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5 
ratio with changes in air flow is that illustrated 
by the curve A in Figure 4. At intermediate 
values of air flow, the fuel-to-air ratio is sub 
stantially constant, since the only restriction open 
to the flow of fuel is the fixed restriction 4. 
When the air flow exceeds a value indicated by 
the abscissa B in Figure 4, the fuel pressure dif 
ferential increases to a point where it overcomes 
the spring 20 and opens valve 8. The open 
ing of waive 8 steadily increases as the air flow 
increases beyond this value, resulting in a vari 
ation of the fuel-to-air ratio as indicated between 
the points C and D in Figure 4. When the air 
flow reaches a value equivalent to the abscissa at 
point ID, the fuel pressure differential becomes 
large enough to overcome. Spring 34 and open 
valve 32. The fuel-to-air ratio then follows 
the curve illustrated between the points D and E 
of Figure 4. The point E. corresponds to maxi 
mum power output, or take-off conditions. 
When the mixture control valve mechanism 53 

is in the position illustrated in Figure 1, the fuel 
to-air ratio varies with the air flow as illustrated 
by the characteristic F in Figure 4. At inter 
mediate values of air flow, both the fixed restric 
tions 4 and 22 are open, so that the constant 
value of the fuel-to-air ratio is greater than that. 
obtained when only the restriction 4 is open. 
When the air flow reaches the value indicated by 
abscissa B, the pressure drop across the valve 

8 is slightly less than the total fuel pressure 
differential, due to the pressure drop thru re 
striction 24. Therefore, the valve 8 does not 
open until the air flow reaches a slightly higher 
value, as indicated at G. After valve 8 opens, 
the fuel-to-air ratio then increases along the 
curve illustrated between the points G and E. 
The restriction 24 is provided to limit the maxi 
mun rate of fuel flow which may take place thru . 
the restrictions 6 and 22, when both are open. 
The restriction 24 is larger than either of the 
restrictions 6 and 22 alone, and, therefore, has 
little or no limiting action when Only one of 
those two restrictions is open. When both are 
open, however, it tends to limit the maximum 
flow. and causes the flattening out observed near 
the right end of the curve between the poihts G 
and E of Figure 4. 
At low airflows, such as are encountered under 

idling conditions, the pressure differential set up 
by the venturi 4 tends to be erratic, and is not a 
reliable indication of the air flow. Provision is 
made to control the fuel flow in accordance with 
the throttle position at such times. The spring 
92 in fuel meter 30 acts on the valve 52 in an 
opening direction. When the differential pres 
sure acting on diaphragm 46 is Small, as under 
low air flow conditions, the spring 92 becomes the 
predominating force acting on valve 52. The 
valve 52, therefore, tends to open, increasing the 
pressure differential across the jet system be 
yond that which would be produced if the fuel 
pressure diferential were maintained propor 
tional to the air flow. 
The idle valve 25 is pivotally attached to a 

lever 26, whose opposite end is connected by a 
link 27 to an arm 28 fixed on the shaft f29 of 
throttle 6. The idle valve is normally wide open 
when the throttle is beyond the idling range of 
positions, near its closed position. As the throt 
tle moves into the idling range, the idle valve.25 
moves toward closed position. At the same time, 
the spring 92 produces an opening movement of 
wave 52. The valve 52 is opened sufficiently So 
that its restrictive effect on the fuel flow is less 
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6. 
than that of the idle valve 25. Therefore, the 
fuel flow under idling conditions is controlled 
primarily by the valve 25 in accordance with the 
throttle position, rather than by the pressure 
meter 30, in accordance with the mass of air en 
tering the engine. The idle valve 125 is con 
toured so as to cause the enrichment of the 
fuel-to-air ratio illustrated at the left end of 
the curves A and Fin Figure 4. 

Figure 5 
There is illustrated in Figure 5 in modified form 

a jet system generally indicated at 60, which may 
be used in place of the jet system 63 of Figure 1. 
In Figure 5, the parts of the system which are 
the same as the corresponding parts of Figure 
have been given the same reference characters. 
Generally speaking, the restrictions fed by the 
conduits i 10 and til are the same as the corre 
sponding restrictions in passages of Figure 1. 
The restriction 22, however, has in parallel with 
it a restriction 62 controlled by an enrichment 
valve 64 biased to closed position by a spring 67. 
The restrictions 22 and 62 deliver fuel into a 
chamber 66 which is ccnnected thru a valve 63 
and a conduit flo to a jet system outlet conduit 
72. The valve 68 is of a rotatable cylindrical 

type, and is movable to a position wherein the 
fuel discharged from chamber 66 passes thru 
the restriction 24 instead of passing thru con 
duit IT0 to the conduit i 12. . 
When the valve 68 is in the position shown in 

