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My invention relates to a charge supplying and
mixing apparatus in which the flow of fuel for
the engine is controlled as a function of fluid
préssure variations.

With my invention the flow of fuel is varied
as a direct function of variation in fluid pres-
,Sure taken from a source which provides pressure

varying directly with the weight of charge mate<

rial supplied to the engine cylinders per unit of

10 time, as, for example, the fuel passage opening is
valve controlled as a direct function of variations
in the exhaust gas pressure in the exhaust con-
duit between the engine cylinders and the usual
muffler, whereby to supply fuel in proper propor-

15 tion to the air throughout the load and speed
range of the engine. .

The air flow is accelerated and the fuel blasted
into the intake conduit, preferably at a region in
the intake between the throttle and the inlet

20. valves, by gases under pressure, preferably gases
from the engine cylinders, discharged in inductive
-relation to the ‘air and fuel of the charge and
adapted to lift the fuel from a low level supply
tank, comminute the fuel so that all parts are
25 readily vaporized, and homogenize the charge.
. Among the objects of my invention are the fol-
lowing: -

To provide pressure responsive means which
varies the fuel passage opening at rates substan-

30 tially conforming to the rates of variation of ex-
haust gas pressure substantially throughout the
range thereof; to provide means for supplement-
ing the pressure résponsive means in supplying
additienal fuel when required, such as upon ac-

35 celerating or starting the engine or both; to pro-
vide ‘means for controlling the inductive effect
on the fuel jet, whereby to improve the fuel flow
at idling; to provide means operated adjunctively
to throttling for ‘actuating said supplementing

40 means and said means for controlling said induc-

tive effect; to provide fuel and injector nozzles

which are readily assembled in fluid-tight rela-
tion to each other and to their support and are

productive of efficient Injecting action; to provide -

‘45 fuel passage controlling means so located relative
to the nozzles as to properly meter the fuel with-
out interfering with the injector action; and

finally to provide means for reducing undesirable-

noises due to passage of air into the intake past
50 the throttle. ~

These and other features of the invention ﬁ .

be best-understood in connection with the accom-
panying drawings of a preferred form of ap-
paratus. N . _r :

In said drawings:

Figuwre 1 is a side elevatiom” of an engine
equipped with apparatus in accordance with my
invention, the same being pariuy in section ;

Fig. 2 is a detail sectional viéw on the line 2—2
of Fig. 1; ) .

Fig. 3 is a vertical section of an apparatus for
replacing the usual carburetor and fuel lifting
mechanism, the parts being shown in position
for engine idling;

Fig. 4 is a bottom plan thereof with parts in 65
section; ‘

Fig. 5 is » detail sectional view on the line 5—5 -
of Fig. 4 looking in the direction of the arrows;

Fig. 6'is a defail sectional view of means for
controlling the inductive eiffect on the fuel noz- 70
zle at idling; '

Fig. 7 is a side elevation of throttle operated
actuating means for the means shown at Figs. 4

60

~and 5, and

Fig. 8 is a sectional detail.

Alr admitted by the manually operated throttle
valve 10 passes through a passage 12 in an appa-
ratus 14, which I designate a blast. charger,
through the manifold riser 16, the manifold 18,
and past the inlet valves 20, open on the intake
stroke, into the combustion chamber 22 of the en-~
gine.  The air passage preferably contains a ven-
turi 24 having a throat 26. The exhaust conduit
is indicated at 27. . B

In the unobstructed region between the throt-
tle and the intake valves I deliver a blast of
gaseous fluid toward the engine cylinders through
nozzle 28 disposeéd within the fuel nozzle 30, the
latter being threaded thereon at 31, and directed
therewith in the direction of air flow. The noz-
zles 28 and 30 are maintained in spaced reldtion
to each other by the longitudinal ribs 318 spaced
from each other. Nozzle 30 has the mouth 32
thereof disposed within the throat 26 of venturi
24 which is made of relatively large diameter so
that it is effective prinecipally during wide oren
throttle operation. With such arrangement the
gaseous blast aspirates and atomizes the fuel
and also augments the flow of air to the engine
cylinders.~ - _ ' . . .

The nozzles 28 and 30 are arranged to provide
fuel passages 34 between the ribs 312. The ori-
fice 36 of the nozzle 28 terminates inwardly from
the end 32 of the fuel nozzle 30, the gaseous fluid
and fuel aspirated by said fluid passing through 105
the cylindrical passagé of the outer portion| 32
of the nozzle 30 into the venturi 24. The com-
posite nozzle structure is inserted into the blast
charger 14 through housing 38, the contacting
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tapered so that the structure may be drawn tight-
ly into place by screws.
nozzle 28 within the fuel nozzle 30, the areas of the
passages and the concentricity of the nozzles
need not be critically adjusted to obtain proper
fuel flow and atomization thereof, and the gas
discharge orifice 36, being a simple round hole, is
not subject to fouling. The two nozzles may be
readily removed or inserted. A fluid-tight con-

nection with the housing 38 is obtained by the.

gasket and nut, indicated at 39. .

