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This invention relates to a method of and
apparatus for preventing knocking in an in-
ternal combusfion engine and is particular-
ly adapted to be used on variable speed,
variable load engines, such as automobile
engines.

Engine designers have long known that it
would be advantageous in many ways to use
an engine having a much higher compres-
sion ratio than those commonly employed.
This would make the engine much more effi-
cient by allowing it to run with a higher
degree of compression at its normal work-
ing loads such as are ordinarily encountered
when running on the level, thereby effecting
a great saving of fuel. This increased com-
pression, however, has not been considered
feasible due to the detonation, or “knock-
ing” as it is commonly called, of the ordi-
nary motor fuels at high compression.

This tendency of the engine to knock
varies with the design and condition of the
engine and with the kind of fuel. For ex-
ample, with any given fuel, the degree of
compression at which knocking begins de-
pends upon the shape of the cylinder, the
location and number of spark plugs, the lo-
cation of the valves, the temperature of the
cylinder walls and the amount and location
of the carbon deposit on the cylinder walls.

With the ordinary water-cooled -engine
using commercial gasoline, knocking begins
at about a four to one compression while
with ethyl alcohol it is not yet felt at ten
to one compression, depending on engine
conditions as previously explained.

Referring now to the drawings, Figure 1
is a vertical section through a carbureter
embodying this invention; and Figure 2 is
a graph showing the operation of the car-
bureter. v

The carbureter consists of a body 10 hav-
ing a mixing passage 11, a venturi 12 and
an inlet 13 communicating with the atmos-
phere. Two fuel jets 14 and 15 are arranged
to deliver into the venturi 12 and these are
supplied with fuel from the float chambers
16 and 17 in a well known manner.” A low
compression fuel A such as gasoline or kero-

sene ‘is fed to the float chamber 16 and
thence to the jet 14. * A high compression
fuel B such as aleohol or a fuel containing
a “knock preventing” substance as aniline is
fed  through the float chamber 17 to the
nozzle 15.

Needle valves 18 and 19 control the jets or
nozzles 14 and 15 and are slidably mounted
at the upper ends in a guide 20. These
valves are connected to a rocker arm 21
which is secured ‘on a shaft 22 which is
journalled in the walls of the mixing cham-
ber 11. The taper of the valye points is
carefully determined so that at any posi-
tion of the rocker arm the fuel supplied
from one jet or the cther or both will be just
sufficient to carburet the air. One end of
the shaft 22 extends outside and has keyed
thereon a lever 23. A rod 24 having an ad-
justing turn-buckle 25 is hingedly connected
to the end of the lever 23 and to the movable
side 26 of the bellows 27. This bellows is
supported on the carbureter body and has a
tube 28 connecting the air tight interior of
the bellows with the intake manifold 29 at
a point posterior to the engine throttle 30.

The sides of the bellows are hinged at 31
and have outwardly extending serrated arms
32 and 33 which ave preferably parallel
when the bellows is in an extended position
as shown in Figure 1. The spring 34 ex-
tends across the arms and normally holds
the bellows open.

A well known type of auxiliary air valve
35 is placed at the side of the carbureter,
this valve being relied upon to maintain the
metering function of the carbureter, regard-
less of the position of the rocker-arm.

The operation of adjusting this carbureter
is ag follows:

The engine is started and placed under
full load until thoroughly heated and the
throttle. opened wide. The spring 34 is
moved . outwardly so as to hold the bellows
27 open. The turn-buckle 25 is then turned
s0 as to gradually close the high compres-
sion fuel nozzle 15 and open the low com-
pression fuel nozzle 14 until a point is
reached where knocking occurs indicating
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too great a proportion of low con npression
fuel. The turn-buckle is then turned in the
reverse direction until knocking ceases.
This fixes the position of point @ on the
graph,.

Starting now with a load on the engine
and the throttle nearly closed, the spring 34
is pushed inwardly on the arms 32, 33, one
notch at a time. The throttle is moved from:
closed to full open position after each
change in the position of the spring. At
frst the engine will not knock at any posi-
tion of the throttle, but as the spring is
moved imwardly, kn ocking will begin at
partly open throttle. It “should then be
moved outwardly just far enough to prevent

an andible knock. This a d‘itq’rment ﬁ* es the
point & on the graph shown in Fig.

The air valve is adjusted in the oLdlnfuy
way, as is common with any fixed-jet, auto-
matic-air-valve, carbureter.

