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21 Claims.

The present invention relates to improvements
in nozzles adapted particularly for delivering
timed metered injections of liquid fuel in con-
nection with the operation of internal combustion
: engmes

- One of the objects of the mventlon is to pro-
vide a novel fuel injection nozzle of the pintle
-type which will open and close with a popping ac-
tion, thereby preventing dribbling, dripping or
bleeding of the fuel. . )

Another object is to provide a new and im-

10

proved fuel injection nozzle having an outwardly .

opening pintle which defines a discharge orifice,
and which is graduated in form to provide in the
opening movement a progressive increase in the
flow area of the orifice. ‘

A further object of the invention is to provide
a novel fuel injection nozzle having a spring-

- seated inlet valve with a seat defining a fuel lift-
ing pressure area, and having a discharge means
including a pintle movable with the valve and
defining a supplemental fuel lifting pressure area
larger than said first mentioned area and effective
after initial valve opening to accelerate the con-
tinued opening movement.

Other objects reside in a new and improved fuel
injection nozzle of the outwardly opening pintle
type having discharge means adapted to deliver
a plurality of fuel jets of selective spray char-
acteristics.

Still another object is to provide a novel fuel
injection nozzle having means for cooling the
discharge tip.

Further objects and advantages will' become
apparent as the description proceeds. :

In the accompanying drawings, Figure 1 is a
longitudinal sectional view on an enlarged scale
of one form of a nozzle embodymg features of the
present invention.

Fig. 2 is an axial sectional view on a still larger
scale of the discharge tip of the nozzle.

Fig. 3 is a transverse sectional view taken along
line 33 of Fig. 2.

Fig. 4 is a transverse sectmnal v1ew taken along
line 4—4 of Fig. 1.

Fig. 5 is a fragmentary axial sectmnal view of
a modified form of discharge means.

Fig. 6 is a fragmentary transverse sectional
view taken long line §—6 of Fig. 10.

Fig. 7 is a longitudinal sectional view on an
enlarged scale of a modified form of nozzle.

Fig. 8 is an enlarged fragmentary sectional
view of the discharge means shown in Fig. 7, but
with the parts in open position.

(CL, 299—107.6)

Fig. 9 is a transverse sectional view taken along
line 5—9 of Fig. 7.

Fig. 10 is a longitudinal sectional view of still
another form of nozzle tip.

While the invention is susceptible of various
modifications and alternative constructions, I
have shown in the drawings and will herein de-
scribe in detail the preferred embodiment, but it
is to be understood thut I do not thereby intend
to limit the invention to the specific form dis-
closed, but intend to cover all modifications and
alternative constructions falling within the spirit .

_and scope of the invention as expressed in the
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appended claims.

Referring more particularly to the drawings,
one form of fuel injection nozzle embodying
features of the present invention (Fig. 1) com-
prises a replaceable nozzle unit or tip § removably
mounted in a holder 2. It will be understood that
the nozzle tip { is adapted to be clamped or se-
cured by means of the holder 2 to the engine (not
shown) at the desired point of injection.

The nozzle tip { has a suitable body or housing.
3. Preferably, the body 3 is in the form of a
tubular shell having an inner peripheral flange 4
at the discharge end and an external peripheral
mounting flange 5 at the base end.

Removably seated against the inside of the
flange 4 and extending through the central open-
ing defined thereby to the outer end face of the
body 3 is an orifice head 6. The present nozzle is.
of the pintle type, and hence the orifice head §
is formed with a central discharge passage 1 in
which a pintle 8 is slidably disposed. 'The pas-
sage T and the pintle 8 coact to define a dis-

charge orifice means  which has the desired fuel

discharge characteristics for proper atomization
and penetration. By selective variation in the
form of the passage 7 or the pintle 8 or both dif-
ferent spray patterns and characteristics may be
obtained as desired to best suit different engine
requirements. In the present instance, the dis-
charge passage T is an axial bore of constant di- -
ameter, and the pintle 8 consists of a cylindrical
stem formed in the outer end portion with a pe-
ripheral groove or undercut 9 to define a single
annular discharge orifice 108. This undercut is
suitably shaped to provide a graduated orifice dis~
charge. In Fig. 2, the undercut 9 is conically ta-
pered inwardly, and the pintle 8 is movable out-
wardly in the opening movement of the nozzle to
obtain a progressively increasing orifice area. A
plurality of fuel supply passages {1, three for ex~
ample, open from the interior of the body 3
through the orifice head § to the bore 7 in con-
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stant communication with the undercut 9. In
Fig./ 2, these passages are radial so that (the an-
nular fuel jet issuing from the orifice. 18 is non-
centrifugal.. -

