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My invention relates to means for and methods
of proportioning the fuel and air and forming
homogeneous charge mixtures for internal com-
bustion engines, and particularly to anterior

5 throttle carburetors, such as disclosed in my co-

pending applications Serial No. 525,992, filed

_ March 28, 1931, and Serial No. 591,040, filed

February 5, 1932, in which the throttle controls

passage of air only, and is located ahead of the

10 point of fuel discharge into the air stream pass-
ing from the atmosphere to the engine.

Anterior throttle carburetors have frequently

been proposed, but prior to my invention have not,

gone into practical use because of failure to meet”

1

&

certain of the highly varied conditions of internal
combustion engine operation, and particularly
those encountered in motor vehicle engines.

A principal object of the invention is to pro-
vide an anterior throttle carburetor which meets
20 the various conditions and requirements of oper-

ation of such engines throughout the entire speed

and load ranges, which responds practically in-

stantaneously to changes'from one to another

of such conditions, which enables operation at

25 low speeds without stalling, and which is simple,

compact and inexpensive. Other objects will ap-
pear from the following description.

The depression on the fuel nozzle for effecting

_ fuel delivery is preferably increased as compared

30 to - general intake depression by means of &

Venturi effect - thereon, which is particularly use=-

ful in promoting fuel flow at low speed opera-.

tion and especially at full load, low speed opera-
tion calling for good power mixtures. Such

35 venturi neéd not be highly constricted. .

1t will be observed that except at the minimum
depression at low speed operation, there is always
much more depression available at the fuel nozzle
than needed to raise fuel, and that, with the ex-

|40 ception at low speeds productive of minimum
depressions, which has been noted, the fuel can

be efficiently metered. even though only a small
part of the available depression is made use of

_ for such purpose.

45 The fact that depression varies directly with
the engine speed is favorable to use of the de-
pression to produce fuel flow, since both vary in
the same direction and no change or reversal of
direction is called for. All that is called for is

50 o so regulate or control relations between de-
pression changes due to speed and load changes
and the flow of fuel as to secure proper consonance

* therebetween throughout the various phases of
engine operation.

65 By interconnecting the air throttle anc a meter-

(Cl. 261—50)

ing pin for metering the fuel flow through a
metering orifice therefor, I can avoid any un-
favorable effect due to the fact that changes in
depression arising from throttling or, progressive
restriction "of the principal air passage are in-
versely related to fuel requirements, and further-
more by using point-to-point control, such as a
cam contour for such interconnection, I can have
the fuel metering orifice openings for part load
air passage openings such that good economical
mixture ratios can be had during part load opera- .
tion. - Such economical part load operation is
rendered possible by the fact that at part throttle
operation, power mixtures are not needed, since
the throttle can always be opened more to geb
additional power, and such economy part load
operation is rendered desirable by the fact that -
the major part of operation, (particularly motor
vehicle engine operation) takes place at part load,
wherefore economical engine operation under
such operating conditions is important because
reflected in.useful saving of fuel. :

However, if the full depression be utilized under
all conditions for producing fuel flow, and par-
ticularly if the regulable fuel passage orifice or

" port be annular, & point of throttle movement
toward a closed position will be reached, which

b
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gives a fuel metering orifice of such restriction

that friction of the fuel on the walls of the small
orifice required to pass the required fuel for
the current depression value will be productive of
unevenness of flow. This is particularly notice-
able, and may be even cumulative in character,
with an annular fuel metering passage, and even.
with the concentrated or integrated form of fuel
passage as employed in the present invention,
such as can be obtained for example with the
use of a metering pin with a working fit in the
circular passage, and with a slab or tapered cut
taken from one side of the end thereof, there will
not be entire freedom from frictional interference
with smooth and. even fuel flow when the de-
pression rises towards its higher values.

If under such circumstances, less than the cur-
rent depression be utilized for getting the fuel
through the metering orifice, it hecomes possible
to increase the corrvesponding fuel orifice area,
and secure the passage of the desired fuel without
materisl Trictional interference with its flow,
since the fuel which will be passed is always sub-
stantially a simple function of the product of the
fuel orifice area and the depression to which saine
is subjected. :

I find that a desirable way to so reduce the de-
pression utilized for producing fuel flow is by
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opening up a communication from the atmos-
phere to the fuel conduit leading from the fuel
metering orifice to the fuel discharge point in the
Venturi throat, whereby the metering orifice is
subjected to & flow of primary air in sufficient

quantity to allow at the highest depression the use

of maximum metering orifices while keeping the
fuel flow within economical mixture ratios and
preventing at engine idling and other low speeds
undesirable speeds due to the introduction of too
much primary air. The reduction of depression
by primary air introduction allows the fuel meter-
ing orifices to be kept large, particularly with the
slab form of fuel passage opening, to pass the
required fuel through the metering orifice with-
out troublesome and uneven frictional effects on
the fuel flow. ) ;

Full load operation is different from all other
operation of the engine, not only because at tull
load, low speed the depression is minimum, just
when the higher power mixture ratio is needed,
but also because good power mixture ratios are
wanted throughout substantially the entire speed
range at full load, and this must be effected with-
out further opening of the throttle, or of the
metering orifice, to further increase the power.
At this stage of operation the fuel metering orifice
is of maximum area to supply the fuel required
for maximum power, and even at low depression
is not appreciably subjected to unfavorable fric-
tional coefficients. : .

