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mann Magneto Corporation, New York, N. Y., a
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4 Claims. (CL 299—107.6)

This invention relates to spray injection noz-
zles for internal combustion engines of the Diesel
type and it is an object of this invention to pro-
vide an improved nozzle of the type described
which will provide jets of fuel having desired
characteristics and which is of such construction
that nozzles having different characteristics may
te readily constructed. ‘A further object of this
invention is to provide a stem for the valve con-
trolling the discharge from the spray nhozzle
which will cooperate with the nozzle tip in de-
termining the fuel jet characteristics. It is also
an object of this invention to provide a suitable
spring means for determining the fuel pressures
at which movements of the valve stem occur
and for determining the nature and degree of
such movement.

In the drawings:

Figure 1 is a view partly in longitudinal sec-
tion and partly in elevation of a spray injection
nozzle in accordance with this invention assem-
bled with the holder by which it is secured to the
engine cylinder.

Fig. 2 is a partial longitudinal sectional view,
drawn to a larger scale, of one form of a spray
injection nozzle in accordance with this inven-
tion, the valve stem being shown partly in ele-

vation and partly in section through one of the .

grooves for the passage of the fuel;

Fig. 3 is a fragmentary sectional-view drawn
to a still rger scale and showing the relation of
the nozzle tip and the discharge grooves in the
nozzle stem; -

Figs. 4 and 5 are sectional views similar to
Figs. 2 and 3 of a nozzle of modified construction;

_Tig. 6 is a fragmentary view in end elevation
showing a portion of the nozzle stem of either
Fig. 2 or Fig. 4 at one of the grooves of the stem;

Figs. 7, 8, 9 and 10 are fragmentary sectional
views showing the relation of the grooves in the
stem to the nozzle tip in nozzles of modified con-
struction, the stems being partly in section and
partly in elevation;

Figs. 11 and 12 are fragmentary sectional views

5 similar to Figs. 7 to 10 of a further modification,

the views being taken substantially at right an-
gles; ‘and

Fig. 13 is a partial transverse sectional -view,
taken as on line (3—I13 of Fig. 10.

As shown in the drawings, a spray injection
nozzle constructed in accordance with this in-
vention comprises a holder portion I, a tip por-
tion 2 having a portion of reduced diameter and
forming a shoulder, as at 2%, to be engaged by the
flange 3% of a sleeve or collar 3 arranged to be

threaded on an end of the holder portion 1 to
secure the holder and tip portions together. The
holder | is threaded at its central portion to en-
gage the wall of the engine cylinder at its other
end for the attachment of a pipe (not shown)
through which fuel is supplied. The fuel passes
through a centrally located passage or bore [P
in the holder to a chamber 4 formed by recesses
in the abutting ends of the holder 1 and tip 2.
A centrally located passage or bore 2b, larger
in diameter than the bore ‘I®, extends from the
chamber 4 to.the outer end of the nozzle tip 2.
Mounted in the bore 2P and  extending into the
chamber 4 is a valve stem 6 threaded at its up-

_per end .to receive a nut 8 which is shouldered, -

as at 82, to bear upon the inner edge of a primary

"spring 10, and as at 8, to bear upon a plate {1

carried on the inner edge of a secondary spring
12 mounted in the portion of chamber 4 formed
in the tip 2. :

The primary spring 10 comprises a plurality of
initially cupped spring disks having a central
opening to receive the valve stem 6 and of less
diameter than the opening in the tip 2 in which
they are mounted. The spring 10 is supported at
its outer edge upon a spring wire ring 14 and in

.- the space between the spring 10 and the wall of

the chamber 4 is placed a filler ring 15 upon
which rests a spring wire ring (6 which supports
the outer edge of the secondary spring 12. The
secondary spring {2 comprises a plurality of
initially cupped spring disks having a central
opening to permit passage of the nut 8 which
bears on the primary spring 10. 'The plate I
is of annular shape and gradually reduces in
thickness from its inner edge so as to normally
bear on the secondary spring 2 only at its inner
edge. At its outer edge the plate fl has a nar-
row band portion of uniform thickness forming
a pad or abutment adapted to engage an an-

nular shim {7 of suitable thickness mounted on

the outer edge of the spring 12 to limit the move-
ment of the plate f1. The recess in the outer
end of the holder f is of less diameter than the
plate 11 so the outer end of the holder ! forms
a shoulder which engages the plate {1 and holds
the plate in such position when the parts are as-
sembled as to place the secondary spring under
an initial compression.

