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ABSTRACT: A carburetor for gasoline engines, particularly
small displacement two-cycle engines such as model engines
and small motor driven cycle engines. The carburetor has a
throttle valve which regulates the relative areas of the air ven-
turi inlet and exit in such a way as to effect fuel induction
through the carburetor jet by venturi action at high engine
speeds and by engine crankcase depression or intake vacuum
at low engine speeds. Interconnected with the throttle valve is
a fuel metering valve characterized by a novel fuel metering
orifice of clog-resistant single boundary edge configuration.
The metering valve is adjusted in unison with the throttle valve
to meter fuel to the fuel jet in accordance with a preselected
function of throttle valve setting which yields an optimum
fuel-air mixture at each throttle setting from idling to full
speed. The metering valve embodies low and high-speed mix-
ing adjustments, a visible scale for indicating the normal range
of the low-speed mixing adjustment, and a fuel reservoir for
blocking passage of air bubbles in the fuel to the fuel jet and
containing starting fue! for the engine.
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1
CARBURETOR FOR GASOLINE ENGINES

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to the field of gasoline en-
gines and more particularly to a novel carburetor for such en-
gines, especially relatively small displacement two-cycle en-
gines such as model engines-and small motor driven cycle en-
gines.

2. Description of the Prior Art

According to its broader aspects, the invention provides a
carburetor which may be used to advantage on a variety of
gasoline engines including both two-cycle and four-cycle en-
gines. However, the invention is primarily concerned with
two-cycle engines, particularly relatively small displacement
two-cycle engines, such as model engines and small motor
driven cycle engines. For this reason, the invention will be dis-
closed in connection with a small two-cycle engine, namely, a
model engine of the type used on radio-controlied model air-
planes and the like.

A variety of carburetors have been devised for use on model
engines of the class described. While these carburetors differ
in their detailed construction, however, they are generally
similar in overall design. Thus, a typical model engine carbu-
retor is characterized by a body containing an induction air
passage defining an air venturi, and a fuel jet projecting into
the venturi throat in such a way that the suppression or partial
vacuum created in the throat by induction airflow through the
venturi produces a suction force for drawing fuel through the
jet into the airstream. The magnitude of this ‘suction force. is
related to the flow rate and velocity of the induction
airstream. Movably mounted within the induction air passage
is a throttle valve which typically comprises a rotary valve bar-
re! having a lateral opening defining the venturi throat. Inter-
connected with this throttle valve for adjustment in unison
therewith is a fuel metering valve whose purpose is to meter
fuel to the induction airstream in such a way as to provide the
correct fuel-air mixture for each throttle valve setting. The
metering valve of most conventional model engine carbure-
tors is a needle valve having a valve needle which is extended
axially into the end of the fuel jet to reduce fuel flow as the
throttle valve is closed and retracted axially from the jet to in-
crease fuel flow as the throttle valve is opened.

The existing model engine carburetors of the character
described have certain inherent deficiencies which the present
invention seeks to overcome. One of these deficiencies resides
in the tendency of a needle-type fuel metering valve to
become obstructed or clogged by foreign particles in the fuel
flowing through the valve. Thus, the effective fuel metering
orifice of such a mixing valve is characterized by an annular
shape and by two separate boundary edges. One of these edges
is provided by the valve needle and defines the inner perime-
ter of the orifice. The other boundary edge is provided by the
wall of the fuel jet and defines the outer perimeter of the ori-
fice. The effective cross-sectional dimension or radial width of
such an annular orifice of given area is relatively small in com-
parison to the overall cross-sectional dimension of the orifice

. and is substantially less, for example, than the effective cross-
sectional dimension of a simple single boundary edge orifice
of the same effective area. In this regard, it.should be noted
that the expression “'single boundary edge orifice” refers to a
simple orifice having a single boundary edge only - which
defines the outer perimeter of the orifice. Because of this par-
ticular dimensional characteristic of an annular orifice and the
relatively small total effective orifice area required to properly

meter fuel in a model engine carbufretor, the radial width of -
the fuel-metering orifice in a needle-type valve employed in-

conventional model engine carburetors is- extremely small,
particularly at idling. For example, at'idling, the annular fuel-
metering orifice in a typical model engine carburetor may be
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on the order of a few ten-thousandths of an inch in radial

~width.

Obviously such a narrow metering orifice is prone to ob-
struction by even extremely small foreign particles in the fuel.
That total obstruction of the orifice will result in engine failure
is obvious, of course. However, it is significant to note that
even partial obstruction of the orifice will have a major ad-
verse effect on engine performance. Thus, because of the
small effective area of the metering valve orifice in a model
engine carburetor, particularly at low engine speeds, partial
obstruction of the orifice by even a relatively small particle in -
the fuel may cause a relatively large percentage reduction in
the effective orifice area and hence a correspondingly large
percentage change in the rate of fuel flow through the orifice
to the engine. This variation in fuel flow, in turn, will have a
substantial effect on a model engine because of its sensitivity
to even slight changes in the fuel-air mixture, as hereinafter
explained. It will be immediately appreciated by those versed
in the art that this propensity of needle-type fuel metering to
obstruction by foreign particles in the fuel constitutes a
distinct disadvantage in the case of radio controlled model air-
planes whose total cost, including radio controlled gear, may
run as high as five to six hundred dollars and which generally
experience total destruction in the event of engine failure.

Another deficiency of the existing mode! engine carburetors-
involves the mixing of fuel and air in the proper proportions or
ratio to achieve optimum engine performance over the entire
engine operating range from idling to full speed. In this regard,
it is well recognized by those versed in the art that model en-
gines are extremely sensitive to changes in the fuel-air mixture
and, as a consequence, the ratio of this mixture is a critical
factor in obtaining optimum engine performance. The reasons
for this sensitivity of model engines to the ratio of the fuel-air
mixture are twofold. First, because of their small displacement
and horsepower rating, model engines consume only a rela-
tively small amount of fuel during each cycle. As a con-
sequence, even a relatively slight change in the rate of fuel
flow to these engines has a substantial effect on engine per-
formance. Secondly, because of their two-cycle operation,
model engines are characterized by relatively inefficient ex-
haust-gas scavenging and, as a consequence, by a varying
degree of admixture of exhaust gas with the fuel-air mixture.
This varying degree of dilution of the fuel-air mixture by ex-
haust gas amplifies the effect on engine performance of '
changes in the ratio of the fuel-air mixture.