full lines in the drawing, the fuel-to-air ratio 
characteristics obtained are those illustrated in 
Figure 6. The curve H in Figure 5 illustrates the 
characteristic obtained, when the mixture con 
trol valve mechanism is in its 'iean' position, as 
illustrated in Figure 2. Only the conduits 9 
and are then open to the flow of fuel. It 
should be noted that the curve H of Figure 5 is 
generally similar to the curve A of Figure 4. The 
various elements cooperate in the same way to 
produce the curve H of Figure 6 as they did to 
produce the curve A of Figure 4, and it is believed 
that further discussion of this particular char 
acteristic is unnecessary. 
When the mixture control valve mechanism 58 

is moved to the position illustrated in Figure 1, 
however, the fuel-to-air ' ratio characteristic fol 
lows the curve J. of Figure 6. It should be noted 
that the curve J starts to rise at an abscissa L., 
which is substantially to the left of the abscissa 
K where the curve H starts to rise. This differ 
ence is caused by the design of spring 67, which 
is weaker than spring 20, and therefore allows 
its associated valve to open at a lower fuel pres 
sure differential than that at which valve 8 
OpenS. 
When the valve 68 is rotated to the position il 

lustrated in dotted lines in the drawing, the 
characteristics obtained are the same as those 
illustrated in 56, except that the curve. J flat 
tens out more quickly at its right end. 

Figures 7 and 8 
There is illustrated in Figure 7 a mixture con 

trol valve mechanism 75, which may be used in 
place of the mixture control valve mechanism 58 
of Figure 1 when one of the jet systems illus 
trated in Figures 8, 9.10.11 and 14 is used in place 
of the jet system 60 of Figure 1. 
The mixture control valve mechanism 75 in 

cludes a disc valve 76 fixed on a rotatable shaft 
78. The valve 76 controls the flow of fuel from 

a conduit 56, which may be the conduit 53 of 
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Figure 1, into a pair of fuel inlet passages 8 
and 82. The valve 76 is shown in full lines in 
its “rich' position, in which both conduits 80 
and 82 are open. The valve 6 is shown in 
dotted lines in its "lean' position, wherein only 
the conduit 80 is open. 

Fuel entering the jet system 200 of Figure8 
thru conduit 88 passes into a chamber 8, 
and then may. flow either thru a fixed restric 
tion f 86 to an outlet passage 88 or thru a fixed 
restriction 90 in series with a variable restric 
tion 92. The restriction 92 is controlled by a 
valve 94 which is moved in an opening direction 
by the pressure drop across the valve, and biased 
to closed position by a spring 96. The valve 
94 is provided with a small fixed orifice 98, 

which is not closed when the valve 94 rests on 
its Seat. - 

Fuel entering the jet system 200 thru passage 
82 passes thru a fixed restriction 202 into the 
chamber 9. 
The fuel-to-air ratio characteristics obtained 

with the jet System of Figure 8 are illustrated 
in Figure 8A. When the valve mechanism 5 
is in its "lean' position, the fuel-to-air ratio foll 
lows the curve M. When the valve mechanism 
75 is in its "rich' position, the fuel-to-air ratio 

follows the curve N. The valve 94 is an enrich 
ment valve, and it will be noted from a compari 
son of curves M and N of Figure 8A that valve 94 
opens at a higher airflow indicated by the ab 
scissa 204 when the valve mechanism 75 is in 
itS 'lean' position, and at lower value of air 
flow indicated by the abscissa 206 when the valve 
mechanism l75 islin its “richº position. The dif 
ference between these two abscissas is deter 
mined by the design of the restrictions 98 and 
20?. 

When the mixture control is in its “lean' posi 
tion, the total fuel pressure differential across 
th jet System is applied across the restrictions 
9 and 98 in series. The total fuel pressure 

differential may be considered as being separated 
into two component pressure drops, one across 
restriction 90 and the other across restriction 
98. The relative magnitudes of these two pres 

Sure drops are in inverse proportion to the cross 
sectional areas of the two restrictions. The pres 
Sure drop across restriction 98 is some prede 
termined proportion of the total fuel pressure 
differential. The valve 94 opens when the total 
fuel pressure différential increases to a point 
where this proportion is great enough to over 
come spring i96. 
When both inlet passages 8 and 82 are 

