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UNITED STATES PATENT OFFICE 
2,284,627 
NOZZLE 

Carroll R. Alden, Detroit, Mich., assignor to 
Ex-Cell-O Corporation, Detroit, Mich., a cor 
poration of Michigan 

Application July 6, 1937, Serial No. 152,074 
(C. 299-07.6) 21 Cairns. 

The present invention relates to improvements 
in nozzles adapted particularly for delivering 
timed metered injections of liquid file in con 
nection with the operation of internal combus 
tion engines. 

In internal combustion engines with fuel in 
jection, proper atomization of the fuel issuing 
from the injection nozzle is necessary to obtain 
a Sufficiently intinate nixture with the air 
charge for efficient conoustion. The fuel is 
usually finely dispersed in the form of a spray 
Which may be varied to obtain different desired 
penetration and dispersion characteristics. To 
obtain proper atomization of the fuel, not mere 
ly during the intermediate portion of the in 
jection period, but also at the start and end 
point of injection, a considerable fuel pressure 
Should be equired to open the injection valve 
so that an injection pressure sufficiently high 
for good atomization is innediately available, 
also the Valve should open Suddenly or rapidly 
to the extent of opening necessary for the re 
quired rate of injection, aid astly the Valve 
should close suddenly or sharply at the end of 
injection to prevent dribbling, dripping or bleed 
ing of the fuel. One of the objects of the pres 
ent invention is to provide a new and in proved 
fuel injection nozzle which Will Satisfy these 
requirements. 
Another object is to provide a novel fuel in 

jection nozzle in which the volume of the fuel 
paths is at a minimum necessary for proper ne 
chanical and hydraulic functioning so as to 
minimize the effect of the compressibility of the 
fuel and the elasticity under pressure of the 5 
Walls of the injection system in contact with 
the fuel. 
A further object is to provide a new and in 

proved spring loaded differential fuel injection 
nozzle which has a relatively Small hydraulic 
preSSure area for Opening the valve and a rela 
tively large hydraulic pressure area, for holding 
the valve open, So that more fuel pressure is 
required to Open the valve than to hold it open, 
and, upon Seating, an increased fuel pressure is 
required to reopen the valve, and which also is 
Small in size and hence adapted for proper in 
stallation in limited or difficulty accessible 
SpaceS. 
Another object is to provide a novel fuel in 

jection nozzle in which any leakage past moving 
partS is directed into the main fuel stream, 
thereby obviating the necessity for a leakage 
drain line from the nozzle, and in which the 
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SO as not to Stick or become faulty in operation 
under unfavorable temperature conditions. 
An important object of the present invention 

is to provide a novel fuel injection nozzle in 
Which the rate of fuel emission is not controlled 
Solely by the applied hydraulic pressure, and 
Can, for example, be increased without requir 
ing or being accompanied by an undesirable in 
crease in pressure. Where the rate of fuel emis 
Sion is a direct function of the applied pressure, 
the pressure increase at high or maximum en 
gine Speeds would frequently result in an un 
desirable increase in the duration of injection. 
The present invention contemplates the pro 

vision of a nozzle in which the relation of the 
applied hydraulic pressure to the quantity of 
fuel emission may be limited or controlled by 
Selective design. 
A more Specific object is to provide a new and 

improved nozzle in Which the opening of the 
Valve is controlled at least in part by the rate 
of fuel flow in such a manner that upon the ap 
plication of an adequate lifting pressure the 
Valve Will open very rapidly a sufficient distance 
to reduce appreciably the flow resistance across 
the valve seat and thereby render available in 
mediately a high injection pressure at the dis 
Charge tip. 

