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The invention relates more particularly to an 
internal combustion engine fuel supply System 
adapted for use in or as a part of an airplane, but 
the invention is not necessarily so limited. 
One of the objects of the invention is to pro 

vide means which will enable the Operator to 
readily adjust the fuel system for maximum eff 
ciency of engine operation. 
A further object of the invention is to pro 

wide means whereby the reading of the needle or 
other device which indicates efficiency will not 
be affected by variations in fuel flow correspond 
ing to variations in the torque exerted by the en 
gine. 

: A still further object of the invention is to pro 
vide an improved means responsive to the rate 
of fuel flow to the engine, such means being 
utilized for indicating the maximum efficiency. 

Still other objects of the invention are to pro 
vide various improved details of structure and 
arrangement that are useful or advantageous in 
attaining the before-stated more general objects. 

Further objects of the invention will be appar. 
ent from the accompanying drawings and from 
the following specification and claims. 
Of the drawings: 
Fig. 1 is a schematic view showing the essen 

tial elements associated with and forming parts 
of the efficiency indicator. 

Fig. 2 is a longitudinal sectional view of th 
indicator unit, this view being taken along the 
line 2-2 of Fig. 3. 

Fig. 3 is a longitudinal sectional view taken 
along the line 3-3 of Fig. 2. 

Fig. 4 is a transverse sectional view taken along 
the line 4-4 of Fig. 3. 

Fig. 5 is a longitudinal sectional view taken 
along the line 5-5 of Fig. 4. 

Fig. 6 is an enlarged fragmentary sectional 
view taken along the line 6-6 of Fig. 4. 

Fig. 7 is a plan view of the indicator unit. 
While not necessarily so limited, the invention 

is particularly applicable to and advantageous 
for airplane use and it will be so described. Re 
ferring first to Fig. 1 of the drawings, there is 
shown a body O of a carburetor for an aircraft 
type internal combustion engine, Air enters 
the carburetor body O at an inlet 2 and flows 
through a Venturi restriction 4 and a passage 
6, past a throttle 8 and a fuel discharge nozzle 
20 to an outlet 22. A supercharger may be pro 
vided between the outlet 22 and the intake man 
ifold of the engine. In certain cases the super 
charger may be upstream from the inlet 2, or 

O 

2 
two superchargers may be used, One in each 
place. 
The Venturi restriction 4 produces a pressure 

differential between the inlet 2 and the throat . 
of the restriction which varies substantially in 
accordance with the square of the velocity of the 
air passing through the restriction. Since the 
cross-sectional area of the venturi is constant, 
this pressure differential may be taken as a 
measure of the volume of air flowing through 
the passage per unit time. In order to obtain a 
pressure differential varying as a function of the 

15 

mass of air per unit time flowing through the 
venturi 4, the pressure differential between the 
entrance 2 and the throat of venturi 4 is uti 
lized to create an air flow through a secondary 
air passage extending from entrance 2 to the 
throat of venturi 4. A plurality of impact tubes 

20 
24 is provided, only one of which is shown, whose 
Open ends project into the entrance 2 to re 
ceive the impact of the entering air. The sec 
ondary air passage may be traced from entrance 
2, through tubes 24, a conduit 26, a conduit hav 

ing a restriction at 28, a restriction controlled by . 
a valve 30, a chamber 32 and a conduit 34 ex 
tending to the throat of the venturi 4. The con 
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duits 26 and 28 are connected respectively with 
conduits 36 and 38 which communicate with 
chambers 40 and 42 in a pressure meter indicat 
ed generally at 44. 
The fuel enters the carburetor from a fuel 

pump 46 or other source of fuel under superat 
mospheric pressure. It flows through a conduit 
48 to a mixture control unit generally indicated 
at 50 and a jet system 52, and then through a 
conduit 54, the pressure meter 44 and a conduit 
56 to the fuel discharge nozzle 20. The conduit 
48, the mixture control unit 50, the jet system 52 
and the conduit 56 Will be referred to collectively 
as the 'main fuel conduit.' 
The mixture control unit 50 includes a disc 

Valve 58 fixed on a shaft 60. The disc valve 58 
controls the flow of fuel through ports opening 
into conduits 62 and 64 which lead into the jet 
System, 52. When the disc 58 is in the position 
illustrated in full lines in the drawing, fuel can 
flow to the jet system only through the conduit 
62. This full line position of the disc valve 58 
is known as the "lean' position of the mixture 
Control 50. When the disc valve 58 is in the dot 
ted line position shown in the drawing, the fuel 
can flow through both the conduits 62 and 64. 
The dotted line position of disc valve 58 is termed 
the "rich' position of the mixture control. The 
disc valve 58 can also be moved to a "cut-off' 
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position wherein it cuts off the flow through both 
conduits 62 and 4. 
The conduit 62 conducts fuel either through a 

fixed restriction or jet 68, or through a restric 
tion B9 controlled by an enrichment valve 70 bi 
ased to closed position by a spring 72. The con 
duit 64 conducts fuel to a fixed restriction 4. 
Fuel flowing through the restrictions 68 and 
also flows through another restriction 76 which 
limits the total flow through restrictions 68 and 
4. The valve T0 is normally closed, but opens 

at high pressure differentials across the jet Sys 
tem to increase the fuel-to-air ratio under heavy 
load conditions. 
The pressure meter 44 has a diaphragm 8 Sep 

arating the chambers 40 and 42, this diaphragm 
being connected with a valve 80. The meter 
also has a chamber 82 separated from the chan 
ber 42 by a diaphragm 84, and a chamber 86 
separated from the chamber 40 by a diaphragm 

. The diaphragms 84 and 88 are also operably 
connected with the valve 80. The chamber 86 
receives fuel from the aforesaid conduit 54, and 
the downstream side of the valve 80 is connect 
ed with the aforesaid conduit 56 leading to the 
nozzle 20. The chamber 82 is connected by a 
conduit 90 with the conduit 48 at the upstrean 
side of the jet system 52. 