Open, the pressure in the chamber 9. is in 
creased, since it is now connected to the upstream 
side of the jet system thru the two parallel re 
strictions 90 and 202. Therefore, the pressure 
drop across valve 92 is now a greater proportion 
of the total fuel pressure differential than it was 
when the fuel inlet passage 82 was closed. Con 
Sequently, the pressure drop across restriction 
98 now becomes sufficient to overcome spring 
96 at a lower value of total fuel pressure differ 

ditions. . . . . 
- - Figure 9 

There is illustrated in Figure 9 a jet system 
20, by which the same fuel-to-air ratio charac 
teristics may be obtained as those obtained by the 
jet system 200 of Figure 8. In Figure 9, the fixed 
restrictions i 86 and 202 are the same as the cor 
responding restrictions of Figure 8. The variable 
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8 
restriction 92 of Figure 8 is replaced by a fixed 
restriction 22, and the fixed restriction 9 of 
Figure 8 is replaced by a variable restriction 28 
controlled by a valve 26. The valve 26 is at 
tached to a stem 2-8 whose upper end is at 
tached to a piston 220. A spring 222 above the 
piston 220 biases the valve 26 to closed position. 
The chamber on the upper side of piston 220 is 
connected thru a passage 224 to the outlet of 
the jet System. 
The total fuel pressure differential across the 

jet System acts in a valve opening direction on 
the piston 22G, and is opposed by the spring 222 
and by the pressure drop across valve 26 acting 
on the area of that valve, which is smaller than 
the area, of piston 22. When the inlet passage 
882 is closed, the pressure drop across valve 2 6, 
when closed, is the same as the total fuel pres 
sure differential, because there is no flow, and 
hence no pressure drop, thru restriction 22. 
Therefore, when the total fuel pressure differ 
ential exceeds a value determined by the relative 
areas of piston 220 and valve 216, and also by the 
strength of Spring 222, the spring is compressed 
and the valve opens. 
When the inlet passage 82 is open, the pres 

sure drops across valve 26 is less than the total 
fuel pressure differential by the amount of the 
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pressure drop across restriction 22. Therefore, 
the force holding the valve 2 f 6 closed is smaller 
and consequently it opens at a lower value of fuel 
pressure differential than is the case... when the 
inlet passage 482 is closed. 

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

In the jet system 240, the restrictions f 86, 202 
and 22 are the same as the corresponding re 
strictions of Figure 9. The inlet and outlet pas 
Sages are also the same and have been given cor 
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... 65 
ential than was the case under the previous con 

75 

responding reference characters. There is also 
provided in the jet system 240 a chamber 242 
connected to the inlet chamber f84 by a restric 
tion 244 and connected to the inlet passage 82 
by a restriction 246. Fuel may be discharged 
from the chamber 242 thru a restricted passage 
248 controlled by a valve 250, which is biased to 
closed position by a spring 252. 
When fuel inlet passage 82 is closed, fuel flows 

from inlet passage 80 either directly thru re 
striction 86 to outlet passage 88 or thru re- c. 
striction 244, chamber 242, restriction 246, re 
striction 202, chamber 9, and restriction 22 to 
outlet passage 88. Under these conditions, the 
preSSure drop which acts on valve 250 in an 
'opening direction is a predetermined proportion 
of the total pressure differential. This propor 
tion was established by the relative areas of the 
restrictions 244, 246, 202 and 2 (2. 
When the inlet passage 82 is open, both re 

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

Figure 11 
. . . The jet system 260 illustrated in Figure 11 in 
cludes restrictions 86, 22 and 202, which are 
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substantially the same as the corresponding re 
strictions of Figure 10. In Figure 11, the inlet 
passage 80 surplies fuel directly to a restriction 
262. The restriction 262 opens into a chamber 
264. The chamber 264 is connected thru a re 
striction 266 to the inlet passage 82. A check 
valve 268 closes the restriction 266 whenever the 
pressure...in chamber 264 is higher than that in 
inlet passage 82. A restricted passage 270 leads 
from chamber 264 into chamber 9 f. The pas 
sage 270 is controlled by a valve 272 biased to 
closed position by a Spring 274. 
When the inlet passage 82 is closed, the check 

valve 268 closes restriction 266, and the pressure 
drop acting in an opening direction on valve 272 
is some predetermined proportion of the total 
fuel pressure differential which is established by 
the relative magnitudes of restrictions 262 ard 
f86. When the inlet passage 82 is also op n, 
the check valve 268 opens and increases the pres 
sure in chamber 264, while the pressure on the 
downstream side of valve 272 remains substan 
tially the same. Therefore, the pressure drop 
across the valve 212 is now a grea" er proportinn 
of the total fuel pressure differential than was the 
case previously and, therefore, the valve 272 opens 
at a lower value of the total fuel pressure differ 
ential. 