Fig. 5 illustrates a modified construction in
Zrz.néh the orifice head 6% is formed with & short

punterbore {2 at the outer end of the axial dis-
charge bore 7%, and in which the undercut 8* of
the pintle 8 is partly cylindrical and partly coni-
'cal or tapered. Radial fuel supply passages 11%
open to the bore 1* inwardly of the counterbore
12, The pintle 8* coacts with the outer edge 13
of the bore 7* to define an annular discharge
orifice 10%, the effective area of which during
the nozzle opening movement will increase ini-
tially by reason of the tapered portion of the
undercut 92, and then will remain constant by
reason of the cylindrical portion of the undercut.
The tapered portion of the undercut 9* when
in cooperative relation with the edge I3 acts to
direct the annular fuel jet issuing from the ori-
fice 1U* against the surface of the counterbore
12. The issuing jet is thereby deflected and
caused to converge into a narrow angle spray.
Because of this action, the angle of the pintle
taper can be made steeper than in Fig. 1 with-
out increasing the dispersion angle of the spray,
thereby resulting in a more rapid opening of the
orifice 10* and permitting the use of a shorter
pintle travel for a given opening,

The orifice head 6 is held in position by a cylin-
drical valve body 14 snugly fitted into the shell 3.
‘A suitable gasket 15 is interposed between the
orifice head 6 and the valve body 14 to provide
a fluid-tight seal. The inner end of the valve
body 14 is formed with an axial bore {6 defining
a chamber in communication with the passages
f1. The other end is formed with an axial pres-
sure inlet passage {1 adapted to be connected
through the holder 2 and a conduit (not shown)
to a suitable source tof fuel under pressure, such,
for example, as a metering fuel pump (not
shown). -

The supply of fuel from the inlet passage 11
to the chamber 16 is under the control of a
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To ¢ause the valve I8 to open with an increased
acceleration or popping action, the effective area
of the pintle 8, which in closed position is the
iree end area at the orifice 10, is made larger
than the valve opening area. The popping ac-
tion may be controlled by selective variation in
the relative effective diameters of the seat 19 and

- the pintle 8.

In operation, fuel under pressure is supplied
to the passage {71 from the pump or other suit-
able source. "When the fuel pressure acting on.
the valve opening area exerts a force sufficient
to overcome the pressure of the spring 22, the
valve I8 will open to permit the flow of fuel
through the chamber 16 and the passages.-IL 1o
the orifice 10,... _. AT
* 'The valve 18 will be moved into a position of
equilibrium in'which the hydraulic force halances
the. pressure of the spring 22, As the fuel pres-
sure is increased, the hydraulic force will be in-
creased to effect a greater spring compression
and consequently a greater pintle movement. As
the valve starts to open, fuel pressure is built up

" in the chamber 16 by reason of the orifice re-
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striction, and becomes immediately effective on
the relatively larger pintle area to accelerate the-
opening movement. Hence, the valve member 20
is moved out of close proximity with the seat

18 with a popping action.

* The fuel is discharged from the orifice in the
form of an annular spray. As the pintle 8 is
moved outwardly, the flow area of the orifice 10
is progressively increased.

When the delivery from the source ceases, the
pressure in the passage [T and the chamber (6
will drop to a point at which the spring 22 will
again close the valve 18, thereby shutting off the
flow of fuel and the return flow of gases from
the combustion space. The valve closing pres-
sure will be lower than the valve opening pres-
sure as determined by the difference in area of

- the valve seat 19 and the pintle 8. It will be un-

spring-seated valve indicated generally at 8 -

which may be of any suitable form or character.
In the present instance, the valve 18 comprises
a conical annular seat 19 formed in the body 4
at the discharge end of the passage 1. A mov-
able valve member 20 is disposed within the body
14 for concentric engagement with the seat 19,
and when seated has an effective transverse area
exposed to the fuel pressure in-the passage 171.
This area is substantially equal to the transverse

- ares of the passage 1T and is hereinafter referred

-

to as the valve opening pressure area. The valve
member 20 is shown in the form of a ball sup-
ported by a circular retainer head 21 on the in-
ner end of the pintle 8. - A coil compression spring
22 is seated- at opposite ends against the orifice
head 6 and the retainer head 21, and tends to

50

derstood that in the valve closing movement, the
flow area of the orifice 10 is progressively de-
creased. . :
-The holder 2 serves to support the nozzle tip
1 and to connect the latter to the fuel source. In
the form illustrated in Fig. 1, the holder 2 com-~
prises an outer body or housing 24. Preferably,
the holder bocy 24 consists of an elongated gen-
erally tubular shell having a longitudinal bore 25
and an external peripheral mounting flange 26.
One end of the body 24 is formed with an inner
peripheral flange 27 for holding the nozzle tip I,