Still another cbject is to provide a novel fuel 
injection nozzle in which a flow resistance is ulti 
Iized to Subdivide the fuel pressure, and in which 
a lifting area. Substantially larger than the valve 
area is immediately subjected upon initial valve 
opening to a preSSure differential created by the 
flow resti'iction to effect sudden and Substantial 
opening of the valve. By providing a large lift 
ing area, Only a Sinal pressure differential is re 
quired to hold the Valve open, and the remain 
ing pressure is available for injection purposes. 
ihe Subdivision of the applied pressure permits 
independent control by selective design of two 
distinct preSSures controlling separate operating 
functions in the nozzle. Thus, the flow-con 
trolled lifting pressure may be varied at will 
Without affecting the design of the nozzle outlet 
for proper atomization. 
A further object is to provide a novel flow 

controlled fuel injection nozzle in which the fuel 
Valve openS and closes with a popping action, 
i. e., with extreme rapidity When in close proxim 
ity to the seat, and in which the difference be 
tween the valve cpening pressure and the valve 
closing pressure is controlled to obtain good 
atomization at idling speeds and also good per 

movable parts can therefore be more freely fitted 55 formance at top or full-load speeds. 
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Another object is to provide a novel fuel in 

jection nozzle having a plurality of flow restric 
tions in series and of progressively increasing 
flow areas for controlling the opening of the valve, 
including One or more transient or relatively dis 
appearing initial restrictions and a final limiting 
restriction, whereby a relatively high assisting 
pressure is available initially when the valve is 
Still near its closed position to cause an innine 
diate increase in valve opening, and a reduced 
lifting pressure is available thereafter to hold 
the valve open and to release a larger proportion 
of the total pressure for injection purposes. 
A more Specific object is to provide a new and 

improved flow-controlled fuel injection nozzle 
having, in addition to the final or limiting flow 
restriction, an initial transient or disappearing 
flow restriction effective only when the valve is 
in close proximity to the seat, and an internedi 
ate transient or disappearing restriction effective 
Over a desired portion, variable by selective de 
Sign, of the initial part of the valve lift. 

Still another object is to provide a nozzle hav 
ing a novel valve in which the unit closing pres. 
sure on the seat area is sufficiently high to col 
lapse the oil film, and in which the valve member 
is self-aligning with the seat, thereby insuring 
tight and uniform closing engagement. 

Further objects and advantages will become ap 
parent as the description proceeds. 
In the accompanying drawings, Figure 1 is a 

longitudinal Sectional view of a pintle type fuel 
injection nozzle embodying features of the pres 
ent invention. 

Fig. 2 is a fragmentary longitudinal sectional 
View of One type of fuel injection nozzle to which 
the features of the present invention are appli 
Cable. 

FigS. 3 and 4 are transverse sectional views 
taken respectively along lines 3-3 and 4-4 of 
Fig. 1. 

Fig. 5 is a longitudinal sectional view of a fuel 
injection nozzle of the nonpintle type embodying 
features of the present invention. 

Fig. 6 is a diagrammatic representation of 
typical operating characteristics of the two 
nozzles illustrated in Figs. 1 and 2. 

Fig. 7 is a fragmentary sectional view on an 
enlarged scale of a nozzle with a modified valve 
construction, and employing a single transient 
flow resistance. 

Fig. 8 is a longitudinal sectional view of a pintle 
type fuel injection nozzle having a plurality of 
transient flow resistances in series. 

FigS. 9 and 10 are transverse sectional views 
taken respectively along lines 9-9 and - O 
of Fig. 8. 

Fig. 1 is a longitudinal sectional view of a 
fuel injection orifice of the nonpintle type having 
a plurality Cf transient flow resistances in series. 

Fig. 12 is a trainSverse Sectional view taken 
along the line 2-2 of Fig. 11. 

Fig. 13 is a longitudinal sectional view of an 
other modified form of nozzle. 

FigS. 14 and 15 are transverse sectional views 
taken respectively along lines 4-4 and 5-5 
of Fig. 13. 
While the invention is susceptible of various 

modifications and alternative constructions, I 
have shown in the drawings and will herein de 
Scribe in detail the preferred embodiment, but 
it is to be understood that I do not thereby in 
tend to limit the invention to the specific form 
disclosed, but intend to cover all modifications 
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2,284,62? 
and alternative constructions falling within the 
Spirit and scope of the invention as expressed in 
the appended claims. 
The fuel injection nozzle illustrated in Fig. 1 

