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The present invention relates to improvements
in nozzles adapted particularly. for delivering
timed metered injections of liquid fuel in con-

(Cl

nection with the operation of mternal combus- - -

tion engines.

.One: of the objects of the: mventlon is to pro-

vide a movel fuel injection hozzle of the pintle -
type which will open and close sharply, thereby

preventing drlbblmg, dripping or bleeding of the

fuel, and erosion on the valve seat.

Another ‘object is to provide a new and im-
proved fiel injection nozzle having an outwardly
opening pintle which defines a discharge orifice,

and which is so graduated in form as to provide

in the opening movement a progressive increase
in the flow area of the orifice, to control the dis-
persion of the spray.

A:further object of the mventlon is to provide
a novel fuel injection nozzle having. a spring-
seated: inlet valve with.a seat defining an ini=
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20:

tially-effective fuel lifting. pressure: area when

closed, and having a: discharge means including
a pintle- movable with the valve and defining

a.supplemental fuel lifting pressure. area of a size -

not. setting up a negative. or valve closing pres-
sure-differential and preferably being larger than

25

said first mentioned area:to create a valve open- -
ing- pressure differential -effective to accelerate:

the- initial valve opening movement at least

through. the range of flow restriction at the seat.
Another object is to provide & new and im-

30

proved- fuel injection nozzle having an outwardly

opening pintle in which all external leakageis

avoided,’ and: which therefore can be simple-and:

mexpenswe in- construction, and is econommal‘:

and-efficient in operation.

- Still_a further object is to- provide a novelﬁ

fuel mjectlon ‘nozzle- having: an- outwardly; open- -

ing pintle which will operate efficiently over the

entire speed and load range of the engine with-
out- causing smoking and detonation, and more

40.

partlcularly in which. the volume of the fuel pas--
sa.ge between the. valve seat and the discharge -
onﬁce is-but a small percentage of the- volume of

fuel mJectlon at-full load:

. Another object s to provide a new and im--
proved: fuel injection nozzle having a lapped

spherical valve seat which can he produced to
correet form-and with perfect surface finish with-
out. hand operatlon and.: hence at-low cost; and
whlch therefore has a long life-and;can be reconc
ditioned repeatedly.

50:

A further object- is ‘to provide .a novel fuel:

injection-nozzle.in which all 'of the moving: or

working parts are housed.in'the nozzle tip assem-- 55

299—10%.6).

bly, and are adjusted’ for: the demred injection
pressure hefore assembly of the- tip: with. the
holder.

Various general objects. resuie in: providing. -a
new: and improved fuel injection: nozzle which
has. a relatively: compact and: small:nezzle tip, in
which the weight of the moving parts:is very light
50 ‘as to obtaiv a:. low: inertia. at ‘high: speeds
and reduced: impact stresses, and: in. which the
range of injection characteristics is. materially
increased.

A further object.is to provide a novel fuel in-
jection nozzle in: which: the valve stem displace-
ment is materially reduced; thereby reducing the
fuel. flow: through: the supply tubing and pres-
sure ‘waves or impulses: in-the tubing; eliminating.
the use of retracting check valves.or where such
valves are used reducing the amount: of: retrac-
tion, and in general .improving:the: speed-delivery
charactenstlcs of the injection system. .

Further objects and: advaptages will become
apparent as'the deseription proceeds.

- Inthe accompanying: drawings;

Figure 1 is a; longitudinal fragmentary sec=-
tional view of one formof a-nozzle: :embodying fea-
tures.of the present invention. - )

Fig. 2 is a left end view-of the nozzle.

Fig. 3:is. a transverse se_c;t;mnalu view: of: the
nozzle taken along line 3-—3: of Pig. 1.

Fig. 4 is an axial sectional view on.an: enlarged.
scale of the dxscharge tip of-the nozzle,

Fig. 5 is an-enlarged. tra,nsvex'se sectional: v1ew,
taken along line 5—5. of Fig. 4

Fig. 6 is an enlarged. left end‘ view of the noz-

, zle-discharge tip.shown in.Fig: 4..

Fig. 7 is a fragmentary Slde elevational view
on an enlarged scale of. the nozzle: pintle:

Fig. 8 is a. fragmentary axial sectional view
of a modified form.of nozzle dlscharge tip.

Fig. 9isa secmonal view taken along line 9—9
of Fig. 8.

Fig. 10.is a fragmentary 10ng1tudmal sectional
view of still another form of d1scharge means.

While the mventlon is: susceptxble of various
modifications. and: alternatlve eonstructions, I
have shown.in- the: drawmgs and will: herein de-
scribe in detail the preferred embodiment, but
it is to be understood-that I do:not thereby in-
tend: to limit the invention ta the:specific form
disclosed; but intend. to: cover all modifications
and alternative constructions: falling: within the
spirit and: scope. of: the: invention: as- expressed
in the appended claims.

Referring more- particularly to the drawings,
one:form:of fuel injection nozzle: embodying fea--
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tures of the present invention (Fig. 1) comprises
a replaceable nozzle unit or tip | removably
mounted in a holder 2. It will be understood
that the nozzle tip 1 is adapted to be clamped
or secured by means of the holder 2 to the en-
gine (not shown) at the desired point of in-
jection.

(-]

The nozzle tip | (Fig. 4) has a suitable body

or housmg -3: Preferably, the body ‘315 in .the

form of a tubiilar shell defining an’ inner cham- 1

ber or bore 4 and closed at the discharge end. .
with an end wall 5 having a small bore 6 coaxial ~"~

with the bore 4, An external peripheral mount-- -

ing flange T is formed on the base end of the

body 3.

member 8 having an inner end face or surface

9 in pressure tight engagement“with.the inner. :"-

face or surface 10 of the end wall 5 about the.
bore 6. The valve seat member 8 is tubular in”
form to provide an-axial-passage:or:bore i1, and

projects: from the open end .of the tip body:3:for:-
fluid tight connection to the source of fuel sup-= °
ply.. The inner end of -the .seat member: 8. has
an .end wall-12: formed with a-central opening -

or bore 13 terminating in: an -annular valve seat

i4. ' This opening consists of a short cylihdrical -

portion defining: the minor diameter: of the seat-
14 and a flared portlon opemng therefrom to
the hore fl.  ; S

A pintle 15 extends shdably throuvh the drs--

charge bore 6 and: coacts therewith:to -define

a discharge. .orifice means-having the desired’

fuel discharge characteristics for proper atomiza-
tion and penetration.. By -selective variation in
the form of the bore Or passage 6 or the pintle
15 -or both, different spray patterns and:char-
acteristics - may: be: obtained: as:desired to best
suit-different-engine reqmrements In the pres-
ent instance; the discharge ‘end: -of- the -bore. 6"
is-of constant:diameter; and the bintle 15 ¢on-

sists of a cylindrical stem which is' formed ad-

jacent its outer end portlon with ‘s spray control
form consisting. .of a harrow cyhndrlcal ares: 16
of full pintlediameter. d, afi:inner control ‘cone
1T defined by a peripheral: groove ‘or- undercut
and tapered 1nwardly from:‘the ‘area’ 16, and an
outer cone or comcal surface - 8 tapered -out-
wardly from the area’(6-to the efid:of the pmtle
The pintle 15 codcts with-the bore 6 to define a
single annular discharge orifice 19, and is movable*
outwardly in the opening’ movement ‘of the ‘nozzle
: nereasing orifice’ area.
‘When ‘the nozzle’is closed; the’ pintle 1§ odeu-
pies a position, as-shown in’ 1g 4;'in- Whlch the
inner edge: of the ‘control ares 18 is’ located a
short d1stance “for -example;” about ﬁVe per’
centum of ‘the full valve: hft 1n51de the outer
end of the bore 6, and the’ outer cone 18- pro-
jects a short dlstance ffom the bore.  The- con-
trol area {6, which is less Ain diameter . than' the
bore 6, defihes" the mlmmum orifice "area, and
the outer cone 18° causes the - cylindrical ' fuel
spray to converge 50° as to obtam 1ncreased pene-
tration in-i
will be: evident that: the: minimum - orifice area

is maintained: during the: initial opening move--

ment of ‘the nozzle, i. e, until the' inner edge of
the area (6 passes from the ‘bore. 6, and:that
thereafter;.in the continued opening movement,
the orifice area is automatically increased at a
rate as determined by the form of the 1nner
cone {17,

Smal] fuel charges reqmre Q. correspondmgly
small gr_;fjge .area,:. The minimum orifice area.is:

2,351,965

of such size that the minimum quantities of fuel
that may be required per injection will be intro-
duced into the combustion chamber entirely in
proper form for combustion so as to obtain satis-
factory power, good idling operation, efficient
fuel consumption, and smokeless and quiet com-

“bustion. This requires that the minimum orifice

area be made small enough to cause the pressure
to build up at the orificé inlet’ suﬁiclently to ob-
tain adequate fuel injection velocity.

