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CONTROL OF AIR-FUEL RATIO 
BACKGROUND OF THE INVENTION 

The extent and control of the combustion which 
takes place in an internal combustion engine has been 
the subject of extensive research for more than half a 
century with a principal objective of achieving high en 
gine efficiency at the lowest possible fuel cost. In recent 
years ecologists, concerned with air pollution by car 
bon monoxide and unburned hydrocarbons, have given 
an added impetus to such research. 
Attempts have been made to control the air-fuel ratio 

in a combustion process by sensors which measure one 
or more of a number of parameters; temperature, pres 
sure, density of smoke, and the like. By way of exam 
ple, Pierce, in U.S. Pat. No. 2,562,507, describes the 
passing of a light beam through the exhaust gases in a 
flue in order to sense the density of smoke; a high den 
sity of smoke effecting the opening of a valve which in 
creases the proportion of air in a combustion chamber. 
Bolio, in U.S. Pat. No. 2,773,349, describes the sam 
pling of an exhaust gas, the oxidation of the sample, 
and the analysis of the resulting oxidized exhaust gases 
in an infrared cell, and further describes the generation 
of a signal from the analyzer which, via electronic and 
mechanical means, actuates a valve in a fuel line. Again 
by way of example, Willenborg in U.S. Pat. No. 
2,255,551 describes a sensor which analyzes a gas mix 
ture by measuring its thermal conductivity. 
The prior art devices which use sensors to control air 

fuel ratios in internal combustion engines are generally 
characterized by their complexity and "round-about' 
method of controlling either airflow, fuel flow, or both. 

SUMMARY OF THE INVENTION 
The present invention takes advantage of the fact 

that liquid fuel in the typical carburetor flows from the 
float chamber to a venturi in the air line in response to 
a pressure differential. Control of fuel flow is achieved 
in the present invention by modifying the latter pres 
sure differential responsively to changes in the thermal 
conductivity of, and hence the chemical analysis of, ex 
haust combustion gases in the exhaust pipe of the en 
gine. Therefore, in an internal combustion engine pro 
vided with an exhaust pipe for exhaust gases and pro 
vided with a carburetor comprising a venturi and a float 
chamber, the inventive improvement comprises: (a) a 
pressure modifying tube joining said venturi and said 
float chamber, (b) a valve in said tube, said valve being 
provided with a solenoid for controlling the movement 
of said valve, and (c) a thermal conductivity sensor po 
sitioned in said exhaust pipe and electrically coopera 
tive with said solenoid; wherein the position of said 
valve and the ratio of air to fuel provided to said engine 
by said carburetor is responsive to the thermal conduc 
tivity of said exhaust gases. 

DESCRIPTION OF THE DRAWING 
The accompanying drawing illustrates, schemati 

cally, a preferred embodiment of the invention. With 
specific reference to the drawing, an internal combus 
tion engine 10 is provided with an inlet manifold 12 for 
the supplying of an air-fuel mixture and is provided 
with an exhaust pipe 14 for the discharge of exhaust 
combustion gases. A venturi (choke tube) 16 leads into 
the manifold 12 via a throttle valve 18. 
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2 
A carburetor, indicated generally at 20, comprises a 

float chamber 22, an inlet 24 for fuel, and a fuel outlet 
26 leading to a fueljet 28 positioned in a manner to de 
liver fuel to the venturi 16. The float chamber 22, fur 
ther, is provided with a float 30 which cooperates with 
a valve 32 in the fuel inlet pipe 24 to maintain fuel at 
a predetermined level. A bleed orifice 34 is provided 
for relatively slow adjustment of the pressure in the 
float chamber 22 to ambient pressure outside the car 
buretor. A pressure modifying tube 36 joins the venturi 
16 with a pressure modifying opening 38 in the float 
chamber 22. The latter opening 38 is provided with a 
valve 40 which is mounted for reciprocal motion in a 
solenoid 43 responsively to changes in the current in 
the solenoid. 
A sensor; in addition to the usual power source, am 

plifier, and standard electrical components (not 
shown); comprises a thermal conductivity cell 46 posi 
tioned in the exhaust pipe 14 and comprises an electri 
cal circuit 48 which includes the windings of the sole 
noid 42. 

DESCRIPTION OF OPERATION 

Liquid fuel enters the float chamber 22 of the carbu 
retor 20 via the fuel opening 24. A float 30 in coopera 
tion with valve 32 via a pivot point 31 controls the level 
of the fuel. Air is drawn into the manifold 12 via the 
venturi 16 and past the throttle valve 18 because of the 
relatively low pressure in the manifold. Liquid fuel is 
sprayed into the air stream because of the relatively 
lower pressure in the venturi 16 as compared to the 
pressure in the float chamber 22. Combustion of the 
fuel occurs in the engine 10 and exhaust gases pass 
through the exhaust pipe 14. 
The sensor 44 is initially calibrated against the ther 

mal conductivity of mixtures of gases normally found 
in engine exhaust. In this connection it is necessary to 
measure the thermal conductivity of mixtures from, on 
the one hand, an exhaust mixture resulting from com 
bustion under very lean conditions to, on the other 
hand, an exhaust mixture resulting from combustion 
under very rich conditions. A thermal conductivity sen 
sor such as described in the above mentioned U.S. Pat. 
No. 2,255,551 or any one of a number available com 
mercially can be used. i 
The sensor circuit 48 is constructed such that a rela 

tively large current flowing therein reflects the pres 
ence of a relatively high proportion of carbon monox 
ide and unburned hydrocarbons in the exhaust pipe or, 
in other words, reflects the need for relatively more air 
in the air-fuel mixture. The current in circuit 48 causes 
the solenoid to open the valve 40 in the pressure modi 
fying opening 38. Opening the valve 40 permits modifi 
cation of; that is, tends to decrease; the pressure differ 
ential between the venturi 16 and the float chamber 22. 
As the pressure in the float chamber 22 approaches the 
pressure in the venturi 16, relatively less fuel is sprayed 
into the air stream entering the manifold 12. The result 
ing air-fuel mixture contains relatively more air and 
there is a reduction, in the exhaust pipe 14, of carbon 
monoxide and unburned hydrocarbons. 

Similarily, and if the valve 40 is wide open, the result 
ing excessively lean conditions will lead to a small, or 
zero, current in the circuit 48 and the closing of the 
valve 40. 
The position of the valve 40 (vertically, as shown) 

can be predetermined such that the valve 40 will be 
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slightly opened to a point of maximum sensitivity to 
small changes in thermal conductivity of the exhaust 
gases at a predetermined optimum analysis of the ex 
haust gases. In this manner the air-fuel ratio is made re 
sponsive to the analysis of the exhaust gases. 

It is apparent that changes and modifications can be 
made in the embodiment described without departing 
from the spirit or scope of the invention. 

I claim: 
1. In an internal combustion engine provided with an 

exhaust pipe for exhaust gases and provided with a car 
buretor comprising a venturi and a float chamber, the 
improvement which comprises: 
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4. 
a. a pressure modifying tube joining said venturi with 

said float chamber, 
b. a valve in said pressure modifying tube and pro 
vided with a solenoid for controlling the opening 
and closing thereof, and 

c. a current generating, gas thermal conductivity sen 
sor positioned in said exhaust pipe and electrically 
cooperative with said solenoid; 

wherein the position of said valve and consequently the 
ratio of air to fuel provided to said engine by said car 
buretor is responsive to the thermal conductivity of 
said exhaust gases. 
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