Owing to the foregoing and other factors, precise mixing of
fuel with the induction air entering a model engine at every .
throttle valve setting is essential to optimum engine per-
formance. As.noted earlier, the existing model engine carbu-
retors employ for this purpose a needle-type metering valve
having a valve needle which is extended into and retracted
from the fuel jet as the throttle valve is rotated between its -
idling and high speed positions, This valve needle movement is
generally accomplished by mounting the throttle valve barrel
so that it moves axially as it rotates and operatively connecting
the valve needle to the barrel for axial movement between its
idling and high-speed positions in response to axial movement
of the valve barrel.

The majority of existing model engine carburetors of this
type are defective in that they position the valve needle in ac-
cordance with a simple linear function of throttie valve setting
while the effective area of the throttle valve opening varies ac-
cording to a nonlinear function of throttle valve setting. This

" results in a nonlinear relationship between fuel flow rate and
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airflow rate which fails to yield a satisfactory air fuel mixture’
over the range of throttle valve settings. In this regard, it
should be noted that 1 have determined an air fuel mixture
which at least results in ideal model engine performance over
the full range of throttle valve settings is obtained by maintain-
ing a substantially constant ratio between the effective areas
of the mixing valve orifice and the throttle valve opening.
Attainment of this optimum relationship between mixing
orifice area and throttle opening area is extremely difficult if
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not imposSible to attain with a needle-type valve. This is due
partly to the difficulty of designing and making a small needie
valve having a nonlinear flow-metering action matching that
of the throttle valve and partly to the tendency of a small nee-
die valve to become obstructed or clogged by foreign particles
in the fuel, particularly at idling. With regard to the design
problem, for example, attainment of the ideal air fuel mixture
with a needle-type metering valve requires relatively so-
phisticated valve shapes and mechanisms for translating each
throttle valve position into the correct mixing valve orifice
area. As a consequence, such mixing valves, even if they do
exist, are quite costly and, because of their many parts, are
prone to malfunction. With regard .to the mixing valve ob-
struction problem, it will be recalled from the earlier discus-
sion that the orifice of a needle-type mixing valve, because of
its annular shape and relatively small radial width, is extremely
prone to obstruction and cloggmg by foreign particles in the
fuel, particularly at low engine speeds Owing to this clogging
propensity of a needle-type mixing valve, it is impossible to
design such a valve to have ideal orifice areas in its low-speed
settings for the reason that the radial orifice width would then
be too small to assure reliable engine operation. In other
words, in order to assure reliable engine operation, it is neces-
sary to design such a valve to have orifice areas in its low-
speed settings which are somewhat larger than the ideal, in
order to provide. the orifice with a satisfactory radial width,
and to compensate in some way for the excess orifice area. .

In the existing model engine carburetors, this compensation
for excess mixing orifice area at low engine speeds involves, in
part, the use of only the venturi action of the induction
airstream to draw fuel through the carburetor fuel jet. It is sig-
nificant. to note in this regard that because of its two-cycle
operation and small displacement, a model engine consumes
only a relatively small volume of air during each cycle at low
engine speeds. As a consequence, the flow rate and velocity of
-the induction air through the carburetor venturi, and hence
the venturi suction available to draw fuel through the carbure-
tor fuel jet, are also relatively small. The existing carburetors
rely on this small suction force to compensate for the oversize
metering valve orifice at low engine speeds and to draw fuel
through the fuel jet at the correct flow rate for each low-speed
throttle setting.

As best, this manner of metering fuel achieves only a rough
approximation of the optimum fuel-air mixture at each throt-
tle valve setting. For this reason, the more sophlstncated model
engine carburetors are equipped with air bleeds and other
compensating adjustments While these adjustments are suc-
cessful, to a degree, in correcting the fuel-air mixture at each
throttle setting, the carburetors embodying such adjustments

are costly and difficult to tune. By way of example, most

model engine carburetors are equipped with low-speed and
high-speed fuel metering adjustments. These adjustments
" regulate fuel flow through the metering valve independently of
the throttle valve and are set with the throttle valve in its idling

and high-speed positions, respectively, to achieve an optimum-

fuel-air mixture at these throttle settings. These mixing adjust-

ments are difficult to make, however, since theifr. correct
settmg must be determined entirely by the sound of the ‘en-’

gine.

Reliance, in the existing carburetors, on the low venturi suc-
tion at low engine speeds to meter fuel flow through the fuel
jet presents distinct disadvantages in certain model engine ap-
plications, notably model -airplanes. One of these disad-
vantages, for example, resides in the fact that even slight varia-
tion.in the fuel delivery pressure or the static pressure head on
the fuel, such as occur during various aerial maneuvers and as
a result of fuel level changes.in.the fuel tank and sloshing of
the fuel in the tank, has an appreciable effect upon the fuel
flow rate and hence the fuel-air mixture delivered to the en-
gine. For example, fluctuating fuel delivery pressure or static
pressure.head on the fuel may cause the fuel-air mixture.to be
excessively lean at one moment and excessively rich the next,
with the result that the engine may cut.out. Another disad-
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vantage is that the existing carburetors are incapable of draw-
ing fuel against any substantial opposmg static_pressure head
in the fuel. For example, the maximum static pressure head
which most.if not all existing model engine carburetors will
withstand - without engine failure is on the order of 2t03
inches of fuel.

 As noted earlier and explained in deétail presently, the
present carburetor avoids the problems just discussed by
utilizing engine crankcase depression or intake vacuum to
draw fuel at low engine speeds. The exnstmg carburetors can-
not do this owing to the fact that excessive fuel flow would
then gecur through the oversize metering valve orifice and
cause flooding of the engine. It is for this reason.that the throt-
tle valve barrels of the existing carburetors are designed to
maintain precisely equal venturi inlet and exit areas in all
throttle valve settings in order to avoid any effect of crankcase
depression or engine intake vacuum on fuel flow rate.

