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1

The present inveniion relates to carburetors for
internal combustion engines, and particularly to
means for controlling the fuel-to-air ratio in such
carburetors. . : : :

Modern carburetors for use on alrcraft engines

are usually provided with a manual control de-
vice whereby the pilot or some other member of
the aircraft crew may select either a rich or lean
fuel-to-air ratio. The usual practice is for the
pilot to sclect a rich fuel-to-air ratio under con-
ditions of high power output, such as take-off or
combat conditions, and to select the lean fuel-to-
air ratio under normal flight conditions in order
to conserve the supply of fuel. The rich fuel-to-
air ratio is also selected under adverse engine
cooling conditions, since an' engine runs cooler
with a rich mixture than with a lean mixture,

It is desirable under maximum power output
conditions to use a predetermined fuel-to-air ra-
tio which is the best under those conditions, and
to use that ratio regardless- of the position in
which the manual control is placed. It is, there-
fore, desirable to provide some means which sets
the fuel-to-air ratio at a predetermined value at
maximum power output.

It is customary to provide means for enriching

the mixture of fuel and air when the load on the
engine exceeds a predetermined value, regardless
of the position in which the manual control is
set. It has been suggested, in the co-pending
application of Scott F. Hunt, Serial No. 498,151,
filed August 11, 1943, to provide means whereby
the enrichment of the fuel and air mixture takes
place at different values of engine load when the
manual mixture control is in its different posi-
tions. .

It is therefore an object of the present inven-
tion to provide a carburetor including a manual
control by which a lean fuel-to-air ratio or a rich
fuel-to-air ratio may be selected, and improved
means which operates when the load on the en-
. gine exceeds a predetermined value to provide a
definite predetermined fuel-to-air ratio regard-
less of the position of the manual control.

Another object of this invention is to provide an
improved mixture control device of the iype
shown in the co-pending application of Scott F.
Hunt, previously referred to.
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trol means for increasing the fuel-to-air ratio at
different predetermined values of engine load de-
pending upon the position of the manual control,
and means for establishing a predetermined value
for the fuel-to-alr ratio at maximum engine load
regardless of the position of the maxnual control.

Other objects and advantages of the present
invention will become apparent from a considera-
tion of the appended specification, claims and
drawing, in which

Figure 1 illustrates, somewhat diagrammati-
cally, a carburetor for an aircraft type internal
combustion engine including a mixture control
and jet system built.in accordance with the prin-
ciples of my invention, ‘

Figures 2 and 3 illustrate two different posi-
tions of a mixture control valve mechanism used
in the carburetor of Figure 1,

Figure 4 is a graphical illustration of fuel-to-
air ratio characteristics which are obtainable with
the carburetor of Figure 1,

Figure 5 illustrates a modified form of jet sys-
tem which may be used with the carburetor of
Figurel,

Figure 6 illustrates graphically certain fual-to-
air ratio characteristics which may be obtained

‘by the use of the jet system of Figure 5,

Figure 7 illustrates a mixture control valve
mechanism which may be used in place of the
mixture - control valve mechanism of Figure 1
when any of the jet systems shown in Figures 8,
9, 10, 11 and 14 are used in place of the jet system
of Figure 1, .

Figures 8, 9, 10, 11 and 14 illustrate modified
forms of jet systems utilizing the principles of
my invention, which may be used in place of the
jet system of Figure 1, and

Figures 12 and 13 illustrate modifled forms of

~ mixture control valve mechanisms. and jet sys-

40

Another object of the invention is to provide a

carburetor including a manual control for select-
ing a lean or rich fuel-to-air ratio, an enrich-
. ment control for increasing the fuel-to-air ratio
at a predetermined value of engine load, and im-
proved means for causing the enrichment control

to operate at different values of engine load when -

the manual control is in its different positions.

A further object of the present invention is to
provide g carburetor including manual control
selectively movable to positions corresponding to
lean and rich fuel-to-air ratics, enrichment con-
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tems which may be used in place of the corre-
sponding elements of Figure 1.

Figure 1

Referring to the drawing, there is shown a body
10 of a carburetor for an internal combustion en-
gine of an aircraft. Air enters the carburetor
body 10 at an inlet (2 and flows thru'a Venturi
restriction 14 and a passage 15, past a throttle
16 and a fuel discharge nozzle {8 to an outlet 20.
A supercharger may be provided between the out-
let 20 and the- intake manifold of the engine.
In certain- cases the supercharger may be up-
stream from the inlet (Z, or two superchargers
may be used, one in each place.

The Venturi restriction 14 produces a pressure
differential between the inlet 12 and the throat
of the restriction which varies substantially in
accordance with the square of the velocity of the
air passing thru the restriction. Since the cross-
sectional area of the venturl is constant, this
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pressure differential may be taken as'a measure
of the volume of air flowing thru the passage per
unit time.

" In order to obtain a pressure differential vary-
ing as a function of the mass of air per unit time
flowing thru the venturi {4, the pressure differ-
ential between entrance 12 and the throat of
venturi 14 is vtilized to create an air flow thru
a secondary air passage extending from entrance
12 to the throat of venturi 14. A plurality of im-
pact tubes 22 are provided, whose open ends pro-
ject-into the entrance 12 to receive the impact
of the entering air. The secondary air passage
may be traced from entrance 12, thru tubes 22, a
passage 24 inierconnecting the impact tubes, a
conduit 26, a chamber 28 in s pressure meter gen-
erally indicated at 38, a restriction 32, a chamber
34 in the fuel meter 30, a conduit 36, past a valve
38 into a chamber 40, and thence thru a conduit
42 to the throat of venturi (4. )

The valve 38 is operated by a sealed bellows
44 mounted in the chamber 49, The bellows 44
is fixed at one end, so that the position of the
free end, to which valve 38 is attached, varies in
accordance with the air pressure in the chamber
40. The bellows 44 is preferably filled with nitro-
gen or some other suitable temperature respon-
sive fluid, so that the position of valve 38 varies
not only with the pressure but with the temper-
ature .of the air in the chamber 40, and hence
with the density of that air.