The gaseous fluid for the blast preferably con-
sists of gases from the engine cylinders, which
are available at pressures increasing with the
increase of charge quantity and contain products
of combustion such as COz and H3O together
with nitrogen adapted to form anti-detonating
constituents of the charge mixture permitting
increase of compression ratio without detonation.
The gases are permitted to pass adjustably-lim-
ited-motion-ball check valves 40 in passages
formed in the engine and providing if so desired
communication from the combustion chambers
22 of the engine cylinders through separate con-
duits 41 to a common manifold or conduit 42,
preferably formed integral with the separator 44.
The gases are freed from undesirable particles by
centrifuging in separator 44, into which they are
tangentially discharged through pipe 46, and
from which they pass out to nozzle 28 through
pipe 48 having an inlet at substantially the cen~
ter of the separator. . The separator 44 is provid-
ed with a cleanout plug 50. '

The adjustment of the ball valves for control-
ling the pressure reduction and the size of out-
let from nozzle 28 are preferably such as to pro-
vide blasting pressure in the pressure line up to
about 100 pounds per square inch, the permissi-

ble pressure increasing according to design of .
intake manifold, area of intake valves, and tim-

ing. .
The manifold because of the thorough com-
minution of the fuel accomplished by blasting
need not be designed for securing high velocity
to suspend fuel into admixture with the air, but
can advantageously be made with the generously
large cross-sectional areas and sweeping turns
adapted to reduce friction and furnish substan-
tially maximum air supply to the engine cylin-
ders.
tion chambers, and maximum area and period of
opening of intake valves, are desirable in order
to secure maximum efficiency of operation. I
preferably vary the ball valve adjustment slight-
Iy for the several cylinders and thereby secure

identical compression pressures in each, with re-

sulting smooth' engirie performance.

-Fuel is supplied to the nozzle 30 from the source
of fuel supply, as the tank 52 vented to the at-
mosphere at 54, through pipe 56, chamber 58 in
housing 38, and metering orifice 60 in member 62

‘communicating with passages 34 through opening

64 formed in the lower portion of the wall of the
nozzle 30, preferably at the side thereof opposite
the throttle 10. The metering orifice 60-extends
transversely of the nozzles 28 and 30 exteriorly of
and in close proximity thereto so as to meter the

fuel as close as possible thereto without interfer-

ing with the injector action. The - intermediate
portion of the pipe 56 is relatively low compared
o the ends thereof to prevent the fuel from en-
tirely draining back.into the tank 52 when the
engine ceases operation so that fuel is available

_in the fuel line for quickly starting the engine. -

A tubular portion or sleeve 66 forms an ex-

By inserting the gas-

A free sweep of the gases into the combus-"
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tension for the chamber 58 and terminafes af,‘

its remote end in a wall portion 68 which with

the cap 70 detachably threaded thereon forms'

a chamber or enclosure 72 for receiving the bel-
lows or pressure responsiye device 74 with the
axis thereof disposed transversely relative to the

" axes of the nozzles 28 and 30.

The portion 75 of the manifold 18 facing the
fuel injector nozzle system at the upper end of
the intake riser 16 is preferably heated by means
of the hot exhaust gas so that the coraminuted
fuel discharged against the same will not con-

80

8¢

dense. For this purpose the exhaust manifold .

27 is provided with an opening 272 exposing the
part 75 to the heated gas. The manifolds 18

-and 27 are secured: together to provide a tight

joint at this point by means of the bolts 27°

and the interposed gasket 27¢. This. arrange-
ment prevents precipitation or condensation of
the comminuted fuel upon the impact thereof
with the portion 75, and this is accomplished

%

without unduly heating the air component and.

thereby decreasing the volumetric efficiency.

- T 1ift the fuel for the engine by subjecting
the fuel nozzle to suction from several sources
so related as to complement, replace and rein-
force-one another throughout the full range of
engine operation from idling to high speed op-
eration with the throttle wide open, comprising
suction due to induction by cylinder gas blast-

100

105

ing, to air flow as augmented by the cylinder

gas blast, and to intake depression as reduced
by air bleed or by the discharge of cylinder gases
into the intake. The suction from the several
sources thereof is amply sufficient throughout

the range of engine operation, so that in the.

case of the automobile engine, for example,

110

changes in fuel level when operating on level -

road do not appreciably affect the rate of fuel

flow, and the fuel for the engine may be lifted,
without dependence upon other fuel lifting de-
vices, even during travel up the steepest grades.
The comminution of fuel issuing from nozzle 30
is approximately uniform, since its two produc-
ing causes, blasting by cylinder gas and discharge
into partial vacuum, -are of substantially com-
plementary magnitude throughout the range of
engine operation. o .

T regulate the extent of opening of the fuel
passage so as to supply the required fuel in re-
sponse to the suction thereon. In the form
shown the extent of opening of the fuel conduit
is “controlled by the tapered metering pin or
valve 76 slidably guided in the bearing 78 within
the sleeve 66 and coacting with the port 60.
Pin 76 is controlled by bellows 74 to which it is
flexibly connected as by means.of the spherical
headed screw member 80 and ring nut-82.