Another -problem which is frequently encountered in the
operation of model engines, particularly those used on radio-
controlled model airplanes, is engine misfire or failure due to
air bubbles in the fuel. This often occurs, for example, when a
model airplane is taxied along a runway and the brakes are ap-
plied. Application of the brakes throws the fuel in the fuel
tank. forwardly, thereby permitting air to enter the fuel line
and flow through the line to the carburetor. Engine failure
from this cause often occurs at the end of the runway follow-
ing landing and is quite annoying to the skilled radio control
pilot. ‘ '

SUMMARY OF THE INVENTION -

The present invention provides an 1mproved carburetor
which avoids the above noted and other deficiencies of the ex-
isting model engine carburetors. In this regard, it is significant
to.recall that while the present carburetor is particularly suited
for use on model engines, it may be used to advantage on
other gasoline engines as well, including: both two-cycle and
four-cycle engines.

The carburetor of the invention has a body contammg an in-
duction air passage defining a venturi having an air inlet and
exit. Mounted within this passage is a throttle valve for regu-
lating induction airflow. through the passage. Projecting into
the venturi throat is a fuel jet having its exit orifice situated
near the central axis of the throat. Also mounted on the carbu-
retor body is a fuel metering valve for metering or regulating
fuel flow from a fuel inlet on the body to the fuel jet. This mix-
ing valve is interconnected with the throttle valve for adjust-
ment in unison with the latter valve between idling and high-
speed positions. -

One important feature of the invention resides in the novel
construction of the metering valve, whereby this valve is rela-

* tively immune to obstruction by foreign particles in the fuel.
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According to this feature, the valve is equipped with a pair of

‘valve members which define a fuel-metering orifice of clog-re-

sistant, single boundary edge. configuration, and the members
are adjusted relative to one another in‘unison with adjustment
of the throttle valve to vary the effective orifice area. It is sig-
nificant to recall that-a single boundary edge orifice is a
nonannular orifice having a single outer boundary edge, only,
and that this type of orifice is relatively immune to obstruction
by foreign particles in the fuel because of its comparatively
large cross-sectional dimensions. In the particular inventive
embodiment selected for illustration in this disclosure, for ex-
ample, the valve comprises a pair of interfitting, relatively
fotatable valve sleeves with intersecting. openings whose re-
gion of intersection deﬁnes the single boundary edge fuel-me- .
tering orifice.

'According to another important feature of the mventlon
the metering valve is arranged to meter fue} to the carburetor
fuel jet in.accordance with a function of throttle valve setting
which is selected to attain an optimum fuel-air mixture, and:
ratio at each throttle valve setting over the entire range. of
throttle valve adjustment from idling to full speed. The present
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ideal relationship between airflow rate and fuel flow rate, over
the entire range of throttle valve adjustment, is accomplished
with maximum simplicity and minimum cost and is permitted
primarily because of the clog-resistant configuration of the
metering valve orifice; that is to say, the effective area of the
mixing valve orifice can be made sufficiently small to provide
the optimum fuel flow rate in every throttle valve setting from
idling to full speed without danger of clogging and hence ad-
verse effect on engine reliability. In the particular inventive
embodiment illustrated in this disclosure, the metering valve is
provided with the desired fuel-metering action by shaping the
metering openings in the mixing valve sleeves in such a way as
to maintain a substantially constant ratio between the effec-
tive areas of the metering valve orifice and the throttle valve
opening over the full range of throttle valve settings.

The metering valve embodies low- and high-speed- mixing
adjustments for regulating fuel flow independently of the
throttle valve. These low- and high-speed mixing adjustments
are made with the throttle valve in its idling and full speed
positions, respectively. According to an important feature of
the invention, the low-speed or idling adjustment is equipped
with a visible scale for indicating the normal idle adjustment
range. This scale greatly facilitates proper idling adjustment of
the carburetor.

The improved fuel-metering action of the present mixing
valve, particularly at low engine speeds, permits attainment of
another important feature of the invention. According to this
latter feature, the throttle valve is arranged to regulate the
relative effective inlet and exit areas of the carburetor venturi
in such a way that the exit area exceeds the inlet area at low
engine speeds. Under these conditions, the engine crankcase
depression or intake vacuum is effective to draw fuel to the
‘carburetor at low engine speeds. At high engine speeds, the
fuel is drawn through the carburetor by the venturi action of
the induction airstream. This feature of the invention renders
the fuel-air ratio of the fuel-air mixture delivered by the carbu-
retor relatively immune to fluctuation as a result of varying
fue! delivery pressure or varying static pressure head on the
fuel and permits the carburetor to draw fuel against the oppos-
ing action of a relatively large static pressure head on the fuel.

Yet another feature of the invention resides in the provision
of a fuel reservoir about the mixing valve. This reservoir serves
a dual function of preventing passage of air bubbles to the car-
buretor fuel jet and containing a supply of starting fuel for the
engine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevation of a carburetor according to the in-
vention installed on a model gasoline engine;

FIG. 2 is an enlarged end view of the carburetor looking in
the direction of the arrows on line 2-2in FIG. 1;

FIG. 3 is a side view of the carburetor looking in the
direction of the arrows on line 3-3 in FIG. 2;

FIG. 4 is an enlarged section taken on line 4-4 in FIG. 3;

FIG. § is a section taken on line 5-5 in FIG. 4 with the throt-
tle valve rotated slightly;

FIG. 6 is a section, on reduced scale, taken on line 6-6 in
FIG. 5; '

FIG. 7 illustrates a modified fuel-metering valve according
to the invention; S

FIG. 8 illustrates the valve of FIG. 7 on enlarged
high-speed position; and

FIG. 9 illustrates the valve in idling position.

