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2 Claims

Thef present 1nventmn relates to fuel mJectmn
apparatus and:more- particularly to. animproved

fuelinjection nozzle-desighed: for. use- in:inter-

mittently introducing: timed; metered charges of.

liguid-fuel under-pressure: and in*the:form of a
jet-or:spray-to the-cylinders of ‘ax-internal . com-
bustion engine for combustion purposes.

-The: improved:nozzle: construction. comprising

the-presentiinvention is-desighed:as-an-improve=
ment:over:the.spray nozzle construction shown: !

and: deseribed in :my- prior Patent:No: 2,294,029,
dated: August 25, 1942, for:a:Fuel - Injector. and

Fuel Jet Construction:and-the general objects.of-

the present invention:are to provide an-improved

nozzle: construction: which:ds: sensitive:to low.op= 1

erating pressures-and:which will; in-response to
such-low operating pressures; accurately:control

the beginning and .ending: of: ‘the fuel:discharge -
cycle and prevent:dribbling:or bleeding of the fuel

at such times, thus protecting:the valveseat irom
erosion;: to..provide .a- nozzle:having:associated
therewith: valve: mechanism which,: despite such

low - operating :pressures,. will..open:and: close-

sharply: when: :the: proper.: operating: pressure:is
attained.or relieved; and to-produce an improved
valve mechanism::for- spray.nozzles of:the type
shown in: the-above mentioned patent-which- will
attain the same results.as my earlier valve mech-

anism:but with .improved ° performance over. a-

prolonged period of time.:

+A-more:speeific.ohject of the mvention is: to-

3 provide 8-nozzle- constructlon for:use-in connec-
q tion with fuel -injection.systems. having.. agsoci=
ated:therewith-a.valve.mechanism-for. controlling

ing a valve spring for normally: urging the valve
_parts-toward their, closed or fuel:cut-off posmons
and in which the spring is disposed’ ‘exteriorly; of
the.valve parts and in the discharge region, there-
of ‘as.well as on. the dxscharge side. of the valve
orifice or opening, By, such:ian arrangement the

overall area of* the pressure operating surfaces.

of the movablg valve element ‘proper may be in-

creased: relative” to the .size of the bore of” the‘

‘nozzle -easing; thereby producmg a: valve mecha-
nism- which-is extremely sens1t1ve to- pressure
differentials.. - -

Another- related ob;ect of the invention \is to

»»,prowde 8 nozzle .constiuction’ of this charactel-

“in-which' the valve operating spring is‘widely re-
moved from-the-valve orifice or ‘opening; thus re<

lieving: ‘this: .opening from obstruction- when- fuel”
is- passmg therethrough and thereby permitting:
maxirum flow-of fuel. through {he-opening: when-

required.

.the: flow: of liquid fuel through, the nozzle.from:
* the nozzle inlet-to:the nezzle: outlet . and. includ-.
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Au«further‘ object .of :the invention is to:provide:
a:nozzle:construction .of greatly simplified.design
in:which:the. nozzle:casing itself ‘constitutes:ohe
elenmient of the:valve construction; thus eliminat-
ing: the:necessity of .employing: the:accurately.
machined: heat  treated. or. chrome: plated: valve:
sleeve ordinarily associated with:such: valve struc-
tures: .

Yet another obJect of the. mventlon is to pro-
vide a nozzle:construction -having a-valve mechs
anism associated: therewith:in. which. the:moy-
able :valve:member. proper -is :of: simplified. con-
struction in-that.certain of the:fuel conducting..
passages. formerly provided therein, particularly:

in the head portion thereof, have been:eliminated

and placed. in the nozzle casing assembly.in such
a-manner. as- to.- attain equally - efficient:.results
while at the:same:time precluding: the necessity.
of resorting to: expensive machining operations in:
manufacturing the valve.member. . A similar- and.
related object, in a nozzle construction of . this
character is.to provide a:valve. mechamsm inelud:
ing.a movable valve member proper in whlch the..
head portion. thereof is.solid and. completely de-
void of fiuid passages, thus sunphfymg the manu-
facturing problems in.making the valve member.

. The provision.of a. fuel-injéction nozzlé. which
is extremely s1mp1e in its, construction; one which
is. comprlsed of .a: mmlmum number of moving
parts and which therefore.is unlikely. to get out
of ‘order; one. which is rugged and dirable and
therefore i5..possessed..of .a. comparatively  long
life; one which may be manufactured at a: relas
tively. low cost, and one which otherwise .is well
adapted to . perform the. services reqmred of "it,
are. further desiderats that have been borne in
mind in the productmn and development of the
present invention..

‘In the: accompanylng smgle sheet ‘of dlawmgs
forming a part of this spec1ﬁcat10n one embodi<
ment of the invention has been:shown.

Inthese drawings: |

Figure 1'is'a’ longltudmal sectmnal v1ew takeh .
substantially- centrally through a-fuel 1n3ect10n-
riozzle: assembly constructed in accordance Wlth.

: the prmclples of the present inventionand show-

ing“the parts in the ‘positions which they assume
during-a- permd of fuel mJectmn .