5 and is adapted to be clamped to the engine by

- means of bolts 28 extending through suitable

holes 29 in the flange 27.
The nozzle tip | is removably mounted in the

' holder body 24 by engagement of the flange 5§

60

close the valve I8 with a predetermined spring -

pressure, and as an incident thereto to retract
the pintle 8 into closed position. Preferably, the

- orifice head 6 is provided with an axia] sleeve

23 which serves to guide the pintle 8 and to cen~
ter the fixed end of the spring 22. It will be

.evident that the inner end of the axial sleeve 23

would act as a stop upon engagement of the
retainer head 21 to limit the maximum height of

‘rise of the fuel inlet valve and also to limit the

maximum extent of outward
pintle 8._

N

movement of the

65
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with the flange 21, and projects through the lat-
ter to discharge into:the combustion chamber of
the engine. An elongated cylindrical connecting
member 30 is suitably secured in the bore 25 to
clamp the nozzle tip 1 in position. In the present
instance, the member 30 is threaded into.the body
24 to0 engage the projecting end of the valve body
14. A suitable packing 8{ compressed by a nut 32
on the outer end of the member 3¢ serves to seal
the outer end of the holder body 24. Opening
axially through the member 30 is a passage 33
connecting with the passage {7, and flared at the
inner end for engagement with a complemental

- taper 34 on the valve body (4 to provide a high

k(.

pressure seal. The outer end of the passage 33
opens through a threaded nipple 35 on the mem-
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ber 30 for a tight connection with a conduit (not
shown) leading from the fuel source.

The nozzle is provided with means for effect-
ing cooling, by direct liquid contact, of the nozzle
tip 1, so as to materially reduce any objectionable
effects that high temperatures might otherwise
have on the orifice body 6, the pintle 8 and the
adjacent fuel. More particularly, the connecting
end of the valve body 14 is peripherally undercut
to provide an annular space 36 in the base of the
nozzle tip {, and the holder 2 is formed with
passages for circulating a cooling medium, such
for example as water, oil or other selected fluids,
to and from this space. In the present instance,
the inner end portion of the connecting member
38 is formed externally with a plurality of uni-
formly peripherally spaced longitudinal grooves
37 which coact with the surface of the bore 25 to
define cooling fluid passages. The inner ends of
the passages 37 copen to the space between - the
nozzle tip body 3 and the member 38, and are
therefore in communication with the space 86.
Two transverse bores 38 and 3% are formed In
the holder body 24, preferably in the plane of the
flange 28, and respectively intersect diametrically
opposite sides of the bore 28 for communication
with the outer ends of the adjacent passages 37.
‘Inlet and outlet coolant tubes 48 and 41 are suit-
ably connected respectively to the bores-38 and 88.

It will be evident that the cooling medium is
circulated constantly through the space 38 for
heat absorbing contact with the nozzle tip body 2
and the valve body 4. The entering fluid flows
inwardly along the passages $1 opening irom the
bore 38, and the heated fluid leaves through the
opposite passages opening to the bore 39. Since
the passages 87 are provided in closely and uni-
formly spaced relation throughout the periphery
of the member- 30, proper registration with the
bores 38 and 39 is always obtained regardless of
position. ) )

The features.of the invention are also applica-
ble to nozzles having orifice means for discharg-
ing a plurality of jets of various forms and in
various sequences. Figs. 7 to 9 illustrate a modi-
fied form of nozzle providinhg a hollow annular
jet over the entire range of valve movement and
a central solid jet or core over the wide open por-
tion of the range. In this form, the change in
spray characteristics is obtained by a modifica-
tion of the pintle construction. In other respects,
the nozzle tip is closely like that in Fig. 1, and
hence the corresponding parts are identified by

. the same reference numerals plus the letter b.

The operative end of the pintle 8¢ is formed
with an annular groove or peripheral undercut
gb glways in communication with the passages
t{b, The inner portion of the undercut 8¢ is
cylindrical, and the outer portion has & short
taper and coacts with the bore 7t to provide an
annular orifice 105, The pintie 8 never projects

beyond the outer end face of the orifice head 6°,

but the outer end of the bore T° is chamfered as
indicated at 42 to increase the flow area of the
orifice 10P as the valve 18® moves toward full open
position.

