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. Thls invention relates to fuel injection nozzles
“for internal combustion engines and it is an ob-
ject of this invention to provide an improved
nozzle of the type described in which 'a valve
controls the flow of fuel to the discharge orifice
of the nozzle and the discharge from thé nozzle
is ‘controlled by the cooperation of the stem of
the controlling valve and the edge of the dis-
charge orifice of the nozzle tip.

-In the drawings:

Figure 1 is 4 broken longitudinal sectiona.l view
of a fuel injection nozzle constructed in accord-
ance with this mvention, the stem being shown
in elevation;

Figures 2 and 3 are t.ra.nsverse sectional views,
taken as on line A—A of Figure 1, Figure 2 be-

(Cl. 299—107.6)

cupped disks 26* and flat disks 20" of spring
metal and of less diameter than the chamber 16.

- The ‘spring 26 is confined between a collar 28
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‘on the nut 24 and a washer 30 which surrounds

the sleeve 24* of the nut 24 and is supported at
its outer edge upon a wire ring 32. The wire ring
32 is supported upon the outer edge of a spring
member 34 which, in turn, is supported upon a
wire ring 36 which rests upon the bottom of the
recess in the tip 1. The inner edge of the spring
member 34 surrounds the stem 4 in position to
be engaged by the lower end of the skirt 24* of
the nut 24 and to serve as a cushioning member
limiting the downward or opening movement of
the stem 4 and nut 24 after the resistance of

- spring 26 has been overcome.

ing a view looking toward the discharge end of .

the nozzle and Figure 3 a view looking in the op-
posite direction;
Flgure41sav1ew,simila.rtoFigure1a.nd

‘drawn to a larger scale of a portion of the dis-.

charge end of the nozzle of Figure 1; and .
Figures 5, 6 and 7 are views similar to Figure 4

of discharge nozzles having stems of modified -

construction.

A fuel injection nozzle constructed in accord-
ance with this invention is shown in Figures 1
_to 4 as comprising a tip member | having a cen-

“tral ‘bore 2 to receive the stem 4 and shouldered

as at 6, to be engaged by the flange 8 of the
threaded collar or sleeve member {8 by which
the tip 1 'is secured to the nozzle holder.12. The
_holder 12 is arranged to fit the nozzle opening
#dn the engine cylinder and is provided with &
flange 12* having a finished surface 12’ adapted
to be held against a corresponding finished sur-
“face of the engine cylinder by a clamping plate
.14 which is held in engagement with the flange

20

The bore 2 of the tip | is counterbored and
made of greater diameter for a portion of its

‘length as at 2%, adjacent the discharge end there-

of and the stem 4 has an end portion 42 of &
diametér and length to substantially fit the por-
tion 2* of the bore 2. The portion 42 of the
stem 4 is joined by a tapered or conical valve
portion 43 to a portion 44 of less diameter than
that of the bore 2. The conical valve portion 43

. is arranged to cooperate. with a corresponding-
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ly inclined seat portion of the wall of the bore 2,
as at 2¢, at the junction of the portion 2* with the
remainder of the bore 2, in controlling the flow to
the discharge end of the nozzle. The stem 4 is
provided with grooves 45 opening {o the portion
44 of the stem to permit of the flow of fuel along
‘the stem 4 to the valve portion 43. Fuel can
flow to the stem 4 from the pipe 20 by means
of the passage 18 in the holder {2 to the chamber
16 and through grooves 24 and openings 24¢ in

~ the skirt 24% of the nut 24 to the grooves 45.

122 by means of bolts (not shown) fitting in -

openings 14* of the plate 14 and threaded into

the engine cylinder casting.” The abutting ends .

of the nozzle holder 12 and the tip | are recessed

" to form'a. chamber 16 which.is open to the bore

2 of the tip 1. and is connected by a passage I8
in the holder 12 with a fuel supply pipe 280 which
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is secured to the outer end of the holder u by .