... Formed on the inner end of the pintle 1§ is

“an- annular valve face or seat 20 adapted for
-vengagement with the stationary seat (4. Also

formed on the pintle 15 adjacent the seat 20

‘15 and’ movable in g counterbore or chamber 21 in

Closely fitted within the bore 8 is’'a valve seat “""“the -inner., end . of the bore 6 is a peripheral rib

22, 'The rib22°definés a conical abutment shoul-
der” 23.adapted for engagement with a fixed

. conical stop. shoulder 24 at the end of the coun-

"o -

0
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“terbore 21 to limit the opemng movement of the

pintle 15, s

~Aifree: path of fuel ﬂow from the valve l4 20
to -the -orifice :18 -is afforded. by a pluralxty of .
spaced, longitudinal - passages. 25. -Preferably,:
these passages are provided by partial bores which -
longitudinally intersect. the-surfaces of the:bore:6
and -counterbore 21;-and ‘which extend. from the-
inner face 10 of the wall 5 to the region:of the;
inner, econtrol-cone: I1.:: Formed in the pintle {5 -

‘at the inner end of the:conical undercut {1:is.an:

annular groove 26 which serves-to effect equaliza-
tion of the pressure and velocity of the:fuelissuing
fromi ‘the:passages 25 about: the faper so that the:
discharge: fuel spray.is essentially umformly d1s-
tributed and of circular form; - :
~.It-is:important - that the valve seats 14 and 20
hold tightly to prevent the passage of fuel:until:
the:full valve opening pressure (VOP) is attained.
In the present instance, the valve séats: 4 and.20=
are spherical in shape; and hence ¢an be machine-
lapped. . Since:the valve seat member 8 is remov-:
able from the tip-body :,: the seats (4 and:20-
can:be oscillated in .an .orbital ‘movement while:
in-éngagement:so: as to lap'the mating valve:sur-:
faces to the desired spherical shape. - The flared:
portion: of the.opening 18 provides:clearance in:
the seat- member 8 to permit-this:combined:rotary :
and oscillatory movement during the lapping op-=!
eration.’ - The spherically’ lapped valve seats are’

,accurately mated -and-have a.perfect surface ﬂn-'

ish.: As-a‘result, they ‘have a long life and are
effective to prevent valve leakage up'to the valve:
opening pressure.. ~Also, manufacturing costs'are’
reduced because of the avoidance of hand opera-'
tions-and the usually attendant scrapping 'of im-'
perfectly formed parts. Smce their boundaries
overlap, the seats can be recondltroned repeatedly
without the:formation of ridges or shoulders’as:
wotild result in attemptmg to recond1tion comcal
seats. :

- Arcoil compression sprmg 2T serves to close the
valve 14,20 with a predetermmed spring pressure, :
and as an incident thereto to retract the’ plntle
5+ into | its" innermost position.” The spring ‘27T

-is mounted within. the seat member 8, and at one’

endimpinges against the inner surface of ‘the ‘wall
12-about the opening 13, and is centered by ‘the’
end ‘of .the bore 1{ which is reduced in dlameter
as indicated at 28. At the othet-ernd, the spring
27-impinges.against a hanger 29 slidably -disposed’
in the bore 11 -and suitably anchored-to the pintle
15. In the preferred form, the ‘pintle {5-is pro-
vided with an elongated: ax1a1 ‘shank or neck* 30
having an enlarged head:31 at its'free inner-end,
The hanger.29. consists :of ‘a circular-disk having:
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an axially offset: portion which: serves-to: center

the' adjacent end of the spring: 27, and which:

defines+an- outwardly opening’ socket 32 having

a central opening 33 to'receive the shank 30. The"
opening 33 is larger than the shank 30 to provide:

© clearance permitting limited angular adjustment
of the hanger 29 to the end plane: of the spring

27. * A clearance hole 34 of sufficient size to re-:

54

ceive the head 31’ intersects one sidé of the open-

ing 33 to permit ‘assembly of the hanger 29-and
the:shank- 30. V ; _
shown, the-socket 82°is in pilot engagement with

an-abutment shoulder 35 on the hase of tHe head:
31 This shoulder; although conical in form, is:
in effect spheriecal in aetion fo permit relative ro--

tation of the engagihg parts:-about & point in the
center of the guide plane of the disk 29, so as'to
prevent eccentricity because of‘angulation and to
avoid side pressure:on the: pintle  i5 and hanger
29, - A plurality of peripherally spaced- Hotches
36 are formed in the hanger disk 29, and supple-
ment the opening 33 to provide an adequate area
foriunrestricted fuel flow past the hanger:

To cause the valve (4, 20 to open sharply; i. €,
with*an increased acceleration or popping action,
the’ effective ares of the pintle 15, which in the
position- immediately following the initial seat

" openingis determined by the diameter d-of the

land- 16; is'made at least as large as the valve
opening-area to prevent a negative differential,

and preferably is made larger to' provide a valve’
The valve opening pressure’

opening differential.
area is'mainly ‘determined by the diameter of the

seat {4. -Inpractice, the effective diameter of the'

valve opéning area exposed to the lifting pressure

of the incoming fuel may be somewhat greater’

than the inner or minor diameter d’ of the seat
14 and somewhat less than the outside or-major

diameter d? of the seat, the exact diameter being:

partially influenced by such factors as surface
finish, fuel viscosity, static seat stress and the
rate of fuel supply. ’

The volume of the fuel space between the valve

seat 14 and the orifice 19 is a consideration in

the proper performance of the nozzle. This space.

consists mainly of the space between the pintle
i5 and the surface of the counterbore 21, the pas-
sages 25 and the space defined by the under-
cut' {7  and the groove 26 in the pintle; The

fuel in this space is exposed to the heat of. the'

nozzle tip, and part thereof may therefore be
gasified by residual heat during intervals between

injections, and caused to escape without »pr'op'er,

timing' into- the  engine "combustion chamber,
Gasified fuel entering the combustion chamber
during the exhaust’ stroke of the piston tends to

- 104
When the parts:dre assembled as:

3

In the:present: invention, improper combustion:
is: minimized ! or: entirely: avoided by, lintiting: thes
volume:of: the fiel space below: the valve:seat:to:
within. a permissible: maXimum; - The:volume:of:
the: space’ is made: as:small:as: fegsibly: possible:
in: relation: to: the: minimum: volitme-of. fuel. per:
injection, the:ratio being confined to:a; range:from:
0:to:1.. - Consequently, the volume:of the: fuel:in:
the space is mever in.excess of the:volume: of fiel:
periodically: supplied; even: at minimum:quantity:
requirements; .and’ as: the:rate- of- injection: i<
creases; ‘the ratio becomes: correspondingly’ less:
For- example,. the “fuel: space .may: be approxi:
mately; eight: cubic:millimeters: for present: small:

151 Diesel engines 'in- whieh:thes idling: fuel: charge:is:

30:

35

40

45

approximately: ten . tor twelve: cubic: millimeters;.
and’the 'full’ load:charge-is: approxithately fifty:
to sixty:millimeters peridjection.. ... ... .~

.. In:providing such:reduced .fitel .space; the:flow’

" 9@ area: of the passages.25 should; however,. be: res-

tained: sufficiently large to prevent: objectionabile:
flow restriction: I have found that:the minimum
flow area of the passages:25-should: be approxi~
maftely four times as large as:the maximunt flow:

-~ area of the orifice 19: For a given flow area; the

volume of the fuel space:is influenced: by- the:
length. of ‘the passages 25 in:turn: dependent: on:
the length of the pintle i5. Therefore, the pintle’
5-is provided with a length not below a: minis:
mum: sufficient to: satisfy inherent mechanical’
and hydraulic’ operating requirements of the:noz-:
zle, and not above a maximum. short: enotigh 'to
satisfy the maximum permissible volume require:-
ments:of the fuel space: It will be evident that:
location .of the spring 27 at the inlet: side;. in=:
stead of the outlet side, of the valve 14; 20;
facilitates the provision of the:desired lengtlizof
pintle and the: correct: proportioning of: related:
partS. . . . . : NS R