The nut 8 is threaded on the valve stem & to
engage the primary spring 10 and place the spring
{0 under an initial compression which serves to
hold a valve face 18 on the valve stem 6 in en-

- gagement with a cooperating valve seat formed

in the bore 2, the adjustment of the nut 8 de-

5

20

30

40

50

55




10

15

20

25

30

35

" 66

85

70

2

termining the initial pressure of the spring 10
and the fuel pressure necessary to operate the
valve stem 6 to permit fuel discharge to the en-
gine cylinder. A pin 8 holds the nut in adjusted

~ position. The valve stem 6 is formed with guid-

ing portions 62 and 6® of substantially the diam-
eter of the bore 2b, the guiding portion 6> be-
ing of slightly ereater diameter than the por-
tion 62 to it a correspondingly enlarged portion
of the bore 2. The portion 6° of the valve stem
extends from adjacent the valve surface {8 to
the outer end of the valve stem while a portion of
the valve stem of reduced diameter intervenes
between the valve surface 18 and the portion 6s.
The nut 8 is slotted longitudinally and trans-
versely to permit the flow of fuel from the cham-
ber 4 past the plate {1} and springs 12 and 10
to the bore 2° in the tip 2 and the portion 6= of
the valve stem 8 are grooved, as at 20, to per-
mit the fuel to flow to the annular space about
the reduced portion of the valve stem adjacent
the valve seat 19. The portion 6> of the valve
stem 6 is provided with a plurality of grooves
21 uniformly spaced about the valve stem to per-
mit the discharge of fuel upon the movement
of the valve surface {8 from its seat 8.  The
grooves 21 are substantially rectangular in cross
section and have a portion 2i* of uniform depth
extending for a considerable part of the length
of the portion 6% of the valve stem, then the depth
of the groove gradueally increases and then de-
creases along the arc of a circle, as at 21b, after
which it is of uniform depth for a short dis-
tance, as at 21¢, the depth at 2ic¢ less than at
2is, and then the depth gradually increases along
the arc of a circle, the arc being reversed with
respect to the arc at 21b.

In the operation of the device described, fuel
under pressure is supplied from the pump (not
shown) through the passage I® and the fluld
pressure is built up in the chamber 4 and bore 2»
until the unbalanced pressure acting on the valve
stem 6 is sufficient to overcome the resistance of
the spring 16 and shift the valve stem 6 and nut
8 until the nut 8 engages the plate {1, The move-
ment of the valve stem € separates the valve sur-
face 8 from the valve seat 19 and permits fuel
to flow from the chamber § through the grooves
in the nut 8 and valve stem 6 past the valve sur-

face 18 and through the grooves 21 to discharge."

As the spring 12 is held under an initial pressure
by the plate || movement of the valve stem 6 and
nut 8 is stopped when the nut 8 engages the plate
t1 and further movement does not take place un-
til the fuel pressure is built up sufficiently for the
unbalanced pressure on the valve stem 6 to over-
come the resistances of both springs {0 and (2.
‘Upon overcoming the resistances of springs 10
and 12 the valve stem 6 and nut 8 are moved,
carrying with them the plate {1 until the plate
11 engages the shim {7 on the spring 12 where-
upon further outward movement of the valve
stem 6 and nut 8 is prevented.

The valve stem 6 projects beyond the end of
the tip 2 and the inwardly curved bottoms of the
portions 21¢ of the grooves 2{ cause the fuel jets,
discharged from the grooves 21, to be directed
inwardly toward a common point on the axis of
the valve stem 8 spaced outwardly from the end
of the valve stem, the curvature of the bottoms

_of the groove portions 214 determining the dis-

76

tance of such point outwardly from the end of -

the valve stem. The portions 21 of uniform
shallow depth have & less capacity than that af-
forded by the separation of valve surface 1§ from
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valve seat 19 and the groove portions 2ic are of
such length that their inner ends have not
passed the outer end of the tip 2 when the move-
ment of the valve stem 8§ is stopped by the engage-
ment of the nut 8 with the plate i, TUpon move-
ment of the valve stem 6 with both springs 18 and
12 the end of the uniform shallow portion 2ic
passes the end of the tip 2 and the portion of
gradually increasing depth of groove portion 2ib
starts to move out past the end of the tip 2 giving
discharge openings to the grooves of gradually
Increasing capacity and which have the groove
bottoms curved so as to direct the jets outwardly
or away from the axis of the valve stem. That is,
during the movement of the valve stem against
the action of spring 0 only the jets are directed
inwardly and increase in volume up to the capac-
ity of the shallow portions 2fc of the grooves and
thereafter remain of constant volume until spring
12 is also overcome. When spring 12 is also
overcome the jets gradually Increase in volume
and are directed outwardly for the remainder of
the outward movement of the valve stem 8.