‘& nut-22:

The, stem 4 projects into the chamber 16 a.nd'

Fuel in the chamber 18 can also pass along the

‘outer edges of the disks of spring 26 and through

openings 30* in the washer 30 to the grooves 485 of
thestem 4, -

The end portion 42 is provided, intermediate
its length; with a ‘V-shaped distributing groove

A8 which extends completely around the end por-
.tion 42. Inwardly of the distributing groove the
end portion 42 is ground or cut away to provide -

. & plurality of flat portions or surfaces #1 ex-

is threaded at its upper end; as at 41 to receive & -

nut 24 -which is secured in position by a cotter
“pin-25 engaged In a:slot of groove in the nut

24 and an opening in the stem 4. The nut 24
has ‘a skirt 24 which’ fits about the stem 4 and -

serves as ‘a gulde for: the disks ‘of the spring 26.

tending from the valve portion 43 to the dis-

tributing groove 46 and providing supply pas-

sages between the wall of the bore portion 2
and_the end portion 42 which permit of the flow
of fuel from the region of the valve portion 43

to"the distributing groove 46. Outwardly of the

distributing groove the end portion 42 is provided

“The spring 26 comprises altemately arranged 55 with a plurality of flat surfaces 48 which extend
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a short distance of the outer end of the stem 4.
The surfaces 48 gradually reduce in width to-
wards their outer ends and are inclined, with re-

spect to the longitudinal axis of the stem 4 so-

that the surfaces 48 form with the wall of the
bore portion 22 passages for the discharge of fuel
from the distributing to the engine cylinder which
gradually reduce in width and depth from the
distributing groove 46 towards the discharge end
of the nozzle. The surfaces 47, it will be noted,
are wider and fewer in number than the surfaces
48 and the passages formed by the surfaces 41
and the wall of the bore portion 2* are of greater
capacity than the passages formed by the sur-
faces 48 and the wall of bore portion 22,

In the operation of the fuel nozzle described,
fuel under pressure is supplied through pipe 20
and passage 18 to the chamber 16 and passes
through grooves 24* gnd openings 24¢, and also
through openings 302, to the grooves 45 of the
stem 4 and the bore 2 in the region of the valve
portion 43 of the stem. Upon the operation of
the pump placing the fuel under sufficient pres-
sure, the unbalanced pressure of the fuel acting
upon the stem 4 overcomes the resistance-of the
spring 26 and operates the stem 4 to separate
the valve portion 43 thereof from the seat por-
tion 2¢ of the wall of the bore 2. Upon the sep~
aration of the valve portion 43 from the seat por-
tion 2¢ fuel under pressure flows past the valve
portion 43 and subjects the stem 4 to additional
unbalanced hydraulic pressure as it flows past the
surfaces 41 to the distributing groove 46 and
then past the surfaces 48 to discharge from the
nozzle, the movement of: the stem 4 causing the
surfaces 48 to project to a greater or less extent
beyond the end of the tip f and gradually open
the passages between the surfaces 48 and the
wall of the bore portion 22 as the stem 4 is moved
outwardly. Subjecting the stem & to the addi-
tional unbalanced hydraulic pressure upon the
opening of the valve accelerates the opening
movement of the valve. Movement of the stem
4 outwardly continues with the compression of
the spring 26 by the fuel pressure until the lower
end of the skirt 24s of the nut 24 engages the
- spring member 34 and further movement out-
wardly of the stem 4 is prevented by the combined
resistance of the springs 26 and 34. The fuel
pressure at which the valve portion 43 is sep-
arated from the seat portion 2¢ depends upon the
initial stress given to the spring 26; that is, the
extent to which the spring 26 is stressed when
the valve portion 43 engages the seat portion 2¢,
and this stress can be adjusted by substituting
collars 28 and rings 32 of different height. The
nut 24 is adjusted on the stem 4 to determine
the maximum movement of the stem 4.

In the modified construction shown in Figure 5,
the tip | is provided with a hore 2 to receive a
stem 4, the lower end of the bore being of greater
diameter, as at 23, the same as in the construc-

(]
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‘tion previously described.  The stemn 4 has the -

portion 44 of reduced diameter, the conical valve
portion 43 which cooperates with the seat por-
tion 2¢ of the wall of the bore 2, and the end
portion 42 which substantially fills the bore por-
tion 2*, Extending outwardly from the lower
or outer edge of the valve portion 43 the end stem
portion is provided with a plurality of flat sur-
faces 49 which extend parallel to the longitudinal

70
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from the distributing groove outwardly to within

outwardly so as to form with the wall of the bore
portion 28 passages which gradually reduce in
cross-sectional area. In this construction, the
surfaces 49 form supply passages of uniform
cross-sectional area leading from the valve por-
tion 43 to the discharge passages 48, there being
a supply passage individual to each discharge
passage.. .

