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This application is a continuation of my appli 

cation Serial No. 386,046, fled March 31, 1941. 
This invention relates to charge forming de 

vices, and while not limited thereto it has par 
???" reference to carburetors for aircraft en 

S. 

One of the objects of the invention is to pro vide an improved fuel and airproportioning de 
vice for an internal combustion engine. 
Another object is to provide an improved de 

vice applicable to aircraft carburetors for sup 
plying fuel to the manifold in a manner to com 
pensate for fluctuations in the weight and other 
characteristics of the air supplied to the engine 
under different operating conditions. 

In the accompanying drawing: 
Fig. 1 is a somewhat diagrammatic sectional 

view showing an aircraft carburetor provided with 
a charge forming device embodying my invention, 
and 

Fig. 2 is an enlarged view of a portion of the 
regulator valve mechanism shown in Fig. 1. 
In the drawing, a carburetor body or casing is 

shown at , the same having an air passage 2 
extending therethrough provided at one end with 
an enlarged inlet or scoop 3 and at the opposite 
end having a portion 4 adapted to communi 
cate with an adjacent part (not shown) of the 
manifold structure. Located in the main air 
passage adjacent the end portion 4 is a fuel 
supply jet or nozzle 5, and upstream from nozzle 
5 is a pair of throttle bars or flaps 6 adapted 
to be turned by means of shafts fixed thereto, 
said shafts extending completely across the pas 
Sage. 

In the passage somewhat below the scooppor 
tion 3 (Fig. 1) is a restricted throat or Venturi 
portion 8. A control device located at the right-. 
hand side of the carburetor (Fig. 1), and gener 
ally indicated at 9, is actuated by variation in 
the pressure differentials between the scoop 3 
and the throat 8 in a manner to be hereinafter 
described. 
The liquid fuel 

is derived from a fuel tank 0 delivering fuel 
through a pipe. if to a fuel pump 2 of the 
constant pressure type, whence fuel is pumped 
through a pipe 3 to a vapor trap and filter, 
device 4, and a return pipe 5 leads from device 

back to the tank to in order to return to 
the tank vapor rising to the upper part of device 
4. The fuel passing from device 4 moves 
through a pipe 6 to a regulating device, and 

supplied to the nozzle or jet 5 

O 

ling valve 9 having parallel fixed (orifices 20 
and a parallel spring-loaded power et 2. From 
the waive 9, the fuel passes through a pipe 22 
to a main metering orifice or restriction 23, which 
in this instance is located in the left-hand Wall 
structure (Fig. 1) of the carburetor part of the 
manifold. From orifice 23 fuel passes through 
a valve 24 to nozzle 5 by way of a fassage 25 
controlled by a manually operable valve 28 con 
nected to the throttle bars to be operated con 
currently therewith. The valve 24 is a pressure 
control valve serving to maintain a minimum 
pressure in the conduit downstream of the meter 
ing restriction. At the side of valve 28 which is 

15 upstream, passage 25 is provided with a Small 
vent or bleed 25 into the main air passage, 
Connection from valve 28 to one of the throttle 
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25 
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bar shafts is made by Imeans such as an arm 
27 rigid with valve 26 connected by a link 28 
to an arm 29 rigid with the said shaft . 
The constant pressure pump 2 illustrated in 

the drawing includes in its structure a by-pass 
valve 30 connected to and actuated from a dia 
phragm 3, which is subject on the lower side 
(Fig.1) to pump discharge pressure inasmuch as 
the fuel passes to the under side of the dia 
phragm through ports 32 in valve 3). On the 
upper side of the diaphragm 3 a coil spring 
33 biases the diaphragm to hold the valve 30 in 
the lowermost, closed position shown in Fig. i. 
Upon the building up of excess pressure in the 
conduit on the discharge side of the pump, be 
yond a predetermined degree, the valve 30 will 

35 
be moved upwardly to unsest it and to enable 
passage of fuel back to the pump inlet. By this 
arrangement the pump is caused to maintain a 
substantially i constant fuel pressure in the por 
tion 3 of the fuel conduit. 

