2,442,046

S. F. HUNT
‘CARBURETOR

May 25, 1948.

Filed June 17, 1943

o21

B
Lit

K

12t Coyy

L2

Szl

8¢

i

Jrwentor

ScorT FHunT |

221

8gent




Patented May 25, 1948

2,442,046

UNITED STATES PATENT OFFICE

2,442,046
CARBURETOR

Scott F. Hunt, Meriden, Conn., assignor, by mesne
assignments, to Niles-Bement-Pond Company,
‘West Hartford, Conn - corporation of New

Jersey

Application June 17, 1943, 'Serial No. 49_1,096
(Cl 261—69).

4 Claims.
1

This invention relates to carburetors for in- )

ternal combustion engines, and particularly to
meang for operating such carburetors so as to

provide improved acceleration characteristics of

the engine.

It has previously been proposed to provxde, in
a carburetor for an internal combustion engine,
a device responsive to the pressure in the air in-
duction system at a point downstream from the

throttle, and effective upon an Increase in such’

pressure, such as accompanies a sudden open-
ing movement of the throttles, to inject into the
air stream an additional supply of fuel so as to
rapidly accelerate the engine,

It has been found that with devices of the type
described, the additional supply of fuel provided
is not alvvays sufficient to complete the accelera-
tion of the engine to a speed corresponding to
the new throttle position. Such a device pro-
vides a momentary additional supply of fuel for
the engine, but it has been found that this ad-
ditional supply of fuel may be completely dis-
sipated before the acceleration of the engine is

completed.

Tt is therefore an object of the present jinven-
tion to provide improved means for supplying
additional fuel to an internal combustion en-
gine during acceleration of the engine,

A further object of the invention is to provide

an improved fuel supply system for an internal
combustion engine wherein a first device is used
to give an increased fuel supply immediately in
response to acceleration of the engine, and a

second device is used to provide another addi-
tional fuel supply after a time delay following the

initiation of a period of acceleration.

A further object of my invention is to pro-
vide a device of the type described wherein the
valve which normally controls the fuel supply

to the engine is utilized during periods of ac-:-

celeration to supply an additional amount of fuel
to the engine.

Another object of the present invention is to
provide an improved carburetor of the type in

which the fuel flow controlling valve is operated”

by fuel pressure controlled by a pilot valve, in
which means are provided to increase the pres-
sure on the fuel flow controlling valve in re-

sponse to acceleration of the engine on wh1ch,
- 50

the carburetor is used.

Another object of the present invention is to
provide, in a carburetor of the type described, a
pressure operator device which responds to an
inerease in the intake manifold pressure to supply
an additional amount of fuel to the engine, and
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“which ‘operates cumulatively in response to the

increased fuel supply to further increase the sup-
ply of fuel.

A further object of the invention is to provide

an improved pressure controlling device which is
balanced against the controlled pressure so that
upon the application of a force to the pressure
controlling device, it operates throughout its
range of movement, without being retarded by
changes in the controlled pressure. -

A further object of the invention is to provide,
in g carburetor ha,vmg 3 throttle controlling the
flow of air, means responsive to the pressure
downstream from the throttle for supplying ad-
ditional fuel. to the engine upon acceleration
thereof, and means for balancing the pressure re-
sponsive means against changes in atmospheric
pressure. ’

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

The figure illustrates, somewhat diagram-
matically, an aircraft carburetor embodying cer-
tain principles of my invention.

In the drawing there is shown at 10 the main

‘body portion of an aireraft carburetor including
“an air passage [,

through which the air flows
from an. entrance 'i2 to an outlet 13 which con-

nects, by means not shown, to the intake of ‘a

supercharger by which the air is forced into the
engine under pressure.

The fuel supply for the engine comes from &
pump or other source of fuel under pressure, and
passes through a conduit 14, a.vapor trap i5, a
conduit 16, a fuel regulator unit 17, a conduit
18, a second vapor trap 20, a mixture control unit

21, a jet system generally indicated at'22, a con-

40

duit 23, an idling control 24, a conduit 2§, a pres-
sure regulator 28, and a passage 21 o a fuel in-
jection unit, not shown. The fuel injection unit
may preferably be of the type known as a spinner
injector, wherein the fuel is introduced into the

" air stream through suitable orifices-in the rotor

45

of the supercharger.

