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This invention is directed to a process for de 
termining the air-fuel ratio of a fuel mixture 
Supplied to an internal combustion engine. Par 
ticularly, the invention is directed to the deter 
mination of the air-fuel ratio by analyzing both 
the intake and exhaust gases of an internal com 
bustion engine. 

It is well known that the air-fuel ratio in the 
fuel mixture supplied to an internal combustion 
engine can be determined by analyzing the heat 
Conductivity of the exhaust gases discharged 
from the engine. The total heat conductivity of 
the exhaust gases is, of course, dependent upon 
the Specific heat conductivities of the individual 
Constituents of the gas. One of the constituents 
is hydrogen, which has a heat conductivity about 
seven times greater than that of any of the other 
normal constituents in the exhaust gases, namely 
N2, CO, and CO2. Furthermore, the quantity of 
hydrogen in the exhaust gas is a measure of the 
quantity of fuel in the air-fuel mixture. 

However, prior to this invention, none of the 
known methods of measuring the air-fuel ratio 
by analyzing the exhaust gases took into account 
the moisture content of the air supplied to the 
air-fuel mixture, and the effect that this moisture 
content has on the composition of the exhaust 
gaSeS which are analyzed. With increasing mois 
ture in the air, the hydrogen content of the ex 
haust gases increases in ratio with the quantity 
of moisture in the air. The effect of a larger 
hydrogen content in the exhaust gases because of 
an increased moisture content of the air gives a 
faulty measurement of the air-fuel mixture ratio 
in the sense that an increase of fuel in the air 
fuel mixture is indicated. The error is accentu 
ated because of the relatively great thermal con 
ductivity of the hydrogen. 
An object of the instant invention is to pro 

duce a method by which the exhaust gas analysis 
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is automatically corrected for changes in the 
moisture content of the air supplied to the air 
fuel mixture. 
Another object of the invention is to measure 

the air moisture content of the air supplied to 
the air-fuel mixture and correct the exhaust gas 
analysis by Such a neaSurement. So that an ex 
haust gas neaSuring instrument will always give 
the actual air-fuel mixture ratio. 

Generally, the objects of this invention are ac 
complished by measuring, with a hydrometer, the 
moisture content of the air Supplied to an air 
fuel mixture, and using this measurement to cor 
rect the exhaust gas analysis. 
when the Wheatstone bridge principle is en 

For example, 
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ployed in making the exhaust gas analysis, the 
hygrometer can be coupled in One of the legs of 
the bridge to correct automatically for any 
changes which may occur in the moisture content 
of the air. 
A means by which the objects of this invention 

may be obtained is more fully shown in the ac 
companying dra Wing. 
For purposes of demonstrating the novel proc 

ess of this invention it is assumed that the air 
fuel ratio is to be determined by employing an 
instrument using a Wheatstone bridge for analyz 
ing the exhaust gases. Instruments of this sort 
are shown, for example, in United States Patents 
No. 2,154,862, April 18, 1939, to Olshevsky, and 
No. 2,025,121, December 24, 1935, to Minter. 
The Wheatstone bridge 2 is provided with a 

Source of current 4 through variable resistance 6 
and milliammeter 8. One leg of the bridge in 
cludes a first resistance O and a second resistance 
i2. The resistance 2 is in communication with 
the exhaust gases coming from an internal comi 
bustion engine and passing through conduit 4. 
Thus resistance 2 varies with the heat conduc 
tivity of the gases in conduit 4. 

In heretofore known measuring methods, this 
leg was balanced by a second leg including resist 
ances 6 and 8. A potentiometer 20 connected 
across the two legs is scaled to give the fuel-air 
ratio upon variations of resistance 2. 
According to the instant invention, further 

means are included in the measuring apparatus 
in order to correct for the changes in moisture 
content of the air in the air-fuel mixture. 
In the intake manifold 22, a hygrometer 24 is 

mounted which functions as a resistance Varying 
with the changes in moisture content in the air 
supplied to the air-fuel mixture. This resistance 
is connected to the second leg including resist 
ances 6 and 8. Thus the opposed legs of the 
bridge are balanced against a change in the 
moisture content of the air in conduit 22 as re 
flected in the exhaust gases in conduit i4. That 
is, if the moisture content of the gases in nani 
fold 22 increases, that increasing will be reflected 
upon the Wheatstone bridge through hygrometer 
24 to offest an increase in the hydrogen content 
of the gases in the exhaust manifold Which af 
fects resistance 2. Therefore the meter 20 will 
give a true indication of the air-fuel ratio in the 
exhaust gases despite changes in the moisture 
content of the air. 
The invention is applicable to any method of 

exhaust gas analysis, the Wheatstone bridge 
principle being given merely for purposes of illus 
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tration. The process broadly relates to the de 
termination of the correct air-fuel ratio by cor 
recting the exhaust gas analysis with respect to 
the moisture content of the air. 

Having now described a means by which the 
objects of this invention may be obtained, what I 
claim as new and desire to Secure by Letters 
Patent is: 

1. The process of measuring the air-fuel ratio 
of the fuel mixture supplied to an internal com 
bustion engine compilising determining by a 
change of the resistance in a Wheatstone bridge 
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the variation in the heat conductivity of the ex 
haust gases, and offsetting in Said change in re 
sistance such changes induced through changes 
in the moisture content of the air Supplied to the 
fuel mixture. 

2. The process of claim 1 in which said offset 
ting is obtained by measuring the moisture con 
tent of the air in the air-fuel mixture, and vary 
ing a resistance in said bridge according to the 

10 variations in said moisture content. 
KARL SCHEFFLER. 