Fig.: 2'is an-end- elevatlonal view-of ‘the nozzle-»
assembly shown inFig.1;

Fig: 3 is-a-sectional view:taken: substantrallyw
along the lihe 3—30f Fig. 1,and-

Pig. 4is:a.-sectional. view . similar: to Fig.. 1“
showing -the. parts in.their: normal. posxtmns

Fig. 5 is a fragmentary-sectional.view. taken-
substantially. centrally: through-a. slightly modi-
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fled form of fuel injection nozzle assembly, simi-
lar to the nozzle assembly of Fig. 1, in the for-
ward or discharge region thereof.

While the invention is susceptible of various
modifications and alternative constructions,
there is shown in the drawing and will herein
be described in detail the preferred embodiments
but it is to be understood that it is not thereby
intended to limit the invention to the forms dis~
closed, but it is intended to cover all modifica-
tions and alternative constructions falling with-~
in the spirit and scope of the invention as ex-
pressed in the appended claims.

Referring now to the drawings in detail, the
improved nozzle assembly comprising the pres-
ent invention involves in its general organiza-
tion a nozzle casing {0 having external threads
12 by means of which the nozzle assembly may
be secured in position within the intake open-
ing of an engine cylinder (not shown). The cas-
ing 10 is in the form of a tubular member having
a central bore (4 extending therethrough the
inlet end of which is enlarged and internally
threaded as at 16 for threaded attachment to
one end of a fuel conduit (not shown) which may
constitute a part of a fuel injection apparatus
or which may be suitably connected to a union
(8 when the nozzle assembly is remotely asso-
ciated with a fuel injector. The union {8 is
adapted to be connected by means of the fuel
conduit to a source of fuel supply that is inter-
mittently subjecteq to pressure. During periods
of injection, fuel admitted to the bore 14 is per-
mitted to flow from the bore at the outlet end
of the casing under the control of a normally
closed valve member 20 in a manner that will
be made clear presently when the nature of the
invention is better understood. A fuel strainer
or screen 22 may be positioned at the entrance
to the bore (4 and retained in position by means
of a snap spring 24.

The valve member 20 is axially movable with-
in the bore 14 and is in the form of a cylindri-
cal tubular member having an open rear end 26
and a solig head 28 which serves to close the
forward eng thereof. 'The bore I4 is provided
with an enlarged portion or counterbore 30 at
the forward region thereof in whieh the head
portion 28 of the valve member 20 is movable
upon reciprocation of the valve. The forward
limit of movement of the valve member 20 is
determined by the provision of a plug-like jet
fixture 32 having a rearwardly extending boss-
like protuberance 34 formed thereon and which
constitutes an abutment or limit stop designed
for engagement with the forward end of the
valve member 20. The diameter of the head por-
tion 28 of the valve member 20 is substantially
equal to the diameter of the protuberance 34,
and a coil spring 36 is centered around bhoth of
these members and serves to normally urge the
valve member 20 rearwardly within the bore 14
toward the position it assumes in Fig. 4.

The jet fixture 32 is formed with a body por-
tion 38 which bears on one side against the ex-
treme forward end or rim of the nozzle casing
10 and on the other side against a circular disk-
like member 40 having a discharge jet opening or
spray orifice 42 formed centrally therein. A noz-
zle tip 44 is threadedly received on the forward
threaded end of the nozzle casing 10 and is pro-
vided with an inwardly extending retaining
flange 46 providing a central opening 48 in reg-
ister with the jet opening 42.

The fuel jet fixture 32 is thus tightly clamped
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in position at the end of the nozzle casing 10 and
is provided with suitable fuel passages leading
to the discharge jet opening 42. These passages
consist of a central passage 50 extending longi-
tudinally of the fixture a slight distance and
communicating with a series of tangentially dis-~
posed passages 52 (Figs. 1 and 3), of which four
have been provided in the present instance, The
tangential passages 52 communicate through re-
spective longitudinally- extending . passiages 53
with the forward end of the annulir space 54
existing between the enlarged counterbore 30 in
the nozzle casing 18 and the cylindrical sur-
faces of the valve head 28 and protuberance 34,
the space 54 serving as a passageway for con-
ducting fuel to the discharge jet opening #2.

The valve member 20 is provided with a plu-
rality of radial ports 56, of which there may be
four, in the cylindrical wall thereof immediate~
ly rearwardly of the head 28 and the plane of
demarcation between the bore 14 and counter-
bore 30 provides a shoulder 58 which determines
the cut-off position of the valve ports 56. Nor-
mally, when no fuel is being supplied under pres-
sure to the bore (4, i. e. when the fuel in the
bore is insufficient to overcome the compressional
force of the spring 36, the valve member 20 is
maintained by the spring in the position shown
in Fig. 4 wherein the ports 56 are out of register
with the space 54 within the counterbore 30.
However, when pressure is built up in the bore
i4 by the application of fuel thereto from the
fuel injection device, the valve member 20 will
move forwardly in the bore (4 in response to
such pressure, thereby uncovering the ports 56
as shown in Fig. 4 and allowing fuel to flow
from the screen or strainer 22, through the bore
14, the interior of the tubular valve member 20,
ports 56, annular space 54, and passages 53, 52
and 58 to the discharge jet opening 42.