The- diametrical size of the pintle I5 may e -

varied within a certain range:depending on- the:

injection characteristics desired, and infiuences
the: dimensions of the other coacting. parts of the:
nozzle. A relatively small diameter is: best suited:
for high penetration. - As the diameter:is. re-

- duced, more clearance between-the pintle’ {5 and:

50
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result in.engine smoking., If the gasified fuel

enters the chamber at an improper time during

the compression stroke, detonation may result.
Consequently, if the volume of residual fuel in’

the space between the valve 14, 20 and the ori-

fice’ 19 is too large in relation to the total volume:

of‘each-charge per injection, the engine isilikely
to operate improperly and inefficiently. :
.- Improper combustion:is most likely to occur at.

idling operation. At this time, the ratio of the

volume of the fuel:space below the valve seat. to

the volume of the. fuel charge is at-a maximum..
If the ratio is sufficiently. in excess of one (1),

enough of the fuel in the space may be. gasified
and discharged during each period between suc-
cessive nozzle operations to thereupon permit each,
new fuel charge to merely refill the space’ with=
out causing the properly timed injection of liquid
fuel. - : S o

60

65

70
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the bore 6 is permissible for a given minimum:
orifice flow  area, and hence the thickness  of:
the fuel sheet is increased. Also, the annular:
spray has a shorter radial distance to -converge:
after issuing from the nozzle, and the: volume
of the fuel space below the valve seat. (4 ig re~
duced.. Conversely; as-the pintle diameter-is in~
creased, the issuing sheet of spray becomes thin-
ner, and has a greater: distance to converge so
that less penetration is obtained. S -
The diameter of the pintle I5 is made-stf-
ficiently large to permit the use ‘of the desired:
valve operating differential; and.at the-same time:
to provide adequate physical strength in the other
parts of the nozzle and an adequate flow area;
through the valve. I.have found that: the useful
range of pintle diameters d is from .040*’ t5.,120""-
‘The valve coperating differential is determined:
by the. ratio. of the circumscribed ares of the
valve. seat 4, when the valve is closed; to the
transverse area of the pintle 15. -Taking the
minor diameter 4’ as the effective seat diameter,’
the ratio may be expressed as .

: aNe | ra s

@@
Theoretically, the area differential so expressed.
bears a direct relationship to the ratio. of the:
valve closing pressure (VCP) to the valve' open-
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Ing: pressure .(VOP), and hence may also be ex-
pressed: as VCP/VOP. - By way.of illustration, if
the minor seat diameter d’ is taken as .06405’’,
providing a: seat area of .00322 square inch, and

the pintle diameter:d .is taken as .070’’, providing’

an area of .00385 square irich, the theoretical dif-
ferential ratio equals. .836. If the fuel pressure
required to open the valve against the action of
the spring 27 is taken as 1550 pounds per square
inch, . the valve closing. pressure will be 1297
pounds per :square inch, and the pressure differ-

ential- will be 253 pounds per square inch. In:

the present:-outwardly opening pintle nozzle, the
differential pressure and ratio: is:influenced. by
the.engine compression pressure. ‘This compres-
sion:tends to.increase the VOP, thus assisting
the spring 27 in closing the valve 14, 20 and in

maintaining the valve tightly closed between in-.

jection periods.  In. the foregoing. example, a
compression pressure of 450 pounds per square
inch, supplementing a five (5) pound spring 21,
would. :increase the VOP. to 2060 pounds' per
square-inch and the:differential pressure to 310
pounds per square inch,: =/

The differential of VCP/VOP .serves to: effect

quick- opening ‘and -closing of the valve 14, 20,

thereby protecting the valve seats against ca,vi-'

tation erosion. -This is especially desirable ‘at
low speeds where the rate of discharge from the
nozzle: is likely to  be materially - influenced by
factors other than the rate of fuel pump deliv-
ery. > The ratio of VCP/VOP may be varied as
desired: for different kinds ‘and sizes of engines,
and for different’ injection requirements.
found :that the-useful ‘ratio of VCP/VOP falls
within'a range of from .5 to 1. :

;. The.shank .or stem 30 extends axially through

the ‘bore:13; and coacts therewith to 'define an
annular flow passage through the valve seat '14.
THis passage should have a sufficient capacity to
avoid setting- up objectionable flow restrictions.
Therefore; the fransverse area of -the stem 30 is
limited by the circumscribed - seat area of :the
valve :14, 20. Since the diametrical size of the
head 31 is limited to permit.a sufficient amplitude
of :orbital rocking in-the lapping of the valve
seats, angd also for assembly through the seat, the
stem:area ‘must also be small enough to provide
an ‘adequate stress area on the shoulder 35. I
have found that the transverse stem area, which
is approximately twenty-five per cent. (25%) of
the full pintle area, should -have g ratio to the
circumscribed valve seat area commg withina
useful range of from 2 to .3.-

Another factor influencing the’ operation of the
nozzle is the weight of the moving parts. It is
desirable that this weight be as low-as poss1b1e
in relation to the maximum quant_lty of fuel per
injection 'so as to‘avoid or minimize mechanical
nozzle ‘noise- ‘at light loads, to reduce impact
noise and to reduce stress on the parts. In the
présent - outwardly ' opening pintle nozzle, the
weight 'of the moving parts is very low. This is
made possible because of the fact that the valve
seat 14, 20 is no larger'and may be made smaller
in area than the pintle 15, and because the weight
of the other parts may be proportmnately low.
I:have:found it desirablé that the ratio of the
weight of the moving parts affecting inertia to the
weight of the maximum quantity of fuel per
injection come within ‘a. range- of from 1 to 25.
The exact ratio is determined by dividing the

weight of moving parts affecting inertia.by. the:

weight of. the max1mum quantlty of  fuel . per
jnjection. o . .

[N
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The ‘height of rise of the pintle 15, i. e., the.
maximum stem displacement, also has desirable
limits. As the height of rise is increased, the
angle of thecontrol cone 17 can be advantageously

. reduced to obtain an injection spray of greater.

penetration for a pintle of a given diameter.
However, the pintle 15 will tend to act objection-
ably as a pump plunger if the height of rise is:

“too great. It is therefore desirable that the ratio

of the volume of maximum stem displacement to.
the maximum volume of fuel per-injection come.
within the range of from 0 to.l. - The exact ratio.
is determined by dividing the volume displaced
for maximum pintle movement by the maximum
volume of fuel per injection.

In operation, fuel under pressure, entermg the
bore 11 from the pump or other suitable source,
passes through the openings 34 and 36 in the
hanger 28, and acts on the valve opening area of
the seat 20. The fuel pressure increases rapidly,
and, when it exerts a force sufficient to overcome-
the opposing pressure of the spring 27, causes
the valve {4, 20 to open. ' As the valve starts-
to open, a small amount of fuel passes there-
through to the fuel space leading to the orifice.
19,-and builds up an opening pressure, by reason
of the orifice restriction, immediately - effective
on the full transverse area of the pintle {5 which
is larger than the initial valve opening area. This
increase in pressure area causes the valve 14, 20
to open sharply, i. e., with an accelerated or pop-.
ping action, and to move quickly into-a position.
of equilibrium in which the hydraulic force bal-.
ances the pressure of the spring 27T or into full
open position determined by engagement of the
shoulders 23 and 24.