In the secondary air passage, the pressure dif-
ferential between the entrance (2 and the throat
of venture 4 is divided into two component pres-
sure drops, one across the restriction 32 and the
other across the valve 38. The valve 38 is posi-
tioned in accordance with the density of the air
flowing thru the passage 15. Valve 38 is moved
toward open position as the air density increases
and toward closed position as the air density de-
creases. If the volume of air flowing per unit
time thru passage {5 remains constant while its
density decreases, then the mass of air is de-

' creased, but the pressure differential set up by the
venturi 14 remains constant. However, the move-
ment of valve 38 toward closed position causes
the component pressure drop across valve 38 to
increase, and the component pressure drop across
restriction 32 to decrease, reflecting the decrease
in the mass of  air flowing., By proper design
of valve 38, the pressure drop across restriction
32 may be made to vary substantially in accord-
ance with the mass of air flowing thru passage (5.

This pressure differential across restriction 32
acts on a diaphragm 46 which separates the
chambers 28 and 34. The force applied to dia-

. phragm 46 is transmitted to a valve 52, on which

it acts in an opening direction.

The fuel enters the carburetor from a fuel pump
or other source of fuel under superatmospheric
pressure. It flows thru a conduit 50, a valve
52 in the fuel meter 30, a chamber 82; a conduit
56, a mixture control valve mechanism gener-
ally indicated at 58, a jet system 60, an idle valve
123, a conduit 62, a valve 64 in a pressure regu-
lator 66, and a conduit 68 to the fuel discharge
nozzle 18,

The fuel meter 30 includes a diaphragm 86
separating chamber 34 from chamber 82 and a
diaphragm 88 separating chamber 28 from a
chamber 90.° A spring 92 biases the valve 52
toward open position.

The chamber 90 is connected thru a conduit
94 to the fuel conduit 62 downstream from the
jet system 60. The pressure -in chamber 82 is

the same as that in the fuel line upstream from
the jet system. For any given constant cross-
sectional area of the fuel passages thru the jet
system §0, the pressure differential across it is
2 measure of the fuel flow thru it. This pressure
differential is applied thru diaphragms 86 and
88 of the fuel meter 30 to the valve 52, on which

it acts in g closing direction.
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From the foregoing, it may be seen that the
valve 52 is positioned in accordance with the
balance between two forces, one of which varies
in accordance with the mass of alr entering the
carburetor, and the other in accordance with
the mass of fuel entering the carburetor. The
valve 52 controls the pressure o.: the upstream
side of the yet system 60. "The pressure on the
downstream side of the jet system is maintained
substantially constant by the regulator 66, and
therefore it may be stated that the valve 52
controls the pressure differential across the jet
system. -The valve 52 controls the pressure dif-
ferential across-the jet system in & manner to
balance the fuel pressure differential against the

alr pressure differential acting on diaphragm 46.

If the air and fuel pressure differentials are
not-balanced, the valve 52 is moved in a direc-
tion to restore a condition of balance.

The pressure regulator 66 includes a pair of
expansible chambers 96 and 98 separated by a
flexible diaphragm {00, which is attached at its
center to the valve 64. A spring 102 biases the
valve 64 toward closed position.  The chamber
96 is connected thru a conduit {08 to the con-
duit 26 and thence thru the passage 24 and im-
pact tubes 22 to the air entrance 12. The cham-
ber 98 is connected to the conduit 62.

The mixture control valve mechanism 58 in-
cludes a disc valve 106 fixed on a shaft §08.
The valve {06 controls the flow of fuel thru ports
opening into.conduits {10, 1Il and 112, which
lead into the jet system 60. When the valve
106 is in the position shown in Figure 1, fuel
can. flow thru both the conduits {10 and (1{2.

- This is known as the *“rich” position of the mix-
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"may flow are the restrictions 114,

5

ture control valve mechanism. When the valve
106.is in the position shown in Figure 2, the fuel
can flow -thru- conduits 110 and ({l. This is
known as the “lean” position of the valve mech-
anism 58. When the valve 106 is in the position
shown in Figure 3, fuel cannot flow thru any of
the conduits. This is known as the “cut-off”’ posi-
tion of the mixture control valve mechanism 58.

The conduit (10 conducts the fuel either thru
a fixed restriction or jet 114, or thru a restric-
tion (1§ controlled by an enrichment valve (18
biased to closed position by a spring 120, The
conduit 112 conducts fuel to a fixed restriction
122.  Fuel flowing thru the restrictions 116 and
122 also flows thru another restriction: 124.

Fuel flowing thru the conduit {1 passes thru
a restriction 130 controlled by an enrichment
valve 132 which is biased to closed position by a
spring 134,

Operation of Figure 1

As previously pointed out, the fuel meter 30
controls the fuel pressure differential across the
mixture control 58 and the jet system 60 in pro-
portion to the rate of flow of air thru the air
passage 5. When the valve mechanism 58 is in .
the position illustrated in Pigure 2, the only re-
strictions in the jet system thru which the fuel
1i6 and 130.
Of these, the restrictions (16 and 130 are closed
by the valves 118 and 132, respectively. Under
these- conditions, the variation of the fuel-to-air
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ratio with changes in air flow is that illustrated
by the curve A in Figure 4. At intermediate
values of alr flow, the fuel-to-air ratio is sub-
stantially constant, since the only restriction open
to the flow of fuel is the fixed restriction (4,
When the air flow exceeds a value indicated by
‘the abscissa B in Figure 4, the fuel pressure dif-
ferential increases to a point where it overcomes
the spring 120 and opens valve {18. The open-
ing of vaive 118 steadily increases as the air flow
increases beyond this value, resulting in a vari-
ation of the fuel-to-air ratio as indicated between
the. points C and D in Figure 4. When the air
flow reaches a value equivalent to the abscissa at
point D, the fuel pressure differential becomes
large enough to overcome spring 134 and open
valve 132. The fuel-to-air ratio then follows
the curve illustrated between the points D and E
of Figure 4. The point E corresponds to maxi-
mum power output, or take-off conditions. ’

When the mixture control valve mechanism 83
is in the position illustrated in Figure 1, the fuel-
to-air ratio varies with the air flow as illustrated
by the characteristic F in Figure 4. At inter-
mediate values cof air flow, both the fixed restric-

l
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tions 114 and $22 are open, so that the constant

value of the fuel-to-air ratio is greater than that.

obta‘ned when only the restriction 114 is open.
When the air flow reaches the value indicated by
abscissa B, the pressure drop across the valve
118 is slightly less than the total fuel pressure
differential, due to the pressure drop thru re-
striction 124, Therefore, the valve I8 does not
open until the air flow reaches a slightly higher
value, as indicated at G. After valve 118 opens,
the fuel-to-air ratio then increases along the
curve illustrated between the points G and E.
The restriction 124 is provided to limit the maxi-

mum rate of fuel flow which may take place thru .