Comprises a Suitable body or housing 3. Prefer 
ably, the body 3 is in the form of a tubular shell 
defining an axial bore 4, and having an external 
peripheral flange 5 at the base end and an in 
ternal peripheral flange 6 at the discharge end. 
The discharge end of the shell 3 is closed by 

an Orifice head which has suitable orifice 
means With the desired fuel discharge character 
istics for proper atomization and penetration, and 
Which preferably is removable to permit substi 
tution for different spray patterns and character 
istics. The orifice head 7 may be provided in any 
desired form, and in the present instance is 
shown as a circular plate extending snugly 
through the flange 6 to the outer face thereof, 
and having an external peripheral flange f8 seat 
ing Snugly within the bore 4 against the inner 
face of the flange S. A tubular spacer 9 hav 
ing an axial bore 2 is fitted into the shell 3 
and Serves to hold the plate 7 in position. 
A Stationary member 2 in the form of a cy 

lindrical plug is fitted into the base end of the 
shell 3 and serves to hold the spacer 9 in posi 
tion. Suitable plastic means 22 is pressed into 
an annular groove 23 having opposed comple 
mentary Sections in the base end of the shell f3 
and the member 2 i, and serves to seal and main 
tain the assembly. The member 2 is formed with 
an axial fuel inlet passage 24 adapted for connec 
tion. With a fuel pump or other suitable means 
(not shown) for Supplying the fuel to be injected. 

It Will be understood that the assembly just 
described constitutes the rigid structure of the 
nozzle tip, and as such is adapted to be con 
nected to the source of fuel supply, and to be 
Clamped or Secured to the engine at the desired 
point of injection. A nozzle holder or other suit 
able means, not specifically disclosed herein since 
per se it forms no part of the present invention, 
may be utilized for this purpose as is well under 
stood in the art. The rigid structure of the noz 
Zle tip is Susceptible of various modifications and 
alternative forms without departing from the 
broad aspects of the present invention, and in 
general provides an internal chamber, defined 
by the bore 20, adapted for communication with 
the inlet passage 24 and to discharge through 
the orifice body . 
The orifice body T may be provided in various 

forms depending on the injection characteristics 
desired. Thus, it may be of the single orifice 
type emitting a jet or spray in any desired direc 
tion and of constant or variable dispersion char 
acteristics, or of the multiple orifice type in which 
the orifices are opened either Simultaneously or 
Successively, are orientated to discharge in the 
Sane or various different directions, and provide 
Various combinations of jets or Sprays of con 
Stant or Variable dispersion characteristics. The 
Orifice body also may be of the open hole type 
delivering a noncentrifugal core or a centrifugal 
envelope or both simultaneously or successively, 
Or may cooperate with a pintle to deliver an an 
nular Spray of constant or variable flow charac 
teristics. - 

The nozzle tip illustrated in Figs. 1, 3 and 4 
is of the pintle type. Thus, the orifice body 7 
is formed With an axial bore or opening 25 which 
preferably is of constant cross-sectional area Ab, 
&nd Which is connected intermediate its ends 
through a plurality of flow paSSages 26 to the 
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fuel chamber 20. In the present instance, the 
passages 26 open to the bore 25 in radial planes, 
and hence no centrifugal discharge is obtained, 
Extending reciprocably into the bore 25 is a 

stem or pintle 27 which is generally tapered so as 
to define upon movement progressively toward 
open position an annular discharge orifice 28 of 
gradually increasing area, Ao. More specifically, 
the pintle 27 comprises an inner cylindrical Sec 
tion defining an annular space of constant area, 
always Open to the passages 26, and a conical 
Outer end Section having a variable area. Ap 
slightly less at the large end than the bore area, 
Ab. In retracted or closed position, the outer 
end of the pintle 27 is substantially flush with 
the outer face of the orifice body T and defines 
the minimum annular orifice area, Ao. Upon 
opening of the nozzle, the pintle 27 is projected 
OutWardly progressively into fully open position, 
and the orifice area, Ao is correspondingly in- ; 
creased. By proper correlation of the taper on 
the pintle 27 and the rate of axial movement, a 
rate of increase in the orifice area, Ao may be 
obtained giving a graduated rate of injection 
best Suited for eficient combustion. 
The pintle 2 is connected for movement With 

a valve member 29 coacting with a stationary 
valve seat 30 on the inner face of the plug 2 and 
defining therewith a valve 3 for controlling the 
Supply of fuel from the passage 24 to the chamber : 
20. A coil compression spring 32 tends to close 
the valve 3. With a predetermined spring pres 
Stre Ps, and as an incident thereto to retract the 
pintle 27 into closed position. 
Within the broad aspects of the invention, the 