In the modified construction shown in Figure 6
the tip | has the bore 2 which is enlarged, as at
22 and the wall thereof is inclined, as at 2¢ to

" form\a valve seat and the stem 4 has a portion

44 of reduced diameter, a conical valve portion

43 and an end portion 56. The end portion 50

has a cylindrical portion 5! thereof which is of
less diameter than the bore 2% and a conical por-
tion 52 which gradually increases in diameter
outwardly from its junction with the portion 51
fo the full diameter of the bore 2* so that an
annular passage of uniform cross-section is
formed about the portion 51 extending from the
valve portion 43 to the conical portion 52 and
the conical portion 52 forms with the walls of
the bore portion 22 a discharge passage which
provides a discharge opening of gradually in-
creasing area as the stem 4 is moved outwardly
beyond the end of the tip I. The end portion
50 also comprises a cylindrical portion 53 of the
full diameter of the enlarged portion 22 of the
bore and of sufficient length to extend fo the
face of the tip { when the valve portion 43 of
the stem is engaged with the valve seat at 2c.

The conical surface 52 instead of being used
with a cylindrical surface 51 of less diameter
than the bore 22 as in Figure 6 can be used with
flat surfaces, as the surfaces 47 and 49 of Fig-
ures 4 and 5, respectively, which flat surfaces
can extend directly to the conical surface 52 in
the same way surfaces 49 extend to the surfaces
48 in Figure 5 or a V-shaped groove can be in-
terposed between the flat surfaces and the coni-
cal surface in the way the groove 46 is inter-
posed between the surfaces 41 and 48 of Fig-
ure 4. :

In the modified construction shown in Figure 7
the bore in the tip 1 is of uniform diameter for
the major portion. of its length inwardly from
its outer end, as at 69. Adjacent its inner end
the bore is enlarged for.a short distance, as at 61,
and then is of less diameter to the upper end
of the tip, as at 62, than elsewhere in the tip.
Between the portions 61 and 62 of the bore, the
wall of the bore is inclined, as at 63, to form a
conical valve seat. The stem 64 fitting the bore
has a conical portion 65 which forms a valve co-
operating with the valve seat portion 63 and
connects the stem portion 66, which is of reduced
diameter and extends through the disk spring,
with the stem portion 68. The stem portion 68
is of a diameter to fit the bore portion 60 and
is provided with flat portions 69 which extend
from the conical valve portion 65 to a distribut-
ing groove 10 which encircles the stem. Out-
wardly from the distribution groove 70 the stem
64 is formed with a conical portion 71 which in-
creases in diameter towards the outer end of the
stem and at its end the stem is provided with a
cylindrical portion 72, The stem 64 is of such
length that when the conical valve portion 65 is
seated on the valve seat 63 the outer face of the .
cylindrical portion 12 is flush with the outer face

“ofthetipf. . ’

axis of the stem 4 and at their outer ends are

joined to flat surfaces 48 which gradually taper in
width towards their outer ends and are inclined

75

In this construction, when the stem is oper-
ated by fuel pressure the conical valve portion
65 is moved from the valve seat §3 and fuel flows
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along the flat portions 69 of the stem portion 68
to the distributing groove 710. -The cylindrical
portion 12 restricts the discharge opening dur-
ing the initial movement of the valve portion 65
from its seat and thereafter the conical portion
T{ cooperates with the outer edge of the bore in
forming an annular discharge opening which in-
creases in capacity gradually as the stem moves
outwardly under the pressure of the fuel.

It will be noted that in.all modifications the’

bore in the tip member terminates in a discharge
end and that the stem member outwardly of the
valve has a circumambient surface portion which
cooperatively makes contintious contact with a
coaxially arranged circumambient portion of the
surface of the bore when the valve is in closed
position, effectively to close the discharge orifice
provided between surfaces of the bore and stem
member when the valve is opened. Though pre-
ferred, obviously these cooperating contacting
bore and stem member circumambient surface
portions need not be cylindrical. This secure
closing of ‘the orifice at the discharge end of the
nozzle prevents undue fuel drippage after the
nozzle valve is closed.