O 

The pressure in the chamber 82 is the same as 
that in the fuel line at the upstream side of the 
jet system, and the pressure in the chamber 86 
is the same as that in the fuel line at the down 
stream side of the jet system. The position of 
valve 80 is determined by the balance between 
the differential of the pressures in the chambers 
40 and 42 acting in the valve opening direction 
and the differential of the pressures in the cham 
bers 82 and 86 acting in the valve closing direc 
tion. Increased air flow results in increased dif 
ferential between the pressures in the chambers 
40 and 42 and causes the valve 80 to move in the 
opening direction to increase the fuel flow and 
thus maintain the proper air-to-fuel ratio. How 
ever, the increased fuel flow causes an increased 
differential of pressures across the jet System and 
in the chambers 82 and 86 which tends to move 
the valve 80 in the closing direction and to estab 
lish a new balance between the two differentials. 
The before-mentioned valve 30 in the secondary 

air passage constitutes a second restriction there 
in, the first restriction being at 28. It will be 
clear that closing or partial closing of this valve 
increases the pressure drop at that point, and 
correspondingly decreases the pressure drop at 
the restriction 28. Decrease of the pressure drop 
at 28 decreases the pressure differential on the 
diaphragm. T8 and tends to move the valve 80 in 
the closing direction, and to thus decrease the 
fuel flow in the manner already described, Simi 
larly, movement of the valve 30 in the opening 
direction increases the fuel flow. The valve 30 
therefore serves as a means for regulating the 
fuel flow supplementally to the regulation effected 
by variations in air velocity. The valve 30 is con 
nected with a bellows 92 positioned in the cham 
ber 32 and filled with a fluid having a substantial 
coefficient of thermal expansion. Increased tem 
perature or decreased pressure in the chamber 
32 causes the bellows to expand and move the 
valve 30 in the closing direction, thus decreasing 
the rate of fuel supply. Decreased temperature 
or increased pressure in the chamber 32 causes 
the bellows to collapse and move the valve 30 in 
the opening direction, thus increasing the rate of 
fuel supply. 
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4. 
In accordance with the invention it is necessary 

to provide means for indicating the rate of flow 
of fuel to the engine and a means for this purpose 
having certain important advantages is shown in 
Fig. i. An enclosure 94 is provided having two 
chambers 96 and 98 at opposite ends thereof. 
These chambers are connected with the main fuel 
conduit respectively at opposite sides of the jet 
system by means of conduits 100 and O2. The 
inner walls of said chambers are formed by flex 
ible diaphragms (08 and O, whose central por 
tions are clamped between pairs of rigid discs 04 
and 08. The two diaphragms 08 and 0 are 
connected for movement in undson by means of 
a central rod, f2., Inasmuch as the said movable 
walls are rigidly connected with each other they 
are adapted to exert a force toward the left which 
is a function of the differential between the 
pressures in the two chambers, and inasmuch as 
the two chambers are connected at opposite sides 
of the jet system the pressure differential repre 
sents the drop in pressure across the jet system, 
which drop in pressure, for a given jet area, is a 
function of the rate of fuel flow through the 
main fuel conduit. In order that the before 
described pressure differential may be utilized, a 
suitable pressure transmitting device is employed, 
and as shown, this device comprises two concen 
tric fiexible bellows 4 and 6 which are carried 
by a partition 8 in the enclosure 94. The bel 
lows are closed at their outer right ends by a 
movable wall 20 which is adjacent the movable 
wall fo. The space between the two bellows is 
entirely closed except for a duct 2 in the parti 
tion 8, the said duct being connected with a 
conduit 22. The conduit 22 leads to a suitable 
pressure responsive means such as a bellows 24 
forming a part of an indicator unit shown more 
fully in other figures of the drawings and here 
inafter described in detail. The space between 
the two bellows f4 and 6, the duct 2, the 
conduit 22, and the bellows 24 is filled with a 
liquid having a low coefficient of thermal expan 
Slon. 
From the foregoing description it will be seen 

that the pressures in the chambers 96 and 98 are 
the same respectively as the pressures in the main 
fuel conduit at the upstream side of the jet sys 
tem and at the downstream side of the jet sys 
tem. The drop in pressure across the jet system 
is proportionate to the rate of fuel flow, and there 
fore the pressure differential between the two 
chambers 96 and 98 is also proportionate to the 
rate of fuel flow. Inasmuch as the two walls or 
discs 04 and 06 are rigidly connected by the 
rod 2 the result is that the force applied to the 
end wall 20 of the two bellows f4 and f6 is 
proportionate to the said pressure differential and 
therefore proportionate to the rate of fuel flow. 
This pressure is transmitted to the bellows 24 
and tends to expand it. The space between the 
diaphragms fo8 and f O which is not occupied by 
the bellows f4 and 6 is filled with air or other 
suitable fluid and is sealed. While this gives a 
small unbalanced force on the end of bellows f4 
due to the pressure of the sealed-in fluid, this 
pressure is constant and hence does not disturb 
the calibration of the system. 
In accordance with the invention it is also nec 

