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This invention relates, as indicated, to spray 
nozzles, but has reference more particularly to 
improvements in spray nozzles or injection valves 
of the type used in internal combustion engines, 
such for example, as those illustrated in Figs. 1 
to 5 inclusive of Patent No. 2,101,064, granted 
to me December 7, 1937. 
The ideal characteristics for a spray nozzle of 

injection valve to be used in an internal com 
bustion engine operating on compression : igni 
tion (Diesel type) are: 

1. Mechanical reliability and freedom from 
clogging. 

2. The production of a fine spray at all rates 
‘and preSSures of injection, So as to reduce ig 
nition lag to a minimum. 

3. The correct form and directional effect to 
reduce ignition lag and enable the fuel to reach 
all of the air in the combustion chamber when 
the engine is operating at full load. 

4. High spray velocity. 
5. Freedom from “bounce” or secondary dis 

charge, . 
6. Substantially instantaneous response to 

pressure fluctuations. 
7. Either constant penetrability of the spray 

irrespective of the degree of pressure or amount 
of fuel injected, or turbulence of the air, or a 
'sweeping' spray in order to avoid “burned out' 
ZOneS and reach all of the air in the combustion 
chamber. 
The present invention has as its primary ob 

ject the provision of a spray nozzle of the type 
described having the foregoing characteristics, 
and consisting of a minimum number of inex 
pensively manufactured and readily assembled 
parts. 
To the accomplishment of the foregoing and 

related ends, said invention, then, consists of the 
means hereinafter fully described and particular 
ly pointed out in the claims; the annexed draw 
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ing and the following description setting forth 
in detail certain mechanism embodying the in 
vention, such disclosed means constituting, how 
ever, but One of various mechanical forms in 
which the principle, of the invention may be 
used. 

In Said annexed drawing: 
Fig. 1 is a cross-sectional view of a preferred 

form of spray nozzle; 
Fig. 2 is a transverse cross-sectional view of 

the preferred form of nozzle taken on the line 
2-2 of Fig. 1; 

Fig. 3 is a view similar to Fig. 1, but showing 
the lower portion of a modified form of nozzle; 5 5. 

Fig. 4 is a plan view of the lower end of the 
nozzle of Fig. 3; 

Figs. 5, 6 and 7 are enlarged views of the end 
of the nozzle shown in Figs. 3 and 4, showing 
the effect of variations in the fuel pressure; 

Figs. 8 and 9 are views similar to Figs. 3 and 4 
respectively, but showing still another modified 
form of nozzle; and 

Figs. 10 and 11 are cross-sectional views of 
modified forms of nozzle couplings. 
Referring more particularly to Figs. 1 and 2 

of the drawing, the nozzle therein shown will 
be seen to comprise a body member having 
at its upper end a hexagonal head 2 and at its 
lower end an exteriorly threaded portion 3 of 
reduced diameter, whereby the nozzle may be 
secured in a threaded aperture formed therefor 
in the wall of the cylinder of the engine to which 
the nozzle is applied, the nOZZle being thUS ap 
plied as by applying a wrench to the head 2 
thereof. The body member. has a cylindrical 
bore extending axially therethrough, the Wall of 
the central portion of this bore being threaded 
as at 4 to receive the upper threaded portion 
of a valve member 5, and the Wall of the upper 
portion of the bore, which is of greater diameter 
than the central and lower portions thereof, be 
ing threaded as at 6 for the reception of a nut 
, the function of which will be presently de 

scribed. The body member f is preferably formed 
of hard steel. 
The valve member 5 is preferably formed from 

a highly elastic material, such as tool steel, 
which is resistant to the eroding effect of fuel 
flowing therethrough at high velocities. It has 
a central portion 8 of reduced diameter, So as 
to localize the elastic deformation of the valve 
member resulting from the pressure of the fuel 
flowing therethrough, and a spray head 9, the 
lower end of which is slotted as at fo for en 
gagement by a screw driver, whereby the valve 
member is secured within the body member . 
The valve member has an axial bore or passage 
way extending from the upper end thereof 
to a point just below the central portion 8, where 
it communicates with an axial bore 2 of Smaller 
diameter than the bore . The bore 2 extends 
to approximately the center of the spray head, 
where it communicates with a plurality of ra- . 
dially extending passages 3, which, in turn com 
municate with an annular groove 4 in the pe 
riphery of the spray head. The portion of the 
Spray head directly above the groove 4 is Wer 
tically slotted at points 5 spaced to correspond 
with the outlets of the passages 3, and this 
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elongation of the valve member, which does not 
exceed a few thousandths of an inch, and which 
takes place easily in view of the relatively loose 
fit of the parts. Moreover, the nozzle is rea 
Sonably free from liability to become clogged, 
because the accumulation of any foreign matter 
in the nozzle would tend to increase the resist 
ance to flow of the fuel, thereby creating more 
pressure and causing the valve member to be 
come further elongated than normally, so that 
the outlet orifice or orifices would become en 
larged to the point where such foreign matter 
would be blown out. 
A fine spray is secured at all pressures because 

