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Patented June 10, 1947 2,421,768 

UNITED STATES PATENT OFFICE 
2,421,788 

FUE, FLOW WARNING DEVCE 

Jesse Wollazo, Thomasville, Ga., and Vincent 
Medvecks, Venice, Fla. 

Application June 29, 1945, serial No. 602,244 
9 Cairns, (C. 17-31) 

(Granted under the act of March 3, 1883, as 
amended April 30, 1928; 370 O. G. 757) 

The invention described herein may be manu 
factured and used by or for the Government for 
governmental purposes, without the payment to 
us of any royalty thereon, 
This invention relates to a fuel flow warning is 

device for use with an aircraft engine fuel system 
to give adequate warning of fuel system failure. 

Typical aircraft fuel system circuits include a 
fuel-pressure gage and a fuel-pressure drop 
warning signal, with actuating mechanisms 
varied to fuel pressure On one side and to car 
buretor air pressure on the other side, to give 
a continuous indication of the functioning of the 
system. These indicators, being responsive only 

5 a warning device for engine fuel systems in which to variation in the fuel pressure between the dis 
charge side of the fuel pump and the carburetor 
or injector, do not give adequate warning of fuel 
System failure due to conditions or malfunction 
ing not proximately affecting the fuel pressure 
on the high pressure side of the fuel pump. 
Since the conventional fuel pump is designed to 
deliver the required volume of fuel to the car 
buretor or injector at a constant discharge pres 
sure under all conditions and for a considerable 
period after exhaustion of fuel at the supply tank, 
the fuel pressure is independent of the fuel flow 
rate and remains unchanged regardless of varia 
tions in the fuel flow. Hence, variations in fuel 
flow disproportionate to the requirements of the 
System for normal engine operation, such as re 
Sults from leaks in the pressure side of the system 
Or malfunctioning of the carburetor or injector, 
may occur and exist for some time without 
change in fuel pressure and with no indication 
thereof by either the fuel-pressure gage or the 
fuel-pressure warning signal. 
When such equipped fuel systems malfunction 

under extreme operating conditions, the operator 
of the aircraft is without any warning or pre 
indication of fuel system failure in time sufi 
cient to take corrective action to prevent engine 
failure. The correction period (i. e., the time 
interval between the warning signal and the ac 
tual failure of the system from fuel exhaustion 
or other malfunctions) afforded by the fuel 
pressure gage and warning signal lamp of the 
conventional fuel system is approximately thirty 
seconds or less dependent upon the rate of fuel 
consumption of the engine at the time of the 
signal warning. At times, engine failure may 
occur practically upon signal warning as in sys 
tens with carburetors which require continuous 
pressure to discharge the fuel and which cut out 

2 
On such systems, the warning signal does not give 
adequate warning of fuel system failure. 

It is an object of the present invention, there 
fore, to provide a warning device for engine fuel 
systems which will not only afford a correction 
period of greater duration than that given by 
the commonly employed fuel-pressure gage and 
fuel-pressure-drop warning signal but also give 
adequate warning of conditions of excessive and 

0 decreased fuel flow detrimental to the proper 
functioning of the fuel system but not indicated 
by the aforementioned fuel-pressure gage or fuel 
pressure-drop warning signal. 
Another object of the invention is to provide 

the rate of fuel flow in the system is compared 
with the fuel flow-rate necessary to meet the fuel 
consumption requirements of the engine for dif 
ferent normal conditions of engine-operation and 

20 which will give adequate Warning of fuel flow in 
excess of and below the required flow-rate. 
A further object of the invention is to provide 

a fuel flow warning device which is readily adapt 
able to all types of fuel pressure systems and 

25 which also can be co-ordinated with the fuel 
pressure gage and pressure drop Warning signal, 
or other safety complements, of aircraft fuel sys 
tems for reducing the hazards of fuel system 
failures and providing additional safety in the 