The carburetor 10 may be of the rectangular
type shown in the U. 8. Patent No. 2,361,993, is-
sued to Mrlton . Chandler on November 7, 1944

“Néar the air entrance 12 of the carburetor a plu-

“into the carburetor.
-intd g passage 31 which interconnects all--the

55:

rahty of impact tubes 30 project into the air

"stream, with their ends open in a direction to

receive the dynamic pressure of the air flowing
These impact tubes open

impact tubés, and is commonly termed a.vent
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ring. Passages 82 connect the vent rings 31 with
a chamber 23. A boost venturi 34 is mounted so
that its entrance is.in communication with the
chamber 33. The discharge end of the boost
venturi is connected thru a valve 35 with a cham-
ber 36 within a housing 31. - The interior of cham-
ber 8§86 communieates thirough: a cenduit 38:with
the interiors of a plurality of parallel hollow
Venturi members 48 which are located in the air
passage |i. Each of the Venturi members 4@ is

provided with apertures 81 at or near the point,

of smallest cross section .of the passage -fF.

It will be seen that the pressure-at the impact. -
tubes 20 is higher than the pressure st the aper-: .
M5

tures 41 in the Venturi members 40, and-that, in
accordance with the well known characteristics

10

4 .
fram the expansible chamber 48, which serves”
as the ouilet chambeér of the valve and is con-
nected to the conduit i8. A tension spring 6i
is attached to the lower end of valve member
53 and to a nui §2 carried by a holt $3 which
threadedly engages an aperture in the bottom

“of the casing of regulator i7.- The lower extrem-

ity of the nut 63 is providea with an hexagonal
head 64 by which it may be turned to ‘adjust
the tension in the spring 6{. A lock nut 65:is

_provided to maintain the bolt 63 in-any position

to-which it may be adjusted.

..~ The chamber :48 is connected through a- pas- -
sage -§8 having a-restriction §7 therein to the

interior: of ~chamber 45. Chamber 45 is con-

" nected through & eonduit €2 having a restriction

of Venturi meters, this pressure. differential is a' .

function of the velocity of the air flowing through -
Because of this pressure differs -

the passage 11.
ential, a continuous flow of air takes place
through a. second air:passage, which may-be
traced thru the impact tubes-30, the vent ring 31,

the conduit 82, chamber 33, boost venturi 34,:

valve 35, chamber 36, conduit. 38, the interior of
the: Venturi members 40, and -out -through. the

20

_aperture in the diaphragm 54,

'68 therein to.the conduit 25 adjacent the pres.

sure regulator 26.

- A pair of discs 1§ and 7{ are clamped by any
suitable means, on  opposite sides of o censral
A force transmit-

. ting member T2 is. carried by the discs 18.and 11 -

28

apertures 41 into the main air stream. Although -

‘the pressure differential across.the second air:

passage-is-a function of the ve10c1ty of .the air

-flowing -in. the main. air-passage. (I, the air flow:
thru the second air passage is controlled by the
valve:- 38, as- hereinafter deseribed, so-that the
velocity of the air flow thru-the second passage:

30

is-a- measure of the mass of air flowing per unit.

tlme thru the main- air -passage 1f.

- The boost venturi 34 is.provided with an. annu- 3
The opéning 42

lar opening. 42 at  its: throat.
communicates through suitable passages. with a
conduit 43. -In accordance with the known. char-
‘aeteristics:of Venturi meters, the pressure at the
. opening- 42 is lower than the pressure. at the

35

40.

-openings - #1, and the differential hefween the -

pressures at the impact tubes 30 and the pressure

-at the opening 42 is a measure of the velocity -

-of-air flow through the second air passage previ-
ously traced. It may, therefore, be seen that the
boost venturi 34 pravides .a. pressure differential

-which- is -a. measure of the mass of air flowing

| -per-unit time. through the main passage Lf, but

which. is .larger  than thé pressure differential

which would. be ebtained by means of a single.

Venturi arrangement such. as the Ventum mem-
bers 40.

‘The pressure at. the 1mpact tubes 39 is con-
veyed. -threugh -vent ring 3l and. “conduit 44 to
the fuel regulator unit {1.  The pressure at the
- opening 42 in- the throat of hoost venturi 34 is
conveyed. through. conduit. 43 to the fuel regu-
lator-unit L7,-where these two préssures are com-
pared in erder to. produce g comtralling farce
“proportional-to the difference bhetween them.