‘When the valve 14, 20 is in closed p0s1t10n, m
has a sufficiently tight seat engagement by rea-
son of the surface finish to prevent seepage or
leakage until the maximum. valve obening pres-

sure is attained. During the initial opening

movement of the valve, the. minimum orifice.
opening is small due to the close fit of the pintle
15 in the bore 6, and remains constant. until the
land 16 is -moved out of the bore. The opening.
is sufficiently small to prevent excessive leakage
or injection of the fuel from the orifice 19 until
the flow area through the valve 14,.20 is ade-.
quate in relation to the orifice area to prevent,
flow restriction at the valve. The mechanical
friction of the moving parts is so low that a very
slight pressure. increase on the effective -trans-
verse pintle area will result in an additional pintle
movement. By reason of the foregoing condi-
tions, the valve opening movement is extremely
rapid, thereby resulting in a. desired high veloc-
ity of flow through the orifice I8, and a velocity
of flow through the valve particularly at initial
opening and final closing sufficiently low to avoid
valve seat erosion. It will be understood that
the extent of valve opening is determined by the
ultimate pressure of the fuel. For small injec-
tions, the pintle 15 in some instances may not be
displaced sufficiently to move the land (6 out of
the bore 6, and in this event, the minimum orifice
area is the idling orifice area. As the fuel pres-
sure is increased, the hydraulic force will be in-
creased to effect a greater spring compressmn
and consequenfly a greater pintle movement
within the mechanically defined limits. In the
case of large injections at relatively high pump
speeds, the hydraulic pressure may increase more
rapidly than the spring pressure, and therefore_.
cause the pintle 1§ to engage the height of rise.
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stop shoulder 24 which limits the valve. open-~
ing movement.

The fuel is discharged from the orifice 19 in
the form of an annular spray. As the pintle 15
is moved outwardly, the control cone 17 causes.
the flow area of the orifice 19 to increase progres-
sively. '

At or near the end of the-injection period, as

. determined by the cessation of fuel supply, the
hydraulic pressure on the full transverse area,
of the pintle 15 starts to drop to permit the spring
27 to return the valve 14, 20 progressively toward
closed position. This continues until the flow
.area through the valve is reduced to a point where
the hydraulic pressure at the outlet side of the’
valve starts to drop relatively to the inlet fuel
pressure. Thereafter, an unstable condition exists
between the oppositely acting hydraulic pressure
and spring pressure, and this condition tends to
close the valve with great rapidity. The final .
valve closing pressure.is lower than the initial -
valve opening pressure as determined by the dif-
ference in the valve opening area of the seat 20
.and the full transverse ares of the pintle I5.
When the valve is fully closed, it shuts eff the ,
supply of fuel to the orifice 19 and prevents any
possible return flow of gases from the combustion
space.

A modified form of nozzle tip e, generally simi-
lar to the tip { but differing therefrom in certain gg
-Specific respects hereinafter described, is illus-
trated in Fig. 8. The tip 12 has a tubular body 22
which is formed with an axial bore 42 closed at

" .one end by a wall 52, and which is provided at the
other end with a peripheral mounting flange 78, .3;
Opening through the wall 5% coaxially with the
bore 42 is a discharge bore 6* having an inter-
mediate counterbore defining a fuel distribution
chamber 26* and having a larger inner counter-
bore 31. A tubular sleeve or bushing 38 is tightly.
fitted into the counterbore 37, and is formed with

@& bore 39 coaxial with and of the same diameter

.as the bore 62, The inner end of the bore 39 is
counterbored to define g valve chamber 212 open-
ing flush with the inner.surface or face (02 of the .
wall 52 and to provide a narrow emergency stop
shoulder 242, A plurality of peripherally spaced

-internal longitudinal flow passages 252 .are

_broached in the sleeve 38 and serve to connect

. ‘the valve chamber 242 to the distribution cham_

-ber. 282,

Clesely fitted .1nto the bore 42 is a tubular valve

. seat member. 8 having an end wall 12% with an

outer surface or face 92 in engagement with the

face {02, and having an axial bore 28% opening %5

. to the wall 122 and formed with g counterbore
i-42 open to the other end. A tubular stop sleeve
49 is fitted within the bore 282 against the wall

128, and projects a short distance into the coun-

" terbore f1a Opening from the sleeve 40 through }60

| the end wall I2% to the valve chamber 2{= is 3
valve inlet passage or opening 132 terminating
in an annular fixed valve seat 142 of spherlcal

‘form.

A pintle 15 is reciprocable in the ahgned bores : 65
62 and 39, and is formed on its outer end with s

" narrow peripheralland 162 and a contiguous inner

- spray control cone 172 tapering inwardly there-
from through the distribution chamber 262. The
inner-end of the pintle 152 is formed with an.an- - 70
‘nular movable ‘valve seat. 202 of spherical form
adapted for engagement with the seat 142, and

" ‘with:a peripheral rib.22*:adapted for engagement

“with the shoulder 242 {0 1imit the outward move-

ment of the pintle. . As:in the form of Fig. 1, the :75-

5.
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.ronstltutes a safety stop to prevent the

- bore 6% extends.

- prifices -open from: the bore :6>- $hrough -the pro-
--jection 41

-desired number,:and may -be of any suitable form

5

-valve opemng pbressure area, which is defined by
‘the areéa circumscribed by.the. movable valve seat -
.202.and.exposed. to. the. Dbassage {32 when the valve
s closed is smaller than the full, transverse p1nt1e
area at the land 162
"The pintle {5* has an axial shank’ qr neck 362 -
of reduced diameter extending inwardly through
the valve passage 132 and the sleeve 49, and pro-
_vided at. its’ free end with .an enlarged head 3i=
presentmg a comcal abutment shoulder 352 facing
the valve. . A ¢ircular. disk hanger 282 is slidable
in . the :counterbore ‘12, and i§ formed with an
) y‘of‘fset socket 322 éngaging the ‘abutment
oulder 282 The. hanger 292 has a central open-

1ng 332 in; the socket 322 receiving the pintle shank
39 d

-an., eccentrlc clearance hole 342 inter-
g one.; side of .the opening 33s and of suffi-

.'01ent size to receive the head 3!a for assembly

A coil compression -spring 272 of pre-
'd «pressure encircles .the shank 302
40 and abuts at one end against

328, The hanger 29s
so 1s formed W1th notches 36a which with the
: .,34a prov1de a. ﬂow area, perm1tt1ng unre-
Sb cted fuel ﬁow to the valv’ S

'enrragement of the hanger 29a W1th the ad;acent

..end of the stop sleeve 40. The shoulder 242 merely
pintlehead |
m entering . the’ combustlon chamber in the
nt that the shank 30a should: break In nogz-
les; employmg a. high ‘rabe spring and prov1dmg

a comparatlvely large. helght of valve rise, the

normal helght of -rise. "stop . may be eliminated
since.the .spring pressure will ‘balance the hy-
dzauhc pressure at:a’ height of rise within the
i1 ofsvalve movement
The mod1ﬁed form of nozzle ‘tip perm1ts the
volume of the fuel space between the valve and
- th dlscharge orlﬁce 192 1o’ be matenally reduced.
Th1s reductxon in’ volume is .espemally advan-
tageous in reducmg smoke’ at idling operatlon
on the smallest D1ese1 engmes now in use. The

pmtle lSa “at the 1n1et s1de of the valve ‘thereby
reducmg the-volume of the. chamber 212 since
the  rib- 222 and the shoulder; 242 are compara~
t1vely small, The ﬁour broached down-take pas-
sages 252 which open to the 1ntermed1ate coun-'-.
ferbore 262 have no effect on the spray form so
that an 1mproved penetratmn and shape of spray
18, .obtained. In. general ‘a greater helght of valve

.. rise.is permitted, and therefore ‘the spray con-
_'»‘trol cone [T1ais, mater1ally reduced in -angularity.