Valve 3 may be of any suitable form or charac 
ter. In the present instance, the valve seat 30 is 
located at the inner end of an axial guide bore 33 
in the plug 2; open to the chamber 20, and has 
an annular face defining a pressure inlet passage 
With a cross sectional area, Av. The movable 
Valve member 23 consists of a ball element which 
is slidably disposed in the guide bore 33 for move 
ment into and out of concentric engagement with 
the valve Seat 33, and which is Supported by a 
retainer in the form of a flat circular head 34 on 
the inner end of the pintle 2. Suitable grooves 
35 are formed in the peripheral surface of the 
bore 33 to permit the passage of fuel from the 
valve 3 to the chamber 2. 
seated at One end against the orifice head 7 and 
at the other end against the retainer 34, and 
tends to close the nozzle. Preferably, the orifice 
head T is provided with an inwardly extending 
sleeve 36 for guiding the pintle f7 and retainer : 
34, and for preventing buckling or displacement 
of the spring 32. 
The fuel pressure on the valve area Ay neces 

Sary to open the valve 3, hereinafter referred to 
as the Valve Opening pressure (W. O. P.) is de 
termined by the pressure of the Spring 32. The 
Spring pressure (Ps) may be varied by Substitut 
ing either spacers 9 of different lengths or 
Springs 32 of different strength, 

If the foW of fuel from the Valve 3 to the 
Orifice 28 is unrestricted, a Substantial pressure 
drop across the valve will invariably occur, this 
drop being equal to the W. O. P. when a pintle is 
not employed, and Oily the excess pressure Will 
be available for effecting injection. Such pres 
Sule loss occurs in the pintle nozzle illustrated 
in Fig. 2 which has grooves 35 defining unre 
stricted flow passages past the ball element 29, 
and Which in all other respects is identical to the 
nozzle of Fig. 1. 

The spring 32 is 
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Referring to Fig. 2, upon the application of 
fuel pressure from any suitable Source of timed 
delivery of metered fuel quantities, static pres 
sure is first applied to that area of the ball ele 
ment exposed to the valve passage at the valve 
Seat 30, i. e., the Valve opening pressure area, Av. 
When the hydraulic pressure times the area Ay 
overbalances the spring pressure Ps, the valve 3 
Will Open to permit the flow of fluid to the Orifice 
28 at which point hydraulic pressure is again 
built up by reason of the Orifice restriction to 
Set up a force equal to the unit hydraulic pres 
Su'e at the Orifice times the cross sectional area 
of the pintle Ap. Preferably, the maximum area. 
Ap of the pintle 2 is made slightly greater than 
the Valve area. Ay. Hence, immediately upon 
opening the valve 3f, a force of larger magnitude 
is exerted and causes increased deflection of the 
Spring 32, and also a sudden slight increase in 
opening of the valve 31, thereby reducing the hy 
draulic restriction at the valve seat 3 and trans 
ferring an increased hydraulic pressure to the 
Orifice 28. m 

The operation Will be more clearly understood 
upon reference to Fig. 6 in which representative 
performance characteristics are plotted, the scale 
along the abscissa representing opening of the 
Valve 3, and the scales along the ordinate rep 
resenting Spring pressure in pounds, hydraulic 
fuel pressure in pounds per Square inch, and areas 
in Square inches. Full line A indicates variations 
in Spring pressure for different extents of valve 
opening. It is desirable that the spring 32 be 