DESCRIPTION OF THE PREFERRED EMBSDIMENT

Turning now to these drawings, there is illustrated a carbu-
retor 10 according to the invention mounted on a gasoline en-
gine 11. In this instance, the engine is a.small two-cycle
gasoline engine of the type used on radio-controlled model
airplanes, boats, and the like. Carburetor 10 has a body 12
through which extends an induction air passage P defining a
venturi having an inlet I, an outlet O, and an intervening throat

scale in its
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T. Mounted within the passage P is a throttle valve V, which is
movable between idling and high-speed positions to regulate
induction airflow through the passage. Also mounted on the
carburetor body 12 is a fuel jet J which projects into the car-
buretor venturi throat T. Fuel jet J communicates to a fuel
inlet F on the body through a fuel-metering valve V,,. This
valve has a variable area fuel-metering orifice M through
which fuel flows from the inlet to the jet. The throttle valve V,
and the metering valve V,, are interconnected for adjustment
of these valves in unison to regulate the effective area of the
metering orifice M concurrently with regulation of induction
airflow through the carburetor venturi. Embodied in the valve
V,, is a low-speed adjustment A, and a high speed adjustment
Ay.. These adjustments regulate fuel flow to the fuel jet J inde-
pendently of the throttle valve V, and, as will be explained
presently, are set with the throttle valve in its idling and high-
speed positions, respectively, to attain optimum fuel-air mix-
tures at these settings. About the fuel-metering valve V,, is a
fuel reservoir R. This reservoir communicates the fuel inlet F- .
to the valve orifice M. '

The carburetor 10 is installed on the engine 11 by coupling
the carburetor O to the engine air intake. During engine
operation, induction air flow to the engine occurs through the
carburetor venturi. Fuel flow occurs from the carburetor fuel
inlet F, through the metering valve V,, to the fuel jet J from
which the fuel is discharged into the venturi throat T to mix
with the induction air. The throttle V, and the valve V,, are ad-
justable in unison to concurrently regulate induction airflow
and fuel flow through the carburetor. The low-speed adjust-
ment A,, and high-speed adjustment A, are set with the throt-
tle valve V, in its idling position andits high-speed position,
respectively, to attain optimum fuel air mixtures at these
throttle settings. As noted earlier and hereinafter explained in
greater detail, the primary features of the invention reside in
the novel clog-resistant, single boundary edge configuration of
the metering valve orifice M, the optimum fuel-metering ac-
tion of the metering valve V,,, the configuration of the throttle
V, whereby crankcase depression or intake vacuum is utilized
to draw fuel through the carburetor at low engine speeds, the
reservoir R for inhibiting passage of air bubbles in the fuel to
the fuel jet and containing engine starting fuel, and the visually
indicated adjustment range of the low-speed adjustment A,

Referring now in greater detail to the drawings, the body 12
of the carburetor 10 which has been selected for illustration
has a generally blocklike configuration and may be machined
or injection molded from plastic or metal. Extending centrally
through the body is a bore 13, one end of which is counter-
bored at 14. Rotatably fitted within the counterbore 14 is a
valve barrel 15 which constitutes the throttle valve V,. Valve
barre! 15 has an outer end face substantially flush with the ad-
jacent end face of the carburetor housing 12. Seating against
this end face of the valve barrel is a throttle arm 16. Throttle
arm 16 is firmly clamped to the valve barrel 15 by a screw 17,
whereby the barrel may be rotated by the application of a
force to the outer end of the arm. Extending through the outer
end of the throttle arm 16 are a pair of holes 164 for receiving
operating links 18a, 18b. These links will be referred to again
presently.

Extending diametrically through the throttle valve barrel 15
is a bore 20 communicating a pair of diametrically opposed
openings 21 and 22 at opposite sides of the carburetor body
12. Bore 20 and openings 21, 22 collectively define the carbu-
retor venturi and individually define, respectively, the venturi
throat T, inlet I, and exit O. The inlet and exit openings 21, 22
have inwardly convergent tapers and diameters at heir inner
ends which are substantially equal to the diameter of the valve
barrel throat bore 20. In the particular embodiment of the in-
vention illustrated, the carburetor body 12 is injection molded
in one piece, preferably from plastic, and the inlet opening 21
has a conically tapered wall 21a which is molded integrally
with the body. The exit opening 22 has an externally cylindri-
cal wall 224 formed by a sleeve which is fabricated separately
from the carburetor body and is pressed fitted in or otherwise
secured to the body.
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The carburetor fuel jet J is provided by a tube or sleeve 23
which extends concentrically through and is firmly secured to
the inner end of the throttle valve barrel 15. One end 23a of
this sleeve projects into and to the approximate center of the
valve barrel bore 20 to form the fuel jet proper. This end of
the sleeve has an opening 23b which forms a fuel exit orifice
through which fuel emerges from the jet into the induction
airstream flowing through the carburetor.

The opposite end 23b of the sleeve 23 extends centrally
through the carburetor body bore 13 and forms one fuel-me-
tering member of the fuel-metering valve V,.. Opening
through the wall of this latter sleeve end is a narrow fuel port
or slot 24 which is elongated in the axial direction of the
sleeve. Slot 24 communicates the interior fuel passage in the
sleeve to the fuel inlet passage 25 of the carburetor fuel inlet
F. Metering valve V,, has a second flow metering member in
the form of a valve sleeve 26 which is rotatable on and
disposed in fluid sealing relation with the outer end 23b of the
sleeve 23. Outer sleeve 26 contains a fuel port or slot 27 which
is elongated and tapered circumferentially of the sleeve. Slots
24, 27 are disposed in intersecting relation in such a way that
their region of intersection defines the mixing valve orifice M.
As will appear from the later description, the sleeves 23, 26
‘function as valve sleeves and, for this reason, will hereinafter
be referred to as valve sleeves.

The low-speed adjustment A, of the valve V,, comprises a
peripherally serrated disc 28 which is rigidly secured to the
outer end of the outer mixing valve sleeve 26. This disc pro-
jects edgewise between two opposite side faces of the carbure-
tor body 12, as shown in FIG. 5, to permit rotation of the disc
by hand to turn the outer valve sleeve 26 relative to the inner
valve sleeve 23. The inner face of the disc seats slidably
against. the adjacent end face of the carburetor body. The
outer end of the inner valve sleeve 23 projects a small distance
beyond the outer face of the disc and is externally circum-
ferentially grooved to receive a snap ring 30.

It will now be understood that the throttle vaive barrel 15,
mixing valve sleeves 23, 26, and the low-speed adjustment disc
28 are positioned axially relative to the carburetor body 12 by
virtue of seating contact of the inner end of the barrel with the
annular shoulder at the juncture of the carburetor body bore
13 and counterbore 14 and seating contact of the adjustment
disc with the adjacent end face of the body. While these parts
are restrained against axial movement relative to the carbure-
tor body, the parts are free to turn relative to the body.