~The fuel negulator {7 comprises. a hollow cas-~

"-ing: ‘which- is.-divided inte a series of four ex-

-vex surface at the upper end of-valve
. ‘Another force iransmitting member 7§ is ~

and extends therethrough. . The lower part of the

- force transmitting member 72 is provided with a

flat surface, which is adapted to engage a con: -
member

58,
vlmllzuly attached to the central portion of the

diaphragm 58. The upper surface of the meni-~

ber 72 is recessed to receive and cooperate with

a guiding projection 74 on the lower end of the . -
. member T2,

-The upper surface .of the member
13 is smnﬂarly recessed. fo recexve and -eooperate
with a guiding projection 15 which is rigidly at-
tached to the casing of the regulator (7.

‘The . amount of fuel ficwing through-the jet
system ,ZZ at ‘any given. time is proportional to
the pressure drop across that system. —Itis de-.
sired that this fiuel flow be proportioned to the
flow of air through the air passage {1.- As previ-
ously described, it may be seen that the pressure
at the impact tubes 3§ is communicated through
the vent ring 3! and the conduit 44 to the cham-

_ ber 4§ in the regulator {7. It has likewise been

45
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55

.80.

pansibler chambers &5; 46, .47 and 48 by means =

of-three flexible d1aphragms 50, 51 and 52. The

outer peripheries of diaphragms 80, 5f, and 52,
-are attached to the-casing of the regulator unit

. H by any suitable means, net shown,

& balanced. valve memher 53 is supported cen<
trally -of the- diaphragm 52, in any suitable man-
ner. -The valve 83 is- provided with -a. pair of

-flanges 54 and 55, which coaperate respectively

- with: stationary valve seats 56 and.57, which may .

he formed “in ‘the -easing of the regulator i1,
" “'When- the: valve 83 is seated, it separates. an
“inlet- chamber 60-.connected: to the condult 16,

65

.System. 22.

pointed out that the very low pressure at the

_throat of the boost venturi 84 is conveyed thr ough: '

the conduit 43 to the.-interior of chamber 47,
The difference in pressures between chambers
4% and 47 produces. a force acting downwardly

on the discs 18 and 7! and the force transmit- -
ting member 2, and thereby tending to open

valve: member §3. This ‘force is a measure. of

the mass . of air-fowing per unit time +hrou¢rh o

passage fi.

“The pressure in the chamber 48 may be con-
51de1ed as being equal to, or at least mchcatlve
of, the pressm:e at the intake side of: the jet
Furthermore, the pressure-in the-
ehamber. 45 is substantially equal to’ that exist-
ing in the conduits 8% and 25 at the discharge

-side of the jet system 22. “The pressure in-cham-
ber 45 is less than the pressure in chamber 48 -
and the differential.-between these two pressures
“exerts: through the force fransmitting members -
12 and 13 a force Lm'hrlg to close valve mem-~

. ber 53.

-0

5

-.83, .
Vﬂowmg to. the carburetor ‘The posmon of valve e

It may be stated that uhe d1ffe1 entlal between -

the" pressures-in- the chambers 4% and 47 exerts

ah- gpening. force on the valve 53 which ista ~ )
function of the mass of. air flowing through the = -
-earburetor per unit time and that the differ- .
“ential- between the pressures in- tne chambers

45 and 48 exerts a closing: force.on the valve -
which is .a functmn ‘of the mass of fuel .
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member 53 at any time is determined by the
position it must assume to balance the force
produced by the pressure differential across the
jets against the force produced by the pressure