30 operation of aircraft. 
The objects and advantages of the invention 

are attained by the novel construction and incor 
poration in an engine fuel-feeding system of a 
fuel flow warning device which, briefly described, 

5 comprises opposed force-exerting means, one of 
which is responsive to mass airflow to the engine 
to exert a force which is a reference or measure 
of the required rate of fuel flow to the engine 
for a given engine speed and the other of which 

do is responsive to the fuel flow pressure in the 
pump induction side of the system for exerting 
a force which is a reference or measure of the 
instant rate of fuel flow to the pump, in combi 
nation with a fuel flow indicator including a mov 

( able member operatively connected with the op 
posed force-exerting means to be maintained in 
a given position indicative of a normal fuel flow 
when the opposed forces are equal and to be de 
flected to positions at relatively opposite sides 

50 of the given position in accordance with an un 
balanced relationship between the forces result 
ing from supernormal or subnormal fuel flow. 
A practical embodiment of the invention 

is illusirated in the accompanying drawings, 
quickly after the initial drop in fuel pressure. 55 wherein: 
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Figure 1 is a top plan view of the signal-control 
unit of the invention. 

Figure 2 is a vertical longitudinal sectional view 
of the signal-control unit housing and associated 
mechanism taken on line 2-2 of Figure 1. 

Figure 3 is a vertical transverse sectional view 
on line 3-3 of Figure 1. 

Figure 4 is a schematic view of the essential 
units and circuits of a typical single engine air 
plane fuel system with the device of the inven 
tion incorporated therein. 

Figure 5 is a schematic view of the fuel System 
and signal-control unit installation illustrating 
the reaction of the unit to fuel system failure 
characterized by decreased fuel flow. 
Figure 6 is a schematic view similar to Figure 

5 but illustrating signal-control unit reactance 
to fuel system failure characterized by excessive 
fuel flow. 

Figure 7 is a detail sectional view of the signal 
unit. 

Figure 8 is a top plan view of the signal unit. 
The fuel flow warning device of the invention 

comprises essentially a signal-control unit A and 
a signal unit B. The mechanism of the signal 
control unit A is housed within a body having 
an air Section and a fuel Section separated by 
an intervening wall or partition . In the con 
struction shown in Figures 1 to 3 inclusive, the 
air section is defined by a comparatively shallow 
cup-shaped body portion 2 and a high dome or 
cover 3 with bottom flange 4 supported on and 
fastened in leak-proof relation with the upper 
edge of the body portion 2, as by screws 5, where 
as the fuel Section is defined by a lateral tubular 
body portion 6 forming a fuel conduit offset from 
and depending below the botton wall 7 of the air 
Section, the end portions 8 and 9 at the inlet and 
outlet ends of the fuel conduit being reduced in 
diameter and externally screw-threaded as shown 
for connection into a fuel system circuit. 
The air section is divided into two chambers 

by a pressure-sensitive bellows O contained with 
in the domed COver 3; the space On the inside 
of the bellows forming one chamber and the space 
2 outside of the belows forming the other cham 

ber. A vent 3 for the chamber is provided 
in a stem 4 at the upper end of the bellows, and 
a vent 5 for the chamber 2 is provided in the 
top of the cover 3. The bellows-stem 4 has an 
externally screw threaded portion f6 which pro 
trudes through a non-threaded orifice in the top 
of the cover 3. A nut 7 carried by the stem 4 
and in abutment with the top surface of the cover 
supports the stem and bellows in suspension with 
in the chamber 2; contact between the cover 
and the nut being maintained by the downward 
thrust of a bellows-tensioning spring fe encir 
cling the stem 4 and in compression between the 
top of the bellows and the overhanging underside 
of the cover. A lock nut 9 is also provided on 
the stem 4. The force exerted by the bellows 
in response to a pressure difference between 
chambers and 2 is applied to a movable mem 
ber 20 through a suitable medium 2. In the 
construction shown, the member 20 is a horizon 
tally disposed switch arm of a lamp-circuit switch 
mechanism housed within the body portion 2 in 
Spaced relation to the overhanging bottom of the 
bellows, and the medium 2 is a helical spring 
extending vertically between the switch arm and 
the bottom of the bellows with its lower end se 
cured by a keeper 22 on the switch arm and its 
upper end secured by a keeper 28 on the bellows. 
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on the spring 2 is obtained by raising or lowering 
the bellows and this is effected by proper turning 
of the bellows-adjusting nut 7 on the threaded 
sten 4. . 
The fuel section houses a circular disk or in 