The cap 70 has an opening 84 into which is
threaded a bushing ‘86 having a gasketed flange
88 at the inner side of the cap. The bellows
74 is threaded on the inner end 90 of the bushing
86, the cap 70 and.bellows 74 being drawn up
tight against the flange 88 to prevent leakage
through the opening 84. A tubular member 92
is threaded into the bushing 86 which member

92 in turn receives the tubular member 94

threaded into the same. The members 92 and
94 at their inner ends provide abutments for
coil springs and are secured in adjusted posi-
tions by the nuts 96 and 98. - A tubular member
100 open at' both ends. is disposed within the
member 94 to provide communication between

the interior of the bellows and the exterior there-

115
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of, whereby to expose the inferior of the bellows
to atmospherie pressure.

Tubular member 100 acts as & stop to prevent
contraction of the bellows beyond that necessary
to provide a fuel orifice of predetermined maxi-
mum size. The member 100 is threaded info
& cap 102 enclosing bushing 86 and members
92 and 94 and secured by screws 104 to the outer
end of the closure 70. The member 100 may be
adjusted axially without removing the cap 102
and then locked by nut 108. By unscrewing the

cap 70 the bellows 74 and valve 7§ may be re- -

moved as a unit therewith for inspection, repairs
or replacement. - ; ‘
The casing 70 provides a substantially air-
tight enclosure for the bellows 74, forming about
the bellows a “dead end” air chamber 72 which
communicates through the pressure line or con-
duit 108 with the interior of the exhaust gas
conduit 27. The pressure line 108 preferably
comprises an enlarged outer portion 110 near
the exhaust conduit 27 having & volume which
is as great as or greater than the increase in
volume of the chamber 72 when the bellows has
contracted to its maximum extent, the portion
110 preferably communicating with the interior
of the bellows casing through s tubular portion
112 of reduced cross-section. The opening 113
between the tube portions 110 and 112, as shown
at Fig. 8, is constricted sufficiently relative to
the cross-section of tube 112 to smooth out th
exhaust gas pressure pulsations. :
The inherent resiliency of the bellows 74 is
supplemented in opposing contraction thereof to

i enlarge the opening at 80 by a relatively light

constantly acting coil spring 114 disposed about
the lower end of member 100 between the bellows
and the adjustable tubular afutment 94 and a

stronger spring 116 disposed about member 84

between the bellows and the ghutment 92, the
Spring 116 being fully relsxed when the bellows
is expanded and becoming effective only. after
the bellows has contracted to some extent,

I have found in the operation of internal com-
bustion engines that the exhaust gas pressure
varies from slightly above atmospheric pressure
upwardly, and in case of automotive apparatus
employing mufflers the maximum pressure may
be several pounds above atmospheric as the quan-

tity of cylinder charge increases, The pressure”

of the exhaust gas is indicative of the charge
weight, and hence of the fuel requirements for
various engine loads and speeds. These pres-
sure variations are therefore idesal for controlling
the fuel passage area to vary the fuel supply in
accordance with the requirements, and the range
of pressure variation is sufficiently wide to im-
part the required movement to the bellows to vary
the fuel passage opening ‘substantially from the
minimum to the maximum required. :

.~ With the hereinbefore described arrangement
the pressure variations within the exhaust mani-
fold 27 are impressed on the air within the pres-
sure line 108 and chamber 72 and cause the bel-
lows 74 to move in accordance therewith, the por-
tion 110 of the pressure line serving to exclude the
heated exhaust gas from circulating or passing
into chamber 72 into contact with the bellows, so
that the latter remains cool. The bellows 74 is
therefore controlled by the variations in differen-
tial between the super-atmospheric exhaust gas
pressure and atmospheric pressure, that is, by the
variations in the “gauge” pressure of the exhsust
gas, which pressure varies in the right direction
and to the required extent to cause variation of

3

the fuel supply directly therewith substantially
throughout entire ranges of engine operation.

As the exhaust gas pressure increases the bel-
lows 7¢ contracts causing movement of valve 76.
The opening movement of the valve as the bellows
contracts is resisted first by the light spring com-
ponent 114 including the resiliency of the bellows
itself, and then additionally resisted by the
stronger spring component 116, thus, the bellows
is made Initially sensitive to inches of water pres-
sure. The inherent resiliency of the bellows and
the springs 114 and 116 serve when the bellows
expands upon the reduction of exhaust gas pres-
sure o produce g correspondingly opposite or
closing movement of the fuel metering pin.