differential which measures the air flow through -

the passage (1.
. Proper combustion conditions are attained
when the mass of the air supplied to the engine
is properly proportioned with respect to the mass
of the fuel. Since the fuel density is substan-
tially constant, the pressure differential across
the jets, which is a direct measure of the volume
of fuel flowing, may be taken as a measure of
the mass of the fuel without introducing appre-
ciable error. However, the density of the air
flowing through the passage 11 varies with atmos-
pheric pressure and with the air temperature,
and hence it is necessary in measuring the air
flow to correct for variations in air temperature
-and pressure in order that the metering force
produced by the chambers 46 and 47 may accu-
rately reflect the mass of the air flowing through
+the passage |1 rather than its volume. This cor-
rection is made by the valve 35, which is oper-
ated by a bellows 135 mounted within the hous-
ing ‘37, One end of the bellows {35 is fixed to a
screw 136, which threadedly engages the housing
37, so that the positions of the bellows 135 and
the. valve 35 with respect to the housing may
be adjusted. The bellows {35 is preferably filled
with nitrogen or other inert gas. Then as the
pressure in the chamber 26 varies with the alti-
+tude -of the aircraft, or from other causes, the
schange in pressure causes an expansion or con-
traction of bellows 135, thereby operating the
valve 35 to restrict the air flowing through the
Jboost venturi 34 to a greater or less degree.
Likewise, changes in the temperature of the flow-
ing air cause a responsive movement of the bel-
lows 135 to operate the valve 35.
.-The atmospheric pressure and temperature
operated valve 35 is used to throttle the flow -of
fluid thru the boost venturi. While the pressure
-differential between the throat of the boost ven-
turi 34 and the vent ring 31 is not a measure of
the velocity of the fluid flowing thru the passage
M- because of the throttling action of valve 38,
it will be readily understood that by properly
.-forming the valve 35, it may be made to com-
pensate for variations in air density so that the
pressure differential referred to accurately meas-
‘ures the mass of air flowing thru the passage 1.
Since,-in 4 carburetor, it is desired to proportion
the mass of the fuel to the mass of the air, it
.will'be seen that this arrangement of the boost
venturi 34 and valve 35 contributes to that result,
inasmuch as the force applied to the diaphragm
51 ‘of the regulator unit 17 is thereby made pro-
portiohal to the mass of the air supphed to the
carburetor.

Since the capacity of the annular opening 42
in the throat of the boost venturi 34 is- quite
-small, it is necessary that the chambers 47 and
46 be separate from each other, as even a small

‘air passage between them would be sufiicient to :

destroy the vacuum at the throat of boost venturi
34. Since the chamber 46 is in communication
with the incoming air, it is possible that mois-
4uré. may condense in that chamber. Hence a
small drain connection (40 is provided which
_connects the lowest point in the chamber 4§ with
a point of relatively low pressure in the main air
-passage {l. Tt is realized that the conduit. 140
is connected to a point in the chamber 486 which

.appears in the drawing to be near the top of that =
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‘conduit 93 is connected with a jet 99.:
99 and 95 discharge through another jet 97, and

flow conditions:
flow metering mechanism is unreliable because of

system tending to close the valve.

6

‘chamber, but it should be understood that this

is only for purposes of convenience in- making the
drawing and that in actual practice the .drain
tube 140 would be connected at the lowest point

‘in the chamber 46.

Each-of the vapor traps 15 and 20 con51sts of a
chamber, such as 16 in trap 15, normally- filled
with fuel and having a valve 71T in the upper por-
tion thereof controlled by a float 18 so that the
valve is closed as long as the chamber remains
filled with liquid fuel. If the fuel vaporizes, the

‘bubbles of vapor rise to the surface of these

traps whereupon the float is lowered opening the
valve so that the vapor may be drawn off through
the opening normally closed by the valve. Each
valve is- provided with a sleeve 19 which oper-
ates to close the entrance ports of the vdlve in
¢ase the vapor trap is inverted, such as might
cccur -when the aircraft is flying up side down.
The vapor trap (5 is provided with a screen 80

‘for filtering the incoming fuel.

The mixture controlling unit 21 includes a disc
valve 90, which is rotatable by a shaft 91 on which
it is fixed. The disc valve 90 is provided with

‘suitable ports so that it may be positioned to

permit a flow of fuel from the conduit 19 through
either a conduit 92 alone or through the conduit
92 and a parallel conduit 93, When the fuel is

‘flowing through the conduit 92 only, the mixture

control ig said to be in the “automatic lean” po-
sition, and when the fuel is flowing through both
conduits 92 and 93, the mixture control is said
to be in the “automatic rich” position. - '
The jet system 22 includes a pair of jets 94 and
85, both of which are in communication with the
conduit 92. The jet 95 is normally closed by a
spring loaded valve 96 but upon the occurrence
of a sufficient pressure differential across the jet
95 the valve 96 is automatically opened. The
The jets

the jets 94 and 97 discharge directly into the
condult 23.