essary to provide means movable in accordance 
with the torque delivered by the internal combus 
tion engine with which the apparatus is being 
used. As shown in the lower part of Fig. 1, the 
shaft 26 is the crank shaft of the engine or is 
directly connected to the crank shaft. The shaft 
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2 carries a gear 2 which meshes with a plu 
rality of pinions, O carried by a substantially 
stationary spider 32. The pinions f, 3D also 
mesh with an internal gear 4 which is con 
nected with the airplane propeller or other device 
being driven by the engine. This gearing mech 
anism is part of the usual reduction gearing used 
between the engine and the propeller on modern 
aircraft. 
The spider 32, while substantially stationary, 

is nevertheless rotatable within narrow limits. It 
carries an outward projecting arm which 
abuts against a longitudinally movable rod 88. 
The rod 38 carries a piston 40 movable in and 
closely fitting a cylinder 42. A spring 44 within 
the cylinder tends to move the piston toward the 
right. Connected with the right end of the cyl 
inder 42 is a conduit 46 connected with a suit 
able pressure responsive means such as a bellows 
48 forming a part of the indicating unit before 
referred to. The space in the cylinder 42 at the 
right of the piston, the conduit 46, and the bel 
lows 48 are filled with a suitable liquid. 
The torque delivered by the shaft f26 to the 

ring gear 34 is transmitted thru the spider 32 
and this torque tends not Only to rotate the ring 
gear in the counter-clockwise direction, but also 

2,40.88s 
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to rotate the spider 32 in the clockwise direc 
tion. The arm 36 carried by spider 32 applies 
a force to the rod 38 and to the piston 40 which 
is proportionate to the amount of the torque, 
The rod 38 is provided with an annular groove 
f5C which normally registers with a port 5 
formed in a sleeve 52 attached to the cylinder 
42, this port communicating with a conduit 54 

whichi is connected with the beforementioned 
conduit 48. Also formed in the hub 52 are two 
ports 56 and 58 which are spaced apart by a 
distance the same as or slightly greater than the 
width of the groove 50 and which are therefore 
out of register with the groove when the latter 
is alined with port 5. The port 56 at the right 
is connected with a conduit 60 leading from a 
source of liquid under pressure and the port 58 
at the left is connected with a drain conduit 62. 
With the parts in the positions shown in Fig. 1 
the ports 56 and 58 are closed. As long as the 
force due to the torque, which acts to the right 
on rod 38 and piston 40, is balanced by the 
fluid pressure acting to the left on piston 40, 
then the rod 38 remains in the position shown. 
If the torque increases, however, or if by reason 
of leakage of liquid past the piston 40, the piston 
and the rod move toward the right, the port 56 
will be uncovered, thus permitting liquid under 
pressure to flow from the conduit 6 through the 
conduit 5 and thence through the conduit 46 
into the right end of the cylinder so as to move 
the piston and the rod toward the left at least 
sufficiently to close the port 56. If the move 
ment of rod 38 to the right was due to leakage, 
the liquid so admitted will be just sufficient to re 
store the previously existing pressure in chamber 
4 and bellows f48. If the movement was due 

to a change in torque, then the liquid will be ad 
mitted until the pressure in chamber 4 is suff 
cient to balance the increased force. This in 
creased pressure is transmitted to bellows 48, 
causing expansion thereof , to indicate the in 
creased torque. If the piston should be moved to 
ward the left in response to a decrease in torque, 
the port 58 will be opened, thus permitting some 
of the liquid to pass through the drain conduit 

2 and permitting the piston to return to its nor 
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lows, and causes contraction thereof to indi 
cate the decreased torque. . 
The indicating unit is shown in Figs. 2 to 7 and 

will now be described in detail. It comprises a 
circular base 4 and an upwardly flanged top 
wall fit. The members B4 and 66 are connected 
by a plurality of upright posts 18, one of which 
is shown in Fig. 5. Surrounding the members 4 
and 6 is a peripheral side wall 70 in which the 
assembly attached to base B4 is removably held 
by two spring clips 12, 72. The spring clips 72, 
72 are connected by screws to the base 4 and 

their upper ends project into apertures in the 
side wall 70. When the assembly is put in place 
the spring clips snap into the apertures in the 
side wall, but the assembly can be removed by 
manually pushing the spring clips inward. Rest 
ing on the upward extending annular flange of 
the top wall 66 is a glass cover 74 which is held 
in place on a panel 75, which may be part of 
the dashboard of an aircraft, by a ring 76 con 
nected with the panel 75 by means of screws 
77,77. 
The bellows 48 which is responsive to the 

torque exerted by the engine is carried by a plug 
78 fitting an aperture in the base 64. For 

visually indicating the torque of the engine there 
is provided an indicator or needle 206 operable 
by the bellows 48. This needle can be variously 
operated and one suitable means for this pur 
pose will now be described. 
The upper end of the bellows 48 is closed by a 

movable yoke 80 which is U-shaped in cross sec 
tion as shown in Fig. 2. Carried by the plug fT8 
is a cylinder f32 with an apertured top wall 
through which extends a rod 84. The rod 84 
has threaded engagement at its upper end with 
the yoke 80 and at its lower end is provided with 
a head 86 which is guided for vertical move 
ment in the cylinder. A compression coil spring 
88 within the cylinder 82 abuts at the top 

against the top wall of the cylinder and at the 
bottom against the head 86. The head 86 has 
a deep slot which provides communication to the 
interior of the cylinder from the conduit (46 and 
the top wall of the cylinder is provided with an 
aperture which provides communication with the 
interior of the bellows. It will be seen that fluid 
pressure within the bellows tends to move the 
yoke 80 upward but that this upward movement 
is opposed by the coil spring 88. The movement 
of the yoke is proportionate to the amount of the 
torque exerted by the engine. . 
The two upstanding legs of the yoke 89 are 

provided with vertical slots 90, 90 through 
which extends a horizontal shaft (92. The shaft 
92 is rotatable in bearings carried by brackets 
93, 93 depending from the top plate f 66. It 