40 
. Now referring to the preferred structure of 
the regulating device. 7, it will be noted that this 
device comprises a body or casing 34 at the upper 

45 

part and a body or casing 35 at the lower part. 
The casing 34 contains at one side a passage 
38 leading into it from pipes, and at the oppo 
site side it is provided with a passage 3 pro 

( widing an outlet to pipe 8. Casing part 35 
ea includes separate sections 38 and 39 between 
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from the device f T the greater part of the fuel 
supplied to said device passes upwardly through 
a pipe 8 to a manually adjustable fuel control 55 

which is clamped a diaphragm 40. Attached to 
and extending through this diaphragm is a spin 
dile 4. of a valve 42 operating in the upper cas 
ing part 34. The valve 2 operates within a 
fixed sleeve 43 providing a valve chamber, and 
around the sleeve 43 is an annular chamber 44 
receiving fuel from passage 8. 
The valve 42 is a hollow sleeve valve carrying 



2 
at its upper end (Fig. 2) an external conical seat 
45 and carrying at its lower end a similar seat 
46. The seat 45 is adapted to co-act with a fixed 
ring 47 carried at the interior of sleeve 43, and 
the conical seat 46 is adapted to cooperate with 
a ring-like extension. 48 of ninember 43. Above 
the extension 48, the sleeve E3 is provided with 
radial ports 49. A pressure chamber 5 is pro 
vided above the diaphragm 40, this chamber be-, 
ing in communication with passage 37 and being 
in communication with the chamber 44 by way of 
ports 5 around the valve stem and by way of the 
radial ports 39 previously mentioned. 
A restricted communication passage from the 

chamber 59 above the diaphragm to a chamber 
52 below the diaphragm is provided in a suitable 

O 

s 

manner, as by having small ports 53 and 54 in 
the upper and lower diaphragm-clamping mem 
bers arranged to intercommunicate by Way of a 
screened passage 55 extended through the mar 
ginal portion of the diaphragm in the manner 
shown in Fig. 2. ' 
At the under side of the diaphragm 40 suitable 

means are employed for biasing the diaphragm 
so that the valve 42 will be held normally in an 
upper open position, and for this purpose I may 
employ a helical spring 56 having its upper end 
engaged with the diaphragm and its lower end 
engaged with a plate 5T adjustable by a screw 
58 having a nicked head 59 accessible at the ex 
terior of the casing. By turning the screw in one 
direction the spring may be subjected to addi 
tional compression, and by turning it in the oppo 
site direction the compression may be lessened, 
thereby decreasing its valve-opening tendency. 
The chamber 52 at the lower side of the dia 

phragm is connected with the control device 9 
previously mentioned by way of a pipe 60 provid 
ing a restricted branch connection or branch 
conduit from the main conduit, and this branch 
conduit carries a small portion of the fuel sup 
plied to the regulating device f7, namely, that 
portion which passes from the upper side of the 
diaphragm to.the lower side by way of the con 
nection 53, 55, 54. By properly proportioning 
the passage from one side of the diaphragm to 
the other, the proper relative amount of fuel can 
be caused to flow to the branch connection. 
In general the operation of the regulating de 

vice is as follows: 
Fuel passing into inlet passage 36 reaches 

chamber 44, and thence passes inwardly by radial 
ports 49 to the interior of sleeve 43, and thence 
by axial ports 5 to the chamber above the dia 
phragm, and the greater part of the fuel passes 
from this chamber by way of passage 37. A rela 
tively small portion of the fuel passes, however, 
to the chamber below the diaphragm, as above 
explained, and thence to branch pipe or conduit 
60. In Fig. 2 the valve 42 is shown in the open 
position. However, when the fuel pressure above 
the diaphragm reaches a predetermined degree, 
the diaphragn has its central portion moved 
downwardly sufficiently to close. the valve and 
prevent further fuel from reaching chamber 50. 
When the valve is in the closed position the seat 
45 engages member 47, and the seat 46 engages 
member 48. Owing to the open formation of 
the valve and the provision of its external termi 
nal seats on opposite sides of the ring 4T, it is 
not, when in open position, subject to prejudicial 
fluctuations or sudden movements, as there is a 
substantial balancing of the forces acting on it 
in Opposite directions. 
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The control device 9, which is affected by 

