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The present invention relates to internal combustion en 
gines and more particularly to means for injecting fuel 
into the charge for the cylinders. 

In the operation of an internal combustion engine, the 
combustible charge of air and fuel may be formed by 
injecting a metered quantity of fuel into the air as it 
flows to the engine cylinders. Since the pressure of the 
air in the induction system fluctuates over a considerable 
range, if an injector nozzle is disposed in an induction 
passage it will be subject to such fluctuating pressures. 
'Accordingly, it is desirable to isolate the fuel in the 
nozzles and the fuel system from the effects of these 
pressure changes. If this is not done the variation in the 
pressures in the induction air will override the metering 
mechanism and cause an inaccurate metering of the fuel. 
(One simple and very successful means for isolating the 
fuel in the nozzles from the effects of the induction 
pressure is to incorporate the nozzle in an injector as 
sembly having a vent that will create an envelope of 
substantially atmospheric air around the nozzle. The 
fuel from the nozzle and the air in the envelope flow 
through a small orifice and into an induction passage. 
Thus the fuel will be discharged into an envelope of air 
at a substantially constant pressure and the nozzle will be 
isolated from the intake vacuum. Since the air in the 
envelope flows through the orifice and is consumed in 
the engine, it is desirable to limit the amount of Such 
air flow to less than the amount required for idling 
the engine. In addition, where there are a multiplicity 
of nozzles, it is desirable that the air supply to the en 
velopes produce substantially identical amounts of air 
flow through the orifices as otherwise the engine will not run smoothly, particularly during idling. Accordingly, 
a vent manifold may be provided for Supplying the air 
to the individual envelopes in the nozzles. Normally the 
air will always flow in one direction through the nozzle, 
i.e., the intake vacuum will cause the air in the envelope 
to be drawn into the intake passage. However, under 
some circumstances, for example the closing of an intake 
valve, there may be surges of air or other conditions 
that will result in a transient condition in which the air 
flow will reverse itself and disrupt the flow of fuel 
through the orifice and into the intake passages. This 
may cause inaccurate metering of the fuel and in the 
event there is a common vent manifold for supplying air 
to the nozzles, some of the fuel intended for one cylinder 
may be blown into the vent manifold and carried into 
another nozzle and thence into another cylinder, thereby 
resulting in uneven fuel distribution. 

It is now proposed to provide an injector nozzle sys 
tem in which a vent manifold common to all of the noz 
zles may supply separate quantities of air to the nozzles 
without in any way impairing the uniformity of the fuel 
distribution or the accuracy of the metering action. This 
is to be accomplished by providing injector assemblies in 
which the nozzles are disposed in chambers that con 
tain the isolating envelope of atmospheric air. An ori 
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proximately the lowest point in the chamber. Thus the 
bottom of the chamber will act as a Sump to collect any 
stray fuel which fails to immediately pass through the ori 
fice and to retain the stray fuel immediately adjacent the 
orifice so that it may subsequently pass therethrough. A 
vent manifold supplies the air for the envelopes through 
inlets in the tops of the chambers. The inlets are pref 
erably disposed adjacent the highest point in the cham 
ber and remote from the orifice. Thus any fuel that does 
not pass through the orifice will collect in the sump and 
be prevented from entering the manifold and thereby 
passing from one injector assembly to another. Thus 
even if a surge of air in an induction passage should tem 
porarily prevent the flow of fuel through an orifice, the 
fuel will be confined to the area around the orifice and 
as soon as more favorable conditions are restored, the 
fuel will drain into its intended induction passage. It 
will thus be seen that each and every cylinder will re 
ceive identical quantities of correctly metered fuel. 

In the one sheet of drawings: 
Figure 1 is a plan view of an engine employing a fuel 

injection system embodying the present invention. 
Figure 2 is a fragmentary view of the engine taken 

in the direction of arrow 2-2 in Figure 1 with parts 
broken away and in section. 

Figure 3 is a cross sectional view on an enlarged scale 
of a fuel injector assembly. 

Although the present invention may be used on any 
suitable engine, in the present instance it is especially 
adapted to be employed on a so-called V-type engine 10 
having a cylinder block 12 with a pair of angularly dis 
posed cylinder banks 14. Separate cylinder heads 16 
are secured to the banks 14 so that cavities therein will 
register with the open ends of the cylinders. These cavi 
ties together with the upper ends of the pistons 18 re 
ciprocably disposed in the cylinders form the combustion 
chambers 20. In order to charge the cylinders an in 
duction system 22 may be provided that includes an in 
take manifold 23 having a throttled inlet 24 and a plu 
rality of ram pipes 26 that interconnect the plenum cham 
ber 28 with the intake passages 30 in the cylinder heads 
16. Intake valves 32 are disposed in the intake passages 
30 to time the flow into the cylinders. It has been found 
advantageous to tune the ram pipes 26 in accordance 
with the charging of the cylinders so that they will reso 
nate during one or more engine operating conditions and 
thus the surges of air therein will tend to supercharge 
the cylinders. 