In the modification shown in Figs. 4 and 5

there is provided the holder | having the central’

passage {? leading to a recess forming part of a
chamber 4 and a tip 2 secured to the holder | by
the collar or sleeve 3 and having a bore 2» which
extends to the recess in the tip 2 which cooper-
ates with the recess in the holder 1 in forming the
chamber 4. In the chamber 4 is the spring 39
consisting of a plurality of annular spring disks
supported at their outer edge upon a spring wire
ring 31 and at their inner edge supporting s
spring wire ring 32 positioned so as to be engaged
by a shoulder on a nut 33 secured by a pin 3 in
adjusted position on the threaded upper end of
8 valve stem 38. The spring disks are cupped
when in a free state and the nut 33 is adjusted
on the valve stem 35 to place the spring 30 under
an initial pressure and thus determine the fuel
pressure at which the valve stem 33 will be oper-
ated against the action of the spring 30 to shift
the valve surface 38 on the valve stem 35 from
the valve seat 37 in the bore 2P and permit the
discharge of fuel from the nozzle. To aid in ad-
justing the spring pressure to the desired degree
shims 38 may be placed between the spring wire
32 and the nut 38 and shims 39 may be placed be-
tween the spring wire 31 and the bottom of the
recess in the tip 2. : .

As in the previous modification the valve stem
35 is provided with a guiding portion 3%* which
fits the bore 2 and is slotted as at 40 to permit
the passage of fuel and with a guiding portion 35

‘of slightly larger diameter which fits a corre-

spondingly enlarged portion of the bore 2b and
which is provided with a plurality of grooves #{
of rectangular cross-section. Bach groove #i
comprises a portion 4i* of uniform depth extend-
ing outwardly from adjacent the valve surface 38
and which merges into a shorter portion 4{® of

10

18

uniform but less depth than the groove portion

41* and a groove portion &1¢ of gradually increas-

ing depth which extends from the groove portion

41® to the end of the valve stem, the groove bot-
toms of the groove portions 41¢ being curved so as

-to direct the jets inwardly to a point on the axis

of the valve stem as in the previous modification.

In this modification, increase of the fuel pres-
sure to the point at which the resistance of the
spring 30 is overcome causes the valve stem 38
and nut 33 to move until further movement is
prevented by the engagement of the nut 8 with
the shims 39, that is, the outward movement of
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the valve stem is completed in the one operation.
This outward movement of the valve stem sep-
arates the valve surface 36 from the valve seat
317 and permits the fuel to flow from the chamber

" 4 through the grooves 2¢ and bore 2b in the tip,

grooves #0 in the valve stem, past the valve sur-
face 36 and through the grooves 41 in the valve

“stem portion 36" to be discharged as jets con-

verging at a point a short distance outwardly
from the end of the valve stem. The full move-
ment of the valve stem 35, however, is not suf-
ficlent .to move the inner ends of the shallow
groove portions #1P past the end of the tip 2 and
as the capacity of the shallow groove portions 41°
is less than the capacity of the opening between
the valve surface 36 and the valve seat 37 the

‘volume of fuel discharged increases gradually, as

the valve stem moves outwardly, up to the capac-
ity of the shallow groove portions 41° and there-
after remains constant for the remainder-of the
movement of the valve stem 35.