With the control of the fuel passage as de-
scribed compensation for barometric changes is
automatically obtained. The springs which tend
to reduce the fuel passage area are of course un-
affected by barometric change and the exhaust
gas gauge pressure tending to open the fuel pas-
sage varies directly with barometric change be-
cause of corresponding variation in the weight
of charge with the result that, for example, in
passing from a region of higher pressure to one
of lower pressure, as in climbing with an airplane,
the fuel supply passage is reduced to supply fuel
in reduced quantity corresponding with the re-
duced air weight available,

The closing movement of the metering pin 76
and expansion of the bellows is limited by the
stop cams 118 and 120 which engage the free end
of the bellows.74 in the expanded position thereof
to determine the minimum fuel passage opening.
The bellows is preferably retained thereby under

slight initial compression, the resulting resiliency .

of the bellows and the spring 114 retaining the
bellows firmly seated on the cams in the expanded
or idling position of the bellows. The cams 118

.and 120 are detachably secured to the inner ends

of shafts 122 and 124 rotatably received within
the plugs 126 and 128 threaded into the openings
130 and 132 at opposite sides of the part 68.
The plugs 126 gnd 128 may be readily removed
from and inserted in place and maintain the eas-
ing 70 fluid tight at the points where the shafts
122 and 124 enter the same.

. The shaft 122, which is arranged in parallelism
with the pivot of throttle 10, is actuated adjunc-
tively to throttling through the crank member 134

.mounted on the outer end of the shaft 122 for

adjustment rotatively about the same, and adapt-
ed to be secured to the member 136 fastened to
the shaft 122, the crank 34 being locked in various
positions by the screw 138 which passes through
the slot 140 in the member 134 and is threaded
into member 138.

"A link 142 pivotally connects the throttle arm
144 with the crank 134, the link 142 being con-
nected to the crank 134 by the pivot pin 146 re-
ceived in hole 148. The direction of movement of
the bellows and the disposition of the shaft 122 in
parallel with the throttle pivot permits of the
employment of a simple connection between the
throttle and shaft 122 which positively moves the
cam in both directions without interfering with
the free movement of the bellows over the higher
portion of the exhaust gas pressure range. Asthe
throttle 10 is opened the shaft 122 is rotated to a
slight extent causing the cam 118 to compress

80

80

100

105

110

115

125

138

145

the bellows to enlarge the fuel passage opening. .

Thus, upon accelerating from engine idling, the
exhaust gas pressure then being low, the initial
and additional fuel required for accelerating is

supplied by mechanically supplementing the ex- 150 -
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haust gas pressure in causing bellows contraction.
As the exhaust gas pressure increases, the bellows
coptracts disengaging the cam 118 which at-open
throttle positions is located to provide the proper
fuel at minimum speeds full load. ‘

The shaft 124 is actuated from a distant point,
such as by a wire control from the dash board
of a motor vehicle connected to the arm 150 which
is secured to the outer end of shaft 124. The fuel
passage opening may thus be enlarged manually
through cam 120 for engine starting.

In order to supply the fuel component -of the
charge to the engine steadily at idling, I prefer-

ably reduce the suction effective on the fuel by
bleeding air into admixture with the fuel at a

point intermediate the metering orifice 60 and the
discharge end 32 of the fuel nozzle. This permits
of a corresponding increase of the fuel passage
opening at 60 and materially reduces the friction
and fluctuation at 60. The bled air is delivered
through the passage 152 in part 38 at the throttle
side of the nozzles into the fuel conduit 34 where
the fuel is aerated.

The air bleed passage 152 is controlled from &
point contiguous to the end of the throttle pivot
opposite the crank 144 by a valve 154 which is nor-
mally held closed by spring 156. The valve 154
and spring 156 are disposed within a valve casing

158 having bleed openings 160 and communicat--

ing with the passage 152. The stem 162 has a
head 164 adjustable axially of the stem and co-
operating with the finger 166 secured to the pivot
of throttle 10 and adapted to open valve 154 as
By adjusting the head 164 the
extent of opening of the air bleed at idling, and
hence the induction, may be accurately controlled
to supply the requisite fuel at idling without neces-

sitating adjustment of the minimum fuel passage

area at 60. As the throttle opens the air supply
through the bleed holes 160 is gradually shut off.
The passage 152 is also provided with a relatively
small air bleed 167 to prevent the passage 152 from

-filling with fuel. .

The throttle 10 is preferably provided with a
bleed opening 168 for admitting air at idling when

‘the throttle is closed. When the air for idling is

supplied through a very small crescent form pas-
sage over the edge of the nearly closed throttle, as
in ordinary practice, the friction causes.the air
supply to be erratic, and this is avoided by the
use of bleed opening 168. . ’

The shaft of throttle 10 is located eccentrically
within the air passage to permit of sensitive con-
trol and automatic closing of the throttle should
the throttle spring break.

* As the throttle opens substantially the air bleed
passage ‘152 closes so as to maintain the highest
vacuum possible upon the fuel orifice. This can
be advantageously done because the fuel passage
areas are then larger and frictional resistance to
fuel flow is greatly reduced. T

The inlet of the air passage 12 at the atmos-
pheric side of the throttle 10 receives a member
170 constriicted to deaden noise due to the passage
of air into the intake past the throttle. The
member 170 comprises a truncated open ended
tubular portion 172: extending into the body of
member 170 in spaced relation to the wall thereof
and providing an airnlet of gradually decreasing
cross-section towards the throttle and an annular
pocket 174 intermediate the portion 172 and the
outer wall of member 170. '

Engine starting

Upon turning over the engine, the gases dis-

1,078,496

charged through the nozzle 28 elevate the fuei
and cause the discharge thereof in & comminuted
state into the intake, supplying the requisite fuel
for starting, even though the intake depression
should be quite low. Thus the continuous blast-
ing of the fuel by the gases from the cylinders

80

‘prevents stalling during the warming up period

without entire dependence upon air velocity or
intake depression which fluctuate undesirably.
The fuel passage can be increased if needed by
manual operation of cam 120.