In the construction of Figure 7, the stem is
always supported by the long cylindrical portion
68 of larger diameter and by the cylindrical por-

10

3
greater cross-sectional area than a cross-section
of said stem through said valve, and said nozzle
having a discharge orifice between peripheral
surfaces of said stem and bore portions of greater
cross-sectional area, said stem and bore portions
outwardly of said valve having portions provid-
ing substantially concentric contacting surfaces
imparting guidance during the operative move-
ment of said stem member in said bore,

2. A nozzle of the fuel injection type compris-
ing a tip member having a bore therein termi-
nating in a discharge end, a stem member slid-
ably mounted in said bore, said tip and stem
members having cooperating shoulders forming

15 (& valve in said hore intermediate the length of

said stem member, spring means positioned in-
wardly of said valve for closing said valve by an

" inward movement of said stem member, said
" valve when closed preventing flow of fuel for

20
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tion 72 when the valve portion 65 is seated. In -

the construction of Pigures 1, 4 and 5 the stem
4 is supported at all times by the grooved por-
tion of smaller diameter and by the portion 42
of larger diameter while in Figure 6 the stem is
supported at all times by the grooved portion of
smaller diameter and by the cylindrical portion
53 of larger diameter only when the valve por-
tion 43 is seated or nearly so.

In the specification and claims the term “out-

30
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wardly” is used to indicate in the direction of -

or towards the discharge end of the nozzle while
“inwardly” indicates in the direction away from
the discharge end of the nozzle.

This application is a continuation in part of
our prior. copending applications, Serial No.
154,918. filed July 21, 1937, and now Patent No.
2,192.803, issued March 5, 1940; Serial Numbers
176.896 and 176,897, each filed November 27,
1937; the latter of which is now Patent No.
2.210:783, issued August 6, 1940,

While the several forms of the fuel injection
nozzles illustrated in the drawings and described

~
-
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in the specification have cylindrical bores in the .

tip member that have normal cross-sections
which are circular and the contacting guidance
portion of the stem member formed with depres-

sions. it is obvious that such arrangement could

be reversed and the stem member provided with
a cylindrical surface, the cross-section of which
is a circle while the bore portions are cut away
to provide fluted or depressed portions.

We claim:

1. A nozzle of the fuel injection type compris-
ing a tip member having a bore therein, a stem
member slidably mounted in said bore, said tip
and stem members having cooperating shoulders
forming a valve in said bore intermediate the

length of said stem member, spring means posi--

discharge from said -nozzle and being opened in
the direction of fuel discharge by fuel pressure,
said cooperating shoulders providing enlarge-
ments of said stem and bore with portions of
said stem and bore outwardly of said valve hav-
ing a cross-sectional area greater than a section
of said stem through said valve, said stem and
bore portions of greater cross-sectional area hav-
ing cooperating contacting surfaces comprising
circumambient portions coaxially arranged out- -
wardly of said valve, one of said enlarged stem
and bore portions being substantially circular in
cross-section, the other having inwardly of the
circumambient contacting surface thereof at
least one portion of its surface diverging inward-
ly away from the surface of said first-mentioned
portion for providing between said portions at
the discharge end of the bore a discharge orifice
for said nozzle when said valve is opened, said
discharge orifice being effectively closed by said

) cooperating circumambient contacting surfaces

when said valve is in closed position.

3. A nozzle of the fuel injection type compris-
ing a tip member having a bore therein, a stem
member slidably mounted in said bore, said tip
and stem members having Gooperating shoulders
forming a valve in said bore intermediate the
length of said stem member, spring means posi-
tioned inwardly of said valve for closing said
valve by inward movement of said stem member,
said valve when closed preventing flow of fuel
for discharge from said nozzle and being opened.
in the direction of fuel discharge by fuel pres-

-~ sure, said cooperating shoulders providing en-

55
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largements of said stem and bore, said stem and
bore having portions outwardly of said valve
having a cross-sectional area greater than a sec-
tion of said stem through said valve, and said
nozzle having a discharge orifice positioned be-
tween said stem member and the surface of a
portion of said bore outwardly of said valve, said
stem and bore portions outwardly of said valve

" being provided with portions having concentric

65

tioned inwardly of said valve for closing said

valve by inward movement of said stem member,
said valve when ¢losed preventing flow of fuel for
-discharge from said nozzle and being opened in
the direction of fuel discharge'by fuel pressure,
said cooperating ‘shoulders providing enlarge-

ments of said stem and bore, said stem and bore’

.having portions outwardly of said valve. of a

70

contacting guidance surfaces, the cross-section-
of at least one being circular, the other having
portions conforming with circular arcs. )
4. A nozzle of the fuel injection type compris-
ing a tip member having a bore therein, a stem
member slidably mounted .in said bore, said tip
and stem members having cooperating shoulders
forming a valve in said bore intermediate the
length of said stem member, spring means posi-

" tioned inwardly of said valve for closing said
. valve by an inward movement of said stem mem-

75

ber, said valve when closed preventing flow of
fuel_ for discharge from said nozzle and being
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opened in the direction of fuel discharge by fuel

pressure, said cooperating shoulders providing

enlargements of said stem and bore, said stem
and bore outwardly of said valve having portions
providing cooperating contacting surfaces con-
centrically arranged imparting guidance to said

stem in said bore, that of said bore being formed

with a cross-sectional area greater than a sec-
tion of said bore immediately inward of said
valve, and said nozzle having a discharge orifice
positioned at the surface of an outer portion of
said bore of said greater cross-sectional area and
formed as a passage between cooperating por-
tions of said stem and bore.