A second peripheral groove or undercui 43 is
formed in the pintle 80 inwardly of the under-
cut 9, and is separated from the latter by an
intermediate rib 84 in close sliding engagement
with the bore T°. A plain hole orifice 45 opens
axially to the outer end of the pintle 8, and
is connected at.the inner end through a plurality
of inclined holes 46 to the undercut 43. .

When the pintle 8° is in closed position (see

b
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Fig. 7), the rib 44 cuts off communication be-
tween the passages {1® and the undercut 43.
During the initial opening movement only a thin
annular spray, having a low rate of flow -and
penetrating power, will issue from the orifice
{8*. Upon continued movement, in response to
a, sufficien{ pressure increase in the chamber
18b, the undercut 43 will open to the passages
{I* (see Fig. 8). Thereupon, a solid jet, en-
veloped by the annular.spray and sufficiently
large to provide an oplimum of penetrating
power, also will issue from the control orifice
45. As full open position is approached, the
annulaer jet is enlarged by reason of the chamfer
2. It will be understood that at very low rates
of injection, for example, when the engine is
being cranked or slowly idled, the pintle 8® may
not open sufficiently .to discharge the central
jet.
- The valve member 26 in this nozzle is shown
in the form of a cylindrical plug which is seated
against the head 2{® and is tapered at the op-
posite end for engagement with the seat 18P,
and which is slidable in the hore {6* and is lon-
gitudinglly fluted to permit the free passage of
fuel. :
The nozzle illustrated in Pigs. 7 to 9 also em-
hodies 8 modified form of holder 2° in which

_the outer body 24 has a threaded portion 47

30

40

adapted to ke screwed into the combustion cham-
ber, The connection member 38°, with the axial
passage 33" opening from the.nipple 35° en-
gages the tapered end 34* of the valve body
{8> to clamp the flange 5" against the flange
27 in the same manner as in Fig, 1. In this
instance, the coolant passages 37° are defined
by a plurality of longitudinal bores, for example,
four, which are uniformly spacéd about the cen-
tral fuel passage 33° and which open at their
inner ends to the space 36*. The outer ends

- of the passages 37° open through radial holes

45

50
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48 to the periphery of the member 30* for com-
mupication with inlet and outlet ports 38° and
38 in an encirciing coolant manifold 9. In
assembly, the manifold 49 is turned into the
proper angular position to establish the inlet
and outlet connections, and is then clamped
tightly in position by the nut 32°. Suitable pack-
ing 3{% is inserted between the member 30° and
the ends of the manifold 49 to obtain a fluid
tight seal.

Still another form of nozzle tip ¢ adapted
to be mounted in either of the holders 2 and
2t js illustrated in Fig. 10. In this form, the
fuel is discharged initially in an annular jet and
then also in a plurality of salid jets in any de-
sired directions. The nozzle tip generally is sim-
ilar to that in Fig. 1, and hence corresponding
parts are identified by the same reference nu-
merals plus the letter c.

The orifice body 6° projects beyond the end
face of the fiange 4¢, and is formed with a plu-
rality of plain hole orifices 56 opening to the
bore T° adjacent the outlet. The number, size
and angle of the orifices 90 may be varied in
accordance with the requirements. of the com-
bustion chamber. In the present instance, the
orifices 50 are inclined to obtain widely diverging
jets. )

The pintle 8¢ has an undercut 8¢ of which
the outer end portion is tapered and coacts with
the bore T°¢ to define the annular orifice 10¢.

- The passages (¢ open to an annulus 51 in the

75

bore 7¢ and always in registration with the un-
dercut 8¢, and are tangential to obtain a cen-
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. trifugal annular spray having an angle of di-

vergence approximately the same as that of the :

solid jets.

The taper on the end of the pintle 8¢ is short
so as.not to throttle the fuel entering the ori-
fices 50, and yet is sufficiently long to prevent
an undue enlargement of the orifice 10¢ while
moving across the orifices §0.

In operation, the pintle 8°, when in closed posi-
tion and during the initial portion of the open-
ing movement, is located inwardly of the orifices
50, Therefore, the fuel is discharged initially
in a single annular jet. After a predetermined
outward movement depending on the length of
the pintle 8¢, the orifices 50 are opened to the
undercut 9°, and discharge a plurality of sup-
plemental solid jets externally of the central
conical jet.