The venturi initially helping to get sufficient
fuel at full load low speed, is also useful-through-
out the remainder of the- full load speed range
because of its making available ample depression
for causing fuel flow duly metered by the venturi
in accordance with the air velocity. for producing
a full power mixture ratio, and the primary air
opening to the fuel conduit can be adjusted so
that either the whole or a part of available de-
pression that is used for producing fuel delivery
can be utilized to cause a desired fuel flow
throughout the full load speed range.

The primary air inlet into the fuel conduit is
preferably located below the fuel level. The fuel
metering orifice is also preferably so located that

it is submerged a material distance below the

fuel level in' the float chamber. With this ar-
rangement, and with submergence of the inlet
from the primary air conduit to the fuel conduit
to about the same extent as the fuel metering
orifice is submerged, at times of minimum or sub-
stantially minimum depression, the fuel will rise

in the fuel conduit, and by submerging the com-.

munication from the primary air passage to the
fuel conduit will block up or shut off the access
of primary air, whereupon the fuel flow through
the conduit takes place with this hydrostatic
effect in just the same way as if the primary air

.passage had been closed off by a valve or like

arrangement, so that at full load, low speed, or
at a given depression sufficiently low at other
throttle positions, the full depression is used for
supplying fuel. As soon, however, as the depres-
sion rises, as for example, by increase of speed,
this hydrostatic valving effect ceases and the
admission of air is allowed. The depression at
which the primary air passage dumps may vary
with different engines and depends on the amount
of submergence thereof. For example, in certain
embodiments of the invention the primary air
passage may be made to dump at 1’* of H:0 more
or less,

The delivery of fuel at low depressions in the
venturi when the admission of Primary air is

2,103,690

closed off hydrostatically is also enhanced in the

. downdraft carburetor of the type herein disclosed
by a syphoning action. This is effected in a

downdraft carburetor by the provision of a sub-
stantially inverted U-shaped fuel passage having
the shorter arm thereof extending upwardly above
the fuel level from a point below, and the longer
arm extending downwardly into the venturi at a
point below the fuel level. This syphoning effect

- is controlled by the hydrostatic action above de-

scribed, and is effective when the supply of
primary air is closed off from'the syphon pas-
sage at low speeds characterized by the low de-
pressions above specified. Hence, ample fuel flow
is insured at low.speeds, without entire reliance
or weak pressure reduction in the venturi, and
very low minimum speeds can be obtained with-
ouf stalling of the engine. . This syphoning action
is interrupted by access of air when the primary
air passage dumps at higher depressions. When
the engine stops, and the throttle being closed,
the metering valve closes the fuel passage. As
hereinafter described, the intensity of syphoning
effect is also controlled by provision of an idling

jet or other controllable air inlet communicating -

with the syphon line at a point above the fuel
level. The combined hydrostatic and syphoning
action is also effective in promoting fuel flow at
fractional loads low speed. Under such condi-
tions the fuel metering orifice areas are. more
restricted and subject to frictional coefficients at
low speed due to the low pressure differential
thereon, and the maximum pressure differential
available should be utilized supplemental by the

syphoning effect to increase the fuel flow and .3

prevent tailing off.
The introduction of air into the fuel over the

metering orifice not only contributes in the con-.

trol of fuel flow, but also is of advantage for
breaking up of the fuel, and thus assisting in the

.obtaining of homogeneous mixtures of air and

fuel. I may also, if desired, admit additional air
into the fuel conduit adjacent to the discharge
point thereof into the intake. This is accom-
plished so as not to interfere with the syphon ac-
tion and in a manner to promote such breaking
up effect and ready delivery of fuel to the dis-
charge point, and so as not to materially affect
or change the rate of fuel flow through the meter-
ing orifice. This is done by introducing air by
an air nozzle of the required size in injective
relation to fuel flow, or in the same direction as
the direction of the fuel flow. o

While the venturi has a material modifying
effect on depression at the fuel nozzle at full
load operation, this Venturi effect need not be
relied on at fractional loads that are character-
ized by higher intake depressions ample for ef-
fecting the needed fuel flow. At the latter stages
of operation, the primary air is operative to re-
duce the proportion of depression utilized at the
fuel metering orifice for producing fuel flow. At

low depressions for low speeds, the Venturi ac-

tion, preferably augment by the syphon ef-
fect as above described, is effective in causing
adequate fuel flow without attenuation by pri-
mary air introductions.

In the accompanying drawing: i
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The figure is a composite sectional view of the’ .

carburetor.
Influence of air flow on fuel flow

Referring to the drawing, I utilize the air flow
for creating a depression that augments the
static pressure reduction in the intake avail-
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able to vary the fuel flow directly with the alr
flow without undue retardation of the air flow
by intake restriction. The ‘downwardly directed
fuel nozzle or intake {fuel terminal f0 is located
in the downdraft portion of an angular passage-
way 12 in the casting | 4 on the side of the air
throttie 16 toward the engine cylinders and pref-
erably at the throat of a venturi {8. The throt-
tle 16 is located in the entrance portion of con-
duit 12 so that the air is angularly deflected after
passing the throttle and before passing through
the venturi. The air flow through venturi 18
serves to produce depression of a magnitude am-
ple to secure fuel delivery at various speeds down
to a minimum, particularly in the full load range

of operation and need not be relied on when the .

intake depression is ample for producing - fuel
flow, and the same is of utility in homogenizing
the charge components and metering the fuel in
accordance with the air flow. o