5. A nozzle of the fuel injection type compris-
ing a tip member having a bore therein, a stem
member slidably mounted in said bore, said tip
and stem members having cooperating shoul-
ders forming a valve in said bore intermediate
the length of said stem member, spring means
positioned inwardly of said valve for closing said
valve by an inward movement of said stem mem-
ber, said valve when closed preventing flow of
fuel for  discharge -from said nozzle and being
opened in the direction of fuel discharge by fuel
pressure, said cooperating shoulders providing

10
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enlargements of said stem and bore, said bore .

outwardly of said valve having everywhere a
cross-sectional area greater than a cross-section
thereof immediately inward of said valve, said
stem outwardly of said valve having portions of
its surface coaxially disposed and in contact-
ing engagement with said bore and adapted to
slide therein and said nozzle having a discharge
orifice formed as a fluid passage between cooper-
ating surfaces of said stem and bore and ar-

30

ranged when said stem is displaced relative to -

said bore to. provide a transverse ovifice area
symmetrical about the periphery of said stem
and having increasing values with a valve open-
ing movement.

6. A nozzle of the fuel injection type compris-
ing a tip member having a bore therein, a stem
member slidably mounted in said bore, said tip
and stem members having cooperating shoulders
- forming a valve in said bore intermediate the
length of said stem member, spring means posi-
tioned inwardly of said valve for closing said
valve by an inward movement of said stem
member, said valve when closed preventing flow
of fuel for discharge from said nozzle and be-
ing opened in the direction of fuel discharge by
fuel pressure, said cooperating shoulders provid-
ing enlargements of said stem and bore, said
- stem and bore having portions outwardly of said
* valve having a greater cross-sectional area than

a section of said bore immediately inward of

said valve, said stem and said bore outwardly
of said valve having portions providing contact-
ing cooperating surfaces symmetrically arranged
and providing a sliding fit of said stem portion
in a portion of said bore of said greater cross-
sectional area and said nozzle having a discharge
_ orifice provided between and formed by surfaces

of said stem and bore of said greater cross-sec-

tional area at the outermost end of one of said -

stem and bore.

7. A nozzle of the fuel injection type compris-
‘ing a tip member having a bore therein, a stem
 member slidably mounted in said bore, said tip
and stem members having cooperating shoul-
 ders forming a valve in said bore intermediate
the length of said stem member, spring means
positioned inwardly of said valve for ciosing said
. valve by inward movement of said stem member,

40
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said valve when closed preventing flow of fuel
for discharge from said nozzle and being opened
in the direction of fuel discharge by fuel pres-
sure, said cooperating shoulders providing en-
largements of said stem and bore, said stem and
bore having portions outwardly of said valve
having a greater cross-sectional area than a
cross-section of said stem through said valve,
said stem and said bore outwardly of said valve
having cooperating coaxial surfaces, one of
which has portions providing guiding means en-
gaging slidably with the other throughout the

" operative relative displacement of said stem and

bore and positioned in a portion of said bore of
said greater cross-sectional area, and having at
least one depression therein forming with said
other surface a discharge orifice for said nozzle.

8. A nozzle of the fuel injection type compris-
ing a tip member having a bore therein, a stem
member slidably mounted in said bore, said tip
and stem members having cooperating shoulders
forming a valve in said bore intermediate the
length of said stem member, spring means posi-

‘tioned inwardly of said valve for closing said

valve by inward movement of said stem member,
said valve when closed preventing flow of fuel
for discharge from said nozzle and being opened
in the direction of fuel discharge by fuel pres-
sure, said cooperating shoulders providing en-
largements of said stem and bore, said stem and
bore having portions outwardly of said valve
having s greater cross-sectional area than a
cross-section of said stem through said valve,
said stem and said bore outwardly of said valve
having portions providing coaxial contacting
surfaces  symmetrically arranged and providing
mutual guidance when said stem is sliding in a
portion of said bore of said greater cross-sec-
tional area, and additional guiding means on
said stem inwardly of said valve slidably fitting

. said bore, said nozzle having a discharge orifice

45

between the surfaces of said stem and bore por-
tions of greater cross-sectional area.