In Fig. 7 only the outer ends of & nozzle tip 2 -

and a valve stem 45 are shown, the valve stem
belng mounted in a bore 2% in the tip and having
2 portion 46b of slightly greater diameter than
the remainder of the valve stem snugly fitting
a correspondingly enlarged end portion of the
bore 2b, 'The valve stem 45 is provided with a
valve surface #6 which cooperates with a valve

seat #71 in controlling the passage of fuel and’

the valve stem portion 45 has a plurality of
grooves §f of rectangular cross-section for the
greater portion of their length and which extend
from adjacent the valve surface 46 to the outer
end of the valve stem. Each groove §f comprises
a groove portlon 61* of substantially uniform
depth which merges with a shorter groove por-
tion 5ic of uniform but less depth than the
groove portion Bi® and adjacent the junction of
the groove portions §{% and 51¢ is a recess shown
formed as a cylindrical bore of greater width and
depth than the groove portion §i2. Extending
from the shallow groove portion 5lc to the end
of the valve stem is a groove portion 5i4 of grad-
ually increasing depth, the bottom of the groove
portion 519 curving gradually inwardly so as to
direct each fuel jet inwardly causing the fuel jets
to converge at a point a short distance from the
outer end of the valve stem. The valve stem of

Fig. 7 is suitable for operation with a spring ar-

rangement such as is shown in Fig. 2 which, on
the ylelding of the first or primary spring, would
give a movement of the valve stem 45 which
would separate the valve surface 48 from the
valve seat 471 permitting a flow of fuel therebe-
tween and which would-leave the inner ends of
the shallow groove poriions 5ic slightly within
the bore 2 so as to produce a plurality of in-
wardly converging jets, the volume of which is
governed by the capacity of the shallow groove
portions 5ic.. Further movement of the valve
stem 45 upon the yielding of the secondary spring
would bring the bores 51b beyond the outer end
of the tip 2 giving a plurality of jets directed
outwardly away from the axis of the valve stem
45 and of gradually increasing volume as more
of the bores 51t of the grooves are exposed be-
yond the end of the tip 2. The yielding of the
secondary spring, however, would be limited so

‘as to expose less than half of the cross-sectional

areas of the bores 5ib,

While in the modifications so far described the
bottoms of the outer end portions of the grooves
in the valve stems have been shown and de-
scribed as curved inwardly and causing the fuel

3

jets delivered by such grooves to converge, the

. bottoms of the outer end portions of the grooves

need not be so curved but may be flat and dis-
rected inwardly as shown in Fig. 8 and the jets
will be directed inwardly to converge at & point

" on the axis of the valve stem a shortdistance

outwardly from the end of the valve stem. Thus
in Fig. 8 the valve stem 88 is shown with grooves
of rectangular cross-section 6{ extending sub-

stantially from the valve surface 58 to the outer

end of the valve stem, each groove comprising
a portion 8i* of uniform depth, a portion 6
having a curved bottom and of varying depth, a
portion 8¢ of uniform but less depth than the
groove portion 81 and a portion 812 which grad-
ually increases in depth towards the outer end
of the valve stem and the bottom of which is flat
and directed inwardly so as to cause the fuel jets
to converge as in the previous modifications.

This modification when associated with & spring

arrangement as shown in Fig. 2 would also give a
plurality of jets converging at a point on the
axis of the valve stem and of a volume deter-
mined by the capacity of the shallow groove por-
tions 8fc when the valve surface 66 is separated
from the valve surface 8T upon the yielding of
the primary spring and the jets would diverge
and be of gradually increasing volume as the

P

28

yielding of the secondary spring permitted move- ‘

ment of the valve stem to shift the outer ends'
of the groove portions 8i» past the end of the
tip 2.

In the modifications described above the valve
stem has been of sufficient length to project be-
yond the outer end of the nozzle tip but the in-
vention is not limited to such a construction as
the tip may be made of sufficient length to ex-
tend beyond the outer end of the valve stem at
all times. Thus in Fig. 9 a tip 2’ is shown asso-
ciated with the valve stem 35 of Figs. 4 and 5,
the tip 2’ being of such length that it always ex-
tends beyond the valve stem 35. This arrange-
ment of valve stem and nozzle tip could be as-
sociated with the spring arrangement of either
Fig. 2 or Pig. 4 and in both cases the fuel jets,
upon the separation of valve surface 36 from
valve seat 37, would be determined by the ca-
padity of the shallow groove portions &I and
as the end of the valve stem never projects be-
yond the end of the tip 2’ the fuel jets tend to

35

follow the surface of the bore 2P and to diverge -
upon passing beyond the tip 2’ as well as to fol- - -

low the bottom of the grooves.