~ the restrictions 116 and {22, when both are open.
" The restriction #24 is larger than either of the
restrictions 116 and 122 alone, and, therefore, has
little or no limi{ing action when only one of
those two restrictions is open. When both are
open, however, it tends to limit the maximum
flow. and causes the flattening out observed near
the right end of the curve between the points G
and E of Figure 4.
At low air flows, such as are encountered under
idling conditions, the pressure differential set up
by the venturi 14 tends to be erratic, and is not a
reliable indication of the air flow. Provision is
made to control the fuel flow in accordance with
the throttle position at such times. The spring
92 in fuel meter 30 acts on the valve 52 in an
opening direction. When the differential pres-
sure acting on diaphragm 46 is small, as under
low air flow conditions, the spring 92 becomes the
predominating force acting on valve 52. The
valve 52, therefore, tends to open, increasing the
pressure differential across the jet system be-
yond that which would be produced if the fuel
pressure differential were maintained propor-
tional to the air flow, ’ )
The idle valve 125 is pivotally attached to a
lever 126, whose opposite end is connected by a
link 127 to an arm 128 fixed on the shaft 129 of
throttle 16. The idle valve is normally wide open
when the throttle is beyond the idling range of
positions, near its closed position. As the throt-
tle moves into the idling range, the idle valve .125
moves toward closed position. At the same time,
the spring 92 produces an opening movement of
valve 52. The valve 52 is opened sufficiently so
that its restrictive effect on the fuel flow is less
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than that of the idle valve i25. Therefore, the

fuel flow under idling conditions is contrclled

primarily by the valve 125 {n accordance with tne
throttle position, rather than by the -pressure
meter 30, in accordance with the mass of air en-
tering the engine. The idle valve 12§ is con-
toured so as to cause the enrichment of the
fuel-to-air ratio illustrated at the leit end of
the curves A and F in Figure 4. . '

Figure 5

There is illustrated in Figure 5 in modified form
a jet system generally indicated at 160, which may
be used in place of the jet system 63 of Figure 1.
In Figure 5, the parts of the system which are
the same as the corresponding parts of Figure 1
have been given the same reference characters,
Generally speaking, the restrictions fed by the
conduits 110 and {11 are the same as the corre-
sponding restrictions in passages of Figure 1.
The restriction 122, however, has in parallel with
it a restriction 162 controlled by an enrichment
valve 164 biased to closed position by a spring (671,
The restrictons 122 and 162 deliver fuel into a
chamber 166 which is ccnnected thru a valve 163
and a conduit {10 to a jet system outlet conduit
1712. The valve 168 is of a rotatable cylindrical
type, and is movable to a position wherein the
fuel discharged from chamber 166 passes thru
the restriction 124 instead of passing thru con-
duit 170 to the conduit 172. .

When the valve 168 is in the position shown in
full lines in the drawing, the fuel-to-air ratio
characteristics obtained are those illustrated in
Figure 6. The curve H in Figure 5 illustrates the
characteristic obtained when the mixture con-
trol valve mechanism is in its “iean” position, as
illustrated in Figure 2. Only the conduits 119
and {11 are then open to the flow of fuel. It
should be noted that the curve H of Figure 5 is
generally similar to the curve A of Figure 4. The
various elements cooperate in the same way to
produce the curve H of Figure 6 as they did to
produce the curve A of Figure 4, and it is believed
that further discussion of this particular char-
acteristic is unnecessary.

When the mixture control valve mechanism 58
is moved to the position iliustrated in Figure I,
however, the fuel-to-air ratio characteristic fol-
lows the curve J of Figure 6. It should he noted
that the curve J starts to rise at an abscissa L,
which is substantially to the left of the abscissa
K where the curve H starts to rise. This differ-
ence is caused by the design of spring 161, which
is weaker than spring 120, and therefore allows
its associated valve to open at a lower fuel pres-
sure differential than that at which valve 18
opens. : :

When the valve 168 is rotated to the position il-
lustrated  in dotted lines in the drawing, the
characteristics obtained are the same as those
illustrated in 156, except that the curve J flat-
tens out more quickly at its right end.

Figures7and 8

There is illustrated in Figure 7 a mixture con-
trol valve mechanism 115, which may be used in
place of the mixture control valve mechanism 58
of Figure 1 when one of the jet systems illus-
trated in Figures 8, 9. 10, 11 and 14 is used in place
of the jet system 60 of Figure 1.

The mixture control valve mechanism 178 in-

cludes a disc valve 176 fixed on a rotatable shaft

118. The valve 176 controls the flow of fuel from
a.conduit 56, which may be the conduit 53 of
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Figure 1, mto & pair of fuel inlet passages (B0
and (82. The valve 116 is shown in full lines: in
its “rich” pos'tion, in which both conduits 80
and (82 are open. The valve {16 is shown in
dotted lines in its “lean” position, wherein only
the conduit 180 is open.

Fuel entering the jet system 209 of Pigure 8
thru conduit 80 passes into & chamber {84,
and then may- flow either thru a fixed restric-
tion 186 to an outlet passage 188 or thru g fixed

restriction 180 in series with g variable restric--

tion {92. The restriction 192 is controlled by &
valve 194 which is moved in an opening direction
by the pressure drop across the valve, and biased
to closed position by a spring §86. The valve

{94 is provided with & small fixed orifice -198,
which is not closed when the valve 184 rests on
its seat,

Fuel entermg the jet system 200 thru passage
{82 passes thru a fixed restriction 202 into the
chamber {94.

The fuel-to-air ratio characteristics oblained
with the jet system of Figure 8 are illustrated
in Figure 8A. When the valve mechanism {19
is in its “lean” position, the fuel-to-air ratio fol-
lows the curve M, When thé valve mechanism
1715 is in its “rich” position, the fuel-to-air ratio
follows the curve N. The valve 94 is an enrich-
ment valve, and it will be noted from g compari~
son of curves M and N of Figure 8A that valve {34
opens at a higher air.flow indicated by the ab-
scissa 204 when the valve mechanism i15 is in
its “lean” position, and at lower value of air
flow indicated by the abscissa 206 when the valve
mechanism 175 is.in-its “rich” position. The dif-
ference between these two abscissas is deter-
mined by the design of the restrictions {98 and
202.