will be seen that the shaft 92 by reason of its 
engagement with the walls of the slots in the yoke 
serves to guide the yoke for vertical movement 
and to limit its vertical movement within cer 
tain predetermined limits. The left leg of the 
yoke 80, as viewed in Fig. 2, carries a vertical 
rack 94 which meshes with a pinion 96 rotat 
ably mounted on the shaft f82. Connected with 
the pinion 96 and rotatable therewith is a bevel 
gear 98. The bevel gear 98 meshes with a bevel 
gear 200 which is carried by a rotatable sleeve 
202 extending upward through the top wall 66. 
At the upper end of the sleeve 202 is a hub 2.04 
Carrying indicator needle 206 which is positioned 
between the wall 66 and the glass cover 74. The 
needle 206 is adapted to cooperate with an arcu 

mal position. This decreases the pressure in bel- 75 ate scale 208 on the top face of the wall 60, and 
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it will be seen that the readings of the needle 
206 on the scale 208 represent the amount of the 
torque exerted by the engine. 
The beforementioned bellows 24, which is re 

sponsive to the rate of fuel flow, is carried by a 
plug 20 in an aperture in the base 64 and pres 
sure is transmitted to the interior of the bellows 
from the conduit 22 through an aperture in the 
Sald plug. 
A second indicator or needle is provided which 

is operated or controlled in part by the bellows 
24. This second needle is also controlled in part 
by the torque responsive bellows 48, so that the 
needle visually indicates efficiency of the engine, 
instead of indicating the total rate of fuel flow. 
The construction is such that the needle indi 
cates only so much of any increases or decreases 
in fuel flow as are not directly proportionate to 
increases or decreases in torque. The means for 
operating or controlling the abovementioned sec 
ond needle will now be described. 
The bellows 24 is closed at the top by a men 

ber 22 having a deep conical recess therein, a 
bearing element 24 being provided at the bot 
tom of the Said conical receSS. 
gages at one end with the bearing element 24 
and is pivotally connected with the yoke 80 for 
movement about a horizontal axis. The right 
hand leg of the yoke 80, as shown in Fig. 2, car 
ries a bearing bushing 28 within which is mount 
ed a pivot pin 220 which is fixedly connected with 
the said arm 26. The vertical position of pin 
220 varies with the torque, since it is positioned by 
bellows 48. The arm 26 has a surface 222, 
shown in dotted lines in Fig. 3, which is normally 
vertical or substantially so, and which extends 
approximately through the axis of the pivot pin 
220. Mounted on the shaft 92 is a lever 224, the 
lower end of which is in contact with the before 
mentioned surface 222 on the arm 26. The verti 
cal position of the lower end of lever 224 is sub 
stantially constant. Therefore, the vertical dis 
tance between pin 220 and the lower end of lever 
224 is a measure of the torque developed by the 
engine, The range of movement of the surface 
222 with respect to the engaging point on the 
lever 224 is determined by the length of the slots 
f 90, 90. The construction is such that the lever 
224 always engages the surface 222 below the piv 
otal axis at 220. - 
A coil tension spring 226 is connected with the 

upper end of lever 224 and with a stud 229 pro 
jecting downward from the top wall 66. This 
spring tends to rotate the lever 224 in the clock 
wise direction, and thereby holds the lower end 
of lever 224 in engagement with the surface 222. 
The lever 224 is fixed on the shaft 92 for rotation 
thereWith. 
Shaft 92 carries a bevel gear 228 meshing with 

a bevel gear 230 carried by a vertical shaft 232. 
The shaft 232 is mounted within the bushing 202 
and carries at its upper end a hub 234 with a needle 
or pointer 236 thereon. The needle 236 is posi 
tioned in the space between the Wall f66 and the 
top cover 74 and is above the needle 206. The 
top wall 86 is provided with a scale 238 with 
which the needle cooperates. The pointer 236 is 
biased by spring 226 to its full-scale position. As 
explained in detail below, the reading of the nee 
dle 236 with respect to the scale 238 indicates the 
eficiency of the engine, 
The pressure in bellows 24, which, as previous 

ly described, is a measure of the rate of fuel flow 
to the engine, produces a force acting upwardly 
On the end of arm 26, which is likewise a meas 

An arm 26 en- . 

s 
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8 
ure of the rate of fuel flow. This force provides a 
torque which tends to rotate arm 26 counter 
clockwise, For any given stable set of conditions, 
this torque is opposed by an equal and opposite 
clockwise torque acting through the lower end of 
lever 224 on surface 222. The moment arm of this 
clockwise torque about the pivot 220 is propor 
tional to the torque developed by the engine, as 
previously explained. Therefore, it may be stated 
that the force producing this clockwise torque 
about pivot 220 must be proportional to the fuel 
flow to the engine and inversely proportional to 
the torque developed by the engine. However, this 
force is proportional to the deflection of the Spring 
226 from its normal position and hence to the de 
flection of pointer 238 from its full-scale read 
ing. It therefore follows that the deflection of 
pointer 236 from its full-scale position is propor 
tional to the fuel flow to the engine and inversely 
proportional to the torque. In other words, the 
deflection of the pointer 236 from its Zero posi 
tion is an indication of the torque developed per 
unit fuel flow. If the engine speed is held con 
stant, as is usually the case in modern aircraft 
engines, which are equipped with governors which 
vary the propeller pitch to hold the engine speed 
constant, then the torque developed per unit fuel 
flow is a measure of the useful power developed 
per unit fuel flow, or of the efficiency of the en 
gine. 
Means is provided, preferably as a part of the 