changes in the amount of air entering the main 
air passage, is preferably of the diaphragm type, 
and comprises a diaphragm 6 clamped between 
an inner member 62 and an outer member 63 SO 
as to provide a chamber 64 at the left-hand side 
of the diaphragm and a chamber 65 at the right 
hand side. Secured to the central portion of the 
diaphragm within the chamber 64 is a valve body 
66, which valve body, as hereinafter described, 
is a part of a pilot valve mechanism which con 
trols the venting of fuel from the branch conduit 
of which the pipe 60 is a part, and thereby con 
trols the position of the valve 42. 
From the venturi or throat portion 8 of the 

main passage a controlling air-pressure connec 
tion is made in a suitable manner to the cham 
ber 64, and in the particular form shown this in 
cludes a passage 67 at the throat having small 
Suction openings 68. From passage 67 a passage 
69 is extended to an annular passage 70, and 
passage 70 communicates with a short passage 

leading to chamber 64, and annular passage 
To also leads to a restricted passage or bleed 72 
having a restricted end portion 73 leading into 
the chamber 65. 

In the scoop portion 3 of the main air passage 
are small pressure inlets 74 to a passage T5 ex 
tending around the air passage. This passage 
75 communicates with a chamber 76 in the right 
hand wall structure of the carburetor, and in the 
chamber 76 is an aneroid device TT of usual 
structure around which air can circulate, having 
its interior passage 78 controlled by a valve 79 
and in communication with a passage 88 leading 
upWardly and then laterally and then down 
wardly, as shown in Fig. 1, so as to communicate 
with the chamber 65 at the right-hand side of 
the diaphragm 6. A temperature bulb 8 asso 
ciated with the aneroid device TT projects into 
the main air passage of the carburetor some 
what upstream of the throttle bars. 

Reverting to the valve 66 carried by diaphragm 
6, it will be seen that this valve. is adapted to 
nake contact at its left-hand end with and to be 
controlled by a diaphragm 82, which is marginally 
clamped between suitable members in such a 
manner that said diaphragm 82 provides a por 

50 tion of the left-hand wall of chamber 64. A bias ing Spring 83, which may be a coil spring and 
which is located in chamber 65, acts on diaphragm 

55 

60 

65 

70 

6 so as normally to hold valve 66 against dia 
phragm 82, and diaphragm 82 in turn against a 
valve seat 84 controlling a passage 85, which is 
adapted to vent the branch fuel pipe 60 in a suit 
able manner. Spring 83 is a compression spring, 
and the degree of its compression can be con 
trolled by suitable means such as an exteriorly ac 
cessible adjusting screw 86 connected to a cup 
8 receiving the right-hand end of the spring. 
The valve seat 84 is at the exit of a small cham 

ber 88 at the left-hand side of the secondary dia 
phragm 82. The pipe 60 is in communication with 
a passage 89 in the carburetor wall, which passage 
leads to the Small chamber 88, and if fuel can 
pass through chamber 88 and valve seat 84 it will 
flow into the passage 85 previously mentioned. , 
In the particular form shown the passage 85 is ar 
ranged to conduct any vented fuel to the main 
passage of the carburetor upstream of the 
throttles, and for this purpose passage 85 is con 
nected to a lateral passage 99 communicating with 
a Small tube 9 which projects into the main pas 
Sage to a slight extent. 
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In the operation of the device fuel is supplied at 

constant pressure by pump 2 to the regulating de 
vice f, from which fuel passes to the main meter 
ing restriction 23 in the main conduit. A certain 
amount of the fuel passing to the regulating de 
vice flows to the under side of the diaphragm or 
movable wall in a manner previously described, so 
as to provide a relatively reduced pressure on 
the movable wall and its valve. As above noted, 
the fuel at the under side of the diaphragm is 
free to flow, through the branch connection or 
conduit 60, 89, 88, 85, 96, 91, provided valve 66 
is in a position to permit this. The spring 56 nor 
rinally holds the movable metering or regulating 
valve in the open position. 
Assuming that the engine is in operation at a 