“¥hen the mixture control is in its “lean’” posi-
tioa, the total fuel pressure differential ‘across
the jet system is applied across the restrictions
19 and 198 in series. The total fuel pressure
differential may be considered as being separated
in=o two component pressure drops, one across
restriction §90 and the other across restriction
198. The relative magnitudes of these two pres-
sure drops are in inverse proportion to the cross-
sectional areas of the two restrictions. The pres-
sure drop across restriction 188 is some prede-
termined proportion of the total fuel pressure
differential. The valve 184 opens when the total
fuel pressure différential increases to ‘a point
where this proportlon is great enough to over-
come spring 196.

When both inlet passages: (88 and 82 are !

open, the pressure in the chamber 19i is in-
creased, since it is now connected to the upstream
side of the jet system thru the two parallel re~
strictions 190 and 202. Therefore, the pressure
drop across valve 192 is now a greater proportion
. of the total fuel pressure differential than it was
when the fuel inlet passage 182 was closed, Con-
sequently, the pressure drop :across -restriction
198 now becomes sufficient to overcome spring
196 at a lower value of total fuel pressure differ-

ential than- was the case under the previous con- -

ditions. ¥ *
- Figure 9

There is 111ustrated in Figure 9 a jet system
210, by which the same: fuel-to-air ratio charac-
teristics may be obtained as those obtained by the
jet system 260 of Figure 8. In Figure 9, the fixed
restrictions 186 and 202 are the same as the cor-
responding restrictions of Figure 8. - The variable
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restriction 192 of Figure 8 is replaced by a fixed
restriction 212, and the fixed restriction 18C of
Figure 8:is replaced by a variable restriction 214
controlled by & valve 2i6. The valve 216 is at-
tachied to a stem 2{8 whose upber end is at-
tached to a piston 220, A spring 222 above the
piston 220 biases the valve 216 to closed position.
The chamber on the upper side of piston 220 is
connected thru g passage 224 to the outlet of
the jet system.

The total fuel pressure differential across the
jet system acts in a valve opening direction on
the piston 226, and is opposed by the spring 222
and by the pressure drop across valve 218 acting
on the area of that valve, which is.smaller than
the arez of piston 226, When the inlet passage
182 is closed, the pressure drop across valve 218,
when closed, is'the same as the total fuej pres-
sure - differential, because there 'is no fdow, and
hence no pressure drop, thru restriction 2(2
Therefore, when the total fuel pressure differ-
ential exceeds g value determined by the relative
areas of pistoni 220 and valve 216, and also by the
strength of spring 222, the spring is compressed
and the valve opens.

When the inlet passage (82 is open the pres-
sure drops across valve 218 is less than the total

- fuel pressure differential by the amount of the

30

35

40

pressure drop across restriction 212. Therefore,
the force holding the valve 216 closed is smaller
and consequently it opens at a lower value of fuel
pressure differential than is the case when the
inlet passage 182 is closed.

- Figure 16

. There is illustrated in. Figure 10 a jet system
240 which may be used in place of the jet systems
shown in Figures 8 and 9, and which produces the
same fuel-to-air ratio characterlstlcs which are
illustrated in Figure 8A.

In the jet system 248, the restrictions 186, 202
and 2{2 are the same as the corresponding re-
strictions of Figure 9. The inlet and cutlet pas-

- sages are also the same and have been given cor-
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responding reference characters. There is also
provided in the jet system 240z chamber 242
connected to the inlet chamber 188 by a restric- .’
tion 248 and connected to the inlet passage 182
by a restriction 246. Fuel may be discharged
from the:.chamber 242 thru a restricted passage
248 controlled by a valve 250, which is biased to
closed position by a spring 252,

When fuel inlet passage 182 is closed, fuel flows
from inlet passage 180 either directly thru re-
striction 186 to outlet passage 188 or thru re-
striction 244, chamber 242, restriction 246, re-
striction 202, chamber (81, and restriction 212 to
outlet passage (88. Under these conditions, the
pressure drop which acts on valve 250 in an

opening direction is & predetermined proportion

of the total pressure differential. This propor-
tion was established by the relative areas of the
restrictions 244, 246, 202 and 212,

When the inlet passage {82 is open, both re-
strictions 244 and 246 serve as inlets to the
chamber 242, thereby increasing the pressure in
that chamber and increasing the proportionality
between the pressure drop across valve 250 and
the total fuel pressure differential. The valve 250
is then opened at a smaller value of fuel pressure
differential than in the previous case.

Figure 11

The jet system 260 illustrated .in Figure 11 in-
cludes restrictions {86, 212 and 202, which are
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substantially the same as the corresponding re-
-strictions of Figure 10. In Figure 11, the inlet
passage 180 su-plies fuel directly to a restriction
262. The restriction 262 opens into a chamber
264. The chamber 264 is connected thru a re-
striction 266 to the inlet passage 182. A check

valve 268 closes the restriction 266 whenever the -

pressure.in chamber 264 is higher than that in
inlet passage 182. A restricted passage 270 leads
from chamber 264 into chamber {91. The pas-
sage 210 is controlled by a valve 272 biased ‘to
closed position by a spring 214. :

When the inlet pascage 182 is closed, the check
valve 268 closes restriction 266, and the pressure
drop acting in an openirg direction on valve 212
is some predetermined proportion of the total
fuel pressure differential which is establ’shed by
the relative magnitudes of restrictions 262 ard
186. When the inlet passage 182 is also op n,
the check valve 268 opens and increases the pres-
sure in chamber 264, while the pressure on the
downstream side of valve 212 remains substan-
tially the same. Therefore, the pressure drop
across the valve 212 is now g grea‘er provortirn
of the total fuel pressure differential than was the
case previously and, therefore, the valve 272 opens
at a lower value of the total fuel pressure d:ffer-
ential.

Figure 12

There is shown in Figure 12 a m'xtu-e control
valve mechanism 300 and a jet system 332, which

may be used in place of the cerresponding ele-

ments of Figure 1. The arrangements shown in
Figure 12 provide a set of fuel-to-air ratio char-
acteristics similar to those shown in Figure 6.
In the jet system of Figure 12, the inlet passage
{11 and the valve 132 correspond to the elements
bearing the same reference characters in Fig-
ure 1, and the function of these elements is the
same,.
The valve mechanism 300 includes & disc valve
. 308 which controls ports leading to inlet rassages
111, 306, 308 and 3i0. When the disc 334 is'in
its “rich” position, shown in full lines in the
drawing, the three inlet passages 306, 308 and
310 are all open. When the valve 304 is in’its
“lean” position, shown in dotted lines in the draw-
ing; the inlet passages 306 and (i{ are open,

. ,10

greater rroportion of the total pi'éssufe differen-

. tial acress the jet system than was the case when,
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only the inlet passages 306 and fi{ were open.
Therefore, the valve 320 opens at a lower value
of fuel pressure differential. - .