9. A nozzle of the fuel injection type com-
prising a tip member having a bore therein, a
stem member slidably mounted in said bore, said
tip and stem members having cooperating shoul-

" ders forming a valve in said bore intermediate

50

the length of said stem member, spring means
positioned inwardly of said valve for closing said

. valve by inward movement of said stem member,
- said valve when closed preventing flow of fuel

55
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for discharge from said nozzle and being opened
in the direction of fuel discharge by fuel pres-
sure, said cooperating shoulders providing en-
largements of said stem and bore, said stem and
bore having portions outwardly of said valve of
a greater cross-sectional area than a cross-sec-
tion of said stem through said valve, said stem
and bore portions of greater cross-sectional area
having cooperative coaxial surfaces, one of
which is cylindrical, the other having portions
providing guiding means slidably engaging with
the cylindrical surface throughout the operative
relative displacement of said stem and bore, and
surfaces other than those serving as guiding
means ‘converging outwardly in a manner ap-
proaching engagement for providing a discharge
orifice for said nozzle in line with an element of
said cylindrical surface, said stem and bore be-
ing formed to provide a net effective area ex-
posed to fluid pressure tending to open said valve
which is greater when said valve is partly open
than when said valve is closed.

10. A nozzle of the fuel injection type com-
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prising a tip member having a bore therein, a
stem member slidably mounted in said bore, said

tip and stem members having cooperating shoul-

ders forming a valve in said bore intermediate
the length of said stem member, spring means
positioned inwardly of said valve for closing said
valve by inward movement of said stem member,
said valve when closed preventing flow of fuel
for discharge from said nozzle and being opened
in the direction of fuel discharge by fuel pres-
sure, said cooperating shoulders providing en-
largements of said stem and bore, said stem and
bore having portions outwardly of said valve of
a greater cross-sectional area than a cross-sec-
tion of said stem through said valve, said stem

and said bore outwardly of said valve having co-

operative coaxial surfaces, one of which is cylin-
drical, and other having portions providing guid-
' ing means slidably engaging with the cylindrical
surface throughout the operative relative dis-
placement of said stem and bore, and surfaces
other than those serving as gulding means con-
verging outwardly in a manner approaching en-
-gagement for providing a discharge orifice for
said nozzle discharging in line with an element
. of said cylindrical surface, said. stem portion of
greater cross-sectional area providing a net ef-

fective area exposed to fluid pressure acting in -

a direction to open said valve which is greater

in all open positions of said valve than in the’

closed position thereof. - ]

11. A nozzle of the fuel injection type com-
prising a tip member having a bore therein; a
stem member slidably mounted in said bore, said
tip and stem members having cooperating
‘shoulders forming a valve in said bore inter-
mediate the length of said stem member, spring
means positioned inwardly of said valve for clos-

5

greater cross-sectional area than a cross-section
of said stem through said valve, said stem and .

- said bore outwardly of said valve having coopera-
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tive coaxial surfaces, the surface of said bore be-
ing cylindrical, the surface of said stem having
portions providing guiding means slidably engag-
ing with the cylindrical surface throughout the
operative relative displacement of said stem and
bore, and surfaces other than those serving as
guiding means converging outwardly in & man-
ner approaching engagement for providing a dis-
charge orifice for said nozzle at the point of con-
vergence, said converging surfaces being shaped
at such point to be substantially cylindrical to
form an annular orifice which increases in area
with valve opening movement. .

13. A nozzle of the fuel injection type com-
prising a tip member having a bore therein, a
stem member slidably mounted in said bore, said
tip and stem members having cooperating shoul-
ders forming a valve in said bore intermediate.
the length of said stem member, spring means
positioned inwardly of said valve for closing said
valve by inward movement of said stem mem-
ber, said valve when closed preventing flow of
fuel for discharge from said nozzle and. being
opened in the direction of fuel discharge by fuel
pressure, said cooperating shoulders providing
enlargements of said stem and bore, said stem
and bore having portions outwardly of said valve
of a greater cross-sectional area than a cross-
section of said stem through said valve, said stem
and bore portions outwardly of said valve hav-

. ing cooperative coaxial surfaces, one of which is

35

cylindrical, the other having portions providing
guiding means slidably engaging with the cylin-