: aS Small as possible, and hence the pressure varies 
at a relatively sharp rate. The effective cross 
Sectional area, Ap of the pintle 2, at the end 
face of the nozzle head 7 and determining the 
Size of the orifice 28, is plotted against valve 
opening along the full line B. Corresponding 
Variations in the area Ao of the orifice 28 are 
plotted along the full line C. After the valve 3 
has opened, and the hydraulic pressure of the 
incoming fuel has been transferred from the 
waive seat 30 to the pintle 27, the force of the 
orifice pressure Po on the effective area, Ap of the 
pintle 2 must balance the Spring pressure Ps 
to hold the valve open, i. e., Ps=Pox Ap. Since 
the pressure at the orifice now equals the pres 
Sure at the inlet, no valve restriction remaining 
present, the total hydraulic pressure necessary 
to hold the valve 3 open must equal the Spring 
pressure Ps divided by the pintie area. Ap, and 
this pressure increases as the valve opens, as 
represented by the curve D, due to the progres 
sive increase in Spring pressure and the progres 
Sive decrease in pintle area. Due to the reser 
voir effect inherent in the elasticity of the tub 
ing leading to the nozzle, and of other parts of 
the System (not shown), this increase in pres 
Sure is likely to be objectionable since it tends 
to increase the duration of injection at increas 
ing engine Speeds. 
One of the important features of the present 

invention is to provide a nozzle in which the 
applied hydraulic pressure may be limited and 
controlled as desired. In general, this objective 
is accomplished by making the opening of the 
noZZie as in Fig. 1 at least in part responsive to 
tile late of fuel flow. More particularly, the valve 
member 29 is provided with a lifting area, Ad 
larger than the opening valve area. Ay and fully 
eXposed to the preSSure of the incoming fuel. When 
the valve 3 is opened, and a flow restriction or 
resistance is interposed between the area Ad and 
the injection orifice 28 to build up a differential 
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hydraulic lifting pressure Pd responsive to the 
rate of flow and separate from the injection pres 
Sure at the orifice 28. In Fig. 1, the lifting area, 
Ad is equal to the diametiricai area of the ball 
element, and the grooves 35 are reduced in flow 
area, to define the restriction. The area, Ad is 
made considerably larger than the area Ay So 
that, a relatively snail pressure differential is 
required to move and hold the valve open. The 
remaining pressure of the total applied preSSure 
is relatively high and is utilized Solely for in 
jection purposes at the orifice 28 to obtain the 
desired atomization and penetration. The Sub 
division Gf the pressure to perfornin the Separate 
functions makes possible a heavy lifting action 
Without Cbjectionably increasing the orifice area 
Ao or disturbing the injection characteristics. 
By a prope; selective design of the parts, 

the total applied pressure may be widely con 
trolled. In Fig. 6, curve E represents a condi 
tion in which the necessary applied pressure re 
mains arost constant. Curve F ShoWS the neC 
essary applied pressure increasing slightly at a 
uniform rate. Curve G, represents the necessary 
applied pressure as increasing during the initial 
valve opening partly along the curve D and then 
actually dropping to below the Original Value 
as the valve is noved into fully Open position. 
The flow restriction may be provided in any 

Suitable mainner, and may be varied Widely in 
form and character depending on the operating 
characteristics desired. Thus, the restriction may 
be constant or may vary with the valve lift as in 
Fig. 1. By properly coordinating the changes in 
orifice area, Ao and in the area of the flow re 
striction Air occasioned by various heights of valve 
lift, the applied pressure to obtain any desired 
height of lift may be controlled at will. What 
ever the form of the restriction, the force re 
quired to balance the Spring 32 Will alwayS. equal 
the total pressure Py times the effective pintle 
area. Appius the restriction pressure differential 
Pd tines the remainder of the lifting area. Ad. 
The pressure Pd required is reduced as the area, 
Ad is increased, and hence may be nade very 
Small so as to be entirely unobjectionable. 
From the foregoing, it will be evident that the 

flow restriction 35 sets up a primary valve open 
ing assistance, which will hereinafter be referred 
to as assistance C. Fig. illustrates the aSSist 
ance C embodied in a nozzle of the pirate type. 
A nozzle of the nonpintle type enbodying an a S 
Sistance C is illustrated in Fig. 5. This nozzle 
is closely similar in design to the nozzle of Fig. 1, 
and hence like parts are identified by the same 
reference characters, and corresponding parts of 
modified form are identified by the same refer 
ence characters plus the letter a. In Fig. 5, the 
outer end of the bore 25 is provided with a re 
stricted plain hole orifice 28a, and otherwise is 
unobstructed from the passages 26 outwardly. A 
guide stem 2d., Supporting the retainer head 35, 
is slidable in the sleeve 36, but is not of Sufficient 
length to close the passages 25. In this form, the 
stem 2d, does not exert a lifting force when the 
valve 3 is Open. 