relatively high speed, in which case there will be 
a considerable pressure differential between the 
Scoop and throat portions of the air passage, and 
the throttles are moved toward the closed posi- : 
tion solas to reduce the speed, the pressure dif 
ferential between scoop and throat will be re 
duced, and assuming that when the engine is at 
high speed the valve 66 is closed, the change of 
speed will be effective to open the valve. 
opening of this valve will then be effective to en 
able fuel to pass freely out of the branch connec 
tion, which will reduce the pressure in the branch 
connection, reducing the pressure below the dia- . 
phragm of the regulator device 7, and thereby : 
causing the fuel pressure above the diaphragm 
to move the valve toward the closed position so 

The 

O 

3 
assists the spring throughout the range of engine 
operation. The fuel at the under part of the dia 
phragm can pass out of the casing of the regulat 
ing device owing to the provision of the discharge 
therefrom provided in this particular case by the 
pipe 60, and by building up the pressure of the 
discharge through the closing of the discharge or 
vent connection, as above described, the position 
of the metering valve can be changed in accord 
ance with the varying air supply to the engine. 
The metering valve is, of course, moved in the 
Opening direction at any point in the range of 
engine Operation when the pressure beneath the 
diaphragm is increased to a point where it, con 
jointly with the action of the spring 56, will over 
come the pressure on the Upper side of the dia 

... phragm. 

as to permit lessfuel to pass to the restriction 23. 
Thus the amount of fuel being supplied is reduced, 
as is desirable under the condition mentioned. 
Thus it will be seen that, as the air supply to the 
manifold is decreased, the fuel supply to the 
manifold (or to some other desired location) is 
correspondingly decreased. In the operation of . 

0. venting surplus fuel from the branch connection, 
this relatively small quantity of fuel may be car 
ried into the manifold, as above described, al 
though this is merely by way of example, and 
other arrangements can be provided in that re 
spect. Assuming now that the speed of the engine 
is again increased, the resulting increase of air 

By my improvements a very effective and posi 
tive control of the proportioning of fuel and air 
is provided, the control being quite sensitive and 
at the same time reliable in operation. A definite 
advantage arises from the relative simplicity of 
the apparatus, and from the ready accessibility 
of the different parts for adjustments and repairs, 
if and when these are necessary. A simple fuel 
regulating valve structure is employed, and a 
simple air-supply-controlled valve device, and if 
repairs to one of these devices is necessary, they 
can be effected without disturbing the other 
device, and the means of connection between these 
devices is very simple and inexpensive, and it is 
possible to place the fuel-regulating valve and the 
fuel-vent-controlling valve at various locations 
relatively to each other and to the carburetor 
body, so that the apparatus can be assembled 
and installed to a large degree in accordance 
with the dictates of convenience, saving of space, 
etc. The apparatus can be used to great advan 
tage invarious fueland air proportioning Systems 
in which a constant pressure fuel pump is em 
ployed, whether or not the metered fuelis supplied 
to a manifold or the like. Also, it will be evident 
that certain components of the apparatus, such 

pressure differential in the air passage will cause 
the valve 66 to be closed again, thereby closing 
the branch connection intermediate of its ends 
and causing pressure to be built up again in that 
portion of the branch connection which is on the 

iO 

as the fuel supply regulating device and the air 
5 controlled vent valve for the fuel, are of improved 
structure and are well adapted for use in a sys 
tem such as described. . 
While only one embodiment of the invention is 

shown and described, it will be apparent that the 
invention is susceptible of numerous embodiments 
and that various changes in the organization of 

fuel-receiving side of the valve seat 84. As pres 
sure builds up in the branch connection it causes 
pressure to be built up under the diaphragm of the 
regulating, device, thereby causing the metering 
valve to be moved to a more Open position, thus 

parts and in the details can be made without de 
parting from the principles of the invention Or 

5 s 
supplying more fuel, as is desirable under these 
conditions. 