peller 24 within an enlarged central chambered 
portion 25 of the fuel flow passage 2, the re 
Spective diameters of the impeller and impeller 
chamber being such as to provide slight clearance 
2 at the periphery of the impeller when the latter 
is in a plane perpendicular to the axis of the 
impeller chamber. The impeller is attached at 28 
to a shaft 29 journaled in a cross-bore 30 at the 
top of the impeller chamber; the shaft extending 
into the air section and carrying a can en 
gaged with the underside of the switch arm 20, 
The cross-bore is open to the impeller chamber 
through an orifice 32 and leakage at the inner or 
air section end of the cross-bore is prevented by 
a suitable shaft seal 33. A Spring 34 encircles 
the shaft at its outer end and is housed within 
an enlargement 35 of the cross-bore with one end 
seated on the bottom of the housing and its other 
end engaging a stop 6 on the shaft. The spring 
housing 35 is provided with a screw-threaded 
closure plug 37. Flow of fuel through the im 
peller is provided for by one or more ports 38 in 
the central portion of the impeller and smaller 
ports or bleed openings 9 between the rim and 
central portion of the impeller. Passage of fuel 
through the ports 8 is controlled by a valve 40 
Connected with the impeller and loaded by a valve 
closing spring 4. 
The impeller, shaft, and cam provide means for 

exerting a force on the switch arm 20 in opposi 
tion to the force exerted on the latter by the 
bellows assembly of the air section; the magni 
tude of the counter force varying proportionately 
with the extent Of movement or displacement of 
the impeller about its axis in response to flow 
conditions in the fluid of the impeller chamber. 
The signal unit B, shown in Figures 4 and 7, 

comprises a lamp housing 42 divided into con 
centric inner and outer lamp chambers 43 and 
44; the former having a red cover glass 45 bearing 
the legend 'No flow' and the latter having a 
green cover glass 46 bearing the legend "Exces 
Sive flow.' The central and Smaller chamber 43 
houses a single electric lamp 47. A pair of similar 
lamps 48 and 48a are housed within the outer and 
larger chamber 44. The lamp. 47 has an electrical 
lead or conductor 49 connected through an elec 
trical adapter socket 50 on the signal control 
unit A with a conductor 5 of the Switch mecha 
nism contact 52. Lamps 48 and 48a have a com 
mon conductor 53 similarly connected with a con 
ductor 54 of the Switch mechanism contact 55. 
As shown in Figure 2, contacts 52 and 55 are fixed 
in the body portion 2 in vertically spaced relation 
On relatively opposite sides of one end of the 
Switch arm. 20. The Switch arm is pivotally sup 
ported at its other end on a post or pedestal 56 
for movement vertically between the contacts and 
is provided with a conductor 57 and condenser 
58 for connection through the adapter socket 50 
and conductor 59 with the aircraft engine ignition 
circuit. 
A typical fuel System with the above described 

fuel flow warning device installed therein is shown 
in Figure 4. The system, apart from the incor 
poration of the subject invention therein, com 
prises main and auxiliary fuel tanks 60 and 6 
with fuel outlet tubes 60a and 6 a to a selector 
valve 62. The fuel line from the selector valve 

