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1. 

2,797,746 
SYSTEM FOR MANTAINING THE CORRECT 
SUPPLY OF AIR FOR BURNING A GAS OF 
VARYING COMPOSTION 

Rudolf Bourek and Hans Skozdopole, Vienna, Austria, 
and Paul L. Wachendorfer, Sr., Joliet, Ill assignors to 
James G. Murray, Jr., Pittsburgh, Pa. 

Application May 12, 1955, Serial No. 507,944 
1 Claim. (C. 158-119) 

For maximum efficiency of combustion when burning a 
gas, a definite predetermined volume of air must be sup 
plied for a definite volume of gas. If too little air is 
supplied, the combustion is incomplete. If too much air 
is supplied, the excess of air tends to cool down the com 
bustion gases, lowering the efficiency of combustion. 

In certain industrial furnaces it is desirable to burn gases 
that are a by-product of other processes. These gases, 
for example blast-furnace gas or coke-oven gas, consist 
of a mixture of gaseous elements, such as hydrogen, 
carbon monoxide, nitrogen, etc. Due to unavoidable 
variations in the processes which produce these by-product 
gases, their composition varies from time to time, and 
since the air requirement differs for the different com 
ponent gases, the over-all air requirement for efficient 
combustion of the gaseous mixture varies with changes in 
the composition. 

Because some of the constituent gases, such as hydrogen, 
are lighter than others, and since these lighter constituents 
require more air for efficient combustion, it has been 
found that the relative weight of the gaseous mixture may 
be taken as an accurate measure of the air requirement of 
the mixture. 

Thus, having once established the correct volume of 
air for efficient combustion of a particular mixture of 
gases, it has been found that as the composition of the 
mixture changes, the air requirement varies directly with 
changes in the relative weight of the mixture. And it has 
been found that the changes in relative weight may be 
measured and used to indicate the changing air require 
ments, or they may be used to automatically regulate the 
amount of air supplied to the gas burner. 
The present applicants do not claim to be the first to 

recognize that in burning a mixture of gases the changing 
relative weight of the mixture may be taken as an index 
of the changing air requirements of the mixture. This 
fact is recognized in United States Patent No. 2,251,019 
to James K. Mawha, and in this patent he proposes to 
utilize these changes in relative weight to modify the 
amount of air supplied to the gas burner. Mawha uses 
these changes to control an adjustable leak-off which 
changes the pressure of the fuel gas acting on pressure 
regulators which control valves in the air and gas lines. 
The present invention provides an improved system in 

which the change in relative weight is converted into an 
electric current which is multiplied by an electric current 
representing the rate of flow of the gas. The product of 
these two currents is used either to give a direct indica 
tion of the air requirements, or to automatically adjust the 
supply of air to the flow of gas, without changing the flow 
of gas. 
These and other objects and advantages of the invention 

will become apparent as the description proceeds. 
In the drawings: 
Fig. 1 is a diagram illustrating a form of the inven 

tion in which the system operates an indicating device; 
Fig. 2 is a chart illustrating one phase of the operation 

of the system; and 
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Fig. 3 is a diagram illustrating a form of the invention 

in which the system operates automatically to adjust the 
supply of air to the changing air requirements of the 
flowing gas. 

Referring first to Fig. 1, the fuel line 1 is provided with 
an orifice plate 2. A flow meter, indicated generally by 
the numeral 3, converts the flow through the fuel line 1 
into an electrical current I1 which is rigidly proportional 
to the flow Q1 in the fuel line. 
(1) Then Iloc Q1 
The current I will be referred to in the claim as the 

"first electrical current.' 
The details of the flow meter form no part of the present 

invention, but are fully explained in a co-pending applica 
tion Serial No. 459,163. It is sufficient to state that the 
flow meter 3 includes a ring-type manometer 4 coupled to 
an electrodynamometer 5. The current 1 flows through 
the circuit 6 to the electrodynamometer 16, which serves 
as a multiplying device, as subsequently explained. 

In order to determine the relative weight of the fuel gas 
passing through line 1 at a particular time, a device is used 
to compare the weight of the gas with air. This is done 
by permitting a small amount of the gas to pass from the 
line 1 through a small leak-off orifice 7a into the lower end 
of a vertical pipe 7, the upper end of which is open to the 
atmosphere. 
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A pipe 8 of size and shape identical with pipe 7 has 
a closed bottom and is also open at the top to the atmos 
phere, so that it will contain a column of air equal to the 
column of gas in the pipe 7. Since the tubes 7 and 8 
are both subject to atmospheric pressure at their upper 
ends, the difference in pressure at their lower ends will be 
a direct measure of the relative weight of the gas. 

For the purpose involved here, it is sufficient to know 
the weight of the fuel gas at its actual temperature, and it 
is therefore not necessary to change the temperature of 
the gas, nor to make any temperature correction. How 
ever, to have a standard of comparison, the column of 
air is brought to a definite temperature that is the same at 
all times. This may be done in any preferred manner, as 
by an electrical heating coil 32. 
The difference in pressure at the lower ends of tubes 7 

and 8 is measured by a pressure meter indicated generally 
by the numeral 9, which converts the pressure difference. 
into an electrical current I2, which is rigidly proportional 
to the pressure difference. 