* drical surface throughout the operative relative -

ing said valve by inward movement of said stem .

member, said valve when closed preventing flow
of fuel for discharge from said nozzle and being
~ opened in the direction of fuel discharge by fuel
pressure, said cooperating shoulders providing en-
largements of said stem and bore, said stem and
bore having portions outwardly of said valve of
‘a greater cross-sectional area than a cross-sec-
tion of said stem through said valve, and sald
stem and bore portions of greater cross-sectional
area having cooperative coaxial surfaces, one of
which is cylindrical, the other having portions
‘providing guiding means slidably engaging with
the cylindrical surface throughout the operative
relative displacement of said stem and bore, and
" surfaces other than those serving as guiding
* ‘means converging outwardly in a manner ap-
proaching engagement for providing a discharge
orifice for said nozzle, said surface portions which
serve as guiding means having sliding con-

tact in the same transverse plane with said cylin-

drical surface at said discharge orifice during
_ discharge from said orifice. . :

40

displacement of said stem and bore, and surfaces
other than those serving as guiding means con-
verging outwardly in a manner approaching en-
‘gagement for providing a discharge orifice at
the point of convergence of said surfaces, said
guiding means being arranged to provide sliding
contact at said discharge orifice and in the same

48 transverse plane therewith, .

14. A nozzle of the fuel injection type com-
prising & tip member having a bore therein, a

_stem member slidably mounted in said bore, said

tip and stem members having cooperating shoul-

50 ders forming a valve in- said bore intermediate

the length of said stem meniber, spring means
positioned inwardly of said valve for closing said
valve by inward movement.of said stem member,
said valve when closed preventing flow of fuel

558 for discharge from said nozzle and being opened .

12. A nozzle of the fuel injection type com- -

prising a tip member having a bore therein, a
.stem member slidably mounted in said bore, said
tip and stem members having cooperating shoul-
ders forming a valve in said bore intermediate
the length of said stem member, spring means

-positioned inwardly of said valve for closing said -

valve by inward movement of said stem member, '

said valve when closed preventing flow of fuel
for discharge from said nozzle and being opened
. jn the direction of fuel discharge by fuel pres-
sure, said cooperating shoulders providing en-
largements of said stem and bore, said stem and
bore having portions outwardly of said valve of a

70

s

in the direction of fuel discharge by fuel pres-
sure, said cooperating shoulders providing en-
largements of said stem and bore, said stem and
bore having portions outwardly of said valve of
a greater cross-s?ctional area than a-cross-sec-
tion of said stem' through said valve, said stem
and bore portions outwardly of said valve having
cooperative coaxial surfaces, the surface of said
bore being cylindrical, the surface of said stem
having portions providing guiding means slidably
engaging with the cylindrical surface throughout
the operative relative displacement of said stem
and bore, and surfaces other than those serving
as guiding means converging outwardly in a man-
ner approaching engagement for providing a dis-
charge orifice at the point of convergence of said
surfaces, said discharge orifice having the effec-
tive cross-sectional area thereof gradually in-
creased upon movement of said stem in the di-
rection of fuel discharge.
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15. A nozzle of the fuel injection type com-
prising a tip member having a bore therein, a
stem member slidably mounted in said bore, said
tip and stem members having cooperating shoul-
ders forming a ‘valve in said bore intermediate
the length of said stem member, spring means
positioned inwardly of said valve for closing said
valve by inward movement of said stem member,
said valve when closed preventing flow of fuel
for discharge from said nozzle and being opened
in the direction of fuel discharge by fuel pres-
sure, said cooperating shoulders providing en-
largements of said stem and bore, said stem and
bore having pcrtions outwardly of said valve of
a greater cross-sectional area than a cross-sec-
tion of said stem through said valve, said stem
and bore portions outwardly of said valve hav-
ing cooperative coaxial surfaces, the surface of
said bore being cylindrical, the surface of said
stem having portions providing guiding means
slidably engaging with the cylindrical surface
throughout the operative relative displacement
of said stem and bore, and surfaces other than
those serving as guiding means converging out-
wardly in a manner approaching enge Jement for
providing a discharge orifice at the point of con-
vergence of said surfaces, said discharge orifice
being effectively closed by said contacting sur-
faces when said valve is in closed position and
having a gradually increasing effective cross-
sectional area as said valve is moved from its
closed position.