Referring now to the graph shown in Fig.
2, the line (‘\T) shows the curve of a poorly
cooled engine having an eight to one com-
pression ratio using oaqohne as fuel A and
othyl aleohol as the hwh compression fuel
B. Tt is assumed that with the other adjust-
ments made as indicated, the spring 34 1s of
such an initial tension as to cause the bellows
to open at a manifold pressure of four tenths
of an ai‘mosphme as indicated by the lower
el 0 of the line (X) to prevent knocking as
tha throttle is opened.  According to this

wraph, the charge would consist of gasoline
only for all manifold pressures less than
four tenths of an atmosphere.” Once the two
ends of the line are known, we can find the
proportion of fuel B to the total fuel for a
given manifold pressure by running a line
from the given pressure vertically Tntil it

strikes the line (X)) and then running hori-

Aonfﬁﬂy across to the scale at the left. Thus
for a manifold pressure of seven tenths of
an atmosphere the proportion of fuel B to
the total fuel required is substantially fifty
per cent.

It will be nnderstood that the actual com-
pression pressure will be a produet of the
compression ratio for that engine which is a
fixe:d qumt ty anrl the donmtv of the charge
which is shown in the graph (Fig. 2) as
manifold pressure in tenths of qtmos Yheres.
Thus a manifold pressure of six 1enthq of an
atmosphere gives in this eight-to-one ratio
engine a compression pressure (on an iso-
thermal basis) of six tenths times eight or
four and cight tenths atmospheres.

The line (Y) is the curve of a well cooled
eight-to-one compression engine using gaso-
line and ethyl aleohol as fuels A and B re-
spectively. At full engine compression the
Iines (X)) and (Y) meet at ¢ on the graph,
while at low manifold pressures these lines
diverge, the line (X) crossing the zero line
of the high compression fuel at b’ or five
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tenths of an atmosphere. At half an atmos-
phere and all points below, this engine is
running entirely on gasoline. This means
that this engine operates up to five tenths
(.5) times eight, the compression ratio, or
four atmospheres before any high compres-
sion fuel 1s admitted.

The percentage of high compression fuel
in the mixture replegented by the line (Y)
may be determined as deqcrlbod for (X) for
any given manifold pressure by projecting a
line Vertlcally until it intersects the line (Y)
and then horizontally from this intersection
to the scale at the left. The reading on the
scale is the corresponding percentage. Thus
for seven tenths (.7) of an atimosphere mani-
fold pressure, projecting up to the intersec-
tion of the line (Y) and across, we find the
reading on the scale is about thirty-eight per
cent, which is the percentage of high com-
pression fuel in the mixture at this manifold
pressure.

The curve (Z) on the same graph repre-
sents a six-to-one compression engine mod-
crately cooled. No high compres<;i0’1 fuel is
fed for manifold pressures below six tenths
of an atmosphere or three and six tenths at-
mospheres compression pressure. At full
compression or six atmospheres, the - total
percentage of high compression fuel re-
quired, is approximately fifty-five. The
pomt a is found from the graphs (X) and
(Y) by finding the percentage required for
a point ¢ midway between these curves corve-
sponding to six atmospheres o1 a manifold
pressure of seventy-five hundredths of an
atmosphere, as previously explained. At
full load, the high compression fuel forms
55% ot the charge.

In the same way the curves (X) and (Y)
may be used to find the correct operating
curve for any other engine having a lower
compression ratio than eight-to-one when
this engine is operated on this carbureter
and using these same fuels, i, e., gasoline and
ethyl aleohol.

With a fuel like aleohol which requires
approximately one and eight tenths times as
much fuel to carburet a given quantity of
air, the jet 15 will have to be made lax rger
than the jet 14 to preserve the proper bal-
ance and obtain the required condition that

any position of the rocker arm the total
delivery of the two grades of fuel will be
just sufficient to carburet the air passing
through the carbureter.

While we have shown and described cer-
tain embodiments of our invention, it is to
be understood that it is capable of many
modifications. Changes, therefore, in -the
construction and arrangement may be made
without departing from the spirit and scope
of the invention as disclosed in the appended
claims, in which it is our intention to claim
all novelty inherent in our invention as
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broadly as possible in view of the prior art.

What we claim as new, and desire to se-
cure by Letters Patent, is:

1. A carbureter for variable speed, vari-
able load internal combustion engines com-
prising a mixing tube, a fuel nozzle deliver-
ing to said mixing tube and connected to a
source of low compression fuel, a second
fuel nozzle delivering to said mixing tube
and connected to a source of high compres-
sion fuel and means responsive to the load
condition of the engine for controlling the
flow of fuel from said nozzles to cause the
proportion of the high compression fuel in
the mixture to increase as the compression
pressure in the cylinder of the engine is in-
creased.