In order to form a combustible charge of air and fuel, 
a fuel injection system 34 may be provided for meter 
ing and distributing the fuel to the charges for the cylin 
ders. This fuel system 34 may include a metering unit 
36 responsive to the fuel demands of the engine 10 for 
controlling the flow of fuel therethrough. In order to 
distribute this metered fuel to the various cylinders, sep 
arate injector lines 38 may be provided for each cylin 
der so as to radiate from the metering unit 36. The out 
let end of each of these injector lines 38 may be equipped 
with separate injector assemblies 40 that are positioned 
to discharge the metered fuel into the induction passages. 
Although the injector assemblies 40 may be mounted at 
any suitable location it has been found desirable to mount 
the assemblies 40 on the intake manifold 23 adjacent 
the ends of the ram pipes 26 for spraying a stream of 
fuel into the intake passage and toward the intake valve. 

It should be noted that if the injector assemblies 40 
communicate with induction passages 42, they will be 
subject to the effects of intake vacuum. Since the in 
take vacuum varies over a very wide range the head op 
posing the discharge of the fuel into the induction pas 
Sages 42 will also vary and cause a considerable varia 
tion in the flow of metered fuel. In fact, under some 
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conditions the vacuum may even become large enough 
to cause unmetered fuel flow from the injection system 
34 and/or the formation of fuel vapors in the injector 
lines 38. 

In order to isolate the nozzle and the fuel therein 
from the effects of the intake vacuum, the injector as 
semblies 40 may be similar to those disclosed and claimed 
in copending application Serial No. 512,175, Fuel In 
jection Nozzle filed May 31, 1955, in the names of Max 
F. Homfeld and Stephen Kalmar and now abandoned. In 
the present instance the injector assemblies 40 are dis 
posed in a passage 44 extending downwardly from the 
face 46 of a pad 48 on the side of the intake manifold 
23. This passage 44 is oblique to the induction passage 
42 so that it opens thereinto and will be aimed in the 
general direction of the intake valves 32. 
The injector assembly 40 includes a member 50 hav 

ing a cylindrical exterior that fits into the passage 42 
so that the end thereof will rest on a shoulder 52 in the 
passage 42. A spring clamp 54 fastened to the face 46 
may retain the member 50 in the passage 42. The mem 
ber 50 includes a lower portion 56 and an upper portion 
58 that are separated from each other by a chamber 
60. The lower portion 56 includes a conical depression 
62 that forms one end of the chamber 60 and a small 
diameter passage or orifice 64 that extends the rest of 
the way through the lower portion 56 to interconnect 
the chamber 60 with the induction passage 42. The 
upper portion 58 of the member 50 includes a nozzle 
66 that projects into said chamber 60 concentric with 
the passage 42 and is aimed at the orifice 64. A passage 
68 extends through the upper portion 58 so as to be in 
terconnected with the outlet end of the injector line 38. 
Thus the nozzle 66 may direct a stream of metered fuel 
through said orifice 64 and into said induction passage 
42 in the direction of the intake valve 32. 

It has been found that by having the passage 42 at 
an angle to the horizontal the lower end of the cham 
ber 60 will act as a sump so that the fuel will collect 
adjacent the orifice 64 which is at or immediately adja 
cent the lowest portion of the chamber. 60. Thus in the 
event the fuel discharged from the nozzle. 66 should fail 
to pass through the orifice 64, it will collect around the 
orifice 64 and drain into the induction passages 42. 

It will be seen that the fuel is discharged from a nozzle 
66 that is disposed in an envelope of air contained in 
side of the chamber 60. By continuously supplying air 
to this chamber 60 the pressure of the air in the en 
velope may be maintained at a substantially constant 
value which approximates atmospheric pressure irre 
spective of the vacuum present inside of the manifold 
23. In order to maintain the pressure in the envelope 
at or near atmospheric pressure it is necessary to provide 
a relatively unobstructed source of air to the chamber 
60 so that the orifice 64 will be the primary factor lim 
iting the air flow into the induction passage 42. This air 
preferably enters the chamber. 60 by an entrance 68 lo 
cated at or immediately adjacent the upper end of the 
chamber 60. Thus the entrance 68 to the chamber 60 
will be disposed remote from and considerably above the 
orifice 64 and the sump. Consequently, any fuel which 
fails to immediately pass through the orifice 64 will col 
lect around the orifice 64 and will not come near the en 
trance 68. This will eliminate the tendency for any fuel 
that is intended to pass through the orifice 64 leaving 
through the entrance 68. In order to conveniently filter 
and uniformly regulate the flow of air to the chambers 
60, it may be desirable to provide a vent manifold 73 
such as disclosed and claimed in copending application 
Serial No. 512,170, Atmospheric Vent for Fuel Injection 
Nozzle filed May 31, 1955, in the names of John Dolza 
and Raymon J. Haefner now Patent No. 2,833,260, is 
sued May 6, 1958. This manifold 70 includes a filter 
inlet 72 and a pair of arms 74 that extend along the two 
banks 14 of cylinders. This arrangement will insure a 
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common supply of air to all of the envelopes. How 
ever, since the entrances 68 to the chambers 60 are ar 
ranged to prevent the escape of any fuel therethrough, 
there will be no maldistribution of the fuel. 