indicator unit, whereby the operator can readily 
adjust the fuel-air ratio in order to attain maxi 
mum efficiency, as indicated by the needle 236 dn 
the scale 238. For this purpose there is provided 
a knob 240 on a shaft 242 which extends down 
Ward through the glass cover 74 and the top 
wall f 66 into engagement with a valve plug 
244 in an aperture in the base 64. These 
parts are shown most clearly in Fig. 6. Connected 
with the valve plug 244 is conduit 246 which com 
municates at its other end with the chamber 42 in 
the pressure meter 44. The valve plug 244 has a 
central aperture 248 with lateral apertures 250, 
250 communicating with the interior of the indi 
cator unit, which is vented to the atmosphere as 
indicated at 25. The shaft 242 is threaded into 
the end of the plug 244, as indicated at 252, and 
is provided with a needle valve 254 adjacent the 
apertures 250, 250. A suitable device on the shaft 
242 prevents the shaft from being unscrewed suffl 
ciently to entirely disengage the threads at 252, 
and this may be a split washer 256 entering an 
annular groove in the shaft. The knob 240 is re 
movable so that the inner assembly may be re 
moved from casing 70. The valve 254 is initially 
in position to entirely close the apertures 250, 250 
but subsequently the valve 254 can be withdrawn 
sufficiently to open the apertures 250, 250 to what 
ever extent may be required. 
The engine efficiency indicator to which this 

invention more particularly relates is ordinarily 
not used until after take-off and until after the 
airplane has reached the Cruising altitude which 
has been decided upon. Then the propeller and 
the throttle are adjusted to provide the rate of 
propeller rotation and the cruising speed that are 
deemed desirable. Under these conditions the 
needle 206, controlled and operated in the man 
ner already described, will indicate the amount 
of torque being exerted by the motor, which will 
be assumed to have an intermediate value as in 
dicated in Fig. 7. The mixture control unit 50 
Will ordinarily be in the lean position with the 
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fuel flowing to the jet system through the con 
duit 62, 7 With 
may be assumed that the rate of fuel flow is 
greater than that representing maximum effici 
ency. The pilot or the flight engineer will then 
reduce the fuel-air ratio to attain maximum 
efficiency. This is done by turning the knob 240 
to slightly open the valve 254 and permit air to 
flow inward through the apertures 250, 250, the 
aperture 248 and the conduit 246, to the high suc 
tion or low pressure chamber 42 of the pressure. 
meter 44. Air entering the apertures 250, 250 
from the interior of the indicating unit is replaced 
by air entering the said unit through the aper 
tures in which are entered the detents 72, 72, 
or through the vent 25. The entry of air into 
the chamber 42 increases the pressure in the said 
chamber and reduces the pressure differential 
tending to move the valve 80 in the opening direc 
tion. This permits the valve 80 to move in the 
closing direction thus reducing the flow of fuel 
to the nozzle 20. If the reduction in the rate of 
fuel flow increases the efficiency, then the pointer 
236 moves to the left along scale 238, and the 
pilot continues to open the valve 254 until the 
needle 236 gives a maximum reading on the 
scale 238, this maximum reading representing 
maximum efficiency. w 
The reduction in the rate of fuel foW not only 

increases the efficiency but it may also reduce the 
torque exerted by the engine, as indicated by the 
reading of the needle 206 on the scale 208. How 
ever, the construction that has been described is 
such that the movement of the needle 236 with 
respect to the scale 238 indicates only so much 
of the reduction in the rate of fuel flow as repre 
sents increased efficiency, and there is no change 
in reading resulting from that part of the reduc 
tion in fuel foW corresponding to reduced torque. 
Any reduction in torque causes the yoke 80 to 

move downward carrying with it the pivot pin 
220. As the axis of the pivot pin 220 moves 
downward the moment arm of the force applied 
by the spring 226 through the lever 224 to the 
arm 26 is correspondingly reduced. This reduc 
tion in moment arm causes a reduction in the 
clockwise torque applied to the arm 26 which 
reduction is proportionate to the decreased torque. 
This reduced clockwise torque counterbalances so 
much of the reduction in the counter-clockwise 
torque produced by the bellows 24 as results 
from decreased fuel flow corresponding to de 
creased torque. The net result is that any move 
ment of the needle 236 toward the right directly 
indicates decreased efficiency, and does not rep 
resent any reduction in fuel flow corresponding to 
decreased torque. - 
Since the efficiency meter described does not 

take into account the engine speed nor the posi 
tion of the mixture control 50, the position of 
needle 236 does not indicate efficiency in terms of 
power output per unit fuel flow or any other fixed 
units. However, for a given position of the mix 
ture control and for a given engine speed, both 
of which remain fixed for long periods on modern 
aircraft, the position of needle 236 relative to 
scale 238 is a measure of the efficiency of the 
engine. When, under such conditions, the knob 
240 is adjusted to make needle 236 move as far as 
possible to the left, the engine is operating at its 
maximum possible efficiency. . . . m 

After the described adjustment in the rate of 
fuel flow has been made by means of the knob 
240, so as to provide maximum efficiency as indi 

the airplane operating as described, it 

10 
cated by the needle 236, the throttle may be 
opened to restore the torque to its original value 
and when this is done the carburetor acts auto 
matically to maintain the same or substantially 

5 the same ratio of fuel flow to air flow. The pres 
sure in the bellows 24 is increased proportion 
ately to the increased fuel flow but the increased 
torque gives the spring 226 an increased mechand 
cal advantage with the result that an increased 

10 clockwise torque is applied to arm 28 which 
counterbalances the increased counter-clockwise 
torque due to the increase of pressure in bellows 
24. The needle 236 will not move because of 
the increased torque, except as the increased 

5 torque may involve an incidental change in 
efficiency. After the restoration of the torque to 
its orginal value the Operator should again check 
the efficiency by adjusting the knob. 240 to make 
sure that the reading of the efficiency indicator 

20 needle 236 is at a maximum position indicating 
maximum efficiency. 