I claim as my invention:

1. In a fuel injection nozzle, in combination,"

a nozzle tip having an outer casing with fuel in-
let means at one end, an orifice head at the other
end of said casing and having an axial discharge
bore chamfered at the outer edge and in com-
munication with said inlet means, a pintle re-
ciprocable in said bore and having two longitu-
dinally spaced peripheral undercuts, the outer-
most undercut being always in communication
with said inlet means and having a tapered por-
tion coacting with said bore and the chamfered
end thereof to define an annular orifice increas-
ing progressively in size upon outward movement
of said pintle, an axial plain hole orifice open-
ing to the end of said pintle and communicating
with the innermost undercut, said innermost un-
dercut being movable into communication with
said inlet means after a predetermined outward
movement of said pintle, spring means tending
"to retract said pintle into position to interrupt
communication between said inlet means and
said innermost undercut, and means responsive
to the pressure of the fuel for moving said pintle
outwardly.

2. In a fuel injection nozzle, in combination, a
nozzle tip having an outer casing with fuel inlet
means, an orifice head on said casing and having
a discharge bore in communication with said
inlet means, a pintle reciprocable in said bore
and having two longitudinally spaced peripheral

undercuts, the outermost undercut being always ;

in communication with said inlet means and
having a portion coacting with said bore to define
an annular orifice, an orifice opening to the
end of said pintle and communicating with the

innermost undercut, said innermost undercut:

being movable into communication with said
inlet means after a predetermined outward move-

10
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tion, and means responsive to the pressure of the
fuel for moving said pintle in the other direction.

4. In a fuel injection nozzle, in combination, a
nozzle tip having a casing with fuel inlet means
and a discharge passage in communication with
said inlet- means, an outwardly opening pintle
reciprocable in sald passage and having under-
cut means adapted for communication with said
inlet means and having a uniformly tapered por-

-tion coacting with said passage to define an an-

nular orifice communicating with said undercut
means and increasing progressively in size upon
outward movement of sald pintle, an orifice
opening to the end of said pintle and communi-
cating with sald undercut means, spring means
tending to retract said pintle, and means re-

- sponsive to the pressure of the fuel for moving

20

said pintle outwardly.’

5. In a fuel injection nozzle, in combination, a
nozzle tip having a casing with fuel inlet means
and a discharge passage in communication with
said inlet means, a pintle reciprocable in said
passage and upon movement in one direction co-
acting therewith to define a discharge orifice of
progressively increasing flow area, a supplemental
discharge opening adapted to be connected by
said pintle to said inlet means upon move~
ment of said pintle into a predetermined posi-

’ ‘tion, spring means tending to move said pintle

30

in one direction, and means responsive to the
pressure of the fuel for moving said pintle in
the other direction. T ,

6. In a fuel injection nozzle, in combination, a

. nozzle tip having a casing with fuel inlet means

and a discharge passage, means establishing com-

" munication between said inlet means and said

40

passage and adapted to impart a swirling motion
to the fuel upon entering said passage, a pintle
reciprocable in said passage, and upon movement
in one direction coacting therewith to define a

. discharge orifice, a supplemental-discharge open-

ment of sald pintle, spring means tending to

retract said pintle into position to interrupt com-
munication between said inlet means and said
innermost undercut, and means responsive to
the pressure of the fuel for moving said pintle
outwardly. - .
3. In a fuel injection nozzle, in combination, &
nozzle tip having an outer casing with fuel inlet
‘ means, an orifice head on said casing and having
a discharge passage in-communication with said

60

685

inlet means, a pintle reciprocable in said pas- .

sage and having two longitudinally spaced under-.

cuts adapted for communication with said inlet
_means, one undercut having a portion coacting
with said bore to define an annular orifice, an
orifice opening to the end of said pintle and

communicating with the other undercut, spring .

means tending to move said pintle in one direc-

70
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ing adapted to be connected by said pintle to
sald inlet means upon movement of said pintle
into a predetermined position, spring means
tending to move said pintle in one direction, and
means responsive to the pressure of the fuel for
moving said pintle in the other direction.

7. In a fuel injection nozzle, in combination,
a casing having fuel inlet means, an orifice head
on one end of said casing and having an axial
discharge bore open to said inlet means, a plu-

‘rality of diverging plain hole. orifices opening

from said bore through said orifice head to the
end of sald casing, a pintle reciprocable in said
bore and having an undercut open to said inlet
means and with a tapered end portion coacting
with sald bore to define an annular discharge
orifice and movable across said plain hole orifices
to connect the latter with said inlet means after
a predetermined outward movement, spring
means tending to retract said pintle into closed
position inwardly of said plain hole orifices, and
means responsive to the fuel pressure for moving
said pintle outwardly. .

8. In a fuel injection nozzle, in combination,
a casing having fuel inlet means,-an orifice head -
on one end of said casing and having a discharge
passage open to said inlet means and a discharge
orifice opening from said passage, a pintle recip-
rocable in said passage and coacting with said
passage to define an annular discharge orifice
and movable across said first mentioned orifice
to-connect the latter with said inlet means after
a predetermined outward movement, spring
means tending to retract said pintle into closed
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position inwardly of said discharge orifice, and
means responsive to the fuel pressure for meving
said pintle outwardly.