Air is also discharged through the open ended
tubular nozzle 20 disposed in an opening 22 in
casting 14 at the top, and extending centrally into
the nozzle 10 and terminating inwardly. of the
discharge end thereof. Fuel is supplied to noz-
zle 10 from the atmospherically vented float
chamber 24 through the horizontal passage 26
in the casting 14 slightly above the fuel level.
Tel is delivered to the horizontal passage 26
through a vertical passage 28 in the depending
portion 30 of the casting 18, the portion 30 ex-
tending into the float chamber 24. The nozzle
20 extends downwardly through nozzle 10 below
the horizontal passage 26 a distance greater than
the distance that the passage 28 extends above
the fuel level, the passage 28 forming the shorter
arm of a syphon passage, and the annular pas-
sage 32 forming the long arm thereof for a pur-
pose more fully hereinafter described.

“rPhe fuel previously aerated as hereinafter de-
scribed passes in an annular. stream from pas-
sage 32 subject to the homogenizing
fect of the spiral ribs 33 and upon discharge
thereof from the annular passage 32 to the com-
minuting action of the air from nozzle 20 which
is in injector relation to the fuel passage. This
causes a high degree of atomization in the en-
larged mixture confining projecting portion of
the nozzle 10, the air nozzle 20 functioning pri-
marily as an atomizer without appreciable ef-
fect on the rate of fuel flow, and this assisted by

the venturi causes the fuel to uniformly permeate

the air to insure uniform
inders.
The fuel is thus subject

distribution to the ‘cyl-

sure reduction in the intake for effecting fuel

 atomization and vaporization so that the fuel
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rapidly permeates the air entering the passage 12
and forms therewith a homogeneous mixture.

The fugl controlling means

The depending portion 30 is provided with a
vertical bore 34 leading at one-end into passage
12 below the air throttle 16 and at the opposite
end terminating in the lower end of the part 30.

A fuel metering orifice 38 is formed within the

pore 34 below the fuel level. Fuel is supplied
from. bowl. 24 past check. valve 38 and through
lower portion of accelerating well 40 and passage
27 to the fuel metering orifice 36, and, after
being metered by.valve 44, passes through the
vertical passage 28 into passage 26. ' .
The valve &4 is adjustable in metering orifice
36 and is actuated from the air throttle 16, the

whirling ef-

* nating- at its opposite end in an

to an-aerating action,. .
. to air blasting action of nozzle 20, and to pres--

- will be seen later,

valve comprising a head 46 having a knife edge
88 coacting with the calibrated edge 50 of the

.

cam 52, and having lateral centering fingers 54 -

engaging opposite sides of the cam 52. This ar-
rangement reduces the tendency to wear between
ihe head 46 and cam edge 50 and prevents dis-
location of the parts during operation. The cam
52 comprises a plate preferably, although not
necessary, secured directly to and centrally of
the outer side of the throttle plate i6 within the
passage 12. The valve 44 is maintained in en-

- gagement with the cam edge 50 by a spring §6.

The upper edge portion of the cam plate 52 is
formed as a segmental gear 58 ‘meshing with a
rack 60 forming the stem of the piston 62 work-
ing in well 40 for supplying auxiliary fuel ad-
junctively to throttling upon acceleration, the
stem 60 having a bearing 64 in casting id. .

“The well 40 communicates through passage 42
both with the passage 34 past metering orifice 36
and valve 44 and with a vertical passage 66 hav-
ing communication with the pipe 68 which ter-
minates in an open hook-shaped end portion di-

‘rected downwardly into the nozzle 20 and sub-

ject to the suction therein and providing for the
introduction of accelerating fuel into the intake
through the air nozzle 20. The open end 710 of
the pipe 63 is so situated with respect to the

[
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20

entrance end of the nozzie 26 that, with the throt-

tle closed, the suction at 10 is sufficient to main-
tain the line 68 primed nearly up to the discharge
end thereof so that fuel is forced immediately
into the nozzle 28 upon actuation of the piston

- 62, and is drawn’ with the nozzle air into the in-

take. At the same time, a part of ‘the fuel forced
out of the well 40 passes into the fuel passage 28
past valve 44 to provide another path for supply-
ing accelerating fuel into the intake as herein-
after more fully described. Upon descent of the

piston 62, valve 38 closes to prevent fuel from

being forced back into the float chamber. To
prevent excessive discharge of fuel at this stage,
the stem ‘60 is provided with an axial passage 72
epcning into well 40 at its lower end and termi-
angularly ar-
ranged outlet passage T4 sealed in the upper po-
sition of the pump by a portion of the bearing
64, Upon a given downward movement of the
piston 62, the passage 12—74 opens. to allow a
part of the fuel to be forced therethrough and
discharged into the space above the piston, there-
by reducing the quantity of fuel being discharged
into the intake.