Figure 12 
There is shown in Figure 12 a mixture control 

valve mechanism 300 and a jet system 302, which 
may be used in place of the corresponding ele 
ments of Figure 1. The arrangements shown in 
Figure 12 provide a set of fuel-to-air ratio chair 
acteristics similar to those shown in Figure 6. 
In the jet system of Figure 12, the inlet passage 

and the valve 32 correspond to the elements 
bearing the same reference characters in Fig 
lure 1, and the function of these elements is the 
Sae. 
The valve mechanism 300 includes a disc valve 

. 304 which controls ports leading to inlet passages 
if , 306, 308 and 30. When the disc 334 is in 
its "rich' position, shown in full lines in the 
drawing, the three inlet passages 306, 308 and 
30 are all open. When the valve 304 is in its 
"lean' position, shown in dotted lines in the draw 
ing, the inlet passages 306 and are open. 

10 
greater proportion of the total pressure differen 
tial across the jet system than was the case when 
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Only the inlet passages 306 and if were open. 
Therefore, the valve 320 opens at a lower value 
of fuel pressure differential. 

Figure 13 
There is shown in Figure 13 a mixture control 

valve mechanism 330 and a jet system 332, which 
may be used in place of the mixture control and 
jet system of Figure 1. In the jet system of Fig 
ure 13, the restrictions i 86 and 22 correspond to 
the same restrictions in the previous figure. 
The mixture control valve mechanism 330 in 

cludes a valve 332 attached to a shaft 334. When 
the valve 332 is in its "rich' position, shown in 
full lines in the drawing, two inlet passages 335 
and 338 are open. When the valve 332 is in its 
"lean' position, shown in dotted lines in the draw 
ing, two inlet rassages 340 and - 342 are open. 
The inlet passage 336 leads t'ru a restrictin 
344 into a chamber 346, and the inlet passage. 
338 leads thru a restriction 348 into a chamber 
350. The inlet pssage 340 leads thru a restric 
tion 352 to the chamber 350, and the inlet pas 
Sage 342 leads thru a restriction 354 to the cham 
ber 346. The chamber 346 is connected thru the 
fixed restriction 86 to the outlet passage 88. 
The chamber 346 is also connected thru a pas 
Sage 356 controlled by an enrichment valve 358 
which is biased to closed position by a spring 360. 
The pressure drcp thru the passage 356 acts on 

35 

40 

In the jet system 302, the jets or restrictions 
86, 202 and 22, and the chamber 9, function 

in the same manner as the corresponding ele 
ments of Figure 9. Fuel entering the jet System 
thru the inlet passage 306 passes thru a fixed 
restriction 32 into a chamber 34. Fuel enter 
ing the jet system thru the inlet passage 308 
passes thru a fixed restriction 36 into the cham 
ber 3 4. Fuel entering the jet system thru the 
inlet passage 30 passes thru the fixed restric 
tion 202 into the chamber 91. A restricted pas 
sage 38 connects the chambers 34 and 19, and 
is controlled by a valve 320 biased to closed po 
sition by a spring 322 and movable to open po 
Sition by the pressure drop across the passage 
38. 
When the mixture control 300 is in its "lean' 

position, the inlet passages 308 and 30 are closed, 
and the pressure in chamber 9 is substantially 
the same as the outlet pressure of the jet sys 
tem. The pressure drop across passage 38 is 
then determined by the relative sizes of the re 
strictions 32 and 86. When the mixture con 
trol is in its “rich' position, the inlet passage 338 
leading thru restriction 36 is open and the pres 
sure in chamber 34 is thereby increased. The 
pressure drop across valve 320 then becomes a 
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the valve 358 in an opening direction. The pas 
sage 356 leads into chamber 350, connected to the 
outlet passage 88 of the jet system by the re 
striction 22, 
When the mixture control is in its “lean' po 

sition, the chamber 346 is fed thru the relative 
ly Small restriction 354, and the pressure drop 
across valve 358 is a certain predetermined pro 

... portion of the total fuel pressure differential, de 
pending upon the relative sizes of restrictions 354 
and 86. When the mixture control is in its “rich' 
position, the chamber 346 is fed thru the rela 
tively large restriction 344, and the pressure in 
chamber 346 is, therefore, higher. Consequent 
ly, the pressure drop across valve 358 is now a 
greater proportion of the total fuel pressure dif 
ferential than before, and the valve 358, there 
fore, opens at a lower value of the total pressure 
differential. 

