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57 ABSTRACT 
Apparatus for the injection of fuel into the intake 
manifold of an internal combustion engine is de 
scribed. The apparatus includes an air-assist nozzle 
that has a chamber formed in it that includes an ori 
fice for the discharge of air-atomized fuel. A fuel in 
jector has a fuel discharge port positioned within the 
chamber of the air-assist nozzle. The air-assist nozzle 
has an air inlet to the chamber, and air which enters 
the chamber through the inlet mixes with the fuel dis 
charged from the fuel injector producing an air-fuel 
atomized mixture which is discharged from the orifice 
of the air-assist nozzle. 

1 Claim, 3 Drawing Figures 
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FUELINJECTION APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to apparatus for injecting fuel 
into the intake manifold of an internal combustion en- 5 
gine and, more particularly, to fuel injection apparatus 
including an air-assist nozzle having a swirl chamber 
within it which, in combination with a fuel injector that 
may be of conventional design, produces a highly atom 
ized mixture of air and fuel that is discharged into the 10 
intake manifold of an internal combustion engine. The 
invention is applicable to both electronic and mechani 
cal fuel injection systems for internal combustion en 
gines. 

Fuel injection systems for internal combustion en- 15 
gines have undergone much development over the 
years. Fuel injection systems for such engines fall into 
two broad classes, that is, those in which fuel is injected 
directly into the engine's combustion chambers and 
those in which fuel is injected into an intake passage 20 
preceding the combustion chambers. The teachings of 
the present invention are particularly applicable to fuel 
injected engines in the latter classification, but are be 
lieved to be applicable to the former class of fuel in 
jected engines also. 25 
One of the greatest problems encountered in the ap 

plication of fuel injection systems to internal combus 
tion engines is in finding means for achieving adequate 
atomization of the fuel injected into the engine. If the 
fuel is inadequately atomized in the combustion air, in- 30 
complete combustion may result and it may be neces 
sary to supply a greater quantity of fuel to the engine 
than would otherwise be required were the atomization 
of the air and fuel adequate. Where the amount of fuel 
injected into an engine exceeds the amount which can 
be consumed in the engine combustion process, the en 
gine necessarily must discharge the excess fuel to the 
atmosphere as a part of its exhaust emission. Also, in 
adequate atomization of the fuel can have a detrimen 
tal effect on the performance of an engine, particularly 
when the engine is cold and fuel injected into it is likely 
to impinge on engine parts and condense. 

SUMMARY OF THE INVENTION 

The fuel injection apparatus of the invention com 
prises an air-assist nozzle having a chamber within it. 
The chamber has an air inlet passage in communication 
with the chamber. The chamber in the air-assist nozzle 
has a cylindrically shaped first portion and a coaxial 
frusto-conically shaped second portion. The air inlet 
passage to the chamber approaches the cylindrically 
shaped portion thereof from a substantially tangential 
direction. The air-assist nozzle also has an orifice for 
the discharge of air-atomized fuel. The orifice commu 
nicates with the chamber at the smaller diameter end 
of the frusto-conically shaped second chamber portion. 
Means, such as a commercially available fuel injector, 
is used with the air-assist nozzle for the discharge of 
fuel into its chamber. The fuel discharge means in 
cludes a fuel discharge nozzle that is positioned within 
the chamber of the air-assist nozzle. Preferably, this 
fuel discharge nozzle has a discharge port positioned on 
the axis of the air-assist nozzle chamber and the dis 
charge port is axially spaced from the orifice in the air- 65 
assist nozzle. 

Preferably, the fuel injection apparatus of the inven 
tion is used to inject fuel into an air intake passage pre 
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2 
ceding the combustion chamber of a reciprocating or 
rotating internal combustion engine. In such engines, a 
throttle valve is used to control the air entering the air 
intake passage. In an engine of this type, the air pres 
sure in the air intake passage is less than atmospheric 
pressure during engine operation, but fluctuates from 
a very low absolute pressure to almost atmospheric 
pressure depending on engine speed, throttle angle po 
sition, exhaust system back pressure and the like. The 
air-assist nozzle described above, when used in con 
junction with means for discharging fuel into its cham 
ber, effectively isolates the fuel discharge means from 
the fluctuations in air intake passage pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a sectional view of fuel injection apparatus 

constructed in accordance with the invention and posi 
tioned in a portion of an intake manifold of an internal 
combustion engine; 
FIG. 2 is an enlarged sectional view of the fuel injec 

tion apparatus of FIG. 1, the location at which the sec 
tional view of FIG. 2 is taken being indicated by the line 
2-2 in FIG. 3; and 
FIG. 3 is an enlarged sectional view of the fuel injec 

tion apparatus, the section being taken along the line 
3-3 indicated in FIG. 2. 