Adjustment and regulation of the initial tension to the engine-driven main fuel pump 63 and 
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hand-operated booster pump 64 is indicated at 
65 and includes the strainer 66. The outlets of 
the pumps are connected through a common fuel 
delivery tube 67 to the carburetor fuel inlet 68. 
The carburetor 69 is shown provided with an air 
scoop or ramming air intake 70 and a throttle T. 
A supercharger 72 is located in the induction sys 
ten between the carburetor and the engine intake 
manifold 73. The conventional pump 63 is de 
signed to deliver much more fuel at any speed 
than the engine actually requires, the Surplus fuel 
being relieved, to the intake side of the pump by 
the automatic action of a differential pressure 
operated relief valve of the well-known, bellows 
or diaphragm type vented on One side, to the fuel 
pressure and on the other side to the carburetor 
air intake pressure. The relief valve, shown con 
ventionally at 74 with air vent line 75 to the car 
buretor impact tube 76, by its balancing action 
helps to maintain constant pump discharge pres 
sure regardless of variations in pressure on the 
suction side of the pump. The conventional dif 
ferential pressure gage for indicating the differ 
ence between the air pressure at the carburetor 
air inlet and the fuel pressure entering the car 
buretor is shown at 77 with its air connection 8 
vented to the carburetor air intake through vent 
line 79 and impact tube 76, and its fuel connec 
tion 80 connected to the carburetor fuel inlet 68 
by a fuel vent line 8. 
The conventional fuel pressure warning signal 

comprises a red signal lamp 82 and the signal 
Switch 83 in circuit connection with a Source of 
potential 84 and a cut-out switch 85; the signal 
lamp being conveniently located in the pilot's 
compartment and the Signal SWitch being in 
stalled close to the carburetor. The signal switch 
is a differential pressure operated type vented 
to fuel pressure on one side through the fuel con 
nection 86 with the fuel vent line 8 and to car 
buretor air pressure on the other side through the 
air connection 8 with the air vent line 79. Dur 
ing normal engine operation the fuel pressure is 
sufficiently high to keep the signal switch 83 open 
so that the lamp 82 is unlighted. Upon a serious 
loss or drop in fuel pressure the signal switch 
closes and lights the lamp in warning to the pilot 
of low-fuel pressure. Since operation of the fuel 
pressure warning signal is required only during 
engine Operation it is generally connected in the 
Cngine ignition circuit with the conventional stor 
age battery as the source of potential 84 and the 
presently employed ignition SWitch as the cut-out 
Switch 85. 

In installing the fuel flow warning device in 
the conventional fuel system, the signal control 
unit A is located in the fuel line on the intake 
side of the fuel pump, preferably between the 

f2 is a measure of mass air flow and, hence, a 
measure of the instant fuel consumption of the 
engine. This pressure difference acting on the 
bellows fo produces a force acting downwardly 
through the spring 2 upon the switch arm. 20. 
Movement of the fuel through the impeller cham 
ber of the unit A in the normal direction of flow 
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Selector valve 62 and the strainer 66, with the 
Switch arm conductor 59 connected as a branch 
lead with the ignition switch point 88. The sig 
nal unit B is mounted in the pilot's compartment 
on the instrument panel or otherwise conspicu 
ously located in the vicinity of the pilot. Cham 
ber f of the unit A is connected to the impact 
tube 76 through vent tubes 89 and 79 and registers 
the carburetor air intake or scoop pressure. 
Chamber 2 is connected by a vent tube 90 with 
the throat of a Venturi tube 9 in the direct air 
flow of the engine induction system and registers 
Wenturi suction. In normal engine operation, the 
flow volume of fuel should be at a predetermined 
value corresponding to the mass air flow at the 
carburetor for each engine operating condition. . 
The pressure difference between chambers if and 