Surrounding the outer valve sleeve 26 of the metering valve
V,, are a pair of O rings 31. These O rings are contained within
circumferential grooves in a pair of radially enlarged ‘axially
spaced shoulders 32 which are integrally formed on the outer
valve sleeve. O rings 31 are located at opposite sides of both
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carburetor fuel inlet F is connected to a fuel tank (not shown)
through a fuel line 35.

From thie description thus far, it is evident that the throttle
valve barrel 15 and the inner valve sleeve 23 rotate in unison.
During such unified rotation of the valve barrel and inner
valve sleeve, the outer valve sleeve 26 remains. stationary
because of the frictional ‘contact between its O rings 31 and
the wall of the carburetor body bore 13. As a consequence,
rotation of the valve barrel 15 rotates the fuel-metering slot 24
il the inner valve sleeve 23 laterally along the fuel-metering
slot 27 in the outer valve sleeve 26. The outer metering slot 27
is longitudinally tapered so that lateral movement of the inner
metering slot 24 along the outer slot varies the effective-area
of the intersection region of these slots. As already noted, this
region defines the valve orifice M. Accordingly, rotation of
the throttle valve barrel regulates the effective area of the
valve orifice. ’ . ’ o

The effective area.of the metering valve orifice M can-also
be regulated, independently of the throttle valve V,, by rotat-
ing the low-speed adjustment disc 28. This disc. rotation
rotates the outer valve sleeve 26 relative to the inner valve
sleeve 23 and thereby rotates the outer metering slot 27
lengthwise relative to the inner metering slot 24.

As clearly shown in the drawings, the metering valve orifice
M is a simple, single boundary edge orifice of the kind
discussed earlier: It will be recalled that an orifice of this type
is characterized by relatively high immunity to obstruction
and clogging by foreign particles in the fuel. This clog-re-
sistant configuration of the valve orifice constitutes.an impor-
tant feature of the invention. Another important feature
resides in the configuration of the metering slot 27 in the outer
mixing valve sleeve 26. As noted above, this slot is longitu-
dinally tapered so that relative rotation of the mixing valve
sleeves 23,26 regulates the effective area of the valve orifice
M. However, the metering slot 27 is more than just tapered; it
is tapered in a manner. which yields the proper fuel-air mixture
in every setting of the throttle barrel-15. In.the case of a model
engine, the ideal mixture is at least closely. approximated by
maintaining a constant ratio between the effective area of the
mixing valve orifice and the throttle valve opening. The meter-
ing slot 27 is tapered in a manner which maintains such a con-
stant area ratio. In this regard, it is evident that the effective
throttle valve opening is equal to the overlap area of throttle
barrel bore 20 and carburetor body openings 21, 22 and that

‘this effective valve opening vdries according to a nonlinear

- function of throttle barrel position orrotation. For this reason,

50

the mixing valve orifice M and the fuel inlet passage 25 and -

bear against the wall of the carburetor body bore 13 to define
with this wall and the outer valve sleeve 26 the fuel reservoir
R. This reservoir thus surrounds the valve V,, in the region of

its orifice M and provides communication between the orifice

and the fuel inlet passage 25.

The high-speed adjusiment A, of the fuel-metering valye V,,
comprises a screw 33 which is threaded into the outer end of
the inner mixing valve sleeve 23. The inner end of this adjust-
ment screw is located adjacent the fuel-metering slot 24 in the
inner valve sleeve 23. Surrounding the screw between its head
and the low-speed adjustment disc 28 is a compression spring
34. This spring exerts axial pressure on the adjustment screw
to effect frictional retention of the screw in its current setting.

Referring now to FIG. 1, it will be observed that the present
carburetor 10 is mounted on the engine 11 in the same way as
the conventional model engine carburetor. Thus, the carbure-
tor outlet sleeve 22a is coupled to the engine air intake so that
induction air flow to the engine occurs through the carburetor
venturi passage P. The. carburetor throttle arm 16 is con-
nected to a throttle actuator, such as a servoactuator, through
the link 18a. Link 18b connects the throttle arm to the usual
pivoted exhaust shutter 11a on the engine 11 for adjustment of
the shutter and the carburetor throttle valve V, in unison. The
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the metering slot 27 is tapered to provide-a selected nonlinear
relationship between the mixing orifice area and the angular
position of the throttle barrel 15. Thus, the lower edge of each
half of the metering slot:27 in FIG. 4 curves away from the
upper slot edge as these edges approach the-center of the slot
in such a way that the increase in orifice area occasioned by
given incremental rotation of the slots increases -along the
tapered slot according to a nonlinear function of valve sleeve
rotation. This function is selected to yield a substantially con-
stant ratio between orifice area and:throttle opening. It should
be noted at this point that the metering action of the valve Vo
utilizes only one-half of the outer tapéred-metering siot 27.
The double-ended configuration of the illustrated metering
slot is merely for manufacturing convenience. N

_The throttle valve Vis arranged'in such a way that in its full
open or high-speed settirig, the throttle valve barrel 15 occu-
pies its position of FIG. 4. In this position, the venturi throat
bore 20 in the barrel and the venturi inlet and outlet openings
21,22 in the carburefor body 12 are;coaxially aligned. The
valve V,, is arranged:so that in this high-speed setting of the
throttle valve, the metering slot 24 in the inner valve sleeve 23
registers with thie wide end of the tapered metering slot 27.in
the outer valve sleeve 26, as shown in FIG. 4. Under these
conditions, induction airflow through the carburetor venturi
passage P produces a partial vacuum within the venturi throat
T which draws fuel into the carburetor through the fuel inlet
F, the metering orifice M, and the fuel jetJ.
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Rotation of the throttle valve barrel 15 from its high speed
position of FIG. 4 to its idling position of FIG. 5 rotates the
venturi throat bore 20 in the barrel out of alignment with the
venturi inlet and outlet openings 21, 22 and thereby reduces
the effective areas of these openings. This reduction of the
venturi inlet and outlet areas reduces induction air flow
through the venturi passage P. Rotation of the valve barrel 15
from its high-speed position also rotates the inner valve sleeve
23 relative to the outer valve sleeve 26 in a direction to reduce
the effective area of the metering valve orifice M. It will be un-
derstood from the earlier discussion of this orifice that this
rotation of the throttle valve barrel reduces the effective area
of the mixing valve orifice according to a nonlinear function of
throttle valve setting; that is to say, the change in the orifice
area occasioned by given incremental rotation of the throttle
valve progressively diminishes according to a nonlinear func-
tion of throttle valve setting as the idling position is ap-
proached. The reverse is true, obviously, when the throttle
valve barrel 15 is rotated from idling position toward: high-
speed position. In this case, the increase in the effective area
of the mixing valve orifice M occasioned by given incremental
rotation of the throttle barrel 15 progressively increases ac-
cording to a nonlinear function of throttle valve setting as the
high-speed position is approached. This function, which is
determined by the curvature of the.lower edge of the outer
fuel-metering slot 27, is selected to yield the desired fuel-air
mixture at every throttle setting. .