DETALED DESCRIPTION 

With reference now to the drawings, wherein like nu 
merals refer to like parts in the several views, there is 
shown fuel injection apparatus constructed in accor 
dance with the invention. 
FIG. 1 is a sectional view of a portion of the cylinder 

head and air intake manifold of a reciprocating internal 
combustion engine which utilizes fuel injection in its 
operation. The cylinder head 10 is of conventional con 
struction and includes an intake poppet valve 12 which, 
when opened, permits a mixture of air and fuel to be 
drawn through the intake port 14 into a combustion 
chamber (not shown) below the cylinder head 10. 
Combustion air is supplied to the cylinder head 10 
through an air passage 16 in an air intake manifold 18 
that is attached to the cylinder head 10. 

Fuel injection apparatus, generally designated by the 
numeral 20, is mounted in an opening 22 in the intake 
manifold 18 and is positioned therein such that a mix 
ture of atomized air and fuel 24, when discharged from 
the fuel injection apparatus 20 is directed toward the 
intake valve 12 and intake port 14. The fuel injection 
apparatus 20 comprises an air-asist nozzle 26 having a 
chamber 28 within it, and means for discharging fuel 
into the chamber 28 in the form of an electromagnetic 
fuel injector 30. An air inlet 29 communicates with the 
chamber 28 of the air-assist nozzle. The air-assist noz 
zle 26 and fuel injector 30 are held in position in the in 
take manifold 18 with a plate 32, which is fitted into a 
groove 34 in the fuel injector, and bolts 36 and 38 
threaded into the intake manifold. 
FIGS. 2 and 3 are enlarged sectional views of the fuel 

injection apparatus 20. It may be seen that the air-assist 
nozzle 26 is comprised of a nozzle body 40, a nozzle or 
ifice insert 42, and an annular thermal insulator 44, 
which may be made from a material such as micarta. 
The nozzle body 40 has a cylindrically shaped opening 
46 which is threaded at one end to receive the nozzle 
orifice insert 42. The orifice insert 42 has a frusto 
conically shaped portion 48 which, when positioned in 
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the nozzle body 40 as shown in FIG. 2, is coaxial with 
the cylindrical opening 46 in the nozzle body and 
which, with the nozzle body, forms the chamber 28. 
Thus, the chamber 28 has a cylindrical-shaped first 
portion and a coaxial frusto-conically shaped second 
portion. An orifice 50 in the nozzle orifice insert 42 
communicates with the chamber 28 at the smaller di 
ameter end of the frusto-conically shaped second 
chamber, portion. The air-assist nozzle 26 may be 
formed from a single piece, if desired. Also specific di 
mensions of the air-assist nozzle 26 are important and 
are affected by the design of the fuel injector 30. 
The air inlet 29 preferably communicates with the 

cylindrically shaped first portion of the chamber 28 and 
approaches this cylindrically shaped portion of the 
chamber from a direction that is tangential with respect 
to the cylindrical opening 46, as may best be seen in 
FIG. 3. . 
Where the internal combustion engine is controlled 

by means of an air throttle (not shown) positioned in 
the intake manifold 18, the air pressure within the flow 
passage 16 of the manifold fluctuates from very low ab 
solute pressures at engine idling conditions to absolute 
pressures near atmospheric pressure during wide open 
throttle operation of the engine. Intake manifold pres 
sure also fluctuates with time (crank engine angle) at 
a fixed average manifold pressure. In the absence of the 
air-assist nozzle this creates a varying differential pres 
sure across the discharge nozzle of the fuel injector 30. 
It is an object of the invention to isolate the fuel injec 
tor 30 from the intake manifold pressure fluctuations. 
For this reason, the air inlet 29 to the chamber 28 of 
the air-assist nozzle preferably is connected to a source 
of air which is at or near atmospheric pressure. The ef 
fect of this on the operation of the fuel injection appa 
ratus 20 is described hereinafter, 
The fuel injector 30 is of a design presently in com 