30

40

50

I obtain fuel flow to accord with air flow by -

causing the cam controlled fuel valve 44 to-give
an opening 36 for each air-throttle opening of a
size to pass the needed fuel in response to the
depression effective on the fuel orifice which, as
I ;:eep Jess than the depression
in the intake at the fuel nozzle, except at certain
low intake depressions, the intake depression be-
ing also augmented by air flow at full load opera-
tion. To obtain the predetermined openings of
the fuel orifice 36, the cam edge contour 59 is

_given a predetermined configuration productive

of metering orifice change to give proper fuel
flow, which will be referred to in further detail
hereafter. I take care of the fuel needs chang-
ing with engine speeds for each fuel valve po-
sition by suitable variation of the pressure dif-
ferential acting on the fuel, as hereafter de-
scribed under another heading. -

While the fuel valve 44 can be arranged to
supply fuel for idling, I prefer to handle the

‘idling fuel through a separate idling arrange-
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ment T§ productive of constant fuel Aow such as
described in my copending applications above
mentioned and in my copending application Se-
rial No. 599,420, filed March 17, 1932. ‘The idling
arrangement 16 includes adjustable provision at
78 for the admission of air, which is preferably
taken from the float chamber, and discharges
through a highly constricted orifice 80 into the
passage 26 at a point above the fuel level during
normal engine operation. Fuel is supplied to the
idler through passage 82 from the float chamber
24, fuel being delivered through a stabilizing me-
tering jet 84. In view of the separate idling ar-
rangement I bring the main fuel valve 44 to a
substantially closed position during engine idling,

thereby avoiding adjustment of the fuel valve 44 .

for regulating of idling fuel. Air -for engine
idling is supplied through the several aerating
bassages, the nozzle 28 and, if necessary, through
the small balanced idling holes 8§ in the air
throttle 16.

Calibration

The internal combustion engine, such as em-
bloyed for example in motor vehicles is controlled
by means of the throttle to compensate for load
or to vary the speed. At each throttle position
the speed varies inversely with the load, the max-
imum speed becoming greater as the throttle
opening increases. 'The fuel required for opera~
tion at minimum speeds varies, in general di-
rectly with the throttle opening. It also varies
directly with the speed at each throttle position.
For economical operation the mixture ratio is
varied as the conditions of operation vary, the
mixture being made richer for certain conditions
of operation and leaner for other conditions of

operation. In my invention I control or adjust, -

as hereinafter described, the pressure differential
range effective for causing fuel flow at the vari-
ous throttle positions, and then produce for each
throttle position through cam 52 the particular
fuel metering orifice individually determined for
allowing under the adjusted pressure differential
as the speed varles, a fuel flow in suitable ratio
to the air supplied.

To determine the contour 50 of a key or cam 52
50 as to properly control the opening of fuel valve
44 for any particular type of engine, I operate
the carburetor in a flow bench in the usual man-
ner, causing the air to flow therethrough in vary-
ing quantities indicative of the various conditions
of engine operation and adjusting the metering

- orifice so that the proper mixture ratio is ob-

65
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tained at each throttle position at all speeds.
From the data thus obtained, a cam of the proper
contour can be made.

The calibration determination of the cam con-
tour is made with the primary air passage 88
operating to decrease the pressure difference on
the fuel orifice’ 86 as hereinafter described. . The
calibration is also made under other conditions
of engine operation, such as with the air nozzle
20 and the idling fuel jet 76 in operation to sup-
ply air. The calibration being made under such
conditions, in actual operation of the engine,
proper fuel-to-air ratios may be obtained for
maximum torque, maximum horse power and
maximum economy, each independent of the
other.

The cam will vary in contour for different
applications depending on the characteristics of
the engine to which the ecarburetor is applied.
For example, as shown and described, in my above
identified copending application Serial No. 525,-

2,108,625

992, in passing from engine idling the rate of
change in fuel orifice area is very slight for the
first few degrees of throttle opening, the pressure
differential then being high and the idler 16 then
also supplying fuel. This stage represents the
takeout period from idling into fractional load

-operation. As the intake depression decreases

with further throttle opening, the rate of change
is at a more rapid rate, the rate of change in
orifice area varying with throttle opening at in-
creased rates as the opening progresses. At
these stages of operation, the throttle openings
are such as to supply maximum air for certain
low speeds and ample metering orifices are re-
quired, the fuel orifice area approaching maxi-
mum. During final opening movement of the
throttie to wide open position, there is little or
no variation in fuel orifice area. The increase in
air passage area per increment of throttle move-
ment at this stage of operation is slight, and only
enables-the obtaining of the higher speeds without
requiring fuel metering orifice enlargement.

The maximum opening of the fuel orifice 36 is
relatively small, for example, in one type of car-
buretar this area was of the order of .0069 sq.
inches, the passages 26 and 28 at the discharge
side of the orifice 36 being substantially larger
than such orifice when of maximum area to facil-
itate as hereinafter described the passage of fuel
and air therethrough.

With my carburetor, as more fully described
hereinafter, the fuel metering orifice ares and
the pressure differential on said orifice may be
readily controlled to obtain mixture ratios ap-
proximating the theoretical for the various con-
ditions of engine operation. The mixture ratio
curve for full load, for example, is substantially
horizontal except at the low speed end (mini-
mum air) when it tails up. The mixture ratio
curve for fractional loads is more economicsl,
being substantially horizontal except at the
minimum air end (low speed) where it tails up
and at the maximum air end where it tails up
and merges with the full load curve.

I have found in modulating the fuel flow in
some types of engines through a metering orifice
36 employing the well known tapered or conical
metering pin, forming an annular orifice, that the
fuel flow at certain light engine loads is erratic,

10

3v

40

the fuel flow tending to lean out or fall off. I 50

have discovered that this decrease in fuel flow is
due to frictional coefficients inherent in the use
of a variable annular orifice for fuel metering
subject to high pressure differences.