Figure 14 
There is shown in Figure 14 a jet system 380, 

which may be used in place of the jet system 60 
of Figure 1. The mixture control valve mecha 
nism 75 of Figure 7 should be used with the jet 
system of Figure 14. The jet system of Figure 
4 is similar to that of Figure 1 except that the 

restriction 30 and its associated control mecha 
nism has been omitted and additional control 
mechanism is provided for the enrichment valve 
i 18 in the restriction il 6.. This additional con 
trol mechanism consists of a chamber 382 formed 
between a diaphragm 384 and a cover 383 which 
is attached by any suitable means to the jet sys 
tem. The chamber 382 is connected to the inlet 
passage 80 thru a branch passage 388 having the 
restriction 390 in it. The chamber 382 is con 
nected to the inner passage 82 by branch pas 
Sage 392 having a restriction 394 in it. A spring 
396 biases the diaphragm 384 in a direction so 
that it tends to engage the end of the stem 398 of 

... valve 8. 

75 
When the mixture control is in its "lean' posi 

tion, fuel may flow from inlet passage 180 thru 
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passage 383, restriction 398, chamber 382, restric 
tion 393, branch passage 392, restriction 22, 
chamber 694, and restriction 24 to outlet paS 
sage 88. The passage drop across diaphragm 
384 acts in a direction to compress spring 396 
and to maintain diaphragm 383 free of the end 
of valve stem 398. The particular value of total 
pressure differential at which valve 8 opens is 
then determined by the area of valve 8 and the 
strength of spring 2. 
When the mixture control is in its "rich" posi 

tion, both inlet passages 80 and 82 are open, 
and fuel may then enter chamber 382 thru either 
restriction 39 or 394. The pressure in chamber 
392 is then substantially equal to the pressure in 
the inlet passages 8 and 82. There is then 
no pressure drop across the diaphragm 388 and 
the spring 396 moves the diaphragm 388 down 
wardly until it engages the end of valve Stern 398. 
The force of spring 29 tending to hold valve 8 
closed is then partially opposed by the force of 
spring 39S tending to open it. Therefore, it takes 
a. Smaller Value of total pressure differential to 
open valve 8 and enrich the fuel flow. 

While I have shown and described certain pre 
ferred embodilments of my invention, other modi 
ications thereof Wii readily occur to those skilled 
i the art, and I therefore intend my inVention 
to be inited only by the appended claims. 

: claim as my invention: 
i. A fuel supply system for an internal com 

bustion engine, comprising a conduit for fuel 
fiowing to said engine, a jet System including a 
plurality of interconnected passages and restric 
tions in said conduit for regulating the fioW of 
fuei teºeth in accordance With the fuel pres 
süre differential across said jet System, means 
for varying said fuel pressure differential, a 
chambe' is said jet system, a passage including 
at least one of said restrictions connecting said 
chaniber and said fuel conduit at one side of said 
jet system, second and third restrictions in par 
alle connecting said chamber and said fuel con 
duit at the other sidie of said jet systein, a valve 
subject to the pressure in said chamber and 
adapted to be moved in an opening direction by 
said pressure for controlling one of said three 
restrictions, means biasing said valve to closed 
position, and valve means selectively movable 
between a first position wherein only one of said 
two parallel restrictions is open and a first pre 
determined relationship between said fuel pres 
sure differential and the fuel fioW thru Said con 
duit is established and a secondi position wherein 
both said parallel restrictions are open and a 
Second predetermined relationship between Said 

: fuel pressure differential and the fuel flow thru 
said conduit is established, said valve means 
being effective to vary the relationship between 
said pressure differential and the pressure in said 
chamber so that when said valve neans is in said 
first position said valve opens when said fuel 
pressure differential exceeds a first predeter 
mined value, and when said waive means is in 
said second position said valve opens when said 
fuel pressure differential exceeds a second pre 
determined value lower than Said first predeter 
mined value. . 

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

3. 

30 

?? 
system, a passage including at least one of said 
restrictions, connecting said chamber and Said 
fuel conduit at one side of said jet system, second 
and third restrictions in parallel connecting Said 
chamber and said fuel conduit at the other side 
of said jet system, a valve in one of said three 
restrictions for controlling the flow of fuel there 
thru, said valve being subject to the pressure 
in said chamber and adapted to be moved in all 
opening direction by said pressure, means biasing 
said valve to closed position, and valve means 
selectively movable between a first, position 
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wherein only one of said two parallel restrictions 
is open and a first predetermined relationship 
between said fuel pressure differential and the 
fuel flow thru said conduit is established and a 
Second position wherein both said parallel restric 
tions are open and a second predetermined rela 
tionship between said fuel pressure differential 
and the fuel fiow thru said conduit is established, 
saidi valve means being effective to vary the rela 
tionship between said fuel pressure differential 
and the pressure differential which operates said 
waive so that when said waive means is in Said 
first and second positions, said valve opens said 
one restriction. When said fuel preSSLlre differen 
tial exceeds first and second predetermined 
values, respectively. 