Figure 13

- There is shown in Figure 13 a mixture control
valve mechanism 330 and a jet system 332, which
may be used in place of the mixture control and
jet system of Figure 1. In the jet system of Fig-
ure 13, the restrictions 186 and 212 correspond %o
the same restrictions in the previous flgure.

The mixture control valve mechanism 330 in-
cludes & valve 332 attached to a shaft 334. When
the ‘valve 332 is in its “rich” position, shown In’
full lines in the drawing, two inlet passages 335
and 338 are open. When the valve 332 Is in its
“lean” position, shown in dotted lines in the draw-
ing, two inlet rassages 340 and 342 are open.
The inlet passage 336 leads tru a restricti-n
344 into a chamber 346, and the inlet passage-
338 leads thru & restriction 848 into a chamber
350. The inlet prssage 340 leads thru a restrie-
tion 352 to the chamber 358, and the inlet pas-
sage 342 leads thru a restriction 354 to the cham-
ber 346. The chamber 346 is connected thru the
fixed restriction 86 to the outlet passage 183.
The chamber 34§ is also connected thru a pas-
sage 356 controlled by an enrichment valve 328
which is biased to closed position by a spring 350.

. The pressure drcp thru the passage 356 acts on
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In the jet system 802, the jets or restrictions '

186, 202 and 212, and the chamber 191, function
in the same manner as the corresponding ele-
ments of Figure 9. Fuel entering the jet system
thru the inlet passage 306 passes’ thru a fixed
restriction 312 into a chamber 314. Fuel enter-
ing the jet system thru the inlet passage 308
passes thru a fixed restriction 316 into the cham-
ber 314. Fuel entering the jet system thru the
inlet passage 310 passes thru the fixed restric-
tion 202 into the chamber 191. A restricted pas-
sage 318 connects the chambers 314 and 191, and
is controlled by a valve 320 biased to closed po-
sition by a spring 322 and movable to open ro-
sition by the pressure drop across the passage
318,

When the mixture control 300 is in iis “lean”
position, the inlet passages 308 and 310 are closed,
and the pressure in chamber 19{ is substantially
the same as the outlet pressure of the jet sys-
tem. The pressure drop across passage 318 is
then determined by the relative sizes of the re-

strictions 312 and 186. When the mixture con-

_trol is in its “rich” position, the inlet passage 338
leading thru restriction 316 is open and the pres-
sure in chamter 314 is thereby increased. The
pressure drop across valve 320 then becomes a
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Y chamber 346 is, therefore, higher,

the valve 858 in an opening direction. The pas-
sage 856 leads into chamber 350, connected to the
outlet passage 188 of the jet system by the re-
striction 212,

When the mixture control is in its “lean” po-
sition, the chamber 346 is fed thru the relative-
ly small restriction 358, and the pressure drop
across valve 358 is a certain predetermined pro-:

- portion of the total fuel pressure differential, de-

pending upon the relative sizes of restrictions 354
and 186. ‘When the mixture control is in its “rich”
position, the chamter 346 is fed thru the rela-
tively large restriction 344, and the pressure in
Consequent-
ly, the pressure drop across valve 858 is now &

“greater proportion of the total fuel pressure dif-

ferential than before, and the valve 358, there-

fore, opens at a lower value of the total pressure

differential. ‘ :
Figure 14

There is shown in Figure 14 a jet system 380,
which may be used in rlace of the jet system 60
of Figure 1. The mixture control valve mecha-
nism 115 of Figure 7 should be used with the jet
system of Figure 14. The jet system of Figure
i4 is similar to that of Figure 1 except that the
restriction 130 and its associated control mecha-
nism has been omitted and additional control
mechanism is provided for the enrichment valve
118 in the restriction 116, This additional con-
trol mechanism consists of a chamber 382 formed
between a diaphragm 384 and a cover 383 which

"is attached by any suitable means to the jet sys-

tem. The chamber 382 is connected to the inlet

_passage 180 thru a branch pacsage 388 having the

restriction 890 in it. 'The chamber 382 is con-
nected to the inner passage 182 by branch pas-
sage 392 having a restriction 394 in it. A spring
396 Liases the diaphragm 384 in a direction so

. that it tends to engage the end of the stem 398 of

- valve 118,
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When the mixture control is in its “lean” posi-
tign, fuel may flow from inlet passage 180 thru
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passage 388, restriction 899, chamber 882, restric-
tion 8894, branch passage 892, restriction (22,
chamber (8§, and restriction (24 to outlet pas-
sage (88, ~The passage drop across diaphragm
$84 acts In & direction to compress spring 386
and to maintain diaphragm 324 free of the end
of valve stem 388. The particular vaiue of total
pressure differential at which valve: 1(8 opens is
then determined by the ares of valve { {8 and the
strength of spring 128.

When the mixture control is i ifs “rich” posi-
tion, both inlet passages 180 and 182 are open,
and fuel may then enter chamber 382 thru either
restriction 858 or $94. The pressure in chamber
362 is then substantially equal to the pressure in
the inlet passages §86 and 182, There is then
no pressure drop across the diaphragm 888 and
the spring 396 moves the diaphragm 388 down-
wardly until it engages the end of valve stem §88.
The force of spring 128 tending to hold valve (18
closed is then partially opposed by the force of
spring 3968 tending to open it. Therefore, it takes
a smaller value of total pressure differential to
open valve 18 and enrich the fuel flow.

While I have shown and described certain pre-
ferred embodiments of my invention, other modi-
fAcsiions thereof will readily oceur-to those skilled
in the art, and I therefore intend my invention
to be limited only by the appended claims. .