‘As. . result, the fuel spray is more concentrated
and penetratmg whmh is very des1rab1e for.cer-

) tain types of combustmn chambers

A thiI‘d ‘form of the 1nventlon in vvhlch the

h '_pmtle is_adapted-for Valvmg multiple: hole -ori-

fices, is 1llustrated in “Fig. 10, -If-is-generally
slmvlar to the-formof ¥ig: 8, ‘and-hence corre-

_spondlng parts are identified by the same ref-
-erence numerals plus the letter b, and only the

dlﬁerenees -ate specifically.described,
Theend-wall 8.of thebody 8biis formed with

an axial conical: .projection-41 through which the

‘A plurality of diverging hole

"These orifices may be provided in any

and.arrangement for valvmg in:-any desired or-




" der. In the present instance, two orifices 42 and
' 43 are shown. They are in the form of straight

bores of the same diameter, spaced diametrically
opposite each other, and inclined to extend per-

. _pendicularly to the conical surface of the pro-

jection 41.-
The pintle 15 is formed on the outer end with
2. narrow peripheral land 16 slidable in the bore
6 to valve the orifices 42 and 43 and a con-
tiguous ‘short inner spray control cone IT° of
high sngle for directing the fuel from the cham-
" et 26° into the orifices. Preferably, the angle
_of the cone {1° is the same as that of the orifices
.42 and 43 so as'to avoid impingement of the
" fuel on the surfaces of the latter. The velocity
of the fuel is thereby maintained and caused to
. preak up the spray against the air into which,
the fuel is injected. ‘

The orifices 42 and 43 are located outwardly
of the pintle {5° when the valve 14p, 20% is closed,
as indicated in full outline. One orifice, 42, is
arranged to be opened immediately after move-
ment of the pintle 150 through the width of the
land 16, and the other orifice, 43, is arranged
to be. opened immediately after the first orifice
is fully open. Hence, the opening of the orifices
42 and 43 occurs in close sequence, although it is
" to.be understood that the orifices can be so ar-
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through which bolts (hot shown) may be iri-
serted to clamp the holder 2 in position. =~ "
The mounting flange T of the nozzle tip | is
positioned against the inner surface 58 of the
flange 49, a suitable gasket 54 being interposed
therebetween; and the tip projects through the
flange 49 to extend into the combustion chamber
Removably inserted into .the
holder body 46 is a cylindrical filter holder 55
having an axial stem 56 on one end extending
into the inner end of the bore {1 of the valve seat
member 8, and having an axial bore or passage
57 opening therethrough. The inlet end of the
bore 57 is formed with two counterbores 58 and
59 in which a fuel filter 60 is removably mounted.

- The filter holder 55 is formed on one end, at the

20

base of the stem 56, with a conical abutment sur-
face 61 adapted for fluid-tight engagement with
an annular mating surface 62 on the inner end
of the valve seat 8 coaxial with the bore IIl. "A
nut 63, with an outer hexagonal head 64 and an
axial bore 65 opening therethrough, is threaded
into the outer end of the bore 47 of the holder

* body 46, and is formed on the inner end with a

25
- the filter holder 55.

ranged that opening thereof will overlap or occur - -

simultaneously. ‘ .
" The inner end portion of the pintle 15 is sep-
arated from the control cone 11° by & eylindrical
section 44 of a smaller diameter, and is guided
" in the bore 39® which is of constant diameter
substantially through the sleeve 38°. Opposite
ends of the bore 39¢ are chamfered, and the
outer end of the guide portion of the pintle 15°
" is also chamfered and formed with inclined flats
45, to afford unrestricted ingress and egress of
the fuel to and from the down-flow grooves 25D,
" “In the initial opening movement of the valve
“{4b, 20, the land I6® starts to move across the
inner end of the orifice 42, As soon as the inner
‘edge of the land 16° reaches the orifice 42, the
latter starts to open. Thereaiter, the pintle 15°
continues to open the orifice 42 progressively.
 When the pintle 15 has fully uncovered the ori-
"fice 42, as indicated in the first dotted position,
it starts to open the orifice 43. The pintie 15°
' continues to open the orifice 43 progressively,
"'and when it has fully uncovered the latter, as
" jndicated in the second dotted position, the noz-
zle is fully open.
" The holder 2 is adapted to support any one of
' the nozzle tips I, I* and P in operative position
to. inject fuel into a combustion chamber (not
shown), and to connect the tip to a fuel supply
line leading from g suitable fuel source. Consid-
ering the nozzle tip- |, and referring to Figs. 1
to 4, the holder 2: comprises an outer body or
housing 46. Preferably, the holder body 46 con-
‘sists of an elongated generally tubular shell hav-
ing & longitudinal bore 41 and an external pe-
.-ripheral hexagonal mounting flange 48. Oneend
. of the body 46 is formed with an inner peripheral
flange 49 for holding the nozzle tip I, and has an
end surface 50-adapted to be clamped through
a sasket (not shown) against a mating surface
(not shown) in the engine cylinder head (not
‘shown) to provide a gas-tight seal. A clamp
- plate 51 closely encircles the outer end of the
" body 46, and engages the outer face of the mount-
" ing flange 48. The plate 5l is formed at oppo-
~site sides of the body 46 with suitable holes 52
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coaxial conical abutment surface 66 in fluid-
tight engagement with a mating surface 67 on
It will be seen that when
the nut 63 is tightened, it will clamp the hozzle
tip | and the filter holder 55 securely in position
within the holder 2 while maintaining sealed
communication between the aligned bores I,
57 and 65. : Co s
High pressure tubing from a fuel injection
pump or other fuel source (not shown) may be
suitably connected to the outer end of the nut
63. In the presence instance, a hollow fitting 68
is removably clamped with a pressure-tight seal
against the outer end of the nut 63 by a Yolt
69 threaded into the outer end of the bore 65.
The fitting 68 loosely encircles the shank of the
bolt 69, and has a laterally extending threaded

" nipple 10 adapted to be connected to the tubing.

The outer end of the nut 6§3 and the head of the

" bolt 68 are formed with opposed coaxial conical
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abutment surfaces 11 and 12 adapfed for pres-.
sure-tight engagement with mating surfaces 13
and 14 in opposite sides of the fitting 68. It
will be seen that when the bolt 68 is tightened,
the fitting 68 will be tightly clamped in position.
The bolt 69 is formed with an axial bore 15
which opens to the counterbore 59, and which
is connected through a plurality of intersecting
radial ports 76 in the shank of the bolt to the
interior of the fitting 62. )
The filter 68 may be of any suitable character,
and preferably is of the disk type. In the form
shown, the filter 60 comprises a cylindrical body
71 with a seal ring 18 fitted tightly within the

" counterbore 58. ~ A plurality of filtering disks 19
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" tions.
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are clamped in coaxial relation to the body 11
within and in peripherally spaced relation to
the counterbore 59. . )

In operation, fuel supplied from the source
passes through the fitting 68, the ports 16, the
bore 15, the filter 60 and the bore 57 to the
nozzle tip 1. ‘The holder 2 permits the filter. 69
to be installed without removing the nozzle tip i
from the engine. Being mounted directly :in
the nozzle holder 2, the filter 80 is located close
to the tip I, and requires no threaded:connec-

"The holder, with the filter, is disclosed and
claimed in my copending divisional ‘applicatio
Serial No. 534,440, filed May 6, 1944, 7~ _..:
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I claim as my invention: Lo
1. In a fuel injection nozzle, ‘in’ combmatmn
‘a casing having a fuel-inlet - valve passage. and
‘a-discharge passage opening ‘from ‘said . casing,
-an ‘outwardly opening valve controlling said in-
-let ‘passage:and having: an: annular seat-defining
a valve opening pressure darea,’a valve member
;and 4 :coil :compression :spring’ tending .to -en-
‘gage said :member ‘“with -said :seat, ‘the opening
:throueh said seat -constituting thie sole path .of
fuel inlet to said discharge passage, and ansout-
*waTdly ‘opening pintle:movable with said wvalve
smember:and having :an:inwardly tapered sym-
metrical: contrel :cone: gt ‘the outer-end coacting
bduring fuel‘discharge twith said discharge :pas-
“Sage to ‘défine ‘g -restricted -annular fuel -dis-
~gharge “orifice | in -uninterrupted ~commufiication
Awith -said wvalve,  said ‘pintle "having-an-integral
Hshynk “extending’ in peripherally spacéd relation
fhrough said- seat-and:having.an €fféctive pres-
'sure-area- larger ‘than :said-first mentioned area
‘and- exposed ‘t0-‘the:pressure ‘in-said:. discharge
~passage ‘and -‘acting -during fuel discharge ina
direction to 1ift said valve, the:oufer endofsaid
pintle -having a -marrow:¢ylindrical :land -area
~on $he periphery ‘and ‘being no larger in-diame-
‘ber than:said discharge:-passage.

