired fuel-air ratio, and supplies an out-put signal pro 
portional to the difference between the actual fuel-air 
ratio and the set point value. The output signal from 
the ratio controller 22 is then applied to valve operator 
13 which then further opens or further closes control 
valve 12 depending on whether the actual fuel-air ratio is 
greater than or less than the set point value. In order to 
further adjust the fuel-air ratio so that only the desired 
amount of smoke formation results, a signal related to 
the amount of smoke in the combustion gases is supplied 
to the ratio controller 22 via the smoke density meter 16 
and the controller 17. The signal from the controller 17 
varies the set point value of the ratio controller 22 and 
thereby further adjusts the air ?ow to a value which will 
result in the smoke formation being reduced to the 
desired quantity. 

Referring now to FIGURE 3, there is shown still a 
further embodiment of a control system of the invention 
wherein reference numbers which are the same as those 
of FIGURES l and 2 denote like parts. Unlike the pre 
vious two embodiments, the fuel flow in the fuel supply 
pipe 4 is controlled not only by the variation of the tem 
perature of the liquid in the pipe system 2 but is also re 
sponsive to a signal proportional to the fuel ?ow. In 
order to control the fuel ?ow in this manner, the signal 
from the fuel ?ow meter 14 is supplied to one input of a 
conventional controller 25 which compares the signal 
from the fuel ?ow meter 14 with a signal related to the 
temperature of the liquid in the pipe system 2. As in the 
previous embodiments the signal related to the tempera 
ture of the heated liquid in pipe system 2 is supplied via 
transducer 9 and controller 10. In the event that a 
change in fuel ?ow is required due to either a change in 
the fuel flow rate or to a change in the temperature of the 
heated liquid the controller 25 will immediately produce 
an output signal which causes the control valve operator 
8 to either further close or further open the control valve 
7 an amount proportional to the output signal. By con 
trolling the fuel ?ow in this manner, the fuel ?ow is in 
stantly corrected for pressure variations in the fuel sup 
ply pipe 4 and thus eliminates any time lag in the re. 
sponse of the system due to the time it takes for changes 
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in the fuel flow rate to show up as temperature variations 
of the heated liquid. In this Way it is possible to maintain 
the value of the fuel ?ow at the desired value with respect 
to the temperature of the heated liquid, regardless of any 
pressure variations in the fuel supply pipe 4. 

In order to adjust the air ?ow to the desired fuel~air 
ratio, the output signal from the air flow meter 21 is sup 
plied to one input of a conventional controller 26, the out 
put of whch controls the air flow in the air supply pipe 5 
via control valve operator 13 and control valve 12. The 
second input signal to the controller 26 is supplied from 
the multiplier 27 wherein the signal related to the tempera 
ture of the heated liquid, which is supplied via the trans 
ducer 9 and controller 10, and the signal related to the 
smoke in the combustion gases, which is supplied via 
smoke density meter 16 and controller 17 as previously ex 
plained, are multiplied together. By controlling the flow 
in each of the supply pipes 4 and 5 by a signal proportion 
al to the ?ow in the respective pipes and a second signal 
responsive to the one or more output parameters of the 
heating system, it can easily be appreciated that the sys 
tem will immediately compensate for both pressure varia 
tions in the supply lines and changes in the output param 
eters resulting in a more rapid and thus more economical 
combustion control system. 
Although no details of the speci?c components utilized 

in the various embodiments of the invention have been 
disclosed, it is understood that the various measuring and 
control instruments are all conventional devices and per se 
form no part of applicants’ invention. Furthermore it 
is understood that the various measuring and control in 
struments may operate in response to electrical, penu 
matic, hydraulic or mechanical power signals of any com 
binations of these various types of signals. 

Obviously, various modi?cations of the present inven 
tion are possible in view of the above teachings, for ex 
ample, the ratio controller of FIGURE 2 could be replaced 
with a multiplying circuit and a conventional controller. 
It is therefore further understood that the invention is 
not limited to the particular forms illustrated, but is capa 
ble of embodiment in other forms without departing from 
the spirit and scope of the appended claims. 
We claim as our invention: 
1. Apparatus for controlling the combustion process in 

a heating system comprising: a burner; a fuel supply line 
and an air supply line connected to said burner; means 
connected in said fuel supply line for producing a signal 
proportional to the ?ow of said fuel; means for measur 
ing the smoke in the combustion gases from said burner 
and producing a signal related thereto; ?rst controller 
means for comparing said smoke signal with a ?rst ex 
ternal signal having a preset value and producing an er 
ror signal proportional to the diiference; means for com 
bining said signal proportional to the fuel flow and the er 
ror signal from said ?rst controller means; means re 
sponsive to the output signal from said combining means 
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6 
for varying the ?ow in said air supply line; means for 
measuring a variable of the medium heated in the system 
and producing an output signal proportional thereto; sec 
ond controller means for comparing the signal proportion 
al to a variable of the medium heated in the system to a 
second external signal having a preset value and produc 
ing an error signal proportional to the difference; and, 
means responsive to the output signal from said second 
controller means for varying the flow in said fuel supply 
line. 

2. The method of optimizing the fuel-air ratio in a 
heating system wherein the fuel ?ow rate and the air ?ow 
rate may be varied consisting of: measuring a variable of 
the medium heated in the system; comparing said meas 
ured value of the variable with a ?rst preset external sig 
nal to produce a ?rst difference signal; utilizing said ?rst 
difference signal to control the fuel flow rate; measuring 
the density of the smoke in the combustion gases; com 
paring the measured value of the smoke density to a sec 
ond preset external signal to produce a second difference 
signal; measuring the fuel ?ow rate and producing an 
output signal proportional thereto; combining said sec 
ond difference signal and said signal proportional to the 
fuel ?ow rate to produce a combined output signal; and 
controlling the air flow rate in accordance with said com 
bined output signal. 

3. The method of claim 2 wherein said second preset 
external signal is adjusted to a value such that the fuel-air 
ratio will result in a small amount of smoke being formed. 
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