Idling

At the small air passage openings for idling and
slightly beyond idling, the inductive effect on the
fuel of the blast of cylinder gases is not considera-
ble, since the cylinder gas pressure is low because
the charge weight is low. . The intake depression,
however, is substantially maximum because of
the limited extent of throttle opening, and there
is a very high suction on the fuel from this source,
and since ‘very little fuel is needed, the fuel pas-
sage must be restricted by moving the pin 76 to-
ward closing position, providing a fuel passage
opening which at idling is of minimum area. I 100
have -found, however, that at idling operation '
highly constricted fuel and air passages with
the resulting frictional retardation of the passage
of fuel and air often cause erratic operation, due
to the fuel and air supply fluctuating undesirably. 105

95

T insure steady, smooth and economical operation

at idling and lower fractional loads by bleeding

air with the fuel passage into passage 34. This
bleed reduces the intake depression acting on the
fuel and hence permits of the use of a larger fuel 110
passage opening at 60 during idling than could .
otherwise be used, which larger opening reduces
the frictional retardation and steadies out the fuel
flow. :

When the throttle is closed, the air bleed open- 115
ing 168 in throttle 10 supplies the requisite air for )
idling without undue friction opposing the pas-
sage thereof. .

Fractional load or torque range

During torque range of operation, that is, be-
yond idling and below full load operation at open
throttle, in which range engine torque up to maxi-
mum obtainable is controlled by manually open-
ing the throttle, the intensity of the cylinder gas

12¢

128

_blast, inductive effect of cylinder gases on the fuel,

accelerating effect thereof on the air, and quan-
tity of air admitted past the throttle, all vary
ditectly with the manually . controlled throttle
opening. While the intake depression becomes 130
less as the opening of the throttle is increased and
also becomes less because-of the increasingly
large quantity of cylinder gas being blasted at
increased pressure into the intake, there is, never-
theless, throughout this range ample suction to 136
1ift and deliver the fuel into the intake, such suc-.
tion being due to induction of cylinder gas blast
and to intake depression, the latter being de-
pendent largely on throttle position and substan-
tially complementary in magnitude to the induc-
tion of cylinder gas blast, and, to a lesser extent,
to air flow (as augmented by the blast ef cylinder
gases). ' ’ .

During this stage of operation the variations in
exhaust gas pressure due to variations in charge

148
material quantity are transmitted to the bellows; '

- resulting in variation of the fuel passage area

directly with the air supply.
Unless a bellows of sufficiently large capacity
is made use of adapted to respond very positively 150
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movement being also utilized for closing the air
bleed, thereby increasing the inductive effect and
further increasing the fuel flow. ‘

. Full load range

At wide open throtile the intake depression is
verylow. Asthe speed increases st full load there
is an inerease in cylinder gas induction and the
quantity and velocity of air increase at a rapid
rate with the increase in engine speed and thus
ab full load with the fuel nozzle located within
the venturi 24 ample suction is obtained for full
load fuel delivery, due principally to induction by
cylinder gas blast augmented by air velocity.

In this range of operation the fuel requirements
increase with incresse in engine speed. I accord-
ingly utilize the variations in exhaust gas pres-
sure occurring upon speed changes at full load
for varying the fuel passage area directly there-

~with through movement of the pin 78, and, by

combination of suction and fuel passage area con-
trol, supply the requisite fuel in suitable propor-
tion to the air throughout the speed range at wide
open throttle. ) : ’

By my invention I can operate internal combus-.
-tion engines either on the: present customarily

used fuels or on fuels of much higher boiling point
than .used with the rcustomary-carbureto;', and am
enabled to put all the fuel for the whole range of

- operation through a simple nézzle and-eliminate
-the various compenssting jets and mechanisms

employed in conventional carburetors, and gen-
erally increase the over-all- efficiency of internal
combustion engines. . » ’

_ Having thus described my- invention, what I
claim and desire to secure by Letters Patent is:

1. In apparatus for supplying and mixing
charges for internal combustion engines, an in-
take, a throttle therein, a housing portion having
& bore in alignment with the riser portion of said

‘intake, a nozzle for high pressure gases received
within said bore, a fuel nozzle disposed ghout said -

first named nozzle and detachably secured there-
to, said housing portion having & passage therein
disposed transversely of said nozzles and commu-
nicatng with the interior of said fuel nozzle,
said passage having a portion of relatively re-
duced cross-section in ¢lose proximity to said noz-
zle, a bearing disposed in said passage, a fuel
metering valve slidable in said bearing and co-
operating with said relatively reduced portion of
the passage, and pressure responsive means at the
opposite end of said bearing connected to said
valve. ) S o