It is important for efficient combustion that 
the nozzle valve open and close with a popping 
action, i. e., with extreme rapidity when in close 
proximity to the seat. As an additional feature 
of the invention, a second flow restriction may 
be provided. This restriction has a very Small 
clearance and is located between the Valve aing 
the restriction S5 to provide a transient or dis 
appearing initial assistance A. 
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2,284,627 
Fig. 7 illustrates a modified for in of nozzle 

Valve With A and C assistances in Series. The 
valve 3: b comprises a seat 36 b consisting of a 
thin annular rib or flange on the inner end of 
the plug 2b and having a flat face circumscrip 
ing the closed valve pressure area. Av, and con 
prises a valve member 29b, preferably in the form 
of a half ball, having a flat diametrical face dis 
posed for engagement concentrically With the 
valve seat. The Spherical Surface of the half 
all 29th is seated for free oscillatory movement 

in a complemental sccket 3. This socket is 
formed centrally in the retainer head 33b which 
is mounted on the stern or pintle 2 b, and Which 
is cylindrical in form and concentrically Spaced 
from the Spacer Ab to define an annular restric 
tion 35b renaining constant in effective area. A 
hroughout the range of valve movement. It will 
be understood that the fioW restriction 35b tends 
to build up a differential pressure acting On the 
end area, Ad of the head 3éb to establish the 
assistance C. 
The waive seat 3t is peripherally relieved by 

an encircling groove or recess 38 for led in the 
plug 2 b to obtain a small seat area. As a re 
sult, the seat pressure is sufficiently high to col 
lapse or extrude the oil film betWeen the Wave 
faces when the valve 3 b is closed. 
The botton of the groove 38 is inclined out 

Wardly toward the face of the valve member 23b, 
and coacts with the peripheral edge of the latter 
to define a restricted annular flow restriction 33. 
By inclining the bottom of the groove 33, the 
seat 3 it is conveniently provided With a Sub 
stantial relief, and the effective minimum area 
or clearance of the snail fioW resistance 39 may 
be readily and accurately determined by the use 
of mathematics, the depth of the Seat relief, the 
angle and the radial dimensions of the half ball 
28th and seat 3 b being known. The bottom of 
the groove 39 being closely spaced from the pe 
ripheral edge of the half ball 23b also serves ap 
proxiraately to square up the latter With the Seat 
3b. Hence, the ball 23b cannot engage the seat 
3b at an angle sufficiently large to cause dam 
age or result in valve leakage. 
The flow restriction 33, when effective, tends 

to set up a differential hydraulic pressure act 
ing on the diametrical or flat face airea of the 
half ball 23b to establish the initial assistance 

Since the surfaces defining the restriction 39 
separate axially in the opening movement of the 
valve 3b, the assistance A is transient or dis 
appearing in character, and effective only When 
the valve member 29b is in close proxirnity to the 
Seat 3b. 
In operation, When the hydraulic pressie from 

the SGurce of Supply acting Oil the closed Valve 
area Av is sufficient to Overconne the force of the 
spring 32b, the valve 3b will open. After the 
initial opening movement, the annular restric 
tion 39 builds up a pressure differential which 
is applied to the entire flat face area, Ab of the 
valve member 25b, and which assists the initial 
force to accelerate rapidly the first portion of 
the valve movement, so that the Wave member 
29 is caused to leave the seat 36 b With a pop 
ping action. Since the ball a Tea Ab is much 
larger than the valve area. Av, the differential 
pressure required to move the valve member 29b. 
is considerably lower than the Valve Opening 
pressure, and makes available in mediately a 
high pressure for injection With proper atomiza 
tion. The initial assistance A, however, quick 
ly disappears, thereby releasing more pressure for 
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injection, and then the final assistance C as 
Sunes control in the same manner as in Fig. 1. 
The restriction 39 also serves to accelerate 