70 

s 

tends to displace the impeller clockwise about its 
axis for producing a force which is a measure of 
the fuel flow. This force is applied to the switch 
arm through the medium of the shaft 29 and cam 
3 in opposition to the force produced by the pres 
sure differential between chambers and 2 and 
applied to the switch arm in the manner herein 
before described. '. 
The adjustment and calibration of the signal 

control unit A is such that the impeller, switch 
arm, and associated parts are caused to assume 
different given positions according to whether 
the fuel flow is normal, subnormal, or abnormal. 
The normal position is represented by the dotted 
line construction P of Figures 5 and 6 and is 
assumed when the fuel system is operating nor 
mally, as when the fuel flow corresponds to the 
consumption requirements of the engine. In 
this condition of fuel System operation, the op 
posing forces on the switch arm. 20 hold the 
latter centered between, and hence in open cir. 
cuit position relative to, the contacts 52 and 
55; the impeller 24 being in flow-sustained at 
titude Substantially midway of the upper and 
lower limits of the travel with the valve 40 
in unseated relation to the impeller fuel ports 
38. The signal lamps 47, 48 and 48a are un 
lighted because of the break in circuit at the 
Signal control unit SWitch. 
The subnormal or “No flow' position is repre 

Sented by the full line construction Px of Figure 
5 and is assumed when the flow of fuel ceases 
or drops below the required rate. Such a con 
dition may be encountered, during engine oper 
ation, as a result of restriction or exhaustion 
of the fuel between the Supply source and the 
fuel pump, failure in the carburetor, or irregular 
fuel flow. Figure 5 illustrates a condition of sub 
normal fuel flow due to the lack of adequate 
fuel supply. The fuel in the part of the System 
from the fuel tank to the fuel pump contains 
air and the flow is low and erratic, being pulsat 
ing rather than uniform; a common occurrence 
When the quantity of fuel in the fuel tank is 
in Sufficient to maintain uniform flow, particu 
larly When the aircraft is operated in attitudes 
which prevent or retard fuel flow. Erratic fuel 
flow from the fuel tank to the inlet of the fuel 
pump most always is encountered prior to the 
exhaustion of the fuel system or malfunction 
ing of the high pressure side of system between 
the fuel pump and the carburetor. This condi. 
tion of low and erratic fuel flow is not imme 
diately reflected in the high pressure side of 
the fuel system because of the operating char 
acteristics of the conventional fuel pump whereby 
normal operating fuel pressure is maintained 
in the discharge or high pressure side of the fuel 
System for a considerable period after the fuel 
flow in the low pressure side of the system has 
dropped to an unsafe value. Hence, during this 
period of malfunction the conventional fuel 
pressure gauge and the fuel drop warning device 
continue to indicate normal operating fuel pres 
Sure indicative of safe engine and fuel system 
Operating conditions. With the fuel flow warn 
ing device of the present, invention installed in 
the System as shown and described, it is ob 
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vious that decreased fuel flow between the tank 
and the fuel pump will decrease the fuel flow 
pressure against the impeller 24 with resultant 
lessening of the upward force applied to the un 
derside of the Switch arm 20 through the medium 
of the impeller shaft 29 and cam 3. As a result 
of the unbalancing of the opposed forces, with 
the downward force predominating, the switch 
arm is forced downward into engagement with 
the electrical contact 52 with consequent closing 
of the circuit to the remotely located signal lamp 
47 and illumination of the latter to render a 
"No flow' warning to the pilot. The downward 
movement of the Switch arm results in a Counter 
clockwise movement of the cam 3, shaft 29, and 
impeller 24 from the normal position P to the 
“No flow' position Px. It should be noted that 
at this particular time the fuel preSSure gauge 
77 and the unlighted drop warning lamp 82 are 
recording a normal condition of fuel System Oper 
ation. When the condition of decreased flow 
is remedied, as by switching the selector valve 
62 to another fuel tank or taking other" cor 
rective action to restore the fuel flow to the re 
quired normal value, the switch mechanism is 
restored to position P and the “No flow' warn 
ing lamp is extinguished indicating resumption 
of normal operation of the fuel System. 
The abnormal or “Excessive flow' position is 