When\metering fuel with an annular orifice, 55

say at 10° of throttle opening, even when em-
ploying aeration for reducing the pressure differ-
ential on the orifice, the clearance must be, for

eXxample, of the order of .00125 inches so as to

prevent excessive fuel flow at the high intake de-
pression existing at such thirottle position. An
annular orifice of such size is so small that light
hardly passes through the same. Fuel passing
through such highly restricted orifice is therefore
subjected to considerable frictional retardation,

the action being cumulative and gradually re-

ducing fluel flow. That the disturbing effect of
the coeflicients of friction is serious with an annu-
lar orifice is evidenced by the fact that the fuel
flow has been found to vary to a considerable ex-
tent in a short period of time.” Upon movement
of the metering pin the original fluel* flow is
reestablished but again rapidly falls off as the

metering orifice remains fixed. In actual engine’

operation, the tendency ‘of the fuelf to lean out

60
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upsets the mixture ratio and causes the pressure

‘differential to vary, which in turn also affects .
_fuel flow detrimentally disturbing the engine

operation. s

I overcome the disturbing effects of frictional
36 having a cross-section which is lumped or
concentrated, approximating in shape a round
hole instead of an annulus so that the wall sur-
face of the orifice frictionally retarding the fuel
fiow is minimum and the minimum dimension
thereof is substantially greater then the minimum
dimension of an annular orifice,

Tn order to form the variable lumped orifice a8,

_the lower end 88 of the valve 44 is made cylindri-

cal with one side thereof cut or slabbed off af 211
angle to form e frustrum. The angle of the
plane cut at 90 is such as to allow variation in
the area of the fuel orifice throughout the relg-
tively small range of movement of the pin &4,
and is so coordinated with the cam contour 50
that an orifice of the desired fuel passage area is
obtained at each throttie position. ’

In the position of the valve 44 for engine idiing
the completely cylindrical portion of the pin B&
substantially closes the orifice 36 to preclude the

passage of fuel therethrough. As the valve 44

moves with opening movement of the throttie the
fuel orifice area at 36 increases, the orifices of

.increasing area being substantially segmental in

shape. 'The frustrum type of metering valve may
be more readily manufactured and instelled than
the conical type of valve, a greater range of toler-
ance being allowable.

The frustrum type of metering valve, when
carburetor cost is & factor, can be advantageously
utilized for controlling the fuel orifice 86 to sup-
ply fuel for engine idling as well as at other stages
of engine operation, the relatively low cocficients
of friction characteristic of the lumped type of
metering orifice when employed with the fuel
aeration or primary air introduction at the mefer=
ing orifice being productive of steadier fuel fow
at engine idling. I prefer however, where cost is
not material, to utilize for supplying idling fuel
the idling means 76 because such means are sulby-
stantially immune to fluctuations in intake de-
pression at-engine idling.

Control of fuel flow by primary oir

To suitably vary the fuel flow upen speed
changes at each throttle position and the corre-
sponding fuel valve position, and to lessen the
high depression at the exit side of the fuel valve
port 36, the vertically extending passage 88 is pro-
vided having communication at a point well above
the fuel level with atmosphere and leading to the
fuel conduit 8t a point 92 immediately at the dis-
charge side of orifice 36 below the fuel level, both

orifices 36 and 92 being submerged a substantial -

distance below the fuel level for a purpose herein-
after more fully described. The passage 88 has

therein a metering orifice 94 which is adjusted in

size by the valve 96. -

By air moving through passage 88 the action
of depression is divided to be effective on both alr
coming in at 82 and on the fuel coming in at 386,
or otherwise stated, the pressure differential on
the fuel is reduced. The size of the metering
orifice .94 is adjusted in accordance with the

characteristics of the engine on which the car- -

buretor is employed, and is preferably made

large to enable the use of fuel metering orifices of

maximum area to reduce the effects of frictional
coefficients without causing the fuel to run too

S

rich, the primary air orifice 84 in practice pref-
erably not being larger than that which would
cause an undesirable idling engine speed, such as
one of the order of .02761 sq. inches.

The reduction of pressure differences across the
fuel gate 36 by the admission of air through the
passage 88 enables the use at periods of high in-
take depression.of a fuel orifice opening at 86
lgrger then the small opening that would have to
ke used to hold the fuel back against the full in-
take depression, with resulting elimination of the
irregularity of flow that would be incidental to
use of such smaller opening subject to greater
depression. ‘ '

A% fractionsl load operation, sgy up to 40° of
throttle opening, the fuel orifice 36 is adjusted to
give for the practical maximum of primary air &
desired fuel flow for each throttle position, god
ihe sttenuated pressure differential effective on

the orifice is such as to prevent undue increase .

in fuel fiow with increase of speed and intake de-

10
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pression at each throttle position. At such -

throttle positions however as the speed decreases

to minimun, as under g suddenly acquired load, .

resulting in s decided drop of the pressure differ-
ential effective in promoting fuel flow, I find that
the frictional coefficients inherent in the fuel
metering orifice of the areas required -to restrict
the flow of fuel at high depressions éven with
ample primary air, tend to cause the fuel to un-
duly tail-off or lean-out. Under such conditions
of part load operations, I include provision for
opposing tendency to tail-off, other than by
merely opening the throttle wider. . By submerg-
ing the primary air entrance 92 well below the
fuel level, at. a glven minimum. of depression, say
om 17 H:0, depending on the distance of sub-
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mergence of the entrance 82, the admission of .

primary air is cut off hydrostatically by the fuel,

" thereby rendering .availeble the maximum ‘de-

pression in the venturi for forcing fuel through
the restricted metering orifice 86. The closing
off, oy fuel sealing, of the passage 88 also renders
gvailable the syphoning effect above mentioned
which promotes fuel flow under such low speed
conditions without entire dependence upon the
pressure differential on the fuel.