It is also to be understood that with the throttle in any given setting, during engine operation, the 
valve 66 will have movement from time to time as 
conditions of air pressure, air density, temper 
ature, etc. vary, so as to cause corresponding com 
pensating movements of the metering valve. 

It is important to note that the spring 56 of 
the regulating device has the function of acting 
upon and controlling the position of the metering 
valve throughout, the entire range of engine 
operation, said spring throughout said range bias 
-ing said valve to an open position. The pressure 
of the fuel entering the regulating valve casing 
opposes the action of this spring throughout the 
range of engine operation, and similarly the pres 
sure of the fuel at the under side of the i dia 
phragm, exerting less than the upper pressure, 

the Scope of the claims. 
What I claim is: 
1. In a carburetor, means providing an air in 

take passage, including a venturi for setting up 
differential of air pressures proportional to air 
flow, a fuel supply system including a constant 
preSSure pump, a main conduit for delivering 
fuel therefrom to a nozzle discharging into the 
air passage, a fixed metering restriction in said 
conduit, a fuel pressure regulating device in the 
conduit intermediate the pump and restriction in 
cluding a valve for adjustably restricting said 
Conduit, a movable wall secured to the valve and 

- having one side subjected to the pressure of said 

s 

conduit upstrealm of the restriction thereby tend 
ing to close the valve, a restricted branch pas 
Sage from the conduit downstream from the valie 
and arranged to subject the opposite side of said 
wall to a reduced pressure, said conduit extending 
to a second discharge nozzle in said air passage, 
and pressure responsive means subjected to said 
differential of air pressures and to the fuel pres 



4. 
sure in said branch passage tomaintain fue pres 
sure in said branch passage proportional to Said 
differential of air pressures, said regulating device 
having a spring arranged to urge the valve in 
an opening direction whereby said device main 
tains a fuel pressure upon said restriction greater 
than that in said branch and varying substan 
tially as said differential of air pressures in ac 
cordance with air flow. 

2. In a carburetor, means providing an air in 
take passage including a venturi for setting up 
differential of air pressures proportional to air 
flow, a fuel supply system including a constant 
pressure pump, a main conduit for delivering 
fuel therefrom to a nozzle discharging into the 
air passage, a fixed metering restriction in Said 
conduit, a movable fuel-metering valve control 
ling said conduit intermediate the pump and 
restriction, a wall secured to said valve, a Casing 
enclosing said valve and wall and providing fluid 
pressure chambers at opposite sides of said wall 
subject normally to fuel pressures of different 
values, a spring assisting the action of the lower 
pressure on the valve and biasing the valve to 
ward an open position, and means responsive 
to differential of air pressures in said intake pas 
sage for effecting increases and decreases in the 
spring assisting fuel pressure, Said last-named 
means including a branch conduit leading off 
from that side of the valve casing subject to the 
lower pressure and a valve located intermediate 
the ends of said last-named conduit for Opening 
and closing the same, the terminal of said branch 
conduit located downstream of said last-named 
valve being arranged to deliver the vented fuel 
to the air intake passage. 

3. In a fuel and air proportioning device for an 
internal combustion engine, air passage means 
for supplying air to the engine including a Venturi 
for setting up differential of air pressures pro 
portional to air flow, fuel supply means includ 
ing a constant pressure pump, a metering Orifice 
and a main conduit delivering to said Orifice, a 

O 

5. 
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fective to control the flow of fuel therethru as a 
function of the fuel pressure differential there 
across, a main valve for variably restricting said 
second conduit to control the pressure in the 
portion of said. Conduit between said valve and 
said restriction, an expansible chamber having a 
movable wall subject on its exterior surface to 
the fuel pressure in said portion of said second 
conduit, said Wall being operatively connected to 
said main valve for positioning the same, a re 
stricted inlet passage connecting the interior of 
said chamber to said portion of said second con 
duit, a restricted outiet passage connecting the 
interior of said chamber to a point maintained at 
a continuously lower pressure, pilot valve means 
for controlling one of said restricted passages, 
and means responsive to the difference of said 
air pressures for operating said pilot valve means. 