If Operating conditions from time to time re 
quire increases or decreases in torque, such in 
creases or decreases do not affect the reading of 

25 the needle 236 except as such increases or de 
creases may result in changes in efficiency. After 
each major change in torque the knob 240 should 
be adjusted to make sure that the engine is . 
operating at maximum efficiency. 

It will be clear that any reduction in the rate . 
of fuel flow effected by means of the knob. 20 
must be governed by observation of the needle. 
236 and discontinued when the needle shows max 
imum efficiency. Too great a reduction in the 

35 rate of fuel would result in too lean a mixture 
and in decreased efficiency which would cause the 
needle 236 to shift toward the right from its 
maximum efficiency position. 

It has been stated that the mixture control 
40 Valve will ordinarily be in its lean position when 

reductions in the rate of fuel flow are made by 
means of the knob 240. By reason of the loca 
tion of the mixture control valve in the lean 
position, it may sometimes be found that the mix 

45 ture is already too lean and that any further 
leaning of the mixture by means of the knob. 240 
results in decreased efficiency rather than in 
creased efficiency. This would instantly be ob 
served by the operator, as he would find that the 

50 leaning of the mixture by means of the knob 240 
Would cause the needle 236 to move toward the 
right instead of toward the left thus indicating a 
decrease in efficiency rather than an increase. In 
this event the operator should shift the mixture 

55 control valve to its rich position, and then operate 
the knob 240 to lean the mixture to whatever ex 
tent might be necessary to attain maximum 
efficiency. w 

While I have shown and described a certain 
60 preferred embodiment of my invention, other 

embodiments thereof will readily occur to those 
skilled in the art, and I therefore intend my in 
vention to be limited only by the appended claims. 

I claim as my invention: 
1. In an efficiency indicator for an internal 

combustion engine, the combination of means for 
indicating the maximum efficiency of the engine 
in terms of torque developed per unit of fuel flow 
to the engine, and means for preventing varia 

70 tions in the action of the first said means result 
ing from changes in engine torque. 

2. In an efficiency indicator for an internal 
combustion engine, the combination of means 
responsive to the torque of the engine and in 

75 dependent of engine speed, means responsive to 

30 

65 
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the rate of flow of fuel to the engine, and a 
movable needle controlled by both of the Said 
e8S, 
3. In an efficiency indicator for an internal 

combustion engine, the combination of means re 
sponsive to the rate of flow of fuel to the engine, 
a needle operably connected with the said fuel 
flow responsive means, and means responsive to 
the torque of the engine and independent of 
engine speed for modifying the operative rela 
tionship between the said needle and the said 
fuel flow responsive means. 

4. In an efficiency indicator for an internal 
combustion engine, the combination of means re 
sponsive to the torque of the engine and inde 
pendent of engine speed, means responsive to the 
rate of flow of fuel to the engine, a needle oper 
ably connected with the fuel flow responsive 
means, and mechanism controlled by the torque 
responsive means for varying the extent of move 
ment of the needle inversely with variations in 
the torque. 

5. In an efficiency indicator for an internal 
combustion engine, the combination of means re 
sponsive to the torque of the engine and inde 
pendent of engine speed, means responsive to the 
rate of flow of fuel to the engine, a movable 
needle operatively connected with the fuel flow 
responsive means, and mechanism controlled by 
the torque responsive means for resisting the 
movement of the fuel flow responsive means to 
an extent inversely proportionate to the torque. 

6. In an efficiency indicator for an internal 
combustion engine, the combination of means re 
sponsive to the rate of flow of fuel to the engine, 
a needle operatively connected with the said fuel 
flow responsive means, a spring opposing the 
action of the fuel flow responsive means, and 
means responsive to the torque of the engine for 
changing the mechanical advantage of the Spring 
in accordance with changes in torque. 

7. In an efficiency indicator for an internal 
combustion engine, the combination of means re 
sponsive to the rate of flow of fuel to the engine, 
a needle operably connected with the said fuel 
flow responsive means, a Spring opposing the 
action of the fuel flow responsive means, and 
means responsive to the torque of the engine for 
increasing the mechanical advantage of the 
spring in accordance with increases in torque 
and for decreasing the mechanical advantage of 
the spring in accordance with decreases in 
torque. 

8. In an efficiency indicator for an internal 
combustion engine, the combination of means re 
sponsive to the rate of flow of fuel to the engine, 
a needle operably connected with the said fuel 
flow responsive means, a spring opposing the 
action of the fuel flow responsive means, and 
means responsive to the torque of the engine for 
changing the mechanical advantage of the spring 
in inverse proportion to changes in torque. 

9. A fuel system for an internal combustion 
engine comprising in combination, means for in 
dicating the maximum efficiency of the engine, 
means for preventing variations in the action of 
the first said means resulting from changes in 
engine torque, and manually operable means for 
adjusting the rate of fuel flow to effect maxi 
mum efficiency as indicated by the first said 
eaS 
10. A fuel system for an internal combustion 

engine comprising in combination, means re 
sponsive to the torque of the engine, means re 
sponsive to the rate of flow of fuel to the engine, 
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a needle operably connected with the fuel flow 
responsive means, mechanism controlled by the 
torque responsive means for varying the extent 
of movement of the needle inversely with varia 
tions in the torque, and manually operable means 
for adjusting the rate of fuel flow to effect maxi 
mum efficiency as indicated by the said needle. 