represented by the full line construction Py of 
Figure 6 and is assumed when the flow of fuel 
exceeds the required fuel consumption of the 
engine. Such a condition commonly occurs when 
leakage at a section or connection of the tubing 
on the pressure side of the fuel System results 
in loss of fuel to the external area, as indicated 
at f in Figure 6. The fuel loss to the carburetor 
is compensated by an increase in the fuel flow 
and fuel volume output of the fuel pump as long 
as the fuel supply is adequate; the capacity of 
the fuel pump 63 being much greater than the 
maximum engine consumption and is regulated 
by the relief valve 74 to maintain the correct 
fuel pressure value. Hence, during the occur 
rence of Such a condition or malfunctioning of 
the System, the conventional fuel pressure guage 
and fuel drop warning device continue to indi 
cate normal operating fuel pressure indicative 
of safe engine and fuel System operating condi 
tions although actually a serious fire hazard is 
present. Timely warning of Such a hazardous 
condition is afforded however, by the incorpora 
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tion into the fuel system of the warning device 
of the Subject invention which is responsive to 
variations in fuel flow rather than variations in 
fuel pressure. Acceleration in fuel flow resulting 
from increased pump action due to malfunction 
ing of the System increases the upward preSSure 
or force exerted against the underside of SWitch 
arm through the medium of the impeller shafts 
23 and 3. As a result of the unbalancing of 
the opposed forces, with the upward force pre 
dominating, a clockwise movement of the impeller 
24 shaft, 29 and cam 3 occurs until the “Exces 
sive fiow' position Py is reached, at which time 
the switch arm engages the electrical contact 55 
and closes the circuit to the lamps 48 and 48a. 
With consequent illumination of the lanpS to 
render a warning of “Excessive flow' to the pilot. 
When, by corrective action with resultant de 
crease in fuel flow, the proper balance between 

- the opposed forces is restored in conformity With 
the fuel consumption requirements of the engine, 
as measured or guaged by the pressure difference 
between the chambers and f2, the SWitch 
mechanism is activated to normal pOSition P and 

60 

65 

70 

5 

8 
the 'Excessive flow' lamps are extinguished in 
indication of normal operation of the fuel System. 
The fuel flow warning device, being responsive 

to fuel flow conditions, will render signal indica 
tions substantially immediately upon the occur 
rence of a fuel flow which is disproportionate to 
requirements of the system for normal engine 
operation. Hence, it affords a correction period 
of greater duration prior to engine failure than 
is afforded by the conventional fuel pressure 
gauge 77 and fuel drop warning signal 82 which 
are responsive to variations in fuel pressure 
rather than fuel flow. As previously pointed out 
herein, such undesirable flow conditions may exist 
for some time without drop in fuel pressure and, 
therefore without indication thereof either by 
the fuel pressure guage or the fuel drop warning 
signal. The fuel flow warning device is not in 
tended to eliminate the fuel preSSure guage or 
the fuel pressure drop warning signal but to pro 
vide a supplementary warning device contribut 
ing to greater safety in aircraft engine Operation. 
It can be readily adapted to pressure types of 
fuel systems for aircraft without major altera 
tions to the fuel system and is designed to be 
constructionally and operationally fool proof and 
free from malfunctioning within the limits of 
possibility. The switch mechanism operates un 
der a negative pressure afforded by Venturi suc 
tion which eliminates possibilities of moisture 
condensation and electrical arcing. The free end 
valve-controlled fuel ports in the impeller aSSure 
proper fuel flow should the impeller become 
jammed or stuck in the flow passage from any 
condition of malfunctioning. A double pole, test 
switch S, shown in Figure 4, may be connected 
in the fuel flow Switch signal circuits for testing 
purposes, if desired. 
Although the fuel flow warning device is here 

in shown and described as affording immediate 
warning signal to the pilot through means of an 
electrical circuit and lamps, the same objective 
may be attained by the use of an auditory signal. 
It is to be understood, therefore, that alterations 
and changes in the construction of the device, 
and the substitution of equivalents, may be made 
without departing from the spirit and Scope of 
the inventions as Set forth in the appended 
claims. 
Having thus described the invention, we claim: 
1. A fuel flow Warning device for an engine 