9. In a fuel injection nozzle, in combination, a
casing, a removable orifice head mounted in one
end of sald casing and having an axial discharge
bore and a plurality of down-flow passages open-
ing from said casing tangentizlly to sald bore
and a discharge port opening from said bore,
an inwardly extending axial sleeve on said head,
a valve body seated in the other end of said cas-
ing against said head and having a chamber
open to said passages and an axial inlet pas-
sage opening to said chamber, an annular valve
seat at the discharge end of said inlet passage,
a valve member adapted for engagement with
said seat and when seated having an opening
pressure area defined by said seat and exposed to
the fuel in said inlet passage, a stem reciproca-
ble in said sieeve and having a retainer head in
said chamber for supporting said valve member
for self-centering engagement with said seat,
compression spring means between said orifice
head and said retainer head and encircling said
sleeve for urging said valve member toward
closed position, and a pinile on the outer end
of said stem and coacting with said bore in all po-
sitions of said valve fo define an annular re-
stricted discharge orifice, said pintle having a
peripheral inwardly fapering straight line under-
cut In communication with said down-flow pas-
sages and upon outward movement serving to
connect said port to said undercut.

10, In a fuel injection nozzle, in combination,
a casing having an outlet passage, spring seated
valve means for controlling the supply of fuel
under pressure to said passage, and a pintle as-
sociated with said valve means for movement
therewith and extending reciprocably into said
passage to define an annular restricted outlet
orifice open in all positions of said pintle, said
pintie being movable outwardly upon opening of
said valve means and threughout the outward
movement coacting with said passage to increase
the radial flow area of said orifice, said pintle
having an effective differential pressure area ef-
fective when exposed to the fuel pressure upon
the initial increment of valve opening to ac-
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celerate the continued initial opening movement -

- of said valve.
11, In a fuel injection nozzle, in combination,
a casing having a chamber, a fuel inlet passage
opening to said chamber, and an outlet passage
opening from said chamber, an outwardly open-
ing spring-seated valve controlling said inlet
passage and having a seat defining a valve open-
ing pressure area, and a cylindrical pintle mov-
able with said valve and having an undercut por-
tion adjacent the end coacting with said dis-
charge passage in all positions of said valve and
. to define during fuel discharge a restricted fuel
discharge injection orifice opening directly to the
exterior of said nozzle, said pintle having an ef-
fective differential pressure area larger than said
first mentioned area in all positions of said valve
and exposed to the pressure in said chamber and
acting in a direction to 1ift said valve during fuel

discharge.

12, In a fuel 1nJection nozzie, in combination,
a casing having a chamber with an outlet bore
and an inlet bore, a pintle reciprocable in said
outlet bore and having an inwardly tapering end
coacting with said outlet bore during fuel dis-
charge to define an annular restricted injection
orifice increasing progressively in flow area upon

60
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5
outward movement of said pintle into full open
position, a valve for controlling said inlet bore
and having an annular seat defining an open-
ing pressure area and a valve member movable
with said pintle, and compression spring means
for urging said valve member toward said seat
and retracting ‘said pintle in said outlet bore,
said pintle having a differential lifting pressure
area larger than said first mentioned area and
exposed in said chamber to act in opposition to
said spring means throughout the movement of
said valve member.

13. A fuel injection nozzle comprising, in com-
bination, a casing having an inlet passage and an
outlet cylindrical passage for discharging fuel
therefrom; valve means for controlling communi-
cation between said passages and having a seat

_opening Inwardly to sald inlet passage and

defining an-opening pressure area, an outwardly
opening valve member for coacting with said seat,
and compression spring means tending to move
said valve member toward and into engagement
with said seat, and a pintle outwardly of and
movable longitudinally as a unit with said valve
member and having an inwardly axially fapering
outer end portion reciprocable in said outlet pas-
sage and coacting therewith during fuel dis-
charge to define an annular restricted fuel-
atomizing discharge orifice symmetrical about
the periphery and increasing progressively in
effective radial flow area upon outward move-
ment of said pintle, the ouber end face of said
pintle heing substantially in the transverse plane
of the outer end of said outlet passage when
said valve means is closed, said pintle constifut-
ing a differential piston having an effective pis--
ton area larger than said opening pressure area
adapted to be exposed to the fuel pressure in
said casing inwardly of said orifice in the initial
opening movement of said valve means and act-
ing in opposition to said spring means to effect
opening and closing of said valve means with a
popping action.