It is to be noted that the current I2 is a direct measure 
of the difference between (a) the weight of a volume of 
the fuel gas at its existing temperature (as it comes from 
the blast furnace or other source), and (b) the weight of 
an equal volume of air at a standard temperature. This 
difference is herein called the "relative weight” of the 
fuel gas. Since this difference is not corrected to standard 
conditions, it will not be called “specific gravity." 
The details of the pressure meter form no part of the 

present invention, but are fully explained in a co-pending 
application Serial No. 459,162. It is sufficient to state 
that tube 10 connects the pipe 7 to one chamber of a ring 
type manometer 11; tube 12 connects pipe 8 to the other 
chamber of the manometer; and that the manometer 11 
is coupled to an electromagnetic device 13 which has a 
permanent magnet. In this type of pressure meter, the 
current I2 flowing through circuit 14 to the electromagnetic 
device 13 is rigidly proportional to P, the difference in 
pressures at the lower ends of the two pipes 7 and 8. 
(2) Then I2 cc P 

The current I2 will be referred to in the claim as the 
"second electrical current.” 
The pressure difference P is the result of multiplying 



2,797,746 
3 

the height (H) of the pipes 7 and 8 by the difference be 
tween the weight (g) of air and the weight (g) of the gas. 
(3) Then Psas H(g.g.) 
Combining Equations 2 and 3, 
(4) I2 cc H(g-g) 
Developing Equation 4 we find that, 

(5) I, cHo,(1- 91. 
Letting d represent the ratio 

8s. 
- - 3. 

and solving Equation 5, we find that, 

(6) Iric 1-d 
Since 

1. 
Hg. 

is a constant, it may be represented by C, then 
(7) I, oc (1-d)C 
The current is passed through an adjustable resistance 

15, which makes a correction for a constant C, which will 
be explained subsequently. (The adjustable resistance i5 
will be referred to in the claim as the "first adjustable 
means.) The current 12 then becomes I2' and Equation 
7 becomes 

(8) I, CC (1-d) C. 
In order to obtain a product of the current, and I, they 

are conducted through an electrodynamometer device 16 
in the following manner. 
The current I, from the circuit 6 passes through the sta 

tionary field coils 17. 
The current I' from the circuit 4 passes through the 

moving coil 18. 
A second moving coil 19 receives the current Is from a 

circuit 20, connected to a constant D. C. source, and in 
cludes an adjustable resistance 21. (The current Is will 
be referred to in the claim as the "third electrical current' 
and the adjustable resistance 2i will be called 'second ad 
justable means.") The resistance 21 may be set according 
to a constant C, which will be explained subsequently. 
Then - 

(9) 
The known action of the dynamometer 6 is such that 

the movement of its pointer 22 will be rigidly propor 
tional to the formula 

(10) (I1 (I2'--I3) 
Referring again to the constants C, and C, it has been 

found that measuring the change in the relative weight 
of the gas can be used as a measure of the changing air 
requirements for a certain type of gaseous mixture, Such 
as blast-furnace gas. However, when making a change to 
an entirely different type of gaseous mixture, such as coke 
oven gas, it has been found advisable to introduce certain 
corrective constants. These constants, C, and C, are de 
termined in advance for each different type of gaseous 
mixture to be used in the furnace, and the variable re 
sistances 15 and 2 are set according to the type of gaseous 
mixture being burned. 

If in a particular installation it is intended to burn 
only one type of gaseous mixture, for example blast 
furnace gas, it is not necessary to provide for corrections 
corresponding to the constants C, and C. The system 
may then be somewhat simplified. 
The relative weight of the gas is affected to a certain 

extent by barometric pressure, and, if it is desired to con 
trol the air supply with maximum accuracy, it is necessary 

ICCC, 

4. 
to make a correction for barometric pressure. Such a 
correction may be introduced into the system by changing 
the value of the current I. The method of introducing 
the correction for barometric pressure into the system 

5 as an electrical current will not be explained in detail here, 
as it is being made the subject of a co-pending patent 
application. - 

The relation of the constants C, and C, to the correct 
air ratio is shown in Fig. 2, where the ordinate represents 
the air-flow to gas-flow ratio; the abscissa represents the 
gas density (1-d); and the line "L' represents the correct 
ratio of air to gas. The constant C, represents the height 
of the point A above the base line, and the constant C, 
represents the angle between the line "L' and the base 

0. 