-2.'Inq fuel -injection ‘nozzle, ‘in -combination,
~g,-¢asing ‘having 3 :fuel inlet:valve passage, and
-g-discharge passage :‘opening from said casing,
sgn outwardly opening valve ‘cortrolling: said in-

-ilet ‘passage -and ‘having-‘a seat ‘defining a valve
-opening -pressure -area,’a valve member and ‘a
“eoil- compression -spring "tending to -engage said
‘member-‘with :said seat, :said-passages being in
suinterrupted-communication: when'-said ‘valve-is
-gpen ~during ‘fuel  dischargée and ‘the opening
‘through said seat ‘constituting the sole path -of
Fuél'inlet-to said \discharge’passage, -and-an-out~
~wardly -opening pintle ‘movable ‘with-said valve
memberand having -an inwardly -“tapered-con-
--trol ~cone -coacting -with - said ‘discharge-passage
dufing Tuél discharge to “define a- restricted ‘fuel
“discharge-orifice increasing- progressively ‘inuni-
“foermly ;graduated flow- area as ‘said-valve-'moves
‘toward open-position, said pintle having ‘an in-
“tegral -shank --extending ‘in- peripherally’-spaced
>yélation - through -said <seat ‘and ‘having ‘a ‘net
vigffective pressure “area larger -than -said - first
~mentioned area and-exposed-to‘the pressure in
said ‘dlscharge passage ~and- ‘acting “during fuel
‘discharge in‘a-‘directionto lift ‘said  valve,  the
_ottter “end ‘Tace :of :said “control -cone’ ‘being -ex-~
~posed ‘directly to“the-exterior of said-nozzle -and

“béing ‘no ‘larger ‘in ‘area ‘than -the "transverse

grea -of -said dlscharge ‘passage in ‘the-plane” of
'said-orifice.
3. In a fuel injection’ nozzle, in combination, a
tip casing having -a ‘fuel inlet ‘pdssage and-a dis-
.‘Charge- bore, ‘an ‘outwardly “facing- anntilar valve
-seat formed ‘in said -passage ‘in-axigl  alignment
-wﬂ:h said“bore, a-pintle reciprocable in said-bore
“and coacting ‘with the outer edge "of “said bore
during fuel .discharge “to “define ‘an annular dis-

“charge orifice, an outwardly. opening valve seat,

’ “integral ith said pintle “and cogcting with said
“first. mentioned seat to défine an cutwardly open-
~ing valve Gontrolling $4id passage,.an axisl:shank
~on sdid pintle and .extending through said. first
.mentioned.seat,.a-valve hanger.connected to,said
" shank and.slidably.guided .in.said inlet passage
.-and-a- spring acting.on said hanger:at-thesinlet
+side-of said-valve:in.a: direction to-closesaid valve,
‘the-outer end-of:said pintle; being: formed with
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couteriend of 'said bore the'minimum,brifice area

‘during the initial opening movement: of:said
~xalve, :and ra ‘contiguous icontrol cone uniformly
dapering “inwardly /from said:land :for -defining

‘with sdid outer end: of: said:bore.a progressively

increasing: orifice::area iin the contmued opemng

‘movement-of said valve,:

-4, In-a fuel injection'mozzle, in combmatmn,

“tip ceasing having - fuel inlet:passagesand-a dis-~

‘charge bore, an outwardly facing: annular:spher-

tical‘concave fixed wvalve iseat formed in:saidipas-

‘sage -inaxial :alignment with:said:bore; d:gintle
reciproeable in said :bore and:coacting ‘withisaid

bore ‘to: define @ controlled discharge jorifice; van
-outwardly . -opening :spherical -convex. movable
valve 'sedt :integral ‘with: said: pintle-and: comple-

mental in shape to:and :ceacting: with:said -fixed

-seat to define 'anwoutwardly opening :valve scon-

trolling said passage, an :axial shank:on -gaid
pintle and extending through:said:fixed:seat-and

sinwardly :frem:said fixed :seat.:in peripherally

spaced :relation throughout fits:lemgth from dhe
wall of said-inlet:passage with clearancesto per-

-mit in the:assembling of 'said: nozzle lateral-oscil-
28’ :
sseats-aredn-engagement;a guide member remov-

lation .of :said shank insany-direction while isaid

ably engaged ‘with .the inner end:of :8aid shank
‘for-centeringsaid:shank during normal operation,
-and a spring ‘acting :on-said: shank :at sthe finlet
'side of -said:valve -in a- d:u:ectmn to close B axd

=B, In-a fuel: 1n3ectlon nozzle, in combmatmn 58,

t1p casing having -a fuel inlet passage and: 2 dis-
~Charge ‘bore, ‘an’ outwardly-facing annular:fixed
‘valve :seat formed in:said passage in:axial align-
~ment “with said bore;=a pintle : reciprocable iin
-said bore:and:coacting: during fuel-injection-with-
‘the outer edge of:saidibore:to.defineran anrlar

‘discharge- orifice,an outwardly: opetiing movable
valve seat-integral with said pintle and:cozcting
with said fixed seat to define:an outwardly-open-

:ing wvalve ‘having ‘a ‘valve .opening :pressure .4rea

-exposed to'said “passage, said vaive idefining and
.controlling the-sole path of ‘fuel flow from:said

‘passage - to ssaid ‘bore, ‘an :axial::shank :on:said

pintle 'and exteniding through said fixed. seat,:a
spring “hanger ~anchored :centrally ‘toithe rinner
‘end of :said shank, ard~acoil-compression spring

~:seated -at one end in:said: casing:dnd ‘engaging

:at.the:other end against:said hanger:and! acting
through:said-hanger:on- saidishank: at:the inlet

-side -of -said-valve 'in :a:direction to: closesaid
svalve, ssaid:pintle’ hiaving:a pressure:area’at the

outletside - of rsaid: walve larger :than 'said:first

‘mentioned ‘area and:acting :in @ d1rect1on to lift
ssaid valve during fuel discharge.. :

-16.: In:a: fuel injection nozzle, in: combma,tlon a

“tip:casing having a:fuel ‘inlet passage -and a;idis-

‘charge bore,:an “outwardly ;facing -annular fixed
valve seat formed in said passage.in-axial align-

~ment with-said bore, a pintle.reciprocable in said
‘bore and coacting:with:said hore to:define aicon-

trolled. :dischaxrge -orifice, an -outwardly -opening

- movable valve seat integral with said pintle:and

65

‘coacting with ssaid fixed seat:to define::an out-

“wardly-opening valvecontroling said passage;the
-oltter ‘end -of said pintle ‘being formed with- a

-tapered:control element to provide 4 progressive-

270

<y increasing :orifice -area:in the’ opening:move-
‘ment-of:saidvalve,and-with anarrow peripheral

:groove at ‘the inner “énd of said’elemert 6f-a,
diameter less thanthe minimum diameter of'said

““element, ‘downflow passages ‘formed ‘in ‘thé pe-

‘ripherdl wall of said ‘bore and: ‘opening‘from’said

~#& narrow 'peripheral dand for defining With ithe? T8 :yalve-along isaid pinitle 4o sdid. -groove, andspring
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‘means_.acting. on said p1ntle 1n a d1rect10n to
: close sald valve.: kS
T Ina -fuel 1nject10n nozzle, 1n combmamon,

+atip. ‘casing having:a fuel:inlet: passage’and a -

- discharge bore,:an outwardly facing anriular fixed -

valve.seat formed in said passage in: axial .align-
ment with said bore, a‘pintle! reciprocable. .in
‘said bore and coacting with said. boré to-control
-the .rate.of discharge’therefrom,. an outwardly
-opéning ‘movable ‘valve seat:integral  with said
pintle and coacting with saidfirst mentioned seat
<to :define an outwardly opening valve .controlling
“sald passage, an-.axial shank:on said:pintle and
-extending through'said fixed seat to:define there-

~with an annular valve passage, and spring means:.

- acting: on said shank: at: the .inlet side “of :said
“wvalve in:a‘direction to close:said-valve, the trans-
-verse area-of said shank having -a ratio to the
- eircumscribed sarea of sa1d ﬁxed seat w1th1n ‘a
-range of from .2 to .3." ;
.8, In & fuel: mJectmn nozzle 1n combmatlon a
::tip casing having a fuel inlet passage-and -a.dis-
charge:.bore;, an outwardly facing iannular fixed
valve seat formed in said pas$age-in axial align-

-ment with said bore, a. pintle reciprocable in said,

- boreand coacting with said bore. to:control the
rate:of ‘discharge therefrom, an outwardly open-
ing movable valve seat integrali with said pintle
.and coacting with said. first. mentioned seat to

410

DI Bt ]

25

~.define- an - outwardly: opening. valve' controlling:.s¢

said passage, an axial shank on said -pintle- and
.extending through said fixed seat: to define there-
-with an annular valve passage,;-and spring means
racting ‘on - said shank at the- inlet side .of -said

valve 'in:-a: direction 1o close isaid. valve, said:

shank in:said. valve passage having a transverse
-~ area.which is:approximately equal to one-fourth
.of ;the transverse-area -of said pintle and which
bears a ratio to the area circumscribed by -the

- inner circumference of said ﬁxed seat Wlthm af

.range of :from .2 to .3.° .