I claim ss my invention: .

i, A fuel supply system for aun internal com-
pustion engine, comprising a conduit for fuel
fiowing to said engine, 8 jet system including a
plurality of interconnected passages and restric-
tions in said conduit for regulating the flow of
fuel therethru in gccordance with the fuel pres-
sure differeniial across said jet system, means
for varying said fuel. pressure differential, a
chamber in said jet system, a passage including
at least one of sald restrictions connecting said
chamber and said fuel conduit at one side of said
jet system, second and third restrictions in par-
allel connecting said chamber and said fuel con-
duit at the other side of said jet system, a valve
subject to the. pressure in said chamber and
adapted to be moved in an opening direction by
said pressure for controlling one of said three
restrictions, means biasing said valve to closed
position, and valve means selectively movable
between 2 first position wherein only one of said
two parallel restrictions is open and a first pre-
determined relationship between said fuel pres-
sure differential and the fuel fiow thru said con-
duit is established and & second position wherein
both said parallel restrictions are open and a
second predetermined relationship between said
' fuel pressure differentiai and the fuel flow thru

sald conduil is established, sald valve means
" being effective to vary the relationship hetween

said pressure differential and the pressure in said
chamber so that when said valve means is in said
first - position said valve opens when said fuel

- pressure differential exceeds a first predeter-
mined value, -and when said valve means is in
said second position said valve opens when said
fuel pressure differential exceeds a second pre-
determined value lower than said first predefer-
mined value, . _

2. A fuel supply system for an jnternal com-
bustion engine, -comprising -8 conduit for fuel
flowing to said engine, 5 jet system including a
plurality of passages and restrictions in said con-
duit for regulating the flow of fuel therethru in
accordance with the fuel pressure differential
across said jet system, means for varying said
fuel pressure differential, a chamber in said jet

b
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system, a passage including at least one of said
restrictions . connecting said chamber and said
fuel conduit at one side of said jet system, second
and third restrictions in parallel connecting said
chamber and said fuel conduit -at the other side
of said jet system, a valve in one of said three
restrictions for controlling the flow of fuel there-
thru, said. valve being subject to the pressure
in said chamber and adapted to be moved in an
opening direction by said pressure, means biasing
said valve to closed position, and valve means

“ selectively ~movable between @ first. position
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wherein only one of said two parallel restrictions
is open and a first predetermined relationship
between said fuel pressure differential and the
fuel flow thru said conduit is established and a
second position wherein both said parallel restric-
tions are open and a second predetermined rela-
tionship between said fuel pressure differential
and the fuel flow thru said conduit is establizhad,
said valve means being effective to vary the rela-
tionship between said fuel pressure differential
and the pressure differential which operates said
valve so that when said valve means is in said
first and second positions, said valve opens said
one restriction when said fuel pressure differen-
tial “exceeds first and -second predetermined
values, respectively.

3. A fuel supply system for an internal com-
bustion engine, comprising & conduit for fuel
flowing to said engine, a plurality of parallel re-
stricted passages in said conduit for regulating
the fiow of fuel therethru in accordance with the
fuel pressure differential across said passages.
means for varying said fuel pressure differential,
manually operable valve means for selectively
opening said passages to the flow of fuel and
movable between, & first position wherein a first
of said passages is open snd & first predetermined
value is established for the total cross-sectional
area of the open passages and a second position
wherein said first passage and a second passage
are open and & second predetermined value
greater than said first predetermined value is
established for said fotal cross-sectional area, first
means to incerease said total cross-sectional area
when said valve means is in said first position and
said pressure differential exceeds a first prede-

" termined value, second means to increase said
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total cross-sectional ares when sald valve means
is in'said second position and said pressure differ-
ential exceeds a second predetermined value
lower than said first predetermined value, a third
passage controlled by said manually operable
valve means.and opened thereby when said valve
méans is in said first position, a valvein said third
passage and subject to said pressure differential
acting thereon in an opening ‘direction, a spring
hiasing said valve to closed position and effective
to maintain said valve closed until said pressure
differential exceeds a third predetermined value
higher than said first and second predetermined
values, said valve being effective when said manu-
ally operable valve means is in said first position
and. said pressure differential exceeds a fourth
predetermined value greater than said third to
increase said total area to an amount substan-
tially equal to that obtained when said mahually
operable valve means is in said second position
and said pressure differential exceeds said fourth
predetermined value.

4, A fuel supply system for an internal com-
bustion engine, comprising a conduit for fuel
flowing to said engine, a jet system including a
plurality of metering restrictions in said conduit
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for regulating the ﬂow of fuel therethru in ac-
cordance with the fuel pressure differential across
said jet system, means for varying said fuel pres-
sure differential, a chamber in said jet system,
at least one restricted passage connecting said

2,432,274 "
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flowing to sald engine, a jet system inc'uding a

~ plurality of metering restrictions in sald conduit

chamber and said fuel conduit at one side of .

said jet system, second and third restricted pas-

sages in paraliel connecting said chamber and .

said fuel conduit at the other side of said jet sys-
tem, & valve responsive to the pressure differen-
tial mcross one of said three restricted passages
for controlling the fuel flow therethru, means

biasing said valve to closed position, valve means-

selectively movable between & - first position
‘wherein only one of said two parallel restricied
 passages is open and a first predetermined re-
lationship between said fuel pressure differential

10.

15.

and the fuel flow thru said conduit is established

and a second position wherein both said parallel
restricted passages are open and a second pre-
determined relationship between said fuel pres-
sure differential and the fuel flow thru said con-
‘duit is established whereby & greater fuel flow
is produced by a given pressure differential, said
pressure responsive valve being effective when
said valve means is in said first position {o open
said one restricted passage and increase the fuel

flow produced by a given pressure differential -

when said fuel pressure differential exceeds a first
predetermined value, and effective when said
valve means is in said second position to open
said one restricted passage when said fuel pres-
sure differential exceeds a second predetermined

value lower than said first predetermined value,

and means effective when said valve means is in
either of said first or second positions and sa’d
pressure differential exceeds a third value greater
than said first and second values to produce a
predetermined fuel flow. :

5. A fuel supply system for an internal com-
bustion engine, comprising a conduif for fuel
flowing to said engine, a j=t system including a
plurality of metering restrictions in said conduit
for regulating the flow of fuel therethru in ac-
cordance with the fuel pressure differential across
said jet system, means for varying said fuel pres-
sure differential, a chamber in said jet system, at
least one restricted passage connecting said
chamber and said fuel conduit at one side of said
jet system, second and third restricted passages
in parallel connecting said chamber and said fuel
conduit at the other side of said jet system, a
valve responsive to the pressure differential across
said one restricted passage for controlling the
fuel flow therethru, means biasing said valve to
closed position, a fourth passage connecting the
opposite sides of said jet system and including
a fixed restriction, a fifth passage connecting the
opposite sides of said jet system, a valve in said
fifth passage subject to said fuel pressure differen-
tial acting thereon in an opening direction, a
sbring biasing said last-mentioned valve to closed
position, and valve means selectively movable be-
* tween a first position wherein said fifth passage
and one of said two parallel restricted pascages
is open and a first predetermined relationship be-
tween said fuel pressure differential and the fuel
flow thru said conduitf is established and a second
‘position wherein said fourth passage and. both
said parallel restricted passages are open and. a
second predetermined relationship between said
fuel pressure differential and the fuel flow thru
said conduit is established,