As noted earlier, this ability of the metering valve V,, to
meter fuel properly over the entire range of throttle valve ad-
justment from idling to full speed results, in large part, from
the relatively high immunity of the valve orifice M to obstruc-
tion by foreign particles in the fuel. Thus; such high immunity
of the orifice to obstruction permits the orifice to be closed
sufficiently to meter the fuel properly at idling without adver-
sely affecting engine reliability. :

As noted earlier, the efficient metering action of the meter-
ing valve V,, over the entire range of throttle valve adjustment
provides another important advantage in the present carbure-
tor. This advantage is the ability to utilize engine crankcase
depression or intake vacuum to draw fuel through the carbu-
retor at low-speed throttle settings. To this end, the throttle
valve V, is designed to regulate induction airflow through the
carburetor venturi passage P by regulating the relative effec-
tive areas of the venturi air inlet I and exit O in such a way that
the exit area exceeds the inlet area at low-speed throttle
settings. Under these conditions, the engine crankcase depres-
sion or intake vacuum is effectively transmitted to the venturi
throat T at low-speed throttle valve settings to aid, if not en-
tirely effect, fuel induction through the fuel jet-J. In this re-
gard, it is significant to recall that the induction airflow rate
through the carburetor venturi, and hence the venturi suction
force produced by the induction airflow, are relatively small at
low-engine speeds. This venturi suction force, by itself, is suffi-
cient merely to overcome a static pressure head on the fuel
equivalent to only 1 or 2 inches of fuel.

Regulation of the venturi inlet and exit areas in the manner
just mentioned is accomplished, in the illustrated carburetor,
by providing the bore 20 in the throttle valve barrel 15 and the
inner ends of the venturi inlet and exit openings 21, 22 with
equal diameters and notching the edge of the outlet end of the
valve barrel bore at 36. This notch is located at the trailing
side of the bore relative to the direction of valve bayrel rota-
tion from high-speed to idling position. - -

1t will now be understood that in any position of the throttle
valve barrel 15, the venturi inlet I has an effective area equal
to the overlap area of the venturi inlet opening 21.and the ad-
jacent inlet end of the valve barrel bore 20. The venturi exit O
has an effective area equal to the overlap area of the venturi

- exit opening 22 and the adjacent exit end of the barrel bore.

Rotation of the valve barrel 15 toward full open or high-speed
position increases these effective areas, while rotation of the
barrel toward idling position reduces the effective areas. As
the valve barrel approaches its idling position, the effective
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venturi exit area exceeds the effective venturi inlet area by an
amount equal to the cross-sectional area of the valve barrel
notch 36. The engine crankcase depression or intake vacuum
is effective, under these conditions, to draw fuel through the
carburetor at low-speed throttle settings. This differential area
may be attained in other ways, of course, as by tapering the
bore 20 to make the inlet 21 slightly larger than the outlet 22.

This utilization of engine crankcase depression or intake
vacuum to draw fuel at low-speed throttle settings results in
two distinct benefits. First, the suction force produced in the
fuel jet J by the crankcase depression is quite large, substan-
tially larger, for example, than the venturi suction force
produced by induction airflow through the carburetor. This
larger, crankcase depression induced suction force is capable
of drawing fuel through the carburetor against the action of a
relatively large static pressure head on the fuel. The maximum
static pressure head which the present carburetor will sustain
without engine failure, for example, may be equivalent to 8 to
10 inches of fuel or more. Secondly, variations in the fuel
delivery pressure or static pressure head on the head have lit-
tle if any effect on the ratio of the fuel-air mixture delivered to
the engine. Also, variations in the fuel level in the fuel tank do
not affect the mixture. Thus, a model airplane.equipped with a
present carburetor may execute the aerial maneuvers referred
to earlier without fear of engine failure.

Threaded in the carburetor body 12 and projecting into a
slot 38 in the wall of the throttle valve barrel 15 is an adjusta~
ble stop screw 39. This stop screw limits rotation of the valve
barrel and is adjustable to regulate-and fix the effective throt-
tle valve opening in idling position.

. It will be recalled that the metering valve V,, has high-and
low-speed adjustments A, A, The low-speed adjustment A,
is made with the throttle valve barrel 15 in its idling position
by rotating the low-speed adjustment disc 28. Rotation of this
disc rotates the outer valve sleeve 26 relative to the inner
valve sleeve 23 to regulate the effective area of the valve ori-
fice M. This adjustment is set to obtain the optimum fuel air
mixture at idling. A feature of the invention resides in a
reference mark 36 on the low-speed adjustment disc 28 which
cooperates with scale markings 37 on the carburetor body 12,
to indicate the normal range of the low-speed adjustment. This
greatly facilitates proper setting of the adjustment,

The high-speed adjustment A, is made with the throttle
valve barrel 15 in its full open or high-speed setting by rotating
the high-speed adjustment screw 33 into or from the. inner
mixing valve sleeve 23. This adjustment moves the inner end
of the screw along the inner valve sleeve metering slot 24 to
cover or uncover the slot, depending upon the direction of
screw adjustment, thereby to vary the effective area of the
mixing valve orifice M. The high-speed mixing adjustment is
set to-obtain the optimum fuel air mixture at full throttle posi-
tion, As noted earlier, the spring 34 aids retention of the high-
speed adjustment screw in its adjusted setting. Of significance
is the fact that adjustment of the high-speed mixing adjust-’
ment screw 33 does not alter the effective area of the mixing
valve orifice M in its idling position. This is because of the wall
thickness of the inner valve sleeve 23 which permits fuel to
flow, at idling, along the inner sleeve slot 23, between the
outer sleeve 26 and the inner adjustment screw 33.