fuel feed System, Comprising Opposed pressure 
responsive means one of which is connected in 
the high pressure Side of the System to be op 
erated thereby for exerting a force proportional to 
the instalt fuel Consumption of the engine and 
the other of which is in communication with the 
OW pressure side of the System to be operated 
thereby for exerting a force proportional to the 
fuel flow, and a signalling circuit including a 
Switch Operatively COnnected With the Said Op 
posed force exerting means to be maintained 
thereby in circuit-open position when the Op 
pOSed forces are in balanced relationship and to 
be moved into circuit-closed position when the op 
posed forces are in unbalanced relationship. 

2. In a fuel system, a carburetor, a fuel source, 
a fuel feed line connecting the fuel source with 
the carburetor and including a fuel feed pump, 
opposed force-exerting means one of which is 
Operatively connected with the carburetor to 
exert a force which is a function of the air flow 
through the Carburetor and the other of which is 
operatively connected to the fuel line between the 
pump and the fuel Source to exert a force which is 
a function of the fuel flow betWeen the pump and 
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the fuel source, and a signal circuit having a 
circuit-control switch Operatively connected with 
the said opposed force-exerting means to be main 
tained in circuit-open position when the opposed 
forces are equal and to be moved to close the cir 
cuit when the said forces are unbalanced. 

3. A fluid pressure actuated switch comprising 
a housing having a fluid pressure chamber and a 
fluid-flow passage, said chamber having a fluid 
pressure inlet, a pivotally mounted switch arm in 
the pressure chamber, contact points in the path 

O 

of the switch arm and on relatively opposite side 
of the latter, a pressure-sensitive bellows within 
the chamber and having a pressure inlet exter 
nally of the chamber for the transmission of pres 
sure to the interior of the bellows, a force-trans 
mitting spring connecting the bellows and the 
switch arm, a shaft journaled in the housing and 
extending crosswise of the flow passage, an im 
peller fixedly connected with the shaft and de 
pending into the flow passage, and a cam fixed 
on the shaft and engaging the Switch arm in 
opposition to the Said spring. 

4. A fuel flow warning system having in com 
bination a fuel consuming device, means for feed 
ing fuel to the device, force-exerting means con 
nected with the device and operable thereby in 
accordance with the rate of fuel consumed by 
the device for producing a variable force which 
is proportional to the rate of fuel consumption 
and which is a measure of the required rate of 
fuel flow to the device, force exerting means con 
nected with the fuel feeding means and operable 
thereby in accordance with the rate of fuel flow 
therethrough for producing a variable force pro 
portional to the rate of fuel flow, the two force 
exerting means being in relatively opposed rela 
tion for effecting a resultant force which corre 
sponds to the instantaneous relation of the fuel 
flow through the fuel feeding means and the fuel 
consumed by the device, and means responsive to 
the said resultant force for visibly and continu 
ously indicating said instantaneous relation. 

5. In an engine fuel feed system, the combina 
tion of a source of fuel Supply, an engine induc 
tion housing, a fuel pump having an intake con 
nection with the fuel supply source and a delivery 
connection with the induction housing, Opposed 
force-exerting means; one of which is a pressure 
sensitive element vented to induction housing in 
pact pressure on one side and to inducticnhousing 
velocity pressure on the other side to exert a force 
proportional to the engine consumption and the 
other of which is a flow responsive member Oper 
atively connected with the intake side of the 
pump and operable to exert a force proportional 
to the fuel flow on one side of the pump, and a 
signalling circuit including a control switch con 
nected to and operated by the said opposed force 
exerting means to be maintained in circuit-open 
position when the opposed forces are in equilib 
rium and to be moved into circuit-closed position 
whenever said forces are in unbalanced rela 
tionship. 