The conduit 23 conveys the fuel to the 1dhng
control 24 which includes a jet 98. A valve mem-
ber 100 is in the position shown in full lines:in

‘the ‘drawing whenever the engine is running

under load. .‘When the engine is idling, the valve
member 108 moves to the position shown in dot-
ted lines in the drawing, thereby reducing the
fuel supply. The valve member {80 is controlled

by a lever i61 which. is connected (by means not

shown) to the mechanism which. operates the

throttles 102 positioned.in the main air passage
.

This idling control-valve 100 cooperates with
spring &1 to control the fuel flow under low: air
Under such conditions, the air

the very low flow as compared to the large cross-
sectional area of the air conduit. Therefore, the

-spring 61 is provided to bias the valve 53 open.

The valve opening force of spring 6{ is opposed
by the fuel pressure differential across the jet
The result
is that a substantially constant fuel pressure
differential is maintained (when the air pres-
sure differential is negligible) , whose value is de~
termined by the tension of spring 6i{. Having
such a constant. fuel pressure differential, the
fuel flow may then be determined by the contour
of the idle valve 180 and the throttle position.
In this way, a positively controlled fuel flow is
obtained -under -idling -conditions, even though
the pressure-differential set up by the air venturi

-4s small and erratic. .
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“The pressure regulator 26 comprises a housing
-divided into two. chambers by a flexible  dia-
-phragm (03, A pair of discs- 04 and 05 are
clamped to the central portion of the diaphragm
163, in any suitable ‘manner.
spring 106 is retained between the disc 184 and
the housing of regulator 28, and biases the dises
84 and 185 for downward mevement.
18T is earried by the discs 104 and 105, and co-
operates with a seat in the housing of regulator
-2€ so as to'block the passage 21 when the valve
is closed. The chamber ahove the diaphragm
103-is vented through a passage {08 to the con-
duit 43, wherein the pressure is considerably be-
low atmospheric. Sinece the pressure in conduit

the engine is-in operation, the pressure differen-
tial on- opposite sides of the diaphragm {03 is
sueh as to maintain the valve 107 open, against

‘the compression of spring 06. The pressure in .

the chamber above: diaphragm {03 is so small
‘compared to the pressure in the chamber con-
taining valve {Q7 and the force of the spring 106,
that that small pressure exerts no appreciable

controlling . eflect - on the- regulator. The low :
pressure above the diaphragm {03 does, however,

provide a-difierential pressure for epening the
valve {87.. The spring 106 opposes the pressure
in the chamber below.the diaphragm 103, and

operates the valve in a-manner to maintain that :

. bressure substantially constant.
‘A primary acceleration. respensive regulator
116 is shown as being mounted on the wall of the

= -carburetor body {0 below the throttles (02. The’
-regulator |46 consists of a hollow easing divided

‘into two chambers by a flexible ‘diaphragm 11.
A valve stem (12 is supported centrally of the
diaphragm- 11, and carries at its left hand end
a-valve 113: A .conduit 145 connects an annu-
lar chamber {14 adjacent the valve stem with the
conduit 16 which is.connected to the. source of
fuel under pressure. When the valve £{3 is in
the position shown, it cuts off the flow of fuel
from the chamber {14 into the main air passage
tk. The chamber to the left of the diaphragm in
in the casing 118 is sealed from the annular spaee
surrounding the valve stem {12 and is connected

with the outlet #3 of the main air passage |1 by

means of ‘a conduit. I#1." The chamber on.the
right hand side of diaphtragm 1{1 is connected to
the outlet 13 through a conduit {18 having a re-
striction 129 therein. A compression spring 124
biases the valve {13 to closed position. :

As long as the air flow through the outlet . i3
remains- substantially constant, the pressures in
the chambers on opposite sides of the diaphragm
- -fti are substantially equal, so that the valve 13

is held -closed by the compression spring t2F
Upon a.-sudden opening movement. of the throt-
tles 102 such as accompanies a sudden accelera-
tion of the engine,-the consequent sudden in-
‘erease in pressure in-the air passage. {1 is com-

municated to the chamber at the left of ‘dia=

A’ eompression

A valve .