3. A fuel supply System forº an internal com 
bustion engine, comprising a conduit for fuel 
flowing to said engine, a plurality of parallel re 
stricted passages in said conduit for regulating 
the fiow of fuel therethru in accordance with the 
fuel pressure differential across said passages. 
means for varying said fuel pressure differential. 
manually operable Valve means for Selectively 
opening said passages to the flow of fuel and 
movable between a first position wherein a first 
of said passages is open and a first predetermined 
value is established for the total cross-sectional 
area of the open passages and a second position 
wherein said first passage and a second passage 
are open and a second predetermined value 
greater than said first predetermined value is 
established for said total cross-sectional area, first 
means to increase said total cross-sectional area. 
when said valve means is in said first position and 
said pressure differential exceeds a first prede 
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termined value, second means to increase said 
total cross-sectional area, when said Walve means 
is in said second position and said pressure differ 
ential exceeds a second predetermined value 
lower than said first predetermined value, a third 
passage controlled by said manually operable 
valve means, and opened thereby when said valve 
means is in said first position, a valve in said third 
passage and subject to said pressure differential 
acting thereon in an opening direction, a Spring 
biasing said valve to closed position and effective 
to maintain said valve closed until Said preSSure 
differential exceeds a third predetermined value 
higher than said first and second predeterimined 
values, said valve being effective when said manu 
ally operable valve means is in Said first position 
and said pressure differential exceeds a fourth 
predetermined value greater than said third to 
increase said total area, to an amount substan 
tially equal to that obtained when said manually 
operable valve means is in said Second position 
and said pressure differential exceeds said fourth 
predetermined value. 

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

flowing to said engine, a jet system including a 
plurality of metering restrictions in said conduit 

sages in parallel connecting said chamber and , 
said fuel conduit at the other side of Said jet sys 
tem, a valve responsive to the pressure differen 
tial across one of said three restricted passages 
for controlling the fuel flow therethru, means 
biasing said valve to closed position, valve means 
Selectively movable between a first position 
wherein only one of said two parallel restricted 
passages is open and a first predetermined re 
lationship between said fuel pressure differential 

10. 

5. 

and the fuel flow thru said conduit is established 
and a second position wherein both said parallel 
restricted passages are open and a second pre 
determined relationship between said fuel pres 
sure differential and the fuel flow thru said con 
duit is established whereby a greater fuel flow 
is produced by a given pressure differential, said 
pressure responsive valve being effective when 
said valve means is in said first position to open 
Said One restricted passage and increase the fuel 
flow produced by a given pressure differential 
when said fuel pressure differential exceeds a first 
predetermined value, and effective when said 
valve means is in Said second position to open 
Said. One restricted passage when said fuel pres 
Sure differential exceeds a Second predetermined 
value lower than said first predetermined value, 
and means effective when said valve means is in 
either of said first or second positions and said 
pressure differential exceeds a third value greater 
than said first and second values to produce a 
predetermined fuel flow. 

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

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

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

55 

60 

65 

70 

Spring biasing said valve to closed position and 
effective to maintain said valve closed until said pressure drop exceeds a predetermined value. and 
valve means for controlling the inlets to said first, 
Second and third passages and selectively mov 
able between a first position wherein only the 
inlet of Said first passage is open, thereby estab 
lishing a first proportional relationship between 
said fuel pressure differential and said pressure 
drop, and a second position wherein the inlets of 
Said first, second and third passages are all open, 
thereby establishing a second proportional rela 
tionship between said fuel pressure differential 
and Said pressure drcp, said pressure responsive 
valve being effective due to the difference in said 
relationships when said valve means is in said 
first and second positions to open said branch 
paSSage and increase the total fuel flow when said 
fuel pressure differential exceeds first and second 
predetermined values, respectively. 

8. A fuel Supply system for an internal com 
bustion engine, comprising a conduit for fuel 
flowing to said engine, a jet system including a 
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plurality of metering restrictions in said con 
duit for regulating the flow of fuel tinereithru in . 
accordance with the fuel pressure differential 
across said jet system, means for varying said 
fuel pressure differential, a first passage extenda 
ing thru said jet System and including a single 
restriction, a second passage extending thri said 
jet system and including two restrictions in se 
ries, a chamber in said jet system, a first branch 
passage of limited capacity connecting said 
chamber and said first passage at the upstream 
side of the restriction therein, a second branch 
paSSage of limited capacity Connecting Said cham 
ber and said second passage on the upstream 
side of the two restrictions therein, a third pas 
sage for delivering fuel into Said second passage 
at a point between the two restrictions therein, 
a valve in said third passage movable in an open 
ing direction by the pressure in Said chamber, a 
spring biasing said valve to closed position, and 
valve means for controlling the inlets to said 
first and second passages and selectively movable 
between a first position wherein only the inlet 
of said first passage is open so that only said 
first branch passage acts as an inlet to Said chan 
ber, and a second position wherein the inlets of 
both said first and Second paSSageS 8.re oper. So 
that both said first and second branch gaSSages 
act as inlets to said chamber, Said preSSure re 
sponsive valve being effective due to the differ 
ence in the pressure in said chamber wine Said 
valve means is in said first and second positions 
to open said third passage and increase the total 
fuel flow when said fuel pressure differential 
exceeds first and second predeternished values, 
respectively. 