As noted earlier, the metering valve V,, is surrounded by the
fuel reservoir R. This reservoir serves a two-fold function.
First, it contains a supply of starting fuel for the engine 11.
This starting fuel supply is located in close proximity to the en-
gine and thus facilitates starting of the engine. Secondly, the
reservoir inhibits passage of large air bubbles in the fuel which
would cause engine failure. Thus, any air which enters the
reservoir in the fuel mixes in small amounts with the fuel leav-
ing the reservoir through the mixing orifice M and is therefore
absorbed by the engine in such small amounts as to not affect
engine operation. - o

The operation of the present carburetor 10 is now obvious.
Thus, with the carburetor mounted on the engine 11 in the
manner illustrated in FIG. 1 and with the throttle valve V, in
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its full open position, induction air flow to the engine occurs
through the carburetor venturi passage P. This induction air-
flow creates a venturi suction force which draws fuel into the
carburetor through the fuel jet.J to mix with the induction air.
The high speed adjustment A, is set to obtain the optimum
fuel-air mixture at this full throttle position. )

Rotation of the throttle valve V, from its high-speed or full

open position to its idling position progressively reduces the
effective areas of the venturi inlet I and exit O. This adjust-
ment of the throttle valve also adjusts the metering valve V,, to
progressively reduce the-area of the valve orifice M and
thereby progressively reduce fuel flow to the engine. The low
speed adjustment A, is set to obtain the optimum fuel air mix-
ture with the throttle valve in its idling position. The reverse
action occurs when the throttle valve is rotated from idling
position to full open or high-speed position.. The valve V,, is
. effective to regulate or meter fuel flow through the carburetor
in accordance with a ronlinear function of throttle valve
setting which yields an optimum fuel-air mixture at every
throttle valve setting. e o '

Rotation of the throttlé:valve V, towatd its idling position
reduces the induction airflow through the carburetor venturi
passage P and thereby the venturi suction for pulling the fuel
‘through the carburetor. As the throttle valve approaches its
idling position, the effective area of the venturi exit O exceeds
‘the effective area of the venturi inlet I. The engine crankcase
depression or intake vacuum then becomes effective to draw
fuel through the carburetor. The engine exhaust shutter 11ais
positioned simultaneously with adjustment of the throttle
valve in such a way that the exhaust port of the engine is
covered by the shuttér as the throttle valve ‘approaches its
idling position to effect dilution, by exhaust gas, of the fuel-air
mixture entering the engine. ’ ' ‘ '

As noted earlier, the circumferential slot 27 of the fuel me-
tering valve V,, is tapered in such a way as to provide a con-

“stant ratio between the effective area of the valve orifice M
and the effective opening of the throtile valve V,, since this
constant ratio has been found to yield a satisfactory if not ideal
fuel-air mixture for model engines over the entire range of
throttle valve settings. In larger engines, some other relation-
ship between orifice area and throttle opening may be better.
Obviously, the metering valve illustrated can be designed to
provide virtually any relationship desired by appropriate shap-
ing of the tapered slot 27 and/or the longitudinal slot 24.

Moreover, a constant ratio between the effective metering
orifice area and the effective throttle opening may be attained
in other ways. FIG. 7 illustrates an alternative metering valve
V,,' for this purpose. In this case the fuel ports or slots 24, 27
of the valve V,, are replaced by fuel ports 24', 27' of the same
shape as the throttle valve openings 20, 21, 22. In the particu-
lar embodiment illustrated, the fuel ports 24', 27 are round to
match the round shape of the throttle valve openings. It is
evident that if the fuel ports are properly dimensioned and
oriented in the same relative angular positions as the throttle
valve openings 20, 21, 22, adjustment of metering valve and
throttle valve in unison will maintain a constant predeter-
mined ratio between metering orifice area and throttle open-
ing area. It is further evident that the metering valve ports or
openings and the throttle valve openings may have -any
matching shapes which may yield either a nonlinear or linear
relation between the effective orifice and valve opening areas
and throttle valve position.

A feature of the valve configuration of FIG. 7 resides in a
‘tapered notch 24a’ in the wall of the inner valve port of open-
ing 24’. This tapered notch is located to be uncovered by the
outer valve port or opening 27" in the idling position of the
mixing valve V,,' (as shown in broken lines) and permits accu-
rate low-speed and idling regulation of the mixing orifice area
by the low-speed or idle adjustment A,’. The valve V' is
otl‘gerwiseAidentical to the valve V,,, as is the remainder of the
carburetor. A primary advantage of the valve arrangement of
FIG. 7 is its reduced cost owing to the ability of forming the
valve sleeve ports by simple drilling and broaching operations.
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1. A carburetor comprising: -
a body containing a bore and inlet and exit air passages at
_opposite sides of and opening at one end to said bore;

a throttle valve barrel rotatable in said bore between idling
and high-speed positions,and containing ‘a transverse air
passage having ends which overlap said ends, respective-

‘ly,-of said body passages in the circumferential diréction
of said barrel throughout the range of barrel rotation
between said positions; o e

said passages defining an induction air venturi having an
inlet and an exit formed by said inlet and. exit. passages,

_ respectively, and,a throat formed by said barrel passage;

the overlap area of said throat and inlet passages constitut-
ing the effective inlet area of said venturi, the overlap
area of said throat and exit passage constituting the effec-
tive exit area of said venturi; and said inlet and exit areas
having boundary edges on said body, and barrel, which
undergo relative movement to enlarge said inlet and exit

* areas upon rotation of said barrel in the direction of said
high-speed position and reduce said inlet and exit areas
upon rotation of said barrel in the direction-of said idling
position in a manner such that said exit area exceeds said

