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ABSTRACT OF THE DISCLQSURE 

A fuel injection nozzle of the multiple ori?ce type 
suitable for use in compression ignition engines and hav 
ing a pintle displaceable by fuel pressure to open a valve ' 
to allow the fuel to be discharged through the ori?ces, the 
nozzle and the pintle being provided with lands and 
grooves whereby the effective area between the pintle and 
the nozzle body for ?ow of fuel therethrough can be 
varied to control the rate of discharge of fuel through the 
ori?ces in accordance with engine operating requirements, 
for example, an initial high discharge rate followed by a 
lower discharge rate, and ?nally a higher discharge rate 
to provide a suitable combustion mixture in the engine 
cylinder. 

This invention relates to fuel injecting systems for in 
ternal combustion engines and, more particularly, to fuel 
injection nozzles, wherein the fuel ?ow rate may be con 
trolled so as to operate an internal combustion engine 
more ef?ciently. 

Injection nozzles currently in use include a body hav 
ing a bore in which a pintle member is slidably mounted, 
a communicating conduit formed in the body connecting 
a cavity section of the bore to a source of pressurized 
fuel, and an annular passage provided in the bore be 
tween the pintle and the body providing communication 
from the cavity to the discharge ori?ces or ports in the 
nozzle tip through which fuel is injected into the engine 
for combustion therein. The pintle member normally is 
urged by resilient means against a valve seat in the nozzle 
to prevent injection of fuel into the engine. An enlarged 
piston area on the pintle member is subjected to the pres 
sure of the fuel in the nozzle, such that when the fuel 
Within the cavity reaches a predetermined opening pres 
sure, the force exerted upon the piston area of the pintle 
lifts the pintle from off its seat allowing fuel to be dis 
charged from the nozzle. As the pintle continues to move 
away from its seat, the fuel ?ow rate increases until a 
maximum flow rate is reached. Thereafter, the fuel ?ow 
rate will be maintained at this level until the pressue of 
the fuel diminishes, at which time the pintle will reseat, 
and the fuel flow will be shut off. 
The present invention is an improvement in fuel in 

jection nozzles, whereby the ?ow rate of fuel injected 
through the nozzles may be varied to provide rates which 
are more in keeping with the functional requirements of 
internal combustion engines. 
More particularly, by use of the invention, the flow 

rates may be varied by providing one or more lands and 
grooves on the pintle body and cooperating lands on the 
nozzle body. The lands and grooves are so related that 
when the pintle is moved from its seat, and when a cor 
responding land on the body is adjacent to the corre 
sponding land on the pintle, the area of the passage for 
the flow of fuel to the nozzle will be reduced, and the 
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fuel flow rate will be also reduced; and when the land is 
adjacent to a groove, the area of the fuel passage will be 
increased and the ?uel ?ow rate increased. 
For a better understanding of the present invention, 

reference may be had to the accompanying drawings, in 
which: 
FIGURE 1 is an illustrative view in cross-section, par 

tially broken away, of an injection nozzle embodying the 
invention; 
FIGURE 2 is an enlarged cross-sectional view of the 

nozzle of FIGURE 1, partially broken away; 
FIGURES 3 and 4 are views in cross-section, partially 

broken away, illustrating several other embodiments of 
the invention; 
FIGURE 5 is a sectional view taken along line 5——5 

of FIGURE 1; 
'FIGURE 6 is an illustrative graph showing the fuel 

?ow rate in relation to time for the embodiment of FIG 
URES 1 and 2; and 
FIGURE 7 is a graph of fuel ?ow in relation to time 

for the embodiments of FIG-UR'E'S 3 and 4. 
In FIGURE 1, an injection nozzle 10, adapted to spray 

or .atomize fuel into the cylinder or into- a precombustion 
chamber of an internal combustion engine or the like, 
includes a body 11 provided with a bore 12 extending 
therethrough. Just after the cylindrical section 12a of 
the bore 12 is a cup-shaped cavity 12b of generally great 
er diameter than the cylindrical section 12a. A conduit or 
duct 14, formed in the body 11, communicates with the 
cavity ‘12b, and by being connected to a source of pres 
surized fuel, permits the fuel to be conducted into the 
cavity 12b, down through ‘a cylindrical section 120, 
formed just forward of the cavity 12b, into a channel 12d 
in the nozzle tip. 
The channel 12d, provided at the forward end of the 

body 11, has a frustoconical seat 15, which is interposed 
between the cylindrical section 120 and a cylindrical ap 
proach section 16‘. Located at the forward end of the 
section 16, the tip of the nozzle body 11 has a plurality 
of small ori?ces 18 provided therein, which are adapted 
to spray or atomize the fuel as it passes therethrough 
under pressure. It will be understood, however, that any 
number of ori?ces 18 may be employed with the noz 
zle 14}. 
A pintle member 20, having sections of varying cir 