6. In a fuel system, a carburetor, a fuel Source, 
a fuel feed pump connected between the carbu 
retor and the fuel source, a pair of electrical sign 
nalling circuits including a common control 
switch movable from an open circuit position in 
one direction to close one of the circuits and in 
the opposite direction to close the companion cir 
cuit, and opposed force-exerting pressure-respon 
sive means connected with the switch and Op 
erable when equal to hold the switch in circuit 
open position, one of said means being responsive 
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to the pressure difference between Venturi suction 
and impact pressure resulting from air flow 
through the carburetor to exert a force propor 
tional to said airflow and tending to move the 
Switch to close one of the circuits and the other 
means being responsive to fuel flow on the intake 
side of the pump to exert a force proportional 
to the fuel flow between the pump and the fuel 
Source and tending to move the switch to close the 
other circuit whereby an unbalance between the 
Opposed forces results in the closing of a signal 
Circuit. 

7. A fuel feed system including a carburetor 
having an airflow passage provided with a Venturi 
Suction region and an impact pressure region, a 
fuel source, a fuel pump having an intake con 
nection with the fuel source and a delivery con 
nection with the carburetor, opposed pressure 
responsive means one of which is vented to the 
carburetor Venturi suction on one side and to the 
carburetor impact pressure on the other side for 
exerting a force proportional to the pressure dif 
ferential between the carburetor suction and in 
pact pressure and the other of which is in com 
munication with the intake side of the pump for 
exerting a force proportional to the fuel flow be 
tween the pump and the fuel source, and fuel flow 
indicating means including a movable member 
operatively connected between the opposed force 
exerting means to be maintained in a given posi 
tion when the opposed forces are equal and to be 
defected to positions at relatively opposite sides 
of the given position when there is an unbalanced 
relationship between the said forces, 

8. An engine fuel feed system including a car 
buretor, a fuel source, a fuel feed line connecting 
the fuel source with the carburetor and including 
a fuel feed pump, opposed force-exerting means 
one of Said means being a differential pressure 
responsive member connected with the carburetor 
and responsive to the pressure differential be 
tween the carburetor suction and impact pres 
sures resulting from air flow through the carbu 
retor to exert a force which is a measure of the 
instant fuel consumption of the engine and the 
other of said means being a pressure-responsive 
member connected to the fuel line between the 
pump and the fuel source and responsive to the 
fuel flow therein for exerting a force which is a 
measure of the fuel flow to the pump, and fuel 
flow indicator means including a movable member 
operatively connected with the opposed force 
exerting means to be maintained when the op 
posed forces are equal in a given position indica 
tive of a normal fuel flow and to be deflected to 
positions at relatively opposite sides of the given 
position in accordance with an unbalanced rela 
tionship between the forces resulting from Super 
normal or subnormal fuel flow. 

9. In an engine fuel system, an induction hous 
ing having a Venturi air passage and an air im 
pact pressure tube, a fuel source, a fuel pump 
having its intake connected with the fuel source 
and its outlet connected with the housing, a 
suction chamber connected with the Wenturi pas 
sage, a pressure chamber connected with the im 
pact tube, a pressure-sensitive force-exerting de 
vice vented to the suction chamber on one side 
and to the pressure chamber on the other side for 
exerting a force proportional to the pressure dif 
ferential between the suction and impact pres 
sures, a flow-responsive force-exerting device op 
eratively associated with the intake side of the 
pump for exerting a force proportional to the fuel 
flow from the fuel source to the pump, and a pair 
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of electrical signaling circuits including a com- as 
mon control Switch movable from a circuit open REFERENCES CITED 
position in one direction to close one circuit and The follow in the opposite direction to close the otheriest. Serences are of record in the said switch being operatively with the file of this patent: 
said forces-exerting devices be acted on Op- NITED positely by said devices whereby it will be posi- U STATES PATENTS 
tioned in circuit open position when the opposed Number Name Date 
forces are equal and moved to close one or the 534,631 Carpenter ---------. Feb. 26, 1895 
other of the circuits in accordance with an un- 1,533,530 . Wheatley et al.------ Apr. 14, 1925 
balance between the opposed forces. 
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