11. A fuel System for an internal combustion 
engine Comprising in combination, means re 
sponsive to the rate of flow of fuel to the engine, 
a needle operatively connected with the said fuel 
flow responsive means, a spring opposing the 
action of the fuel flow responsive means, means 
responsive to the torque of the engine for chang 
ing the mechanical advantage of the spring in 
inverse proportion to changes in torque, and 
manually operable means for adjusting the rate 
of fuel flow to effect maximum efficiency as in 
dicated by the sadd needle. 

12. A fuel System for an internal combustion 
engine, comprising in combination, a passage in 
cluding a venturi for air flowing to the engine 
for combustion purposes, a pressure meter having 
two chambers and a flexible diaphragm separat 
ing the chambers, Conduits connecting the Wenturi 
entrance and throat with the respective chambers, 
a valve operable by the diaphragm and controlling 
the flow of fuel to the engine, the said valve being 
noved in the opening direction by an increase 
in the pressure differential between the two cham 
bers and being moved in the closing direction by 
a decrease in the Said differential, means respon 
sive to the torque of the engine, means responsive 
to the rate of flow of fuel to the engine, a needle 
operably connected with the fuel flow responsive 
means, mechanism controlled by the torque re 
sponsive means for varying the extent of move 
ment of the needle inversely in accordance with 
variations in torque, and manually operable means 
for decreasing the pressure differential between 
the two chambers to move the valve in the closing 
direction and thus reduce the rate of fuel flow to 
effect maximum efficiency as indicated by the 
said needle. 

13. A fuel system for an internal combustion 
engine, comprising in combination, a passage in 
cluding a venturi for air flowing to the engine 
for combustion purposes, a pressure meter having 
two chambers and a flexible diaphragm separating 
the chambers, conduits connecting the Venturi 
entrance and the throat thereof with the respec 
tive chambers, a valve operable by the diaphragm 
and controlling the flow of fuel to the engine, the 
said valve being moved in the opening direction 
by an increase in the pressure differential between 
the two chambers and being moved in the closing 
direction by a decrease in the said differential, 
means responsive to the torque of the engine, 
means responsive to the rate of flow of fuel to 
the engine, a needle operably connected with the 
fuel flow responsive means, mechanism controlled 
by the torque responsive means for varying the 
extent of movement of the needle inversely in 
accordance with variations in torque, and man 
ually operable means for admitting air to the 
chamber having the lower pressure to decrease 
the pressure differential between the two cham 
bers to move the valve in the closing direction 
and thus reduce the rate of fuel flow to effect 
maximum efficiency as indicated by the said 
needle. 

14. An efficiency indicator unit for an internal 
combustion engine, comprising in combination, a 
means movable in response to pressure represent 

75 ing the torque exerted by the engine, an indicator 
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needle movable by the said means to indicate the 
amount of torque, a means responsive to pressure 
representing the rate of fuel flow to the engine, 
a second needle operably connected with the fuel 
flow responsive means, and mechanism operable 
in part by the torque responsive means for varying 
the movements of the second needle inversely 
in accordance with variations in torque. 

15. An efficiency indicator unit for an internal 
combustion engine, comprising in combination, 
a means responsive to pressure representing the 
torque exerted by the engine, a needle operable 
by the torque responsive means to indicate the 
amount of torque, a means responsive to pressure 
representing the rate of fuel flow to the engine, a 
needle operably connected with the fuel flow re 
sponsive means, and mechanism controlled by the 
torque responsive means for varying the extent 
of movement of the second said needle. w 

16. An efficiency indicator unit for an internal 
combustion engine, comprising in combination, 
a means responsive to pressure representing the 
torque exerted by the engine, a needle operable 
by the torque responsive means to indicate the 
amount of torque, a means responsive to pressure 
representing the rate of fuel flow to the engine, 
a needle operably connected with the fuel flow 
responsive means, and mechanism controlled by 
the torque responsive means for varying the ex 
tent of movement of the second said needle in 
versely in accordance with variations in torque. 

17. An efficiency indicator unit for an internal 
combustion engine, comprising in combination, 
a means responsive to pressure representing the 
torque exerted by the engine, a pivoted needle 
operable by the said means to indicate the amount 
of torque, a means responsive to pressure repre 
senting the rate of fuel flow to the engine, a needle 
operably connected with the fuel flow responsive 
means and pivoted coaxially with the first said 
needle, and mechanism controlled by the torque 
responsive means for varying the extent of move 
ment of the second said needle. 

18. An efficiency indicator unit for an internal 
combustion engine, comprising in combination, a 
means responsive to pressure representing the 
torque exerted by the engine, a needle operable 
by the torque responsive means to indicate the 
amount of torque, a means responsive to pressure 
representing the rate of fuel flow to the engine, 
a needle operably connected with the fuel flow 
responsive means, and mechanism controlled by 
the torque responsive means for resisting the 
movement of the fuel flow responsive means to 
an extent varying inversely with the torque. 

19. An efficiency indicator unit for an internal 
combustion engine, comprising in combination, a 
yoke movable in response to pressure representing 
the torque exerted by the engine, a pivoted needle, 
gearing connecting the needle with the yoke for 
operating the former in accordance with move 
ment of the latter to indicate the amount Of 
torque, a means responsive to pressure represent 
ing the rate of fuel flow to the engine, a second 
pivoted needle, gearing for operating the second 
needle, and mechanism connecting the fuel flow 
responsive means with the second gearing to op 
erate the second said needle, the said mechanism 
being carried in part by the yoke whereby move 
ment of the yoke varies the operation of the Sec 
Ond said needle. 