2. In apparatus for supplying and mixing
charges for internal combustion engines, an ex-

haust conduit, an intake, means for:supplying

fuel thereto, and pressure responsive means sub-
ject to the variations in pressure in said exhaust

conduit for controlling the fuel flow, comprising -

spring means for opposing movement of said pres-
sure responsive means as the exhaust gas pressure
increases, said spring means including a compo-
nent effective in opposing movement of said pres-
sure responsive means over & portion only of the
exhaust gas pressure range. : :

" 3. In apparatus for supplying and mixing

charges for internal combustion engines, an ex-
haust conduit, an intake, means for supplying fuel

"thereto, and pressure responsive means subject
‘to variations in pressure in said exhaust conduit
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for controlling the fuel flow, comprising spring
means for opposing novement of the pressure re-
sponsive means in response to increases in ex-
haust gas pressure substantially coextensively
with the range thereof, said spring means in-
cluding a more powerful component effective in
opposing movement of :the pressure responsive
means over the upper portion only of the exhaust
gas pressure range, whereby to cause the fuel
flow to vary at a slower rate over the upper por-
tion of said range than over the lower portion
thereof. o

4. In apparatus for supplying and mixing
charges for internal combustion engines, an eg~
haust conduit, an intake, means for supplying.

- fuel thereto, elastic pressure responsive means:

for controlling the fuel passage area, stop means
for limiting the movement of said pressure re-
sponsive means in both directions and determin-
ing the minimum and maximum fuel bassage
openings, means for subjecting said elastic pres-
sure responsive means to the variations in pres-
sure in said exhaust conduit, and spring means
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supplementing said resiliency for opposing move- .

ment of said pressure responsive means as the
exhaust gas pressure increases. = .

‘5. In apparatus .for supplylng and mixing
charges for internal combustion engines, an ex-
haust conduit, an intake, means for supplying
fuel thereto, pressure responsive means for vary-
ing the fuel passage opening, stops for limiting
the movement of said pressure responsive means
in both directions and determining the minimum
and maximum fuel passage openings, means for
subjecting said pressure responsive means to the
variations in pressure in said exhaust conduit,
and spring means for opposing movement of said
bressure responsive means as the exhdust gas
bressure increases, said spring means being more
effective over the upper portion of the exhaust gas
bressure range -than -over the lower portion
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thereof, whereby to vary the rate of opening of

the fuel passage in accordance with the rate of
variation of the exhaust gas pressure.

6. In apparatus for supplying and mixing j

charges for internal combustion engines, an ex-
haust conduit, an intake, means for supplying

fuel thereto, pressure responsive means subject .

to the variations in exhaust gas pressure for con-
trolling .the fuel flow, and spring means for op-.
posing movement of said pressure responsive
means as the exhaust gas pressure increases, said

125

spring means including a component providing .

appreciable opposition to the movement of said

. pressure responsive means over the upper portion

of the pressure range dand a component providing
less opposition to the said movement dver the
lower portion of said range. - I '

7. In apparatus for supplying and mixing
charges for internal combustion engines, an ex-
haust conduit, an intake, means for supplying
fuel thereto, an elastic pressure responsive ele-
ment subject to the variations in pressure in said
exhaust conduit for varying the fuel passage
opening, stop means for retaining said element
against movement beyond its elastic limits and
determining: the minimum and maximum fuel
passage openings, and a supplementing spring
for said elastic element effective over the upper
portion of the exhaust gas pressure range in op-
posing increases in exhaust gas pressure, said
spring being inactive over the lower portion of
said pressure range. . !

8. In apparatus for supplying and mixing
charges for internal combustion engines, an ex-
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‘haust conduit, an mtake, means for supplying

fuel thereto, an elastic expansible-contractible
element in communication with said exhaust con-
duit and subject to the variations in pressure
therein for controlling the fuel passage area,
stops for restraining said element against move-
ment in both directions beyond its elastic limits
and determining the minimum and maximum’
fuel passage openings, said element in the ex-
panded condition thereof being held against one
of said stops under a lesser spring tension to

-prevent fuel passage area variation at the lower

end of the exhaust gas pressure range when the
variations thereof are relatively slight, while
permitting of contraction of said element rela-

. tively early upon greater increases in exhaust gas

20

pressure, and supplemental spring means for in-
creasing the opposition to the contraction of said
element coming into action over the higher por-
tion only of the exhaust gas pressure range.

9. In apparatus for supplying and mixing
charges for internal combustion engines, an in-

-~ take, means for supplying fuel thereto, an en-
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closure, a bellows disposed within said enclosure
and secured at one end thereto, a tubular open
ended stop extending info said bellows through
the secured end thereof and exposing the interior
th,ereof to atmospheric pressure, means for ex-
posing the exterior of said bellows within said
enclosure to pressure variations, and a valve con-
nected to said bellows for controlling the fuel
supply."