5 

5. A fuel and air proportioning device for an 
internal combustion engine, comprising in Com 
bination, a first conduit for conveying air for 
combustion purposes to said engine, means as 
sociated with said first conduit for producing two 
unequal air pressures whose difference is a meas 
ure of the rate of flow of air thru Said conduit, 
means for supplying fuel under superatmos 

30 
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pheric pressure, a second conduit for conveying 
fuel from said fuel supply means to said engine, 
a metering restriction in said second conduit ef 
fective to control the flow of fuel therethru as a 
function of the fuel pressure differential there 
across, means for maintaining a substantially 
constant pressure in said conduit on one side of 
said restriction, a main valve in said second con 
duit on the opposite side of Said restriction for 
variably restricting said second conduit to con 

40 

movable fuel-metering valve, a wall secured to 
said valve, a casing enclosing said valve and wall 
and located in said main conduit intermediate the 
pump and metering orifice and having a chamber 
at one side of said wall establishing fuel pressure 
on said valve in a closing direction, said Casing 
also having a chamber at the opposite side of said 
wall providing a reduced fuel pressure on said. 
valve in a valve-opening direction, a Spring con 
tinuously assisting the action of said last-named 
pressure on the valve, and means controlled by 
differential of air pressures in said intake pas. 
sage for increasing and reducing the lower fuel 
pressure acting on the valve, the main conduit 
having an inlet to the high-pressure side of said 
casing and an outlet from said side, and the side 
of said casing subject to the lower fuel pressure 

45 

trol the pressure in the portion of said conduit 
between said valve and said restriction, an ex 
pansible chamber having a movable wall subject 
on its exterior surface to the fuel pressure in said 
portion of said second conduit, said wall being op 
eratively connected to said main valve for posi 
tioning the same, a restricted inlet passage con 
necting the interior of said chamberto said por 
tion of said second conduit, a restricted outlet 
passage connecting the interior of said chamber 

50 
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to a point raintained at a continuously lower 
pressure, pilot valve means for controlling one of 
said restricted passages, and means responsive to 
the difference of said air pressures for operating 
said pilot valve means. 

6. A fuel supply system for an internal con 
bustion engine, comprising a first conduit for 
conveying air for combustion purposes to said en 
gine, means associated with Said conduit for pro 
ducing two unequal pressures whose difference is 
a measure of the quantity of air flowing there 
thru, means for supplying fuel under superat 

60 
having a branch connection to the air passage 
means provided intermediate its ends with 
means for opening and closing it as air-flow con 
ditions in said passage means vary. 

4. A fuel and air proportioning device for an 
internal combustion engine, comprising in com 
bination, a first conduit for conveying air for 
combustion purposes to said engine, means as 
sociated with said first conduit for producing two 
unequal air pressures whose difference is a meas 
ure of the rate of flow of air thru said conduit, 
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mospheric pressure, a second conduit for convey 
ing fuel from said fuel supply means to said en 
gine, a metering restriction in said second con 
duit, first valve means in said second conduit for 
variably restricting said second conduit to con 
trol the pressure therein between said valve means 
and said restriction, an expansible chamber hav 
ing a movable wall subject on- its exterior sur 

70 

means for supplying fuel under superatmospheric 
pressure, a second conduit for conveying fuel 
from said fuel supply means to Said engine, a 
metering restriction in said second conduit ef 75. 

face to the fuel pressure in said portion of said 
second conduit, said wall being operatively con 
nected to said first valve means for positioning the 
same, a restricted inlet passage connecting the 
interior of said chamber to said portion of Said 
second conduit, a restricted outlet passage con 
necting the interior of Said chamber to a point 
maintained at a continuously lower pressure, Sec 
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ond valve means for controlling one of said re 
stricted passages, and at least two flexible dia 
phragms operatively. Connected to said second 
valve means, one of said diaphragms being sub 
jected to said two unequal pressures, said one 
diaphragm being connected to said second valve 
means so as to move said second valve means 
toward closed position when the difference of 

5 
said unequal pressures increases, and the second 
of said diaphragms being subjected to the pres 
sure in said chamber and connected to said sec 
ond valve means so as to move said second valve 
means toward open position when said third con 
duit pressure increases. 
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