Immediately upon relief of the pressure of fuel
in the bore 14, due to the fact that the fuel in-
jection device has terminated its pressure or dis-
charge stroke, the spring 36 urges the valve mem-
ber 20 to the left as viewed in Fig. 4, thus clos-
ing the ports 56 and terminating the flow of
fuel to the discharge jet orifice or opening 42.

It is to be noted that the momentum of the
valve member 20 will be such as to cause the
same to move beyond its normal position illus-
trated in Fig. 4 to a position illustrated in dotted
lines in this view. Since at this time the ports
86 are closed during this overtravel of the valve
member, a suction will be created in the system
between the ports 56 and orifice 42. This suc-
tion tends to “suck” the fuel in and around the
discharge jet orifice and thus minimize leakage
of fuel through the orifice 42 at the end of the
fuel injection cycle.

From the above description it will be noted
that the valve member 20 is of the free floating
type. This member is closely fitted within the
bore {4 and to enhance such a fit and to mini-
mize wear, the wall of the bore may be heat
treated or chrome plated. Alternatively, the
outer cylindrical surface of the valve member
may be similarly so treated. In any event, the
fit between the two surfaces is such as to prevent
leakage of fuel around the body of the valve 28.

Due to the fact that the spring 26 is disposed
on the discharge side of the valve member 20 in
an out-of-the-way position, no obstruction to
passage of fuel through the ports 56 is presented

aqd the fuel flowing to the jet opening or spray.
orifice 42 completely bypasses the spring. and is
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not obliged to enter the interstices afforded by
ine spring convolutions. Furthermore, the valve
head 28 is of solid construction and the only
passages provided in the valve member 29 are
the radial ports B8 which may easily be ma-~
chined therein without involving complicated
{00l processes. Finally, the nozzle construction
of the present invention embodies a minimum
number of parts, particularly moving parts, and
the structure is readily capable of assembly and
disassembly for purposes of inspection, cleaning,
repair or replacement of parts. :

In Fig. 5 a slightly modified form of nozzle as-
sembly has been shown. In this form of the
invention, the various operative parts of the
structure are similar in their design to the op-
erative parts of the structure shown in ®ig. 1
and, accordingly, similar reference characters
have been applied to the corresponding paris in
this latter figure.

In this form of the invention, the valve mem-
ber (28, the jet fixture 132, the circular disc-like
member (48, the coil spring 136 and other op-
erative parts of the assembly remain the same
but the valve casing (10, instead of being pro-
vided with a removable nozzle tip such as that
shown at 44 in Fig. 1, is of integral construction
and the disc-like member (48 is retained in po-
sition forwardly of the jet fixture 32 by means
of an inturned retaining flange (46 which may
he formed by crimping the extreme forward end
of the nozzie casing |10 inwardly after the vari~
ous parts have been assembled within the cas-
ing. In substantially all other respeects, the
valve structure of IMg. 5 is identical with that
of the valve structure of Fig. 1. Similarly, its
operation is identical.

I claim as my invention:

1. In a fuel injection nozzle, a casing having a
bore formed therein and an enlarged counter~
bore in communication with said bore at its
downstream end, said casing having a fuel inlet
in communication with said bore at its upstream
end, a cylindrical valve member slidably dis-
posed within said bore and having one end in
constant communication with said inlet, said
valve member having a fuel port formed in its
wall and being movable from a retracted posi-
tion with said port within said bore and closed
by the wall thereof to an advanced position with
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said port moved downstream into communica~
tion with said counterhore, said valve member
having a spring abutment disposed thereon
downstream from said port, nozzle means posi-
tioned in said counterbore downstream from said
valve member, and a compression coil spring dis-
posed downstreain from said port and between
said abutment and said nozzle means, said noz-
zle means having an outlet passage therethrough
extending from a point in said ccunterbore out-
side the coils of said spring so that fuel will flow
entirely outside said spring from said port to
said outlet passage.

2. In a fuel injection nozzle, a casing having
a bore formed therein and an enlarged counter-
bore in communication with said bore at its
downstream end, said casing having a fuel inlet
in communication with said bore at its upstream
end, a cylindrical valve member slidably disposed
within said bore and having one end in constant
communication with said inlet, said valve mem-
ber having a fuel port formed in its wall and be-
ing movable from a retracted position with said
port within said bore and closed by the wall
thereof to an advanced position with said port
moved downstream into communication with
said counterbore, said valve member having a
reduced head extending into said counterbore
and forming a spring abutment shoulder disposed
downstream from said port, nozzle means posi-
tioned in said counterbore downstream from said
valve member, and a compression coil spring
closely surrounding said reduced head and ex-
tending between said spring abutment shoulder
and said nozzle means, said nozzle means having
an outlet passage therethrough communicating
with said counterbore at a point outside the coils
of said spring so that fuel will flow entirely out-
side said spring from said port to said outlet
passage.

CARL F. HIGH.
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