At fractional load I introduce the maximuid
guentity of primary air to ensble the use of
larger fuel metering orifices bui of sufficient re-
striction to supply economical fuel at the higher
intake depressions, and compensate ab low de-
pression for unsvoidable fuel orifice constriction
by incressing the pressure differential . therecn

and supplementing this by the syphon effect.

This reduces the tendency to tail off at low speeds
which might cause the engine to stall. -
At full load or nearly full load operation, the
fuel orifice sres is fixed at maximum, the fric-
tional coeficients thereof even at low speeds cease
o be troublesome. At this stage of operation the
variation in fuel inducing effect of the pressure
reduction, and this is then lower, must be relied
oni for inducing fuel flow upon increasing the
speed, further opening movement of the alr
thiottle 16 not affecting the area of the orifice 36.
At full load the fuel rate of flow is greater and
richer mixture ratios are necessary.
- At low speeds full load when the intake pres-
sure reduction available for causing fuel intro-
duction is least, and a relatively rich mixture is
required for engine higging, the air passage 88
again closes off hydrostatically, the maximum
pressure differential available being required for
effecting fuel introduction through orifice 36, and
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the syphon effect being available. As the speed
increases, the pressure reduction in the intake
increases, and particularly the kinetic effect of
the venturi, until, in the absence of fuel flow
controlling primary air, there would be a tend-
ency for the fuel to run too rich. I then cause
the air passage or well 88 to dump hydrostati-
cally to inaugurate the flow of primary air and
reduce the pressure differential on the fuel.

In my invention, a varying pressure differen-~
tial, at times attenuated by primary air intro-
duction, is maintained on the metering orifice 36

irrespective of the cross-sectional area, i. e. at all

throttle positions and at all speeds. The proper
areas for orifice 36 having been determined for
the throttle range, the correct mixture ratios are
obtained by the variations in pressure differential

under all conditions of engine operation, the mix-

ture ratio being made to tail up at low speeds in

accordance with the theoretical mixture ratio’

curves. .

'The well 88 also serves as an auxiliary reservoir
from which fuel is supplied to the intake to
facilitate speeding up from low speeds, the fuel

dumping from well 88 faster than it can pass.

through the more restricted orifice 36. The well
88 also functions as a reservoir for receiving fuel
upon acceleration, the fuel being forced into. the
well by the plunger 62. The well 88 is of suffi-
cient elevation or length to prevent fuel from
being forced out at the top when the accelerating
pump is operated. When the plunger descends
fuel is in part forced directly into passage 28 and
66 for delivery into the intake and in part into
well 88 from which it gradually drains out fol-
lowing the accelerafing moment, thereby insur-
ing the supplying of auxiliary fuel over a portion

- of the speeding up period.

The admission of air at 92 with the metered
fuel coming in at 36 produces an air-fuel mixture
in the conduit 26-—28 which, on passing to nozzle

- 10, is more effectively broken up than solid liquid
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fuel by blasting and/or delivery into partial vac-
uum. As the fuel has already been metered at

36 -prior to admixture with the air, the correct

air-to-fuel proportioning can be obtained.

At engine idling, air passage 88 is open i. e. .

drained of fuel, and fuel valve port 36 is substan-
tially closed so that the conduit §8—28—26 con-
veys air only, and such air serves as a carrier for

.the idling fuel mixture supplied at 76 and de-

livered to the fuel nozzle 10.

‘With a cam 52 of predetermined contour and a
metering valve 44 of a predetermined cut at 90, .
the mixture ratio for the entire range of engine
operation can be made leaner by enlarging the

primary air passage at 84 and richer by reducing

the air passage at. 94, the correction being made

equally effectively for the entire range.of engine
operation so that it is impossble, although the
adjustment is simple, to obtain fauity operation
at any stage of engine operation, the adjustment
when made to supply the required fuel economi-
cally for full load high speed operation being
satisfactory for the entire range.

Reguldtion of fuel flow for various engine speeds

If the engine speed is increased with the air
throttle wide open, the air flow increases rapidly,
necessitating a correspondingly considerable in-
crease in fuel supply. A typical case is increase

from 65 cc. per min. at.substantially minimum:

speed to 500 cc. per min. at substantially maxi-
mum engine speed, both at wide open throttle.
As has been seen, the fuel metering orifice 36 is of
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maximum area when the throtile is wide oper.

"Venturi 18 is chosen of such throat size that the

depression on the fuel nozzle 18 located at the .

throat thereof rises in response to air flow ir-
crease resulting from engine speed increase at
wide open throttle so as to cause delivery of the

" required fuel, the primary air introduction at 88

being controlled - hydrostatically as above de-
seribed to control the ratio of fuel to air in ac-
cordance with the speed or lugging conditions,

10

If the throttle. be closed somewhat from wide .

open position, as, for instance, to 50°, while this
makes substantially no difference in air flow and
fuel flow at low engine speeds; there is a material
reduction in air flow at the higher speeds, with
resulting reduction in need for fuel. At such
times, however, the intake depression is higher,

“but the primary air passage 88 is then effective

in reducing the pressure reduction across fuel
orifice 36, the fuel flow being correspondingly de-
creased, and the requirements for economical
operation satisfied. Upon passing to the lower
part fractional load operation, the intake depres-
sion is further incréased by the further closing
of the throttle and the fuel metering orifice area
correspondingly reduced in consonance with re-
duction of throttle opening, and thus automatic
compensation by primary air introduction be-
comes increasingly effective.