9. A fuel supply system for an internal corn 
bustion engine, comprising a conduit for fuei 
flowing to said engine, a jet systern including a 
plurality of interconnected passages and restric 
tions in said conduit for regulating the low of 
fuel therehru in accordance.with the fuelipressure 
differential across said jet Systein, Ileans foil 
varying said fue pressure diferential, first and 
second fuel inlet passages opening into Said et 
system from said conduit, a chamber in said jet 
system, a first one of said restrictions connecting 
said chamber and said first fuel inlet passage, a 
second of said restrictions connecting said chan 
ber and said second fuel inlet passage, a third pas 
sage for delivering fuel to the outlet of Said jet 
system, a valve in said third passage movable in 
an opening direction by the pressure in said 
chamber, a spring biasing said valve to closed 
position, and Valve means for controlling Sald 
first and second fuel inlet passages and selec 
tively movable between a first position wherein 
only said first inlet passage is open so that only 
said first restriction acts as an inlet to said chain 
ber, and a second position wherein both said 
first and Second fuel inlet paSSages are open SO 
that both said first and second restrictions act 
as inlets to said chamber, said pressure respon 
sive valve being effective due to the difference in 
the pressure in said chamber when said valve 
means is in Said first and second positions to 
open said third passage and increase the total 
fuel flow when said fuel pressure differential ex 
ceeds first and secondi predetermined values, re 
Spectively. 

10. A fuel supply system for an internal coin 
bustion engine, comprising a conduit for fuel 
flowing to said engine, a jet system including a 
plurality of interconnected passages and restric 
tions in said conduit for regulating the flow of 
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Ýuel thereithr in accordance With the fue pres 
sure differential across said et System, means 
for varying said fuel pressure differential, first 
and second fuel inlet passages opening into Said 
jet system from said conduit, an expansible 
chamber in said jet system having a, Inovable 
Wall, a first one of said restrictions connecting 
Said chamber and Saidi first fuel inlet passage, a 
second of Said restrictions connecting Said cham 
ber and said second fuel intet passage, a third 
passage for delivering fuel to the outlet of Said 
jet system, a valve in Said third passage, a Spring 
biasing said valve to closed position, means in 
cluding said movable waii for opening Said Valve 
against said biasing means, and waive means for 
controling said first and Second fuel inlet pas 
sages and selectviely movable between a first po 
sition wherein only, said first inlet passage is 
open so that only said first restriction acts as 
an inlet to said chamber, and a second position 
wherein both said first and second fuel inlet pas 
'sages are open so that both said first and second 
restrictions act as inlets to said charaber, Said 
valve opening meaias oeing effective due to the 
difference in the pressure in said chamber When 
said valve means is in said first and Second OO 
sitions to open said third gassage &nd increase 
the total fuel flow when said fuel pressure dii 
ferential exceeds first and second predeter nined 
values, respectively. - 

ii. A fuel supply system for an internal con 
bustion engine, comprising a conduit for fuel 
flowing to said engine, a jet system in ciuding a 
plurality of interconnected gassages and restric 
tions in Said conduit for regulating tile iOW of 
fuel therethru in accordance With the fuel pres 
sure differential across said jet Systein, ineans 
for varying said fuel pressure differentiai, first 
and second fuel inlet passages opening into Said 
jet system from said conduit, a chamber in Said 
jet, system, a, first one of Said restrictions con 
necting said chamber and said first fuel inlet 
passage, a second of Said restrictions connecting 
said chamber and said second fuel inlet gaSSage, 
8, third passage including third and fourth re 
strictions in series connecting said second fuel 
inlet passage to the outlet of said jet System, a 
fourth passage for delivering fuel into said third 
passage at a point between said third and fourth 
restrictions, a valve in said fourth passage nov 
able in an opening direction by the pressure in 
said chamber, a spring biasing said valve to closed 
position, and valve means for controlling Said 
first and second fuel inlet passages and Selec 

55 tively movable between a first position wherein 
only said first inlet passage is open. So that only 
said first restriction acts as an inlet to Said 
chamber, and a second position whereiin both 
said first and second fuei inlet passages are open 

30 so that both said first and second restrictions act 
as inlets to said chamber, saidi pressure respon 
sive valve being effective due to the difference 
in the pressure in said chamber when said valve 
means is in said first and second positions to 

65 open said third passage and increase the total 
fuel flow when said fuel pressure differential ex 
ceeds first and second predetermined values, re 
Spectively. 