:9. In a-fuel injection nozzle, in combmatmn ‘8
:ﬂcasing having a fuel inlet passage and an outlet
+.passage; an. outwardly . opening sprihg-seated
~yalve -controlling. said inlet passage and: having
.8 seat defining a valve openingpressure area
-constituting the:sole fuel inlet to said outlet pas-
- sage, and :a pintle movable with said valve and
- coacting “with said outlet passage to . define an
-annular: fuel discharge orifice, said pintle having

a pressure area at the outlet side of the valve'as
:-large as- said first mentioned:area‘:and:respon-
sive during fuel injection to:the pressure of the
‘fuel when- said valve is.moved out of’closed po-

sition. and acting in a direction to lift said valve,

said pintle having -a:valve:stem extending in
spaced relation through :said ‘seat, rand - coiled
.-compression spring means c¢oacting with the inner
-end of 'said stem mwardly of sa1d seat a.nd tend-
mg to close:said valve. ! b
-10. In a fuel injection nozzle, in combmatmn ‘a
.casing having a fuel inlet:passage ‘and.an outlet
- passage, an outwardly opening spring-seated valve
.controlling 'said inlet: passage and having a-seat
- defining a.valve opening pressure area constitut-
ing-the sole fuel inlet to said outlet passage, and
,a:pintle movable with said 'valve and: coacting
-with said -discharge; passage to: define an orifice
_.for controlling the fuel discharge from the nozzle,

::said pintle having a pressure area.at the.outlet:

+side jof said.valve and adapted to act in a direc-
- tion-to lift said valve in response to the fuel pres-
..sure, the ratio-of said valve opening area to-said
:.last-mentioned pressure area-coming within.a
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valve is closed being retracted. at the point of
maximum diameter -within said outlet passage,

.said pintle having -a °valve .stem extending in

spaced relation through said seat, and. coiled

.compression spring means coacting with the inner

end of said-stem inwardly of sald seat and tend-
ing to close said valve.

11, In a fuel injection nozzle, in combxnatron a
tip casing having a fuel inlet. passage and a dis-

‘charge bore, an outwardly facing annular valve
-seat formed in said passage in axial alignment
‘with said bore, a pintle reciprocable in-said bore

and coacting with the outer edge .of said bore to
define an annular discharge-orifice,.an outwardly
opening valve seat integral with said pintle and:
coacting with said first. mentioned seat to define
an outwardly opening valve controlling said pas-

-sage, downflow passage means opening from said
- valve to said orifice, and spring means acting on
.said pintle in a direction to-close said valve, the -

ratio of-the volume of the fuel space between s_a_id
valve and said orifice to the volume of the mini-
mum. quantity of fuel per injection commg with-
in a range of from 0. to 1. »

12. In a fuel injection nozzle in combma.tmn
a casing having -a chamber, a fuel inlet passage
opening to said chamber, and an outlet passage

. opening from said chamber, an outwardly opening

spring-seated.valve. controlling said inlet passage

. and having a.seat defining a valve opening pres-
-Sure area, a pintle movable with said valve and
-coacting with said discharge passage to define a
_restricted fuel discharge orifice, said pintle hay-
~ing a pressure area:larger than said-first. men-
.tioned area and exposed to the.fuel pressure-in
. said chamber and acting in a direction to lift said
- valve during fuel discharge, and means;for limit-
.ing the maximum extent of valve movement; the
_ratio of the volume of maximum d13p1a.cement of

said pintle to the- maximum volume of fuel perin-

jectmn coming - within a range of from 0 to 1..
13. In a fuel injection nozzle, in combmatmn,

a tip ‘casing having a fuel inlet passage and a

.discharge passage, an outwardly opening sprmg-

seated valve controlhng said inlet passage, and.a
pintle movable with said valve and coacting - Wrth

. said discharge passage to.define & restricted fue]

discharge orifice, .the ratio of the weight of the
moving parts of the nozzle affecting inertia, to the
weight of the maximum quantity of fuel per.in-

14, In. a. fuel injection:nozzle, in combmatxon

_atip casing. ha.vmg a fuel inlet pa.ssage ‘and a,. dlS-
- charge bore, an outwardly facing annular fixed

valve seat formed in said passage in axial. ahgn-

- ment with said bore, a pintle reciprocable in said

bore and having a maximum diameter withm a

range.of from .040 inch to0.120 inch coacting with
_said bore to define an annular minimum. discharge
.orifice, -an.outwardly opening movable valve seat

integral with said pintle and. coacting: ‘with said

 fixed seat to define an outwardly opening, va,lve
) controllmg said passage and having a valve open~

_ing pressure area exposed to said passage, said

pintle Having a. Dressure area at the outlet side
of said valve and adapted to act in.a direction’ to

‘»'hft said valve in response to" the fuel pressure,
_the ratio of said valve, opening area to said last-

" ‘mentioned pressure area, coming within 3 range of

70:’ from .5 to 1, the ratio of the volume of the fuel

space between said valve and said orifice to° ‘the

" minimum  volume' of- fuel :per - injection ‘coming

- range- of from -5 :to .1, said: pintle -when. said 75~

" within a range:of-from 0 to 1, an axial shank -on

sald pintle and extending through said fixed seat,
-the ratio of the: transverse ‘area:of said shank
‘at said valve to the ‘area circumscribed: by the
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inner circumference of said fixed seat coming
within a range of from .2 to .3, and spring means
acting on said shank at the inlet side of said valve
‘in:a direction to.close said valve, . .

15, In a fuel injection nozzle, in combmatlon
2 tip casing having a fuel inlet passage and a dis-
charge bore, an outwardly facing annular fixed
valve seat formed in said passage in axial align-
ment with said bore, a pintle reciprocable in said
bore and having a maximum diameter within a
range of from .040 inch to .120 inch coacting with
said bore to define an annular discharge orifice,
an outwardly opening movable valve seat integral
with said pintle and coacting with said fixed seat
to define an outwardly opening valve controlling
sald passage and having a valve opening pres-
sure area exposed. to said passage, said pintle hav-
ing a pressure area at the outlet side of said
valve and adapted to act in a direction to lift said
valve in response to the fuel pressure, the ratio
of said valve opening area to said last-mentioned
Dpressure area coming within a range of from .5 to
1, the ratio of the volume of the fuel space be-
tween said valve and said orifice to the minimum
volume of fuel per injection coming: within a
range of from 0 to 1, and spring means acting on
said pintle in a direction to close said valve.

:16. In a fuel injection nozzle, in combination,
3 tip casing having a fuel inlet passage and a dis-
charge bore, an outwardly facing annular fixed

valve seat formed in said passage in axial align- *

ment with said bore, a pintle reciprocable in said
bore and having a maximum diameter within a
range-of from .040 inch to .120 inch coacting with

10

said bore to define an annular discharge orifice, .

an outwardly opening movable valve seat integral
with said pintle and coacting with said fixed seat
to define an outwardly opening valve controlling
said passage and having a valve opehing pressure
area exposed to said passage, said pintle having
a pressure area at the outlet side of said valve
and adapted to act in a direction to. lift said
valve in response to the fuel pressure, the ratio
of said valve opening area to said last-mentioned
bressure area coming within a range-of from .5 to
1, and spring means acting on said pintle in s
direction to close said valve,

17, In a fuel injection nozzle, in combination,
a tip casing having a fuel inlet passage and a dis-
¢harge bore, an outwardly facing annular fixed
valve seat formed in said passage in axial align-
ment with said bore, a pintle reciprocable in said
bore and having a maximum diameter within a
range of from .040 inch to .120 inch coacting with
said bore to define an annular discharge orifice,
an outwardly opening movable valve seat integral
with said pintle and coacting with said fixed seat
to define an outwardly opening valve controlling
said passage, the ratio of the volume of the fuel
space between said valve and said orifice to the
minimum volume of fuel per injection coming
within a range of from 0 to 1, an axial shank on
said pintle and extending through said fixed seat,
the ratio of the transverse area of said shank at
said valve to the area circumscribed by the inner
circumference of said fixed seat coming within
a range of from .2 to .3, and spring means acting
on said stem at the inlet side of said valve in a
direction to close said valve.