6. A fuel supply system for an internal com-
bustion engine, comprising a conduit for fiel
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for regulating the flow of fuel therethru in ac-
cordance with the fuel pressure differential across
said jet system, means for varying said fuel pres-
sure differential, a chamber in said jet system, at
least one restricted passage connecting said
chamber and said fuel conduit at one side of said
jet system, second and third passages including
restrictions of different sizes connected in parallel
between said chamber and said fuel conduit at
the other side of said jet system, & valve respon-
sive to the pressure differential across said one
restricted passage for controlling the fuel flow
therethru, means biasing said valve to closed po-
sition, fourth and fifth passages connected in par-
allel between the opposite sides of said jet sys-
tem and including restrictions of different sizes,
and valve means selectively movable between a
first postion wherein the one of said second and
third passages having the larger restriction and
the one of said fourth and fifth passages having
the smaller restriction are open and a first pre-
determined relationship between said fuel pres-
sure differential and the fuel flow thru said con-
duit is established and a second position wherein
the one of said second and third passages having
the smaller restriction and the one of said fourth
and fifth passages having the larger restriction
are open and a second predetermined relationship
between said fuel pressure differential and the
fuel flow thru said conduit is established.

7. A fuel supply system for an internal com-
bustion engine, comprising a conduit for fuel
flowing to said engine, a jet system including a
plurality of metering restrictions in said conduit
for regulating the flow of fuel therethru in ac-
cordance with the fuel pressure differential across
said jet system, means for varying said fuel pres-
sure differential, g first passage extending thru
said jet system and including two restrictions
in series, a second passage extending thru said
Jjet system and including two restrictions in series,
a third passage extending from the upstream side
of said jet system to said first pascage at a point
between the two restrictions therein and includ-
ing a single restriction, a branch passage con-
necting said point in said first passage with a
point in said second passage between the two re-
strictions therein, a valve in said branch passage
movable in an opening direction by the pressure

. drop between the ends of said branch passage, a
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spring biasing said valve to clesed position and
effective to maintain said valve closed until said
pressure drop exceeds a predetermined value. and
valve means for controlling the inlets to said first,
second and third passages and selectively mov-
ab’e between a first position wherein only the
inlet of said first passage is open, thereby estab-
lishing a first proportional relationship between

- said fuel pressure differential and said pressure

drop, and a second position wherein the inlets of
said first, second and third passages are all open,
thereby establishing a second proportional rela-
tionship between said fuel pressure differential
and said pressure drcp, said pressure responsive
valve being effective due to the difference in said
relationships when said valve means is in said
first and second positions to open said branch
passage and increase the total fuel flow when said
fuel pressure differential exceeds first and sscond
predetermined values, respectively.

8. A fuel supply system for an internal com-
bustion engine, comprising a conduit for fuel
ﬂowing to said engine, a jet system including a
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plurality of metering restrictions in said con-

duit for regulating the flow of fuel therethru in-

accordance with the fuel pressure- differential
across sald jet system, means for varying said
fuel pressure differential, & first passage extend-
ing thru said jet system and including & single
restriction, a second passage extending thru said
jet system and including two restrictions in se-

ries, a chamber in said jet system, a first branch

passage of limited capacity connecting . said
chamber and said first passage at the upstream
side of the restriction therein, a second branch
passage of limited capacity conneciing said cham-
ber and said second passage on the upstream
side of the two restrictions therein, a third pas-
sage for delivering fuel into said second passage
at & point between the two restrictions therein,
s valve in said third passage movable in an open-
ing direction by the pressure in said chambper, &
spring biasing said valve to closed position, and
valve means for controlling the inlets to said
first and second passages and selectively movable
between a first position wherein only fhe inlet
of said first passage Is open so that only said
first branch passage acts as an inlet to said chani-
ber, and 2 second position’ wherein the inlets of
both said first and second passages are cpen so

that both said first and second branch passages -

act as inlets to said chamber, said pressurg re-
sponsive valve being effective due to the differ-
ence in the pressure in said chamber when said
valve means is in said first and second positions
to open sald third passage and increase the total
fuel flow when said fuel pressure differentisl
exceeds first and second predetermined values,
respectively.

§. A fuel supply system for an internal com-
hustion engine, comprising & conduit for fuel
flowing to said -engine, & jet ‘system including a
plurality ‘of interconnected passages and restric-
tions in said conduit for regulating the fow of
fuel therethru in accordance.with the fuel pressure
differential across said jet system, means for
varying said fuel pressure differentisl, first and
second fuel inlet passages opening into said jet
system from said conduit, & chamber in sald jet
system, a first one of said restrictions connecting
said chamber and said first fuel inlet passage, &
second of said restrictions connecting said cham-
ber and said second fuel inlet passage, a third pas-
sage for delivering fuel to the outlet of said et
system, & valve in said third passage movable in
an opening direction by the pressure in said
chamber, a spring biasing said valve t{o.closed
position, and valve means for controiling sald

- first and second fuel inlef passages and selec-

tively movable between g first position wherein
only said first inlet passage is open so that only
said first restriction acts as an inlet to said cham-
ber, and a second position wherein both said
first and second fuel inlet passages are open so
that both said first and second restrictions act
as inlets to said chamber, said pressure respon-
sive valve being effective due to the difference in
the pressure in said chamber -when said valve
means is in said first and second positions to
open said third passage and increase the tctal
fuel flow when said fuel pressure differential ex-
ceeds first and second predetermined values, re-
spectively.