cular cross-section, is slidably mounted within the bore 
12 of the body 11. The rearward cylindrical piston sec 
tion 20a of the pintle is lap ?t within the cylindrical sec 
tion 12a of the body 11, so as to prevent the escape of 
any fuel from the cavity 12b out through the rear end of 
the body 11. The pintle 20 has a piston face, embodied 
by an inclined or frustoconical surface 20b, positioned 
just forward of the rearward section of the cavity 12a 
when the pintle 20 is in the position shown in FIGURE 
1, which provides a transition from the larger cylindrical 
section 20a of the pintle 20 to a somewhat smaller cy 
lindrical section 200. The piston face 20]) need not be 
inclined but could, for example, be perpendicular to the 
central axis of the pintle 20. The forward end of the cy 
lindrical section 20c, in turn, merges into a land having 
a frustoconical surface 20d, which provides a transition 
to a much shorter cylindrical section 20e with a smaller 
cross-sectional area than section 20c. The cross-sectional 
area of the section 20:: does not, of course, necessarily 
have to be smaller than the cross-sectional area of the 
section 200. 
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_ A's shownpin FIGURE 1, when no fuel is being in 
jected, a conical valve portion 20f, disposed adjacent the 
section 219e, engages the frustoconical seat 15 thereby 
preventing the discharge of fuel through the channel 12d 
and ori?ces 18. A plunger member 22 bears against or 
extends from the rear end of the pintle 2t} and is engaged 
by a compression spring 23 which also engages an ad 
justment member 24. The spring 23 normally urges the 
pintle 20 into a seated position, thereby preventing any 
flow of fuel from the nozzle 10. The member 24 may be 
threaded ‘and, by rotation, increases or decreases the com 
pression of the spring 23, acting upon the plunger 22, to 
vary the pintle opening and closing pressures. 

Pressurized fuel, supplied by a fuel pump, is fed through 
the conduit 14, into the cavity 12b, and from the cavity 
125 along the passage 26, that portion of the section 12c, 
de?ned between the cylindrical section 12c and the body 
11. As shown in FIGURE 5, the passage 26 is annular in 
cross-section. When the fuel pressure reaches a selected 
value, it provides a force by acting on the piston 20!; 
of the pintle 20, which overcomes the pressure of the 
spring 23 to the extent that the pintle will lift off the 
seat 15, and, as a result, fuel will flow from the passage 
26 into the channel 12d and through the tip ori?ces 18. 
The present invention illustrates a means of develop 

ing a fuel ?ow rate which is more in keeping with the 
functional requirements of the operated device. For ex 
ample, if an internal combustion engine requiresv a fuel 
?ow rate as illustrated in FIGURE 6, the embodiment of 
FIGURES 1 and 2 can be employed to accomplish same. 

Just rearward of the land 20d on the pintle 20 is a 
groove 30. A raised or land portion 33 is provided in the 
nozzle body 11 and is arranged just rearward (in the no 
?ow condition) of the land 20d of the pintle 20, so that 
it is adjacent to the groove 30 of the pintle 20. In this 
position, the ?ow area of the passage 26 will be relatively 
unobstructed. When the fuel pressure is raised to a se 
lected opening level, and as the pintle 20 begins to move, 
the ?ow rate will increase. However, shortly thereafter, 
when the land 20a‘ on the pintle 20 is aligned or substan 
tially coplanar with the land 33 on the body 11, the area 
of the passage 26 between the lands is reduced and the 
fuel flow rate will also be reduced. 
As illustrated by the graph of FIGURE 6, as long as 

the lands 20d and 33 remain in alignment, the fuel ?ow 
rate will be held relatively constant at a diminished value. 
However, when the land 20d on the pintle 29 is ?nally 
moved to a position where it is completely behind the 
land 33 on the body 11, the ?ow area of the passage 26 
will be increased, and the fuel ?ow rate will again in 
crease up to the maximum value. Thereafter, of course, 
as the pressure of the fuel diminishes, the pintle 20 will 
again reseat and shut off the fuel ?ow. 
FIGURE 7 illustrates another ?ow rate which is effec 

tive for operating other internal combustion engines. The 
structures of FIGURES 3 and 4 will both a?t'ect substan 
tially the fuel flow rate shown in FIGURE 7. 