tle position. The action of the 1egu1ator 140 is

. quite rapid, and supplies an additional amount

10

B 1
25 is above atmospherie; it will be seen that when

40

of -fuel to the engine almost immediately: upon
opening of the throttles. . This supply stops, how-
ever, as soon as the pressure conditions on ‘the
opposite sides of the diaphragm {11 have become
equalized through ‘the restriction - 120. It has -

_been found with a device of this type the extra =
supply of fuel may be cut off before the engine

has actually accelerated to the desired speed, ‘To
overcome this condition there is provided a sec~
ondary acceleration responsive regulator shown
at 125 in the drawing. :

The secondary regulator I25 comprises a cas-

‘ing.divided by a flexible diaphragm 126 into two:
The chamber:to the right..

expansible chambers.:
of :the diaphragm 2§ is connected through-a

conduit 127 to the outlet I3 of air passage i, -
downstream from the throttles 102, The dia-
phragm 26-carries g disc valve 128 at its central
portion. 1
nular seat 138, which is fixed to-the body of the
carburetor 48. The space inside the annular seat

130 is connected by means of a conduit 13t and -

a restriction (32 to the-interior of chamber 45
in the fuel regulator 7.
communication with the ‘conduit 68 through.a-
check valve {33, When the -throttles 102 are
partially closed, the pressure in the chamber to

‘the right of diaphragm. 2§ is low compared to -

the fuel pressure in the chamber. 45 and in the
conduit 68, Therefore, - at such times check
valve 133 opens, and fuel flows into the chamber
at the left of chaphragm 126. The fuel'is stored -
in this chamber.” When an opening movement-is
given-to the throttles 102, the pressure down-
stream from the throttles Vmcreases and the dia-
phragm {28 moves to the 1eft forcing the fuel
stored in the left hand chamber through the con-
duit 131 and restriction 132 into the chamber 45

- of the fuel regulator. It-will be seen that this in-

45

50

55

-crease in pressure in the chamber 45 has an open-
ing' effect on the fuel regulator. valve 53, and. -
‘thereby tends to cause the flow of an additional -

supply ‘ef fuel to the engine - This increase in
pressure in.the chamber 8§ is delayed by the re~- -
striction {32 and the dissipation of the increased
pressure is délayed by the Testriction 89, so that
the inereased pressure is maintained thereby over-
a period of time considerably longer than that

required to restore a constant pressure condition = -

in the air passage [l. . The capacity of the sec~
ondary regulator 126 snd the area of the restric-
tion 132 may be so proportioned that this timme

delay is just sufficient to complete the accelera- . :

_tlon of the engine to the final speed desired.:

a0

‘phragm- | li more rapidly than to the chamber -

at the right, because of the restriction 120;

Therefore, the ‘valve stem (12 is moved to the

Tight against the force of spring-12{, and opens

65

‘the valve 18 to provide an additional supply of

‘fuel to. the engine in order that the engine-may
accelerate more quickly m response to: movamenu
of the threttles.” -

It -has been. found. that the additional’ supply

70

-expansible. chamber

While I have shown and described certain pre«

ferred embodiments of my invention, other modi- ,

fications thereof will' occur to those skilled in the
art, and I therefme intend’ that my: mventmn,

‘shall be limited only by the appended clatms

I claim as my invention:

1. In a fuel supbly system for an 1nte1na1 com-
bustion engine,- a liquid :fuel conduit, s valvein-
said fuel conduit, means responsive to the flow .

. of combustion air to said engine and-to.the flow e
‘of fuel thru said conduit for operating: said valve -

to maintain a substantially censtant. fuel-tg-air :-
ratio; said-valve operating means including. an -
‘having g - movable  wall;

- .means for supplying liquid fuel to said chambe;

- of ‘fuel. prowde& by means ‘of the primary:regu- - .

‘lator 110 may not be sufficient to accelerate the

engihe to the speed called for by the hew throt-

7

means for controlling the pressure in -said.chams=
ber, and a.connection hetween said wall and:said

valve for moving said valye in an opening diree- . .
‘tion when the pressure in: said Qhamber increases, -«

The valve 128 cooperates with-an ah- -

“The ‘conduit 131 is in . -
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a throttle for controlling the flow of air to said
engine, a pump operative to discharge fuel as an
incident to an opening movement of said throttle,
an inlet conduit for supplying liguid fuel to said
pump, a discharge conduit for conveying fuel
from said pump to said chamber, a fixed restric-
tion in said pump discharge conduit for retard-
ing the increase in pressure in said chamber and
the consequent opening raovement of said valve
in response to operation of said pump, an outlet
passage for said chamber, and a fixed restriction
in said outlet passage for delaying restoration of
said valve to its normal operating condition fol-
lowing an operaticn of said pump.