* ifilet area throughout a range of low-speed.-positions of
said barrel including said idling position; RS

means secured-to said barrel and accessible externally ‘of
said body for rotating said barrel between said positions; -

a fuel jet extending through one end of said barrel and open-
ing to said venturi throat; : Ce e

a fuel inlet onsaid body commiunicating with said fuel jet;

" ‘and ‘ S R

a fuel-metering valve between said fuel inlet and said fuel jet

“including a pair of interfitting valve sleeves within- said

_bore at said one end of said barrel and on-the axis of said
barrel, means securing one valve sleeve to said barrel for
rotation with said barrel, means secured-to’ the -other
yalve sleeve and accessible externally of said body for
rotating.said other valve sleeve, and said valve sleeves
having ‘overlapping fuel ports through which-fuel flows
from said fuel iniet to said fuel jet and whose overlap area

,is varied to meter the fuel flow to said fuel jet by relative
rotation of said valve sleeves. - )

2. A carburetor according to claim 1 wherein:

said bore opens through opposite sides of said body;

said barrel has an end exposed at one end of said bore and
said other valvé sleeve has an end exposed at the opposite
end of said bore;

said barrel-rotating means comprises a throttle arm secured
to said exposed barrel end and accessible at one side of
said body; and

said other valve sleeve rotating means comprises a valve-
sleeve-adjusting member secured to said exposed end of
said other valve sleeve and accessible at the side of said
body opposite said throttle arm.

3. A carburetor according to claim 1 including:

a fuel-metering screw accessible externally of said body and
threaded in the inner valve sleeve for axial adjustment
relative to said inner sleeve to cover and uncover the fuel
port in said inner sleeve and thereby regulate fuel flow
through said fuel ports independently of the relative rota-
tion of said valve sleeves.

4. A carburetor according to claim 1 wherein:

the wall of said bore is radially spaced from the outer valve
sleeve to define an annular fuel reservoir about and com-
municating with the fuel port in said outer sleeve; and

said fuel inlet opens to said reservoir.

5. A carburetor according to claim 4 wherein said fuel me-
tering valve includes a pair of seal rings surrounding said outer
valve sleeve at opposite sides of the fuel port in said outer
sleeve and sealing said outer sleeve to the surrounding wall of
said bore, and said reservoir is bounded by said outer valve
sleeve, the wall of said bore, and said seal rings.

6. A carburetor according to claim § wherein: .

said bore opens through opposite sides of said body;
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said barrel has an end exposed at one end of said bore and
said other valve sleeve has an end exposed at the opposite
end of said bore; :

said barrel-rotating means comprises a throttle arm secured
to said exposed barrel end and accessible at one side of
said body; and : :

said other valve-sleeve-rotating means comprises a valve-
sleeve-adjusting member secured to said exposed end of
said other valve sleeve and accessible at the side of said
body opposite said throttle arm.

7. A carburetor according to claim 6 including a fuel-meter-
ing screw accessible externally of said body and threaded in
the inner valve sleeve for axial adjustment relative to said
inner sleeve to cover and uncover the fuel port in said inner
sleeve and thereby regulate fuel flow through said fuel ports
independently of the relative rotation of said valve sleeves.

8. A carburetor according to claim 7 wherein: '

said inner valve sleeve is secured to said barrel and extends
axially through said barre! into said throat to form said
fuel jet; and R

said valve-sleeve-adjusting member is secured to said outer

‘valve sleeve, and said body and valve-sleeve-adjusting
member have indicia for indicating the normal range of
adjustment of said valve-sleeve-adjusting member.

9. A carburetor comprising: '

a body containing a bore and inlet and exit air passages at
opposite sides of and opening at one end to said bore;

a throttle valve barrel rotatable in said bore between idling
and high-speed positions and containing a transverse air
passage having ends which overlap said ends, respective-
ly, of said body passages in the circumferential direction
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of said barrel throughout the range of barrel rotation -

between said positions; )

said passages defining an induction air venturi having an
inlet and an exit formed by said inlet and exit passages,
respectively, and a throat formed by.said barrel passage;

the overlap area of said throat and inlet passages constitut-
ing the effective inlet area of said venturi, the overlap
area of said throat and exit passage constituting the effec-
tive exit area of said venturi, and said inlet and exit areas
having boundary edges on said body and barrel which un-
dergo relative movement to enlarge said inlet and exit

35

40

45

© 50

55

60

" 63

70

75

14 o

areas upon rotation of said barrel in.the direction of said
high-speed position and reduce said inlet and exit areas
upon rotation of said barrel in the direction of said idling
position, means accessible externally of said body for
rotating said barrel between said positions; :

a fuel jet extending through one end of said barrel and open-
ing to said venturi throat; . .

a fuel inlet on said body communicating with said fuel jet;
and - . EEE N N 2

a fuel-metering valve between said fuel inlet and said fuel jet
including a pair of interfitting valve sleeves within said
bore at said one end of said barrel and on the axis of said
barrel, means securing one valve sleeve to said barrel for
rotation with said barrel, means secured to the other
valve sleeve and accessible externally of said body for
rotating said other valve sleeve, said valve sle¢ves having
overlapping fuel ports through which fuel flows from said
fuel inlet to said fuel jet and whose overlap area is varied
to meter the fuel flow to said fuel jet by relative rotation
of said valve sleeves, the wall of said bore being radially
spaced from the outer valve sleeve to define an annular
fuel reservoir about and communicating with the fuel port
in said outer sleeve and said fuel inlet.

10. A carburetor according to claim 9 wherein:

said bore opens through opposite sides of said body;

said barrel has an end exposed at orie end of said bore and
said other valve sleeve has an end exposed at the opposite
end of said bore; ]

said barrel rotating means comprises a throttle arm secured
to said exposed barrel end and accessible at one side of

said body;

said other valve sleeve rotating means comprises a valve-
sleeve-adjusting member secured to said exposed end of
said other valve sleeve and accessible at the side of said
body opposite said throttle arm; and

said fuel-metering valve includes a pair of seal rings sur-
rounding said outer valve sleeve at opposite sides of the
fuel port in said outer sleeve and sealing said outer sleeve
to the surrounding wall of said bore, said fuel reservoir
being bounded by said outer sleeve, the wall of said bore,
and said seal rings.