In FIGURE 3, a piston face embodied by an inclined 
surface 12% is located ‘rearward of a cavity 112b, and 
a land portion 135 is provided on the body 111, intermedi 
ately between the piston area 120a and the cavity 1121). 
Provided on a cylindrical section 1200 of the pintle 120 
is a land 136, which in the illustrated seated position, is 
adjacent to the cavity 112!) and the outer end of the an— 
nular passage 126 around the pintle 120, which com 
municates with the passage 112d in the'nozzle tip. In 
operation, when the fuel pressure, acting on the piston 
112a, reaches a selected value, the pintle will begin to 
lift from off a seat 115, and fuel will ?ow from the pas 
sage 126 into a channel 112d and through the tip ori?ce 
118. 

Initially, with the land 136 adjacent to the cylindrical 
section 1126‘, the fuel ?ow rate will reach an intermediate 
value. This intermediate ?ow rate will remain substantially 
constant until the land 136 on the pintle 12G moves away 
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from the cylindrical section 1126 of the body 111 into 
the cavity 112b, increasing the area of the annular passage 
126. At this time, the fuel ?ow rate will increase rapidly 
up to some maximum value. Thereafter when the fuel 
pressure is su?iciently reduced, the pintle 120‘ will again 
reseat and block the communication of the pressurized 
fuel with the channel 112d 
FIGURE 4 is a variation of the FIGURE 3 arrange 

ment, wherein a raised land 238 is disposed on the body 
211, adjacent to the section 22% of the pintle 220, when 
it is seated. In the seated position, the annular passage 
area 226 is reduced in an area adjacent to the surface of 
the cylindrical section 2200. When the pintle 220 raises 
so that the inclined surface 220d is adjacent to the rear 
ward edge 240 of- the land 238, the area of the annular 
passage 226 will be increased, and consequently the fuel 
flow rate will rapidly increase to a maximum value. 

In the illustrated embodiments of FIGURES 2—4, the 
injection nozzle is provided with a‘cavity, located rela 
tively far from its'ori?ces, which is the general con?gura 
tion used for compression ignition engines, inasmuch as 
it avoids the binding of the pintle in the body from over 
heating by removing the closely ?tting parts of the pintle 
and the ‘body from proximity with the combustion cham 
ber of the engine. However, injection nozzles are also in 
use wherein the cavity is relatively close to the ori?ce, 
and of course, it will be understood that the present inven 
tion may also be applied therewith. 

In the operation of all of the illustrated embodiments, 
the annular passage area is, by the provision of various 
lands and grooves on the pintle and the body, adapted to 
be reduced ‘in one position of the pintle and increased in 
another thereby providing a means for varying the fuel 
?ow rate. 

Therefore, it will be understood by those skilled in the 
art that the above described embodiments are meant 
to be merely exemplary, and that they are susceptible to 
modification and variation. For example, in the preferred 
embodiments, an annular passage is de?ned between a 
cylindrical section and the body; however, it will be under 
stood that this passage is not limited to an annular con 
?guration. Therefore, all such variations and modi?ca 
tions are included within the scope of the invention as set 
forth in the appended claims. 

I claim: 
1. A fuel injection nozzle for internal combustion en 

gines comprising a nozzle body having a central bore, a 
hollow tip‘ containing a plurality of ori?ces adjacent to 
one end of said body and communicating with said bore, 
a valve seat in said body between said bore and said tip, 
means for introducing fuel under pressure into said bore, 
a pintle movable lengthwise of said bore and of smaller 
cross-section than said bore to afford a passage for flow 
of fuelfrom said means for introducing fuel to said ori 
?ces, a valve portion on and adjacent to one end of said 
pintle movable therewith into and out of engagement with 
said valve seat, a ?rst annular land on said body extending 
into said bore toward said pintle and spaced lengthwise of 
said bore from said valve seat, a second annular land on 
said pintle further to position said lands in spaced opposi 
portion and disposed between said ?rst land and said valve 
seat when said valve portion engages said seat and means 
responsive to pressure of fuel introduced into said bore 
for moving said pintle to disengage said valve portion from 
said seat and (1) allow fuel to ?ow to and discharge 
through said ori?ces at a predetermined rate, (2) move 
said pintle further to posiiton said lands in spaced opposi 
tion to provide a restricted passage for ?ow of fuel there 
through and reduce the rate of ?ow of fuel to and through 
said ori?ces, and (3) move said pintle still further and 
position said lands in olfset relation to increase the rate of 
flow of fuel to and through said ori?ces. , 

2. The nozzle set forth in claim 1 comprising a groove 
in said pintle opposing said ?rst land when said valve 
portion engages said valve seat and prior to movement 
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of said lands into opposition to provide a higher fuel ?ow 2,214,757 
rate than when said lands are opposed. 3,249,308 
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