14, A fuel injection nozzle comprising, in com-
bination, a casing having an inlet passage and
an outlet passage for discharging fuel therefrom,
valve means for controlling communication be--
tween said passages and having a seat opening
inwardly to said inlet passage and defining an
opening pressure -area, an outwardly opening
valve member, and compression spring means
tending to move said valve member toward and
inte engagement with said seat, and a pintle
movable longitudinally as a unit with said valve
member and having an outer end portion re-
ciprocable in said ouflet passage and coacting
therewith during fuel discharge to define an an-
nular restricted fuel-atomizing injection dis-
charge orifice, said pintle having an oufer end
arvea outwardly of said orifice exposed to the
pressure externally of said nozzle and an inner
end area inwardly of said orifice to constitute
a differential piston having an effective piston
area larger than said opening pressure area
adapted to be exposed to the fuel pressure in
said casing inwardly of said orifice while said
valve means is open and acting in opposition to
said spring imneans to effect opening and closing
of said valve means with a popping action.

15. In a fuel injection nozzle, in combination,-
& casing, an orifice head at one end of said cas-
ing and having a central discharge bore and a
down-flow passage opening from. said casing to
said bore, an inwardly extending sleeve on said
head, a valve body in the other end of said cas-
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ing and having a chamber open to said passage
and an inlet passage opening to said chamber,
a valve seat at the discharge end of said inlet
passage, a longitudinally fluted plug valve mem-
ber slidably reciprocable in said chamber for en-
gagement with said seat, and when seated hav-
ing an opening pressure area -defined by said
seat and exposed to the fuel in said inlet pas-
sage, a stem reciprocable in said sleeve and hav-
ing a retainer head for supporting said valve
member, compression spring means between said
orifice head and said retainer head for urging
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said valve member toward closed position, and a .

pintle on the outer end of said stem and coact-
ing with said bore to define an annular restricted
discharge orifice, said pintle having a peripheral
undercut in communication with said down-flow
passage and upon outward movement coacting
with the peripheral surface of said bore to effect
a progressively increasing orifice area, said valve
member, said stem and said pintle constituting
a differential piston having a pressure area
larger than said opening pressure area and act-
ing In opposition to said spring means to accel-
erate the initial opening and final closing move-
ments of said valve member.

16. In a fuel injection nozzle, in combination,
a nozzle tip having a discharge bore and a down-
flow passage opening thereto, fuel inlet means
opening to said nozzle tip, valve means control-
ling communication between said inlet means

and said passage, said valve means having an’

opening pressure area exposed to the pressure
of the fuel In sald inlet means and being nor-
mally closed by spring pressure in opposition to
said fuel pressure, a pintle extending recipro-
cably through said bore and being movable with
. said valve means, the outer end of said pintle
having peripheral clearance with said bore to de-

fine therewith an annular restricted fuel-atom- 4

izing orifice which is of minimum flow area when
sald pintle is fully retracted, sald pintle imme-
diately inwardly of said outer end being formed
with an axlal uniformly inwardly tapered under-
cut open to sald passage and defining an elon-
gated spray control cone movable progressively
‘across the outlet edge of said bore as said pintle
is projected outwardly so-as to effect a uniformly
graduated increase of the radial orifice flow area,
said pintle having an effective differential trans-
verse area larger than said opening pressure area
- during the initial opening and final closing in-
crements of movement of said valve means and
adapted to be acted upon by the pressure of the
fuel from said inlet means when said valve means
is open.

17. A nozzle tip having a cylindrical discharge
bore opening to the outer end and having a
down-flow passage opening to said bore inwardlv
of the outer end, fuel inlet means opening to said
nozzle tip, valve means controlling communica-
tion between said inlet means and said passage.

- said valve means including an annular seat and
a ball valve member engageable with said seat
and when in such engagement having an open-
ing pressure area exposed to the pressure of the
fuel in said inlet means, spring means tending
to close said valve means in opposition to sald
fuel pressure, a pintle extending reciprocablv
through said bore and being movable with said

valve- member, the outer end of said pintle being

formed with an inwardiv tapered conical end de-
fining a uniformly inwardly tapered undercut
constantly open to sald passage, said outer end
of said pintle being movable from a position

20

25

30

35

60

55

60

5

70

(L]

‘2,291,218

within said bore progressively out of said bore in
the opening movement of said valve means and
coacting with the outer end of said bore to de-
fine an annular restricted fuel atomizing orifice
of minimum radial flow area when said pintle is
fully retracted, said pintle having an effective
differential transverse area larger than said
opening pressure area during the initial opening
and final closing increments of movement of said
valve means and adapted to be acted upon by
the pressure of the fuel from said inlet means
when said valve means is open.