The grooves in the enlarged end portions of
the valve stems of the previous modifications
have been shown and described as being of rec-
tangular cross-section but they may be of other
shapes, as triangular, as shown in Figs. 10 and
13. In this modification the grooves Tl in the
valve stem 68 are triangular in shape, the groove
portion T{s which extends from adjacent the
valve surface 68 being of uniform depth and
width for the major portion of its length and
then tapers, both in width and depth, to merge
with the shallower groove portion Ti® which is
of uniform width and depth for a short distance
and then opens into the end groove portion Ti¢
which widewus and deepens continuously to the
end of the valve stem. This modification when
associated with a spring arrangement, as in Fig.
2, gives a plurality of jets which at first converge

‘and are of a volume determined by the shallow

groove portion Ti? and then diverge and grad-
ually increase in volume as the ends of the

70
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groove portions Ti* are moved past the end of
the tip 2. ’

Each of the previous modifications has been
shown and described as having the outer end
portion of the valve stem provided with a plural-
ity of grooves, all the grooves in each modification
being of identical construction causing the fuel

jets of each modification to be of uniform vol-'
ume and direction but the grooves may be of

varied construction as shown in PFigs. 11 and 12
in which there is shown a valve stem 718 in the
bore 2¢ of a tip 2 which is provided with a plu-
rality of pairs of grooves of different construe-
tion, the grooves of each -pair being placed dia-
metrically opposite on the valve stem and the

pairs. being arranged to distribute the grooves

uniformly about the valve stem. 'The grooves
shown in Figs. 11 and 12 comprise a pair of
grooves, such as groove 21 of Fig, 2, and a pair of
grooves 81 of somewhat similar construction but
having shallower portions 8ic of greater length
than the shallow portions 2i¢ of the grooves 2{
though of the same uniform depth. The other
groove portions 81#, 81 and 81¢ correspond to
the groove portions 212, 21b and 244, respectively,
except that groove portion 8i® is slightly shorter
than groove portion 24¢. The grooves 24 provide
jets as described in connection with Fig. 2, that
is, the jets converge and are of a volume de-
termined by the capacity of the shallow groove

portions 21¢ during the first part of the movement -

of the valve stem 16 and diverging and of gradual-
ly increasing volume during the latter part of the
movement of the valve stem. The length of the
shallow portions 81¢ of the grooves 81, however,
are of such length that their inner ends are al-
ways within the bore 2° of the tip 2 so that the
jets from the grooves 8 always converge and
never exceed the volume determined by the ca-
pacity of the shallow groove portions 8ic. Thus

during the first part of the outward movement of
the valve stem all of the jets converge and dur-
ing the latter part of the valve stem movement
two of the jets converge and two diverge.

_ While it is preferred to use the spring ar-
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rangément of Pig. .2 with valve stems having some ‘

of the groove constructions described and to use
the spring arrangement of Fig. 4 with valve stems
having others of the spring constructions shown,
it is tg be understood that either spring arrange-
ment may be used upon provision being made for-
providing the desired amount of movement of the
valve stem for each groove construction.

What is claimed is:

1. In a fuel nozzle, a nozzle tip having a fuel
discharge opening, a stem movably miounted in
said opening, said stem having grooves arranged
to discharge fuel in one direction in one position
of said stem and in another direction in another
position of said stem, and means for operating
said stem to both positions.

2. In a fuel nozzle, a nozzle tip having a fuel
discharge opening, a stem -movably mounted in

said opening, said stem having grooves arranged

to discharge fuel in different directions in differ-
ent positions of gaid stem and spring means op-
posing predetermined pressures to movement of
said stem to said different positions.

3. In a fuel nozzle, a nozzle tip having a fuel
discharge opening, a stem movably mounted in
said opening, said stem having grooves arranged
to discharge fuel in one direction in one position
of the stem and in another direction in a sec~
ond position of the stem, a spring means under
initial stress opposing movement of said stem
to the first position and a second spring means
under initia] stress opposing movement of said
stem from the first to the second position.

4. In a fuel nozzle, a nozzle tip having a fuel
discharge opening, a stem movably mounted in
said opening, sald stem having grooves arranged
to discharge fuel in a converging direction in one
position of said stem and in a diverging direction
in a second position of said stem, a spring means
under initial stress opposing movement of said
stem to said first position and a second spring
means under initial stress opposing movement of
said stem to the second position.

WARNER T. TABB.
EVERETT M. PURDY.
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