12. A fuel supply System for an internal con 
70 bustion engine, comprising a conduit for fuel 

flowing to said engine, a plurality of parallel re 
stricted passages in said conduit for regulating 
the flow of fuel therethru in accordance With the 
fuel pressure differential acroSS said passages, 

75 means for varying said fuel pressure differential, 
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manually operable valve means for selectively 
opening said passages to flow of fuel and mov 
able between a first position wherein a first of 
said passages is open and a first predetermined 
value is established for the total cross-sectional 
area of the open passages and a second position 
wherein said first passage and a second passage 
are open and a second predetermined value great 
er than said first predetermined value is establish 
ed for said total cross-sectional area, means to in 
crease said total cross-sectional area when said 
valve means is in either of said first and Second 
positions and said pressure differential exceeds 
a first predetermined value, a third passage con 
trolled by said manually operable valve means 
and opened thereby when said valve means is in 
said first position, a valve in said third passage 
and subject to said pressure differential acting 
thereon in an opening direction, a Spring biasing 
said valve to closed position and effective to main 
tain said valve closed until said pressure differ 
ential exceeds a Second predetermined value 
higher than said first predetermined value, said 
valve being effective when said manually oper 
able valve means is in said first position and said 
pressure differential exceeds a third predeter 
mined value greater than Said Second to increase 
said total area to an amount Substantially equal 
to that obtained when said manually operable 
valve means is in said second position and said 
pressure differential exceeds said third prede 
termined Value. 

13. A fuel supply system for an internal com 
bustion engine, comprising a conduit for fuel 
flowing to said engine, a plurality of parallel re 
stricted passages in said conduit for regulating 
the flow of fuel therethru in accordance with the 
fuel pressure differential across said passages, 
means for varying said fuel pressure differential, 
manually operable valve means for selectively 
opening said passages to the flow of fuel and 
movable between a first position wherein a first 
of Said passages is open and a first predetermined 
value is established for the total cross-sectional 
area of the open passages and a second position 
wherein said first passage and a second passage 
are Open and a second predetermined value 
greater than said first predetermined value is 
established for said total cross-sectional area, 
means to increase said total cross-sectional area 
when said valve means is in either of said first 
and Second positions and said pressure differen 
tial exceeds a first predetermined value, a third 
passage, a valve in said third passage and sub 
ject to said pressure differential acting thereon 
in an Opening direction, a spring biasing said 
valve to closed position and effective to maintain 
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said valve closed until said pressure differential 
exceeds a second predetermined value higher 
than said first predetermined value, said valve 
and said manually operable valve means coop 
erating to control said third passage So that 
when said manually operable Wave means is in 
said first position and said pressure differential 
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exceeds a third predetermined value greater than 
said second said total area is increased to an 
amount Substantially equal to that obtained 
when said manually operable valve means is in . 
Said second position and Said pressure differ 
ential exceeds said third predetermined value. 

14. A fuel Supply system for an internal com 
bustion engine, comprising a conduit for fuel 
flowing to said engine, a jet system including a 
plurality of interconnected passages and restric 
tions in said conduit for regulating the flow of 
fuel therethru in accordance with the fuel pres 
süre differential across said jet system, means for 
varying said fuel pressure differential, first and 
Second fuel inlet passages opening into said jet 
system from said conduit, a chamber in said jet 
system, a first one of Said restrictions connecting 
said chamber and said first fuel inlet, passage, 
means connecting said chamber and said second 
fuel inlet passage, a third passage for delivering 
fuel to the outlet of said jet system, a valve in 
said third passage movable in an opening direc 
tion by the pressure in said chamber, a spring 
biasing said valve to closed position, and valve 
means for controlling Said first and second fuel 
inlet passages and selectively movable between 
a first position wherein only said first inet pas 
sage is open so that only said first restriction acts 
as an inlet to said chamber, and a second posi 
tion wherein both said first and second fuel inlet 
passages are open so that both said first restric 
tion and Said connecting means act as inlets to 
Said chamber, Said pressure responsive valve be 
ing effective due to the difference in the pressure 
in said chamber when said valve means is in said 
first and second positions to open said third pas 
sage and increase the total fuel flow when said 
fuel pressure differential exceeds first and sec 
ond predetermined values, respectively. 

JOHN M. BARR. 
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