18. In a fuel injection nozzle, in combination,
a casing having a fuel inlet passage, and a dis-
charge passage for discharging fuel therefrom,
an outwardly opening spring-seated valve con-
trolling communication of said inlet passage
with said discharge passage and having a seat
defining a valve opening pressure area, and an
outwardly  opening pintle movable with said
valve and having an inwardly tapered symmet-
rical control cone at the outer end coacting dur-

ing fuel discharge with said discharge passage to

define a restricted annular fuel discharge orifice
in uninterrupted communication with said valve,
said pintle having an effective differential pres-
sure area larger than sald first mentioned.area
and -exposed to the pressure in said casing and
acting in a direction to facilitate lifting of said
valve during fuel discharge, the outer end of said
pintle having a narrow cylindrical land area on .
the periphery and being no larger in diameter

. than said discharge passage.

19. In a fuel injection nozzle, in combination,
a casing having a chamber, a fuel inlet passage
opening to said chamber, and an outlet passage
in uninterrupted communication with said

“chamber, an outwardly opening spring-seated

valve controlling sald inlet passage and having
a seat defilning a valve opening pressure area,

and an outwardly opening pintle movable with
said valve and having an inwardly tapered con-’
trol cone coacting with said discharge passage
during fuel discharge to define a restricted fuel
discharge orifice increasing progressively in uni-
formly graduated flow area as sald valve moves
toward open position, sald pintle having a net
effective differential pressure area larger than
sald first mentioned area -and exposed fo the
pressure in said chamber and acting in a direc-
tion to facilitate lifting of said valve during fuel-
discharge, the outer end face of said control
cone being exposed directly to the exterior of
said nozzle and being no larger in area than the
transverse area of sald discharge passage in the
plane of said orifice.

20. A fuel injection nozzle comprising, in com-
bination, a casing having an inlet passage and an
outlet cylindrical passage for discharging fuel
therefrom, valve means for controlling commu-
nication between said passages and having &.

seat opening inwardly to said inlet passage and

defining an opening pressure area, an outwardly
opening valve member for. coacting with said
seat, and a coil compression spring tending to
move said valve member toward and into en-
gagement with said seat, a pintle outwardly of
and movable longitudinally as & unit with sald
valve member and having an inwardly axially
tapering outer end portion reciprocable in said
outlet passage and coacting therewith during
fuel discharge to define an annular restricted
fuel-atomizing discharge orifice symmetrical -
about the periphery and increasing progressively
in effect radial flow area upon. outward move-
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ment of saild pintle, the outer end face of said
pintle being substantially in the transverse plane
of the outer end of said outlet passage when said
valve means is closed, said pintle constituting a
differential piston having an effective piston area
larger than said opening pressure area adapted
to be exposed to the fuel pressure in said casing
inwardly of said orifice in the initial opening
movement of said valve means and acting in op-
position to said coil compression spring to effect
opening and closing of said valve means with a
popping action, and stop means for positively
limiting the maximum extent of outward move-
ment of said pintle.

21, A fuel injection nozzle comprising, in com-
bination, & casing having an inlef passage and
_an outlet cylindrical passage for discharging fuel
therefrom, valve means for controlling commu-
nication between said passages and having a seat
opening inwardly to said inlet passage and defin-
ing an opening pressure area, an outwardly
opening valve member for coacting with said
seat, and a coil compression spring tending to
move said valve member toward and into en-
gagement with said seat, a pintle outwardly of
and movable longitudinally as a unit with said
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valve member and having an inwardly axially
tapering outer end portion reciprocable in said
outlet passage and coacting therewith during
fuel discharge to define an annular restricted
fuel-atomizing discharge " orifice symmetrical
about the periphery and increasing progressively
in effective radial flow area upon outward move-
ment of said pintle, the outer end face of said
pintle being substantially in the transverse plane
of the outer end of said outlet passage when said
valve means is closed, said pintle constituting a
differential piston having an effective piston area
larger than said opening pressure area adapted
to be exposed to the fuel pressure in said casing
inwardly of said orifice in the initial opening
movement of said valve means and acting in op-
position to said coil compression spring to effect

.opening and closing of said valve means with a

popping action, the outer end of said pintle hav-
ing a narrow cylindrical land area on the periph-~
ery and being no larger in diameter than the
outer end of said outlet passage, and means ef-
fective to limit positively the maximum height
of rise of said valve member ard pintle in the
opemng movement thereof. .
‘ JAMES F. HOFFER.