10. A fuel supply system for an internal com-
bustion engine, comprising a conduit for fuel

flowing to said engine, a jet systém including a
plurality of interconnected passages ang restric-. .

tions in said conduit for regulating the flow of
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fuel therethru in accordance with the fuel pres-
sure- differential across said Jet system, means
for varying said fuel pressure differential, first
and second fuel inlet passages opening into said
jet -system from s2id conduit, an expansible
chamber in seid jet system having a movable
~wall, & first one- of said restrictions connecting
said chamber and said first fuel inlet passage, a -
second of said restrictions connecting said cham-
ber and said second fuel inlet passage, & third
passage for dellvering fuel to the outlet of said
iet system, & valve in said third passage, a spring
biasing said valve to closed position, means in-
cluding said movable wall for opening said valve
against said biasing means, and valve means for
controiling said first and second fuel inlet pas-
sages and selectviely movable between a first po-
sition  wherein only said first inlet passage Is
open so that only said iirst restriction acés as
an inlet to said chamber, ang & second position
wherein both said first and second fuel inlet pas-
-sages are open so that beth sald first and second
restrictions asct as inlets to said chamber, said
valve opening means being effective due io the.
difference in the pressure in said chamber when
said valve means is in ssid frst and second po-
sitions to open said third passage and increase
the total fuel flow when said fuel pressure dii-
ferential exceeds first and second predetermined
values, respectively.
i1, A fuel supply system for an infernal com-
bustion engine, comprising o conduit for. fuel
flowing %o said engine, a jet system -inecluding a
plurglity of intercennecied passages and restric-
tions in said conduit: for regulsting the flow of
fuel thersthru in accordance with the fuel pres-
sure differential across ssid. jet system, means
for varying said fuel -pressure differentiai, first
end second fuel inlet passages opening into said
jet system Irom said conduit, a chamber in said |
jet system, g first one of said restrictions con-
necting said chamber and sald first fuel inlet |
passage, & second of said restrictions.connecting
sgid chamber and said second fuel iniet vassage,
s third passage including third angd fourth re-
strictions in series connecting said second fuel
inlet passage to the outlet of said jet sysiem, a
fourth passage for delivering fuel into said third
passage at 2 point between said third and fourth
‘50 restrictions, o valve in said fourth passage mov-
able in an opening direction by the pressure in
said chamber, a spring biasing said valve to closed
position, and valve imeans for controiling said
first and second fuel inlet passages and selec-
§5 tively movable between a first position wherein
only said first inlet passage is open so that only
said first restriction acts as en inlet to sald
chamber, and s second position wherein both
said first and second fuel iniet passages are open
@0 So that both said first and second restricticns act
as inlets to sald chamber, said pressure respon-
sive valve being effective due to the difference
in the pressure in said chamber when said valve
means is in said first and second positions te
65 open said third passage and increase the total
fuel flow when said fuel pressure differential ex-:
ceeds first and second predetermined values, re-
spectively.
12. A fuel supply system for an inteinal com-
7@ bustion engine, comprising a conduit for fuel
flowing to said engine, a piurality of parallel re-
stricted passages in said conduit for regulating
the flow of fuel'therethru in accordance with the
fuel pressure differential across said passages,
75 means for varying said fuel pressure-differential,
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manually operable valve means for selectively
opening sald passages to flow of fuel and mov-
able between a first position wherein a first of
said passages is open and a first predetermined
value is established for the total cross-sectional
area of the open passages and a second position
wherein said first passage and a second passage
are open snd a second predetermined value great-
er than said first predetermined value is establish-
ed for said tetal cross-sectional area, means to in-
crease sald total cross-sectional area when said
valve means is in either of said first and second
positions and said pressure differential exceeds
g first predetermined value, a third passage con-
trolled by said manually operable valve means
and opened thereby when sald valve means is in
said first position, a valve in sald third passage
and. subject to said pressure differential acting
thereon in an opening direction, a spring biasing
said valve to closed position and effective to main-
tain said valve closed until said pressure differ-
ential exceeds a second predetermined value
higher than said first predetermined value, said
valve being effective when said manually oper-
able valve means is in said first position and sald

. pressure differential exceeds a third predeter-

18

. said valve closed until said pressure-diﬁerential

exceeds a second predetermined value higher
than said first predetermined value, said valve
and said manually opérable valve means coop-
erating to control said third passage so that
when said manually operable va've means is in

 said first position and said pressure differential
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mined value greater than said second to increase »

said total ares to an amount substantially equal
to that obtained when said manually operable
valve means is in said second position and said
pressure differential exceeds said third prede-
termined value.

13. A fuel supply system for an internal com-
bustion engine, comprising a conduit for fuel
flowing to said engine, a plurality of parallel re-
stricted passages in said conduit for regulating
the flow of fuel therethru in accordance with the
fuel pressure differential across said Dpassages,
means for varying said fuel pressure differential,
manually operable valve means for -selectively
opening said passages to the flow of fuel and
movable between a first position wherein a first
of said passages is open and a first predetermined
value iIs established for the total cross-sectional

area of the open passages and a second position’

wherein said first passage and a second passage
are open and a second predetermined value
greater than said first predetermined value is
established for said total cross-sectional area,
means to Increase said total cross-sectional area
when said valve means is in either of said first
and second positions and said pressure differen-
tial exceeds a first predetermined value, a third
passage, a valve in said third passage and sub-
ject to sald pressure differential acting thereon
in an opening direction, & spring biasing sald
valve to closed position and effective to maintain

a0

35

40

45

50

55

exceeds a third predetermined value greater than
said second said total area is increased to an
amount substantially equal to that obtained
when said manually operable valve means is in .
said second position and said pressure differ-
ential exceeds said third predetermined value.
14. A fuel supply system for an internal com-
bustion engine, comprising a conduit. for fuel
flowing to said engine, a jet system including a
plurality of interconnected passages and restric-
tions in said conduit for regulating the flow of
fuel therethru in accordance with the fuel pres-
sure differential across said jet system, means for
varying said. fuel pressure differential, first and
second fuel inlet passages opening into said jet
system from said conduit, a chamber in said jet
system, a first one of said restrictions connecting
said chamber and said first fuel inlet. passage,
means connecting said chamber and said second
fuel inlet passage, & third passage for delivering
fuel to the outlet of said jet system, a valve in
said third passage movable in an opening direc-
tion by the pressure in said chamber, a- spring
biasing said valve to closed position, and valve
means for controlling $aid first and second fuel

‘inlet passages and selectively movable between

a first position wherein only said first in'et pas-
sage 1s open so that only said first restriction acts
as an inlet to said chamber, and a second posi-
tion wherein both said first and second fuel inlet
passages are open 50 that both said first restric-
tion and said connecting means act as inlets to
said chamber, said pressure responsive valve be-
ing effective due to the difference in the pressure
in said chamber when said valve means is in said

first and second positions. to open said third pas-

sage and increase the total fuel flow when said
fuel pressure differential exceeds first and sec-

ond predetermined values, respectively.

JOHN M. BARR.
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