2. In a fuel supply system for an internal com-
bustion engine, a liquid fuel conduit, a valve in
said fuel conduit, a metering restriction in said
conduit, means for operating said valve in re-
sponse to the fuel pressure differential across
said restriction, said valve operating means in-
cluding a pair of expansible chambers separated
by movable wall means, means connecting said
chambers to said conduit on opposite sides of said
restriction, and a connection between said wall
means and said valve for moving said valve in
an opening direction when the pressure in the
one of said chambers connected to the down-
stream side of said restriction increases, & throt-
tle for controlling the flow of air to said engine,
3 pump operative to discharge fuel as an inci-
dent to an opening movement of said throttle,
an inlet conduit for supplying fuel to said pump,
a discharge conduit for conveying fuel from said
pump to said one chamber, & fixed restriction in
said pump discharge conduit for retarding the
increase in pressure in said one chamber and
the consequent opening movement of said valve
in response to operation of said pump, an outlet
passage for said one chamber, and a fixed re-
striction in said outlet passage for delaying res-
toration of said valve to its normal operating
condition following an operation of said pump.

3. A fuel supply system for an internal com-
bustion engine, comprising a liquid fuel conduit,
a valve in said fuel conduit, means responsive to
the flow of combustion air to said engine and to
the flow of fuel thru said conduit for operating
said valve to maintain a substantially constant
fuel-air ratio, and valve operating means includ-
ing an expansible chamber having a movable
wall, means for supplying liquid fuel to said
chamber, means for controlling the pressure in
said chamber, and a connection between said
wall and said valve for moving said valve in an
opening direction when the pressure in said
chamber increases, a throttle for controlling the
flow of air to said engine, a pump operative to
discharge fuel as an incident to an opening move-
ment of said throttle, a discharge conduit for
. conveying fuel from said pump to said chamber,
an inlet conduit for supplying fuel to said pump
on its intake stroke from said fuel conduit so
that said intake stroke does not decrease the
pressure in said chamber, a fixed restriction in
said pump discharge conduit for retarding the
increase in pressure in said chamber and the
consequent opening movement of said valve in
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response to operation of said pump, an outiet
passage for said chamber, and a fixed restriction
in said outlet passage for delaying restoration of
said valve to its normal operating condition fol-
lowing an operation of said pump.

4. A carburetor for an internal combustion en-
gine, comprising a conduit for combustion air
flowing to said engine, means associated with said
air conduit for producing two unequal pressures
whose difference is a measure of the rate of flow
of air therethru, a conduit for fuel flowing to said
engine, a metering restriction in said conduit for
regulating the flow of fuel therethru in accord-
ance with the fuel pressure differential estab-
lished thereacross, a valve in said fuel conduit for
varying said fuel pressure differential, means
for operating said valve including four expansible
chambers separated by concurrently movable
wall structures, means operatively connecting
said wall structures and said valve, means for
communicating said two unequal air pressures to
two of said chambers so that the difference of
said two unequal pressures acts on said valve in
an opening direction, means for communicating
the fuel pressure on the upstream side of said
metering restriction to a third of said chambers,
means for communicating the fuel pressure on
the downstream side of said metering restriction
to the fourth of said chambers said fuel pres-
sure differential acting thru said third and
fourth chambers on said valve in a closing direc-
tion, a restricted passage connecting said third
and fourth chambers for supplying fuel to. said
fourth chamber, said restricted passage cooperat-
ing with said last-mentioned communicating
means to provide circulation of fuel thru said
fourth chamber, a throttle for controlling the
flow of air to said engine, a pump operative to
discharge fuel as an incident to an opening move-
ment of said throttle, s discharge conduit for
conveying fuel from said pump to said fourth
chamber, and a fixed restriction in said last-
mentioned communicating means, said fixed re-
striction and said restricted passage cooperating
to delay restoration of said valve to its normal
operating condition following an operation of
said pump.
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