At intake depressions above a predetermined
value I reduee the effects thereof on fuel flow
by air introduction at 88, and at lower intake
depressions augment the fuel flow inducing effects

. thereof by air flow through a venturi, the latter

being particularly valuable at low speeds full
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load, and the primary air then being closed off )

to allow utilization of the maximum pressure
differential available for promoting fuel flow aug-
mented by syphon effect. The pressure differen-
tial on the fuel is thus kept within range. to
cause, upon fuel metering orifice adjustment, a

40

flow of fuel in suitable ratio to the air through- -

out the speed range at
sitions. . .

In my invention primary air introduced at 88
is effective in controlling the pressure differential
on the fuel metering orifice 36 to vary or control
the fuel flow, and at the same time, the primary
air serves to pick up the fuel at orifice 36 and
facilitate the delivery thereof through passages
of ample size into atomizing relation to the air
nozzle 20, without appreciable frictional retarda-
tion. The metering orifice 36 is below the fuel
level, and the weight of the fuel in the chamber
24 augmented by the atmospheric pressure there-

each of the throttle po-
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on serves to push the fuel through such orifice ‘

36 where it Is swept through passage 26-—30 by
the air stream therein. In other’words, I pro-
vide, particularly at high speeds, a high velocity
air flow through passages 26—28 effective on 8
submerged metering orifice 36 for effecting de-
lvery of fuel to a higher elevation, this level
being slightly above the normal level of the fuel.
The idling fuel air jet 16 also facilitates by aera-
tion at a point above the fuel level delivery of
fuel into atomizing relation to the blast nozzle
20. At low speeds or low depressions when the

- passage 88 is liquid sealed the fuel is forced into

the intake by the action of the passages 28, 26
and 32 forming a syphon. A steady flow of fuel
into the intake is thus insured when the pres-
sure differentials are extremely low, and this is

accomplished without the syphon being vented
by the air from the idling jet, the entrance there-

from to the syphon passage béing extremely small,
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and apparently sealed by a fuel film at such stage
of operation. ‘ '

The fuel; or fuel and air mixture, entering noz-
zle 18 is formed into an annular stream, and is
then subjected to the blasting action of the noz-
vle 20.effective in further aerating the fuel, and
obtaining a high degree of fuel atomization or
comminution. The fuel or mixture thus aerated
is swept through the passage of ample cross-
section in nozzle {0 directly into the venturi 8
where it admixes with the main air supply. The
fuel before delivery into the venturi 8 is sub-

jected to a series of aerations, the first being -

primarily effective. in controlling fuel flow by
variation of the pressure differential on the
metering orifice 38 below the fuel level, and the
second being primarily effective’ in causing fuel
atomization without frictional retardation. This
facilitates the introduction of fuel into the in-
take, and the several aerations place the fuel
in condition to be thoroughly vaporized and to
form & homogeneous charge mixture.

The shape of the intake passage {2, in the
downdraft carburetor, as above described, is such
as to.counteract tendency of the air to stratify
due to passage of the air past the air throttle (6,
prior to admixture of the fuel therewith.

fn conventional carburetors of the posterior
throttle type, the fuel admixes with the air prior
to passing the throttle, and stratification effects
are not as detrimental. '

When air only passes the throttle one side of
the throttle blade forms in effect a Venturi
mouth, while the passage at the opposite side
of the throttle blade sets up frictional retarda-
tion to air flow, the air flow through the pas-
sage becoming what is termed herein as strati-
fled or a one sided air flow. If this condition
exists at the time the fuel is introduced the charge
mixture will not be homogeneous, and faully
distribution results. _

" In the downdraft carburetor I obviate air strat-
ification by deflecting the air ab right angles into
the venturi 18, the latter assisting in smoothing
out the air stream. In taking the right angle
Bend the air is rendered uniform in cross-section
so that the fuel when introduced permeates an
air stream of uniform cross-section. Other ex-
pedients, such as the spirals 33, may be resorted
to to insure homogeneous admixture of the fuel
and air at venturi (8 for promoting uniform dis-
tribution to the cylinders. The symmetrizing of
the air stream is effected without resorting to
expédients unduly restricting the air passage,
the result being obtained by deflection of the air
stream between the air throttle and the venturi

~ and prior to fuel introduction.
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The carburetors embodying my invention, both
in the updraft or downdraft type, are very coms-
pact, occupying the minimum space required for
the parts. The float chamber 24 is located in
the angle of the intake passage portion so that
the horizontal and vertical portions of the in-
take passage hug the top and one side of the
float chamber. This compactness is rendered
possible by arranging the fuel passage 26 hori-
zontally to discharge into the nozzle {0 substan-
tially on a line with the juncture of the float
chamber and the horizontal portion of the intake.
This arrangement also. facilitates actuation of
the fuel valve 44 and pump 62 from the throttle.