During normal operation of the engine 10 there will 
be a small amount of air flowing through the vent mani 
fold 70 and into the chambers 60 to form envelopes 
of atmospheric air..around the nozzles. 66. This air will 
then flow through the orifices 64 and into the induction 
passages.42. At the same time the primary supply of 
air will enter the throttle valve inlet 24 and flow through 
the ram pipes 26 to the cylinders. The metering mech 
anism 34 will be effective to sense the fuel demands of 
the engine 10 and to meter the fuel in proportion there 
to. This supply--of metered fuel will then be forced to 
flow through the injector lines 38 and into injector as 
semblies 40. The fuel will be discharged from the noz 
zle 66 as a stream aimed to pass through the orifice 64 
and mix with the charge in the induction passages 42. 
Although the entire stream of fuel is intended to unin 
terruptedly flow through an orifice 64, there may be pe 
riods during which this condition does not prevail. For 
example, when an intake valve 32 suddenly closes, it 
may cause a surge of air to be reflected back up thein 
duction passage 42. This surge of air, may have suffi 
cient pressure to cause a small puff of air to be blown 
from the induction passage 42 through the orifice. 64 
and into the chamber 60. Since this puff will be of 
very short duration and the orifice 64 is of small size, 
the puff will quickly dissipate itself in the chamber 60. 
Thus if the fuel stream has very little inertial the puff 
can cause the fuel to be blown back into the chamber 
60. This fuel will tend to collect in the sump formed 
by the bottom of the chamber 60 around the orifice 64. 
Subsequently, when the air flow from the chamber 60 
through the orifice 64 and into the induction passage 42 
is restored, the fuel will again pass through the orifice 
64 and be mixed with the charge. Thus all of theme 
tered fuel will be consumed in the cylinder for which it 
is intended. - a w - - - - - - - - " " - 

Various changes and modifications of the embodiment 
of the invention described herein may be made by those 
skilled in the art without departing from the spirit and 
principles of the invention. 

I claim: - - - - 

1. in an engine having a cylinder, with an induction 
passage interconnected therewith by means of an intake 
valve, an injector assembly adapted to be mounted in a 
passage extending through a side wall of said induction 
passage for Spraying metered quantities of fuel into said 
induction passage in the direction of said intake valve, 
said injector assembly comprising an elongated cham 
ber having an orifice at the lower end thereof opening 
into said induction passage, said chamber being inclined 
to the horizontal to form a sump adjacent said orifice 
positioned to collect fuel therein, said sump tapering 
toward said orifice, a nozzle disposed in said chamber 
and being connected to a source of metered fuel for 
discharging a stream of said metered fuel therefrom, 
said nozzle being disposed in spaced relation to said 
opening for directing said stream of fuel therethrough 
and toward said intake valve, and a comparatively unre 
stricted air entrance into said chamber disposed above 
Said Sump for supplying air to said chamber. 

2. In an engine having a plurality of cylinders and 
an induction System with induction passages for charg 
ing said cylinders, a plurality of injector assemblies for 
Spraying metered quantities of fuel from a fuel meter 
ing System into said induction passages and a vent mani 
fold, each of said assemblies, comprising an elongated 
chamber having, an orifice at the lower end thereof 
opening into one of said induction passages, said cham 
ber including a tapered fuel sump portion terminating 
at said orifice, said chamber being inclined to the hori. 
Zontal. Such that any fuel therein will flow toward the 
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tapered sump to drain through said orifice into the in 
duction passage, a nozzle disposed in said chamber and 
being connected to said fuel system for discharging a 
stream of fuel therefrom, said nozzle being positioned 
in spaced relation to said opening for directing said 
stream of fuel therethrough and into said induction pas 
sage and an air entrance into said chamber disposed re 
mote from said opening and above said sump, said vent 
manifold being interconnected with said entrances for 
supplying air at substantially atmospheric pressure to 
said chambers. 

3. In a V-type engine having a pair of angularly dis 
posed banks of cylinders, an induction system having 
induction passages for charging said cylinders, fuel noz 
zles disposed in separate chambers for directing streams 
of metered fuel from a fuel system through restricted 
orifices in the bottoms of said chambers and into said 
induction passages, each of said chambers having sub 
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stantially unobstructed inlets opening into the tops there 
of, a vent manifold connected to said inlets for supply 
ing atmospheric air to the tops of said chambers that 
may pass through said orifices and into said induction 
passages, said chambers being arranged to form coni 
cal sumps having their apices terminating in the re 
stricting orifices of said chambers so that any residual 
fuel in said chambers will collect in said sumps and 
drain through said orifices with said air. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

2,157,034 Tice ------------------ May 2, 1939 
2,511,213 Leslie ---------------- June 13, 1950 

FOREIGN PATENTS 
520,965 France ---------------- Feb. 24, 1921 
710,213 reat Britain ---------- June 9, 1954 