10. In apparatus for supplying and mixing
charges for internal combustion engines, means
for supplying fuel thereto, an enclosure having a
removable cap, said enclosure and said cap form-
ing a single chamber, an expansible-contractible
bellows element received within said enclosure
and carried by said cap, and means connected to
said element for controlling said fuel supplying
means. ~

11. In apparatus for supnlymg and mixing
charges for internal combustion engines, an in-
take, means for subplying fuel thereto, a tubular
portion having a bearing and ferminating in a
wall portion, a cap removably secured to said wall
portion and forming therewith an enclosure, a

. bellows received within the enclosure and secured
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at one end to said cap, and a needle valve flexibly
connected to said bellows at the opposite end
thereof and slidable in said bearing for con-
trolling said fuel supplying means, said bellows .
and said valve being removable as & unit. with said
cap.

12. In apparatus for supplymg and mixing

charges for internal combustion engines, an in-

take, means for supplying fuel thereto, an en-
closure, a bellows disposed therein and secured

" at one end thereto, a tubular abutment extend-

ing into said bellows through the secured end
thereof, an open ended tubular stop extending
into said bellows through said tubular abutment,
a spring interposed between said bellows and said
abutment around said stop, and means for.con-
trolling the fuel supply from the bellows. . ..
13. In apparatus for -supplying and- nﬁ'xmg
charges for internal combustion engines, an in-
take, means for supplying fuel thereto, an en-
closure, a bellows disposed therein and secured at
one end thereto, concentric - tubular sbutments
extending into said bellows through the secured
end thereof, an open ended tubular stop extend-
ing into-said bellows through the inner of ‘said
tubular abutments, springs interposed’ between
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said springs coming into action after partial con-
traction of the bellows, and valvular means con-
nected to the bellows for controlling the fuel
supply.

14. In apparatus for supplying and mixing

charges for internal combustion engines, an ex- .

haust conduit, an intake, means for supplying
fuel thereto, an enclosure, & bellows received
within said enclosure and secured at one end
thereto, axially adjustable concentric tubular
abutments extending into said bellows through
the secured end thereof, a closure for the outer
ends of said tubular abutments, an open ended
tubular stop.carried by said closure and adjust-
able axially therein and extending into- said
bellows through the inner of said tubular abut-
ments, springs interposed between said bellows
and said tubular abutments, one of said springs
coming into action after partial contraction of
the béllows, means for subjecting the exterior
of the bellows within said enclosure therefor to
exhaust gas pressure variation, and valvular
means connected to the bellows for controlling
the fuel supply.

15. In apparatus for supplying and mixing

.charges for internal combustion engines, an ex-

haust conduit, an intake, a throttle therein,

85

']

100

means for supplying fuel to the intake, means

‘responsive to variations in exhaust gas pressure
for controlling the fuel supply, and a member

operated by the throttle for mechanically actuat-
ing said pressure responsive means to increase the
fuel supply upon opening of the throttle.

16. In apparatus for supplying and mixing
charges for internal combustion engines, an ex-
haust conduit, an intake, a throttle therein, a
nozzle for supplying fuel to the intake beyond

"the throttle, means responsive to variations.in

exhaust gas. pressure for controlling the fuel
passage opening, an air bleed communicating with
said nozzle,. a valve normally cloging' said air
bleed, and means actuated from the throttle for
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"opening the bleed valve as the throttle closes and

mechanically actuating said pressure responsive
means to enlarge the fuel passage as the throttle
opens.

17. In apparatus for supplying and mixing
charges for internal combustion engines, an ex-
haust conduit, an intake, a throttle therein,
means for supplying fuel to the intake, means
responsive to variations in exhaust gas pressure
for controlling the fuel passage area and includ-
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ing spring means for closing off the fuel passage, .

‘and a member operated by the throttle and
adapted to move said pressure responsive means

against the spﬂni tension thereof for enlarging

the fuel passage a.rea-as the throttle opens.

18. In apparatus for supplying and mixing
charges for internal combustion engines, an ex-
haust conduit, an intake, a throttle therein,
means for supplying fuel to the intake, means
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responsive to variations in exhaust gas pressure :

for controlling the fuel passage area and in-
cluding spring means for closing off the fuel pas-
sage, and a member operated by the throttle and
adapted to move said pressure responsive means
against the spring tension thereof for enlarging

140

the fuel passage area as the throttle opens, said -

member serving as a stop for preventing undue
reductions in the fuel passage area upon de-
creases in exhaust gas pressure at open throttle
positions.

19. In apparatus for supplying and mixing
charges for internal combustion engines, an ex-

145

said bellows and said tubular abutments, one of haust conduit, an intake, athrottle therein, means 150
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for supplying fuel to the intake, an element re-
sponsive to variations in exhaust gas pressure
for controlling the fuel passage area and in-
cluding spring means for closing off the fuel
passage, and plural means adapted to coact with
said pressure responsive element for mechan-
ically actuating the same, one of said plural
means being actuated adjunctively to throttling,
and the other thereof being independently ac-
tuated. in starting the engine.