of the variable orifice in each of the nozzles. 
The correct form of spray can be readily ob 

tained by varying the location and nature of the 
orifices during manufacture. 
The high spray velocity is obtained at all 

pressures due to the presence of the variable 
orifice or orifices. 
The nozzles are free from “bounce" or sec 

Ondary discharge since the free fit of the co 
acting parts and the rapid reduction in orifice' 
area as the valves close permit the valves to 
"pinch off' the fuel positively and without 
shock, and without setting up "rebound' wave 
in the fuel line. 
The nozzles are instantaneously responsive to 

pressure variations, since the free fit of the parts 
reduces friction to a minimum, and the small 
mass of the spray heads, in conjunction with 
their extremely short range of movement, re 
duces inertia effects to a negligible minimum. 
Although the penetrability of the nozzles will 

vary with the pressure, the "sweeping' action 
obtained through variation in cone angle will 
permit reaching all of the air in a correctly pro 
portioned conventional combustion chamber. " 

In addition to the foregoing functional ad 
vantages of the spray nozzles, they have the 
additional practical advantage of being adapted 
to economical production thereof in either large 
or Small quantities. The low cost of manufac 
ture results directly from their small size, small 
number of parts, simplicity of machining opera 
tons, and comparative freedom from costly pre 
cision. 
Other modes of applying the principle of my 

invention may be employed instead of the one 
explained, change being made as regards the 
structure herein disclosed, provided the means 
stated by any of the following claims or the 
equivalent of such stated means be employed. 

I therefore particularly point out and distinct- 55 opening. 
ly claim as my invention: 

1. In a spray nozzle for internal combustion 
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engines, the combination of a valve body having 
a cylindrical open-ended bore and provided with 
an opening for fluid under pressure, a valve 
member in said bore having a cylindrical head 
forming a fluid tight Seal with the cylindrical 
wall of said bore, and yieldable means under 
Substantially Zero initial tension maintaining said 
head in sealing engagement in said bore but per 
mitting displacement of said head out of such 
Sealing engagement upon the application of fluid 
pressure in said bore. 

2. In a spray nozzle for internal combustion 
engines, the combination of a valve body having 
a cylindrical open-ended bore and provided with 
an opening for fluid under pressure, a valve men 
ber in said bore having a cylindrical head form 
ing a fluid tight seal with the cylindrical wall 
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of said bore, a fuel discharge opening in the 
cylindrical Surface of Said head so formed that 
it will be progressively uncovered as said head is 
moved out of said bore, and yieldable means un 
der Substantially Zero initial tension maintain 
ing said head in Sealing engagement in said bore 
but permitting displacement of said head to pro 
gressively uncover said discharge opening upon 
the application of fluid pressure in said bore, 

3. In a spray nozzle for internal combustion 
engines, the combination of a valve body having 
a cylindrical open-ended bore and provided with 
an Opening for fluid under pressure, a valve meme 
ber in said bore having a cylindrical head form 
ing a fluid tight seal with the cylindrical wal) 
of Said bore, a plurality of fuel discharge open 
ings in the cylindrical surface of said head com 
municating with said bore in the space behind 
said head and so formed that they will be pro 
gressively uncovered as said head is moved out of 
said bore, and yieldable means under substantially 
Zero initial tension maintaining said head in 
sealing engagement in said bore but permitting 
displacement of said head to progressively un 
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COver Said discharge openings upon the applica 
tion of fluid pressure in said bore, 

4. In a spray nozzle for internal combustion 
engines, the combination of telescopically engaged 
relatively axially movable valve members, one of 
which is provided with a fuel discharge opening 
which is progressively uncovered upon relatively 
axial movement of said members, and yieldable 
means under substantially zero initial tension 
maintaining said members in such relation that 
such fuel discharge opening is closed, but per 
mitting relative axial displacement of said men 
bers to progressively uncover said fuel discharge 
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