In the present invention, I dispense with inter-
connecting mechanisms for the control of the

movement of the metering pin 44, thereby pre- -

venting back lash, distortion and the like, detri-

7

mental to precise metering, and positive motion
of the accelerating plunger 62 is obtained by
the meshing gears 58—860 between the throttle
1§ and plunger 62, )

By my invention, the pressure differential on
the fuel orifice and the fuel orifice area are co-
ordinated so that the fuel is supplied smoothly
in suitable ratio to the air substantially through-
out the range of operation of the engine without
being impeded by frictional effects, notwithstand-
ing that the intake depression varying at times
in inverse relation to the fuel requirements, tends
to cause either too much fuel flow or not enough.
At low depressions at low speeds tailing off of
the fuel flow is prevented by the combined hy-

drostatic and syphon efiects, and upon accelera~

tion additional fuel is rendered instantly avail-
able for discharge into the intake.

With my system of fuel control the pressure
reduction at the engine side of the throtile is
made available for the discharge of the fuel di-

[
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rectly thereinto so that the fuel, by discharge

into a region of reduced pressure, is more easily
vaporized, and the charge mixture has free pas-

. sage to the cylinders without being impeded by

the throttle.

Fuel atomization and vaporization are also as-
sisted by the aerating action of the pressure dif-
ferential controlling primary air means and by
discharge .of air centrally through the annular
stream of previously aerabted fuel, so that the
fuel assumes under. the action of the several
aerating or vaporizing influences, 2 thoroughly
homogeneous state in suspension in the air, the
carburetor being adapted for metering  either
volatile fuels, or fuels of low volatility, such as
fuel oils, alcohol, ete.

Having thus described my invention, what L.

claim and desire to secure by Letters Patent is:

1. The process of supplying charges for inter-
nal combustion engines which consists in intro-
ducing primary air into the intake at the engine
side of the throttle together with fuel introduced
into the primary air through a metering orifice
subjected to a pressure differential reduced by
said primary air relative to the intake depres-
sion available, and at low depressions correspond-
ing to power operation at low speed closing off
the primary air and introducing the fuel by a
siphoning action to form a power mixture ratio.

9. Process in accordance with claim 1 in which
the closing off of the primary air is effected hy-

_drostaticelly by the fuel.

3. Process of supplying charges for internal
combustion engines, comprising introducing pri-
mary air into the intake at thé engine side of
the throttle together with fuel introduced through
o submerged metering orifice inte the primary
gir, the primary; air being introduced in & guan-
tity to reduce the pressure differential on the
metering orifice sufficiently to allow the use of
relatively large orifice areas reducing frictional
effects therein, modulating the fuel metering ori-
fice to give for each throttle position the orifice
ares predetermined to be required for said throt-
tle position, and at low depressions closing off
the primary air to render more of the depression
available effective in promoting fuel flow.

4. Process as in claim 3 in which at low de-
pression fuel flow is augmented by & syphon
action. y - -

5.-Process 8s in claim 3 in which the’ primary
air is closed off at low depression by the fuel
hydrostatically. ’

6. Process of supplying
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combustion engines, comprising delivering pri-
mary air into the intake at the engine side of
the throttle together with fuel introduced into
the primary air-through g submerged metering
orifice -subjected to a pressure differential re-
duced by the introduction of primary air over
the metering orifice, producing for each throttle
position a predetermined orifice ares, to supply
the. fuel in suitable ratio to the air, the reduc-
tion in pressure differential produced by the pri-
mary air being made to approach a maximum to

allow the use of metering orifice areas having.
frictional coefficients approaching the minimum,
- and at low depressions closing off the primary air -

by the fuel hydrostatically to effect fuel delivery
through the metering orifice under a greater

" pressure differential.
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7. Process in accordance with claim 6 i which
the fuel is delivered downwardly .into the intake
by a syphoning action when the primary air is
closed off. " .

"~ 8. In apparatus for supplying and proportion-
ing charges for internal combustion engines com-~
prising an intake, a throttle therein, a float

chamber, means partially submerged in the float "

chamber fuel for conducting primary air into
the intake at the engine side of the throttle, said
submerged portion filling with fuel to close off
the primary air at low depression, a fuel meter-
ing orifice opening into the submerged portion
of said primary air conducting means, and hav-
ing a variable pressure differential thereon at-
tenuated by the primary air, cam means operated
adjunctively to throttling for producing at vari-
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ous throttle positions metering orifice areas co-
ordinated with the pressure differential effective
on the orifice for pbroducing desired mixture
ratios, said orifice areas
the amount of primary air admitted for reducing
frictional coefficients in the orifice.

9. In apparatus for supplying and proportion-
ing charges for internal combustion engines com-
prising an intake, a throttle therein, means for
conducting fuel into the intake at the engine side
of the throttle, an air tube. extending into the
intake in atomizing relation to the discharge end
of said fuel conducting means, a bypass from the
fuel conducting means to the entrance portion
of said air tube, and substantially primed with
fuel-at higher depressions, and a fuel pump for

being proportional to
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forcing fuel from said bypass into 'said tube upon

acceleration. :

10. In apparatus for supplying and propor-
tioning charges for internal combustion engines
comprising an intake, a throttle therein, a con-
stant level float chamber, means for conducting.
fuel and controlling the flow thereof from said
constant level float chamber into the intake, a
fuel pump operated upon opening movement of
the throttle, a by-pass extending upwardly from
said fuel pump into the intake at the engine side

of the throttle, and means for controlling the-

suction in said by-pass to retain the same sub-
stantially primed with fuel for immediate dis-

20

charge of fuel into the intake upon actuation of -

said pump. . . :
ARLINGTON MOORE.