15 line. 
The equation for line "L' is 

Air flow Q, , , 
Gas fi-i-C.( 1-d) -- C 

20 (11) Hence, Q=(C,C1-d)--C.1Q, 
(11a) Or, Airflow Q=Q, (1-d) C+C.I 

In Equation 10 above, it has been shown that the move 
ment of pointer 22 will be rigidly proportional to the 
formula 

(12) I,(I'--I) 
It has also been shown that each of these currents varies 

rigidly as the following values: 

25 

30 (1) I, ocQ, 
(8) I, oc (1-d) C, 
(9) ICCC, 

Substituting these values in Equation 12, we have: 
35 (13) Movement of pointer= Q, I (1-d) C,--Cl 

Or, 
Movement of pointers-Required air flow 

40 Comparing equations we find that in Equation 11a the 
air flow, Q, equals the expression of Equation 13. This 
proves that the movement of pointer 22 will be rigidly 
proportional to the required air fiow for the gas passing 
through the gas line 1. As the relative weight in the gas 
line changes, the pointer 22 will automatically move to 
show the correct airflow for the changed gaseous mixture. 
The movement of pointer 22 will give a linear indication 
of the air requirements. 

In the device of Fig. 3, the same principles are applied, 
but instead of merely giving an indication, as by pointer 22, 
of the correct flow of air, additional means is provided 
to automatically regulate the flow of air. 
The currents I, I, and I, are led to a measuring 

transformer 23, which in a known way obtains a current 
I, which is directly proportional to the air requirement for 
the gas flowing through the fuel line . (The current I, 
will be referred to in the claim as the “resultant current.") 
The current I, is led through the winding 24 of a differential 
relay 25. - - 

The quantity of air flowing through the air line 26 is 
measured by a flow meter 27 which is similar to the flow 
meter 3 connected to the gas line. A current I flowing 
through the flow meter 27 is rigidly proportional to the 
quantity of air flow, and is led through the winding 28 of 
the differential relay 25. (The current I will be referred 
to in the claim as the "supply-indicating current.”) 
When the actual flow of air through air line 26 is 

exactly equal to the air requirement of the gas flowing 
in gas line 2, the current I will be equal to the current I, 
and the switch lever 29 of the relay 25 remains in its central 
neutral position, as illustrated. - - - - - 

If now a change occurs in the relative weight of the gas 
flowing through the gas line, a proportionate change takes 
place in the current I. If current I, now becomes weaker 
than current the switch lever 29 will move to the right 

75 and close a contact which will actuate motor 30 to close 
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valve 31 to permit less air to pass through air pipe 26. As 
soon as the air flow, as indicated by current I, equals the 
air requirement, as indicated by current I, the regulating 
process ceases, and switch lever 29 again moves to its 
central neutral position. 

If current 4 becomes stronger than current Is, a similar 
regulating action to increase the air flow takes place. 

It will be apparent to those skilled in the art that 
the system of the present invention provides a simple and 
practical means of adjusting the flow of air according to 
the changing air requirements of the gaseous fuel mix 
ture. In this system all of the important factors of the 
situation are converted into electrical currents and these 
currents are then multiplied or compared by known elec 
trical means to give an automatic indication, or an auto 
natic regulation, of the air requirements. 

All pieces of apparatus used in the system are quick 
acting and reliable, thus avoiding the use of heavy com 
plicated parts that would interfere with accuracy and 
sensitivity. 

According to the provisions of the patent statutes, we 
have explained the principle of our invention and have 
illustrated and described what we now consider to repre 
sent its best embodiment. However, we desire to have it 
understood that, within the scope of the appended claim, 
the invention may be practiced otherwise than as specifi 
cally illustrated and described. 

In the appended claim reference is made to the fact 
that the first and second electrical currents are combined 
to obtain a "resultant.' The word “resultant' is there 
used to refer either to the indication of the pointer 22 of 
Fig. 1 or to the current I4 of Fig. 3. 
We claim: 
A furnace System which comprises a gas line for 

conducting a gaseous mixture to the burner and an air line 
for conducting air to the burner, and a system for main 
taining the correct supply of air for burning the gaseous 
mixture which comprises: means for measuring the quan 
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tity of flow in the gas line and converting the quantity 
into a first electrical current which is rigidly propor 
tional to the quantity of gas, means for measuring the 
relative weight of the gaseous mixture and converting 
the relative weight into a second electrical current which 
is rigidly proportional to the relative weight, a first ad 
justable means for modifying the second electrical cur 
rent according to a first predetermined constant, a circuit 
conducting a third electrical current, a second adjustable 
means for modifying the third electrical current accord 
ing to a second predetermined constant, an electrical 
device for combining the first, second and third electrical 
currents to obtain a resultant current which is rigidly 
proportional to the air requirement of the gaseous mix 
ture, means for measuring the quantity of flow in the 
air line and converting the quantity into a supply-indi 
cating current which is rigidly proportional to the quan 
tity of air, and electrical control means responsive to the 
resultant current and the supply-indicating current, a valve 
in the air line, a motor connected to operate the valve, the 
motor being responsive to current from said electrical 
control means whereby the supply of air is regulated ac 
cording to the specific gravity of the gaseous mixture 
passing through the gas line. 
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