20. In apparatus for supplying and mixing
charges for internal combustion engines, an ex-
haust conduit, an intake, a throttle therein,
means for supplying fuel to the intake, means

responsive to variations in exhaust gas pressure’

for controlling the fuel passage area, a cam co-
acting with said pressure responsive means, and

-.. & connection between said throttle and said cam,

2C .
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whereby to mechanically enlarge the fuel pas-
sage area as the throttle opens.

21, In apparatus for supplying and mixing
charges for internal combustion engines, an ex-
haust conduit, an intake, a throttle therein,
means for supplying fuel to the intake, means

.responsive to variations in exhaust gas pressure

for controlling the fuel passage area and includ-
ing spring means for closing off the fuel pas-

sage, cams disposed at the free end of said pres-'

sure responsive means, means for actuating one
of said cams- from the throttle to enlarge the
fuel passage as the throttle opens, and means
for independently actuating the other of said
cams for enlarging the fuel passage in starting
the engine.

22, In apparatus for supplying and xmxlng
charges for internal combustion engines, an ex-
haust conduit, an intake having a laterally dis-
posed air inlet, a throttle therein, a. fuel nozzle
extending into said intake; a fuel passage having
a metering orifice disposed in close proximity to
said nozzle, and communicating therewith, a
bearing in alignment with and beyond said me-
tering orifice, a valve slidably guided in said
bearing and cooperating with said metering ori-
fice, an énclosure beyond said bearing, an expan-
sible-contractible element disposed within said
ent;losure and connected at the inner end thereof
tosaid valve, said element having the axis there-
of disposed in alignment with said valve, and
means for subjecting the exterior of said element
to the pressure variations in said exhaust conduit.

-23. In apparatus for supplying and mixing
charges for internal combustion engines, an ex-

‘haust conduit, an intake having a laterally dis-

posed air inlet, a pivoted throttle therein, a fuel
nozzle extending into said intake beyond said
throttle, a fuel passage having a metering orifice
disposed transversely of and communicating with
said nozzle at the side -thereof opposite said
throttle, a bearing in alignment with and be-
yond said orifice, a valve slidably guided in said
bearing and cooperating with said metering ori-
fice, an enclosure beyond said. bearing, an ex-
pansible-contractible element disposed within
said enclosure and connected at the inner end
thereof to said valve, said element having the

axis thereof disposed in alignment with said
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valve, méans for subjecting the exterior of said
element to the pressure variations in said ex-
haust conduit, a shaft disposed in parallelism

“with the pivot of said throttle and extending

into sald enclosure in fluid tight relation there- 80
to, a member on the inner end of said shaft
adapted to coact with said element for contract- - -
ing the same, and a link connection between
said throttle and said shaft, whereby to supple-

ment the exhaust gas pressure mechanically in

.causing enlargement of the fuel passage opening

upon opening movement of the throttle.

24. In apparatus for supplying and mixing
charges for internal combustion enginés, an ex-
haust conduit, an intake, means for supplying -
fuel to the intake, pressure responsive means for
controlling the fuel supply, and tubular means
for transmitting the pressure variations from
said exhaust conduit to said pressure responsive
means including an enlarged portion contiguous
to said exhaust conduit and a smaller portion
contiguous to said pressure responsive means,
said. smaller portion having a relatively con-
stricted part forming an orifice adapted to smooth
out pulsations in exhaust gas pressure. - 100

25. In apparatus for supplying and mixing
charges for internal combustion engines, an ex-
haust conduit, an intake having a laterally dis-
posed air inlet, a pivoted throttle therein, a fuel
nozzle extending into said intake beyond said 105
throttle, a fuel passage having a metering ori- -
fice disposed transversely of and communicating
with said nozzle at the side thereof opposite said
throttle, a bearing in alignment with and be-
yond said orifice, a valve slidably guided in said 117
bearing and cooperating with said metering ori-
fice, an enclosure beyond said bearing, an ex-
pansible-contractible element = disposed within ;
said enclosure and connected at the inner end ™ - .
thereof to said valve, means for subjecting the 115
exterior of said element to the pressure variations
in said exhaust conduit, a shaft disposed in par-
allelism with the pivot of said throttle and ex-
tending into said enclosure in fluid tight relation -
thereto, a member on the inner end of said shaft 227
adapted to coact with said element for contract-
ing the same as the throttle opens, a link con-
nection between one end of said throttle and .
said shaft, an air bleed passage communicating
with said nozzle, a valve controlling said air i25
bleed passage, and means on the opposite end
of sald throttle for actuating said valve to open’
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_the same as the throttle closes.

26. In, apparatus for supplying and mixing.
charges for internal combustion engines, an in-
take, air controlling means therein, means for
supplying fuel to the intake beyond said air con-
trolling means, means for controlling the fuel
passage opening, an air bleed passage communi-
cating with said fuel supplying means, valvular
means for controlling said air bleed passage ad-
junctively to throttling, and an auxiliary per-
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. manently open air bleed into said air. bleed pas-

sage ‘for preventing passage of fuel thereinto
when said valvilar mea.ns is closed /.
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