18, In a fuel injection nozzle, in combination,
a tubular tip casing having a closed end wall
with an axial discharge bore opening there-
through and formed with a counterbore in the
inner end presenting an inwardly facing annular
stop shoulder, a. tubular valve seat member re-
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movably disposed in said casing and having an 75
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outer end wall engaging said first mentioned
wall and formed with a valve inlet passage in
axial alignment with said bore, a spherical fixed
annular valve seat formed in said last mentioned
wall at the outlet end of said passage, the inlet
end of said passage being flared inwardly from
said seat, a pintle having a cylindrical stem
slidable in said-bore and an axial shank extend-
ing inwardly through said passage, a movable
spherical annular valve seat formed on the inner
end of said stem and coacting with said fixed
seat to define an outwardly opening valve for
controlling said passage; spring means in said
seat member aclting on-said shank in a direction
to close said valve in opposition to the pressure
of the fuel, the outer end of said pintle being
formed with a peripheral land area and a con-
tiguous inwardly -tapered control cone movable
progressively across the outlet edge of .said bore

y in the opening movement of said valve.and co-

acting ‘therewith to define an annular- disecharge
orifice, and a peripheral abutment:shoulder on
said stem and movable in said counterbore for
engagement with said stop shoulder to 11m1t the
height of rise of said valve..

19. In a fuel injection nozzle; in combination,
a tubular tip casing having a closed end wall
with an. axial discharge bore opening there-
through, a tubular valve seat member slidably
disposed in 'said casing and having an outer end
wall engaging said first mentioned wall and
formed with a valve inlet passage in axial align-
ment with said .bore,. a spherical fixed :annular
concave valve seat formed in said last mentioned
wall at the outlet end of said.passage,. the inlet
end of said passage being flared inwardly from
said seat, a pintle having a cylindrical stem slid-
able in said bore and an axial shank extending
inwardly through said passage, a2 movable spheri-
cal annular convex valve seat formed on the
inner -end -of said stem .and coacting with said
fixed seat to define an outwardly opening valve
for-controlling said passage, and spring means
in said seat member acting on said shank in g
direction “to close said valve in oppos1t10n to
the pressure of the fuel,

20. In a fuel 1nJect10n nozzle, in combination;
a-tubular tip casing having a closed end wall
with an axial discharge bore opening there-
through and formed with a counterbore in the
inner end presenting an inwardly facing annular
stop shoulder, a tubular valve seat member slid-
ably disposed in said casing and having an outer
end wall engaging said first mentioned wall and
formed with a valve inlet passage in axial align-
ment with said bore, a fixed annular valve seat
formed in said last mentioned wall at the out-
let: end of said passage, a pintle having a cylin-
drical stem slidable in said bore and an axial
shank extending inwardly through said passage,
a movable annular valve seat formed on the
inner end of said stem and coacting with said
fizxed seat to define an outwardly opening valve
for controlling said passage, spring means in
said seat member acting on said shank in a di-
rection to close said valve in opposition to the
pressure of the fuel, and a peripheral abutment
shoulder on said stem and movable in said coun-
terbore for engagement with said stop shoulder
to limit the height of rise of said valve.

21. In a fuel injection nozzle, in combination,
a tip casing having a closed end wall with an
axial discharge bore opening therethrough and
formed with a counterbore in the inner end, an
internally longitudinally splined sleeve ﬁtted in
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said counterbore and being formed with a coun-
terbore presenting a. stop shoulder, a tubular
valve seat member slidably disposed in said cas-
ing and having an outer end wall engaging said
first mentioned wall and formed with a valve
inlet passage in axial alignment with said bore,
a fixed annular valve iseat formed in said last
mentioned wall at the outlet end. of said pas-
sage, a pintle having a. cylindrical stem slidable

in said bore and said sleeve and an axial shank

extending inwardly through said passage, a mov-
able annular valve seat formed on the inner end
of said stem and coacting with said fixed seat
to define an. outwardly opening valve for con-
trolling said passage, spring means in said seat
member acting on said shank in a direction to
‘close said valve in opposition to the pressure of
the:fuel, means in said seat member for limiting
the height of rise of said valve, and a peripheral
safety abutment shoulder on said stem and mov-

able in said last mentioned counterbore for en-

gagement with said stop shoulder in the event
said last mentioned means becomes ineffective.

22. In a fuel injection nozzle,; in combination,
a tubular tip casing having a closed end wall
with an axial discharge hore. opening. there-
through, a tubular valve seat member disposed
in said casing and having an outer end wall
engaging said first mentioned wall and:formed
with a valve inlet passage in ‘axial alignment
with said bore, a fixed annular valve seat formed
in said last mentioned wall at the outlet end
of said passage, a pintle having a stem slidable
in said bore and an axial shank extending in-
wardly through said passage, a movable annular
valve seat formed on the inner end of said stem
and coacting with said fixed seat to define an
outwardly opening valve for controlling said pas-
sage, an anchor head on the free end of said
shank, an apertured hanger disk having a socket
loosely receiving said shank and engaging the
base of said head for limited relative angulation,
a compression spring seated in said member and
acting against said disk in a direction to close
said valve, and a stop sleeve in said member dis-
posed for engagement by said disk to limit the
opening movement of said valve. .

23. In a fuel injection nozzle, in combma.tlon,
a tubular tip casing having a closed end wall
with an axial discharge bore opening there-
through, a tubular valve seat member removably
disposed in said casing and having an outer end
wall engaging said first mentioned wall and
formed with a valve inlet passage in axial align-
ment with said bore, a spherical fixed annular
valve seat formed in said last mentioned wall
at the outlet end of said passage, the inlet end
of said passage being flared inwardly from said
seat, a pintle having a cylindrical stem slidable
in said bore and an axial shank extending in-
wardly through said passage, a movable spherical
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‘annular. valvé seat formed on the inner end of
'said stem -and coacting with said fixed seat. to
define an outwardly opening valve for controlling

said passage, spring means in said seat member
acting on.said shank in a direction to close said
valve in opposition to the pressure of the fuel,
the outer end of said pintle being formed with a
peripheral land area and a contiguous inwardly
tapered control cone movable progressively across
the outlet. edge of said bore in the opening move-
ment of said valve and coacting therewith to
define an annular discharge orifice, and positive
stop means adapted for engagement to limit the
maximum height of rise of said valve.

24, Ina fuel injection nozzle, in combination,
a casing having a fuel inlet passage and an out-
let passage, an outwardly opening spring-seated
valve controlling said inlet passage and having
a seat- defining a valve opening pressure area
constituting . the sole fuel inlet-to said' outlet
passage, and a pintle movable with said valve
and coacting with said outlet passage to define
an annular - fuel discharge orifice, said pintle
having a pressure area at the outlet side of the
valve as large as said first mentioned area and
responsive dquring fuel injection to the pressure
of the fuel when said valve is moved out of
closed position and acting in a direction to lift
said valve, said -pintle having a valve stem ex-
tending - in spaced relation through said-seat,
coiléd compression-spring means coacting with
the inner end of said stem inwardly of said seat
and - tending to close said valve, and positive
stop means adapted to act on said stem for
limiting: the maximum height of nse of sa.id
valve.-: :

25. In-a fuel 1nJect10n nozzle, in combination,
a-‘hollow casing having a fuel inlet passage and
an outlet passage, an outwardly opemng spring-
seatéd valve controlling said inlet passage and
having a seat defining a valve opening pressure
area constituting the sole fuel inlet to said Outlet
passage, a pintle movable with said valve and co-
acting with said outlet passage to define an an-
nular-fuel dlscharge orifice, said pintle having a
pressure -area at the -outlet side of said valve
larger than said first mentionedarea ‘and re-
sponsive-during fuel injection to the pressure
of the-fuel when-said valve is moved out of
closed posmon and acting in a direction to lift
said valve, a stem on said pintle extending in
spaced ‘relation through -said seat, coiled com.-
presswn spring means coactlng with the inner
end of said stem inwardly of said seat and tend-
ing to close said valve, a member anchored to
said stem for movement therewith and slidably
guided in said casing, and means in said casing
presenting’ a stop shoulder-arranged for engage-~
ment by -said member to lim1t the helght of rise
of sald Valve )
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