16. A nozzle of the fuel injection type com-
prising a tip member having a bore therein, the
outer end of which is counterbored a desired dis-
tance providing a shoulder therein intermediate
the ends of said bore, a stem member disposed
in said bore and provided with a reduced in-
wardly projecting portion, an intermediate por-
tion forming a valve seating inwardly on said
shoulder and an outer portion slidably fitted into
said counterbore and providing contacting guid-
ance for said stem member, said outer portion
being formed with at least one depressed portion
having a relatively slight outwardly flaring taper
whereby an orifice for the outward passage of
fuel is provided which' increases in area with
outward movement of said stem member, and
spring means at the inner end of said tip mem-
ber associated with said inwardly projecting por-
tion for normally retracting the latter and seat-
ing said valve.

17. A nozzle of the fuel injection type compris-
ing a tip member having a bore therein, the outer
end of which is counterbored .a desired distance
providing a shoulder therein intermediate the
ends of said bore, a stem member disposed in
said bore and provided with a reduced inwardly
projecting portion, an intermediate portion form-
ing a valve seating inwardly on said shoulder and
an outer portion slidably fitted into said counter-

10

15

20

25

30

35

40

60

bore and providing contacting guidance for said
stem member, said outer portion having a fuel
distributing groove disposed peripherally about
the same and formed with a plurality of de-
pressed portions having a relatively slight out-
wardly flaring taper whereby an orifice for the
outward passage of fuel is provided which in-
creases in area with outward movement of said
stem member, and spring means at the inner end
of said tip member and associated with said in-
wardly projecting portion of said stem member
for normally retracting the latter and seating
said valve.

. 18. A nozzle of the fuel injection type compris-
ing a tip member having a bore therein, the outer
end of which is counterbored a desired distance
providing & shoulder therein intermediate the
ends of said bore, a stem member disposed in
said bore and provided with a reduced inwardly
projecting portion, an intermediate portion form-
ing a valve seating inwardly on said shoulder and
an outer portion slidably fitted into said counter-
bore and providing contacting guidance for said
stem member, said outer portion being formed
with at least one depressed portion having a rela-
tively slight outwardly flaring taper whereby an
orifice for the outward passage of fuel is pro-
vided which increases in area with outward move-
ment of said stem member, said reduced portion
having additional guidance means cooperating
with the reduced portion of said bore, and spring
means at the inner end of said tip member asso-
ciated with the inwardly projecting portion of
said stem member for normally retracting the lat-
ter and seating said valve but opening the same
for a predetermined pressure of the fuel.

19. A nozzle of the fuel injection type compris-
ing a tip member having a bore therein, the outer
end of which is counterbored a desired distance:
providing a shoulder therein intermediate the
ends of said bore, a stem member disposed in said
bore and provided with a reduced inwardly pro-
jecting portion, an intermediate portion forming
a valve seating inwardly on said shoulder and an
outer portion slidably fitted into said counterbore
and providing contacting guidance for said stem
member, said outer portion being formed with a
plurality of depressed portions having a relatively
slight outwardly flaring taper whereby an orifice
for the outward passage of fuel is provided which
increases in area with outward movement of said
stem member, said outer portion of said stem
member being terminated flush with the outer

“end surface of said tip member, and spring means

at the inner end of said tip member associated
with said inwardly projecting portion for nor-
mally retracting the latter and seating said valve.

WARNER T. TABB.
EVERETT M. PURDY.




DISCLAIMER

2,263,197 —Warner T. Tabb, Brooklyn, N. Y., and Everett M. Purdy, New Canaan,
, Conn. Fuen InsEcrion Nozzue. Patent dated November 18, 1941.
Disclaimer filed July 3, 1942, by the mortgagee, The Seymour Corporation
of Delaware.
Hereby to the extent of its interest enters this disclaimer to claim 2 of said patent.
[Official Gazeite August 4, 1942.]



T CERTIFICATE OF CORRECTION. : :
Patent No. 2,263,197. o November 18, 19111.7
’ WARNER T. TABB, ET AL. '

It 1s hereby certified that error appegrs'in'the printed specification
of the above numbered patent requiring correctionas follows: Page 5, first
' column, line 18, claim 10, for "and" read --the--; snd that the said Let-
ters Patent should be read withthiscorrection therein that the ‘same may
conform to the record of ‘the case in the Patent Offlce. |

Signed and sealed this 50th day of December, A. D. 1941,

’

o _ : | Henry Van Arsdale,
(Seal) . » S Acting Commissioner of Patent_s‘.'