mercial use. It comprises an injector body 52 that is po 
sitioned in the annular insulator 44 of the air-assist noz 
zle 26, which thermally isolates it from the air-assist 
nozzle. An air space 54 between the insulator 44 and 
the nozzle body 40 aids in this thermal isolation. 
The injector body 52 has a fuel discharge nozzle 56 

positioned within it. The nozzle 56 has a fuel discharge 
port 58, which includes a valve seat 60, that is posi 
tioned within the cylindrically shaped first portion of 
the chamber 28 and preferably is located as shown on 
the common axis 62 of the cylindrically shaped and 
frusto-conically shaped portions of the chamber 28. 
Also, it is preferable that the discharge port 58 of the 
fuel nozzle 56 be axially spaced from the orifice 50 and 
that it be positioned intermediate the air inlet 29 and 
the orifice 50, as may best be seen in FIG. 2. 
The fuel injector 30 is electromagnetically operated 

by a coil 64 which, when energized, moves an armature 
66 against the force of a spring 68. Fuel enters the in 
jector 30 through an inlet 70 and travels through a pas 
sage 72 and is then deposited in a chamber 74 in the 
fuel nozzle 56. 

O 

4 
The armature 66 of the fuel injector 30 includes a 

nozzle needle 76 which moves in an upward direction, 
as viewed in FIG. 2, when the coil 64 is energized. This 
permits fuel to be discharged from the nozzle port 58 
into the chamber 28 of the air-assist nozzle 26. 
Because the pressure in the air intake passage 16 is 

subatmospheric, air is drawn into the air-assist nozzle 
chamber 28 through the air inlet 29. This air is tangen 
tially directed with respect to the cylindrically shaped 
portion of chamber 28, and it swirls about the chamber. 
As the air is drawn toward the orifice 50 in the nozzle 
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insert 42, its angular velocity increases because of the 
frusto-conically shaped portion of the chamber 28. 
This swirling air mixes with the fuel discharged in the 
chamber 28 from the fuel discharge port 58 and results 
in a finely atomized mixture of air and fuel being dis 
charged through the orifice 50 into the intake manifold 
passage 16. 

It should be noted that the discharge port 58 of the 
fuel injector 30 is isolated from the fluctuating subat 
mospheric pressure in the intake passage 16 by the at 
mospheric air which enters the swirl chamber 28 of the 
air-assist nozzle and that a variable pressure drop will 
occur across the orifice 50 of the nozzle insert. In prac 
tice, very excellent air and fuel atomization has been 
obtained with an air-assist nozzle in which the orifice 
50 has a length to diameter ratio of 1.0 and in which the 
frusto-conically shaped portion of the chamber 28 
forms angle of 45 with respect to the axis 62. 
Based upon the foregoing description of the inven 

tion, what is claimed and desired to be protected by . 
Letters Patent is: 

1. Apparatus for the injection of fuel into the intake 
manifold of an internal combustion engine, said appa 
ratus comprising: an air-assist nozzle positioned in said 
engine intake manifold, said air-assist nozzle having a 
chamber formed in it, said chamber having a cylindri 
cally shaped first portion and a coaxial frusto-conically 
shaped second portion, said air-assist nozzle having an 
orifice for the discharge of air-atomized fuel from said 
chamber into said engine intake manifold, said orifice 
communicating with said chamber at the smaller diam 
eter end of said frusto-conically shaped second cham 
ber portion, said air-assist nozzle having an air inlet 
passage in communication with said cylindrically 
shaped first chamber portion, said air inlet passage ap 
proaching said cylindrically shaped first chamber por 
tion from a tangential direction; and means for dis 
charging fuel into said air-assist nozzle chamber, said 
fuel discharge means having a discharge port located 
within said chamber, said discharge port being posi 
tioned on the axis of said chamber in said air-assist noz 
zle and being located within said cylindrically shaped 
first portion of said air-assist nozzle chamber, said dis 
charge port being axially spaced from said air-assist 
nozzle orifice and being positioned intermediate said 
air-assist nozzle air inlet passage and said air-assist noz 
zle discharge orifice. 
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