2. A carbureter for variable speed, vari-
able load internal combustion engines com-
prising a mixing tube, a fuel nozzle deliver-
ing to said mixing tube and connected to
a source of low compression fuel, a second
fuel nozzle delivering to said mixing tube
and connected to a source of high compres-
sion fuel, a throttle valve posterior to said
nozzies and means for controlling the flow
of fuel from said nozzles to cause the pro-
portion of the high compression fuel in the
mixture to increase as the compression pres-
sure in the cylinder of the engine is in-
creased.

3. A carbureter for variable speed, vari-
able load internal combustion engines com-
prising a mixing tube, a fuel nozzle deliver-
ing to said mixing tube and connected to
a source of low compression fuel, a second
fuel nozzle delivering to said mixing tube
and connected to a source of high compres-
sion fuel, a throttle valve posterior to said
nozzles and means responsive to the suction
in the intake manifold beyond said throttle
for controlling the flow of fuel from said
nozzles to cause the proportion of the high
compression fuel in the mixture to increase
as the compression pressure in the cylinder
of the engine is increased.

4. A carbureter for variable speed, vari-
able load internal combustion engines com-
srising a mixing tube, a fuel nozzle deliver-
mg to said mixing tube and conmnected to
a source of low compression fuel, a second
fuel nozzle delivering to said mixing tube
and connected to a source of high compres-
cion fuel and means responsive to the vac-
num of the intake manifold for restricting
the flow of fuel from one of the nozzles
and increasing the flow of fuel from the
other nozzle as the vacuum in the intake
manifold varies.

5. A cabureter for variable speed, vari-
able load internal combustion engines com-
prising a mixing tube, a fuel nozzle deliver-
mg to said mixing tube and connected to
a source of low compression fuel, a second
fuel nozzle delivering to said mixing tube

5

and connected to a source of high compres-
sion fuel and valves responsive to the suc-
tion in the intake manifold for shutting off
the flow of fuel from the low compression
fuel nozzle and opening up the flow of tuel
from the high compression nozzle as the
vacuum decreases.

6. A carbureter for variable speed, vari-
able load internal combustion engines com-
prising a mixing tube, a fuel nozzle deliver-
g to said mixing tube and connected to
a source of Jow compression fuel, a second
fuel nozzle delivering to said mixing tube
and connected to a source of high compres-
sion fuel, a bellows operable by the vacuum
in the intake manifold, a spring normaily
holding said bellows open, and valves oper-
ably cennected to said bellows and operat-
ing to close one of said nozzles and to open
the other nozzle as the bellows moves due
to change of pressure in the intake mani-
fold.

7. The method of operating a variable
speed, variable load internal combustion en-
ging consisting of feeding a low compression
fuel which will knock at full engine com-
pressicn and simultaneously feeding alcohol,
decreasing the feed of low compression fuel
and inecreasing the feed of alcohol as the
density of the engine charge increases.

8. The method of operating a variable
speed, variable load internal combustion en-
gine consisting of feeding a low compression
fuel which will knock at full engine com-
pression and simuitaneously feeding alcohol,
decreasing the feed of low compression fuel
and increasing the feed of alcohol ag the
vacuum of the intake manifold decreases.

9. The method of operating a variable
speed, variable load internal combustion en-
gine consisting of feeding a low compression
fuel which will knock at full engine com-
pression and simultanecusly feeding a high
compression fuel, decreasing the feed of low
compression fuel and increasing the feed of
high compression fuel as the density of the
engine charge increases, the amount of said
high compression fuel fed being an appre-
ciable part of the total fuel fed.

10. The method of operating a variable
speed, variabie load internal combustion en-
gine counsisting of feeding a low compres-
sion {uel which will knock at full engine
compression and simuitaneously feeding a
high compression fuel, decreasing the feed
of low compression fnel and increasing the
feed of high compression fuel as the vac-
uum in the intake manifold decreases, the
amount of said high compression fuel fed
being an appreciable part of the total fuel
fed.

11. The method of operating -a variable
speed, variable load internal combustion en-
gine consisting of feeding a low compression
fue! which will knock at full engine com-
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pression, said lower compression fuel being
the only fuel fed in conditions of under-load
upon the engine, simultancously feeding said
low compression fuel, and a high compres-
sion fuel at medium engine load. positively
and simultaneously decreasing the feed of
low compression fuel and increasing the feed

of high compression fuel as load upon the
engine increases to the point where under
maximum compression in the engine the feed 10
of low compression fuel is cut off and high
compression fuel only is fed to the engine.
FRANK A. HOWARD.
THOMAS R. PARKER.