20. An efficiency indicator unit for an internal 
combustion engine, comprising in combination, a 
yoke movable in response to pressure representing 
the torque exerted by the engine, a pivoted needle, 

I also ess 
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gearing connecting the needle with the yoke for 
operating the former in accordance with move 
ment of the latter to indicate the amount of 

10 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

torque, a means responsive to pressure represent 
ing the rate of fuel flow to the engine, a second 
pivoted needle, gearing connected with the fuel 
flow responsive means for operating the second 
needle, an arm pivoted to the movable yoke and 
engaging the fuel flow responsive means to oper 
pose the movement thereof, and a spring actuated 
lever pivoted for rotation about a fixed axis and 
engaging the said arm to rotate it in the oppos 
ing direction, the engagement of the said lever 
with the said arm being at varying distances from 
the movable axis of the latter so that the arm 
exerts varying pressures on the fuel flow respon 
sive means, 

21. An efficiency indicator unit for an internal 
combustion engine, comprising in combination, 
a means movable in response to pressure repre 
senting the torque exerted by the engine, an 
indicator needle movable by the said means to 
indicate the amount of torque, a means respons 
sive to pressure representing the rate of fuel 
flow to the engine, a second needle operably con 
nected with the fuel flow responsive means, 
mechanism operable in part by the torque re 
sponsive means for varying the movements of the 
second needle inversely in accordance with vari 
ations in torque, and manually operable means 
for adjusting the rate of fuel flow to effect maxi 
mum eficiency as indicated by the second said 
needle. 

22. An eficiency indicator unit for an internal 
combustion engine, comprising in combination, 
a means responsive to pressure representing the 
torque exerted by the engine, a needle operable 
by the torque responsive means to indicate the 
amount of torque, a means responsive to pres 
sure representing the rate of fuel flow to the 
engine, a needle operably connected with the 
fuel flow responsive means, mechanism con 
trolled by the torque responsive means for vary 
ing the extent of movement of the second said 
needle, and manually operable means for ad 
justing the rate of fuel flow to effect maximum 
efficiency as indicated by the second said needle. 

23. An efficiency indicator unit for an internal 
combustion engine, comprising in combination, 
a yoke movable in response to pressure represent 
ing the torque exerted by the engine, a pivoted 
needle, gearing connecting the needle with the 
yoke for operating the former in accordance 
with movement of the latter to indicate the 
amount of torque, a means responsive to pres 
sure representing the rate of fuel flow to the 
engine, a second pivoted needle, gearing for op 
erating the Second needle, mechanism connect 
ing the fuel flow responsive means with the 
second gearing to operate the second said needle, 
the said mechanism being carried in part by the 
yoke, whereby movement of the yoke varies the 
operation of the second said needle, and man 
ually operable means for adjusting the rate of 
fuel flow to effect maximum efficiency as indi 
cated by the Second said needle. 

24. In a fuel supply system for an internal 
combustion engine, the combination of a main 
fuel conduit including a jet means, two cham 
bers connected with the main fuel conduit at the 
respective sides of the jet means, movable means 
associated with the said chambers so that pres 
sure in one chamber tends to move it in one 
direction and pressure in the other chamber 
tends to move it in the opposite direction, the 
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said means being therefore movable in response 
to the differential between the pressures in the 
two chambers, and means for transmitting the 
pressure exerted by the said movable means. 

25. In a fuel supply system for an internal 
combustion engine, the combination of a main 
fuel conduit including a jet means, two cham 
bers connected with the main fuel conduit at 
the respective sides of the jet means, movable 
means associated with the said chambers so that 
pressure in one chamber tends to move it in 
one direction and pressure in the other cham 
ber tends to move it in the opposite direction, 
the said means being therefore movable in re 
sponse to the differential between the pressures 
in the two chambers, a bellows positioned to 
be moved in the collapsing direction by move 
ment of the said movable means, and a conduit 
connected with the interior of the bellows and 
adapted to transmit fluid pressure to a pres 
sure responsive means. 

26. In a fuel supply system for an internal 
combustion engine, the combination of a main 
fuel conduit including a jet means, two cham 
bers connected with the main fuel conduit at 
the respective sides of the jet means, each 
chamber having a movable wall and the two 
walls being so positioned that the pressures in 
the respective chambers tend to move them in 
opposite directions, means for connecting the 
two movable walls for movement in unison in 
response to the differential between the pres 
sures in the two chambers, and means for trans 
mitting the pressure exerted by the said con 
nected movable walls. 

27. In a fuel supply system for an internal 
combustion engine, the combination of a main 

- fuel conduit including a jet means, two cham 
bers connected with the main fuel conduit at 
the respective sides of the jet means, each cham 
ber having a movable Wall and the two walls 
being so positioned that the pressures in the 
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respective chambers tend to move them in op 
posite directions, means for connecting the two 
movable walls for movement in unison in re 
sponse to the differential between the pressures 
in the two chambers, a bellows positioned be 
tween the two movable walls and movable by 
one of them in the collapsing direction, and a 
Conduit Connected with the interior of the bel 
lows and adapted to transmit fluid pressure to 
a pressure responsive means. 

28. Apparatus for indicating the ratio between 
a first variable and a second variable, compris 
ing a first lever fixed to a shaft, means biasing 
said shaft for rotation in a predetermined sense, 
a second lever engaging said first lever at a pre 
determined point thereon spaced from said 
shaft, means responsive to said first variable for 
applying a torque to said second lever so as to 
transmit a force to said first lever in a sense 
to oppose said biasing means, a pivot for said 
Second lever, means responsive to said second 
variable for shifting, said pivot so as to vary 
the moment arm of said torque inversely as 
said second variable, and means for indicating 
the rotation of said shaft, o 
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