rapidly the final closing movement of the valve 
3b. As the valve member 29th moves into close 
proximity to the seat 3b, the restriction 33 
again becomes effective, and sets up a differential 
pressure acting on the ball area, Ab in Opposi 
tion to the closing movement. However, when 
the rate of flow drops to a point. Where the as 
sistance A is no longer effective to balance the 
closing force, the spring 32b will move the valve 
member 29b rapidly toward the seat 30b to close 
the valve 3 lb with a popping action. 
The assistance A is therefore effective in deter 

mining the valve closing pressure W. C. P., i. e., 
the residual pressure from the Source at Which 
the valve 3 lb. Will finally close. 
The assistance C is quite sensitive as to prop 

er length and radial clearance. To improve the 
control over the early portion of the valve lift, 
an additional transient or disappearing assist 
ance B effective intermediate the assistances A 
and C may be provided. A nozzle of the pitife 
type, generally similar to that of Fig. 1 but hav 

O 
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2 5 
ing a valve of the character shown in Fig. 7 and 
having assistances A, B and C in Series, is shCWIl 
in Figs. 8 to 10. The parts of this noZZie Coire 
sponding to parts of the foregoing forms of noZ 
zles are identified by the same reference Inu 
merals plus the letter C. 

Referring more particularly to Fig. 8, the re 
tainer head 34c is formed with a peripheral 
flange 40 which is in sliding engagement With 
the bore 20c of the spacer sleeve ic, and Which 
is flattened at spaced points (see Fig. 10) to de 
fine flow restrictions 35c establishing the aS 
sistance C. It will be noted that the aggregate 
effective area Ar of the restrictions 35c remains 
constant throughout the range of Valve nove 
ment. The assistance A is established as in Fig. 
7 by a restricted transient flow restriction. 39c 
defined by the bottom of the groove 38C and the 
outer edge of the half ball 29c. 
The inner end of the valve retainer head 342 

is formed with a tapered surface 4f which is 
adapted to coact with an internal tapered Sul 
face 42 in the spacer sleeve 9C to define a 
transient or disappearing annular flow restric 
tion 43 establishing the assistance B. By Selec 
tive choice of the angle of the taper, the addi 
tional assistance B can be made effective Over 
any desired portion of the early part of the 
valve lift. 
The minimum quantity of fuel that can be in 

jected per valve opening at a Sufficiently high 
injection pressure to insure good atomization is 
controlled by the difference between the Valve 
opening pressure W. O. P. &nd the Valve closing 
pressure V. C. P. An increase in the assistance 
A serves to lower the valve closing pressure 
W. C. P., and thereby to increase the minimum 
quantity of injection. At high rates of flow, not 
involving minimum quantities, the assistance B 
and/or C may effect a lower Valve ciOSing pres 
sure than would be effected by the assistance A 
at low rates of flow. 
The conical form of the restriction 3 affords 

a convenient manufacturing method for control 
ing the flow area. More particularly, the surfaces 
4 and 42 may be machined to the desired coni 
cal form. Then, the spherical Socket 31c can be 
formed to such a depth or the axial dimension 
of the half ball can be made of Such height that, 
after assembly, engagement of the half ball 29c 
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with the seat 30c will define the desired Iniinimum 
flow area of the restriction. 43. 

Figs. 11 and 12 illustrate a fuel injection noz 
zle of the nonpintle type embodying aSSistances 
A, B and C. The construction is closely similar 
to that in Fig. 8, and hence the corresponding 
parts thereof are identified by the same refer 
ence numerals plus the letter d. In this form, 
the retainer head 34d does not have a flange 40, 
but in part is cylindrical and Spaced concentri 
cally from the surface of the bore 20d to define 
the fow resistance 35d establishing the assist 
ance C. The assistances A and B are established 
in the same manner as in Fig. 8. The orifice head 
ad is formed in the inner face With an enlarged 

axial bore 25d. Which opens to a Small bore de 
firing a restricted plain hole orifice 28d. A square 
inead 44 rigid with the Stein 2d. is slidable in the 
core 25d, and coacts thereWith to define a plu 
rality of flow passages 26d from the chamber 
2 Od to the Orifice 28d. The head 44 is formed in 
the free end with an axial bore 45 and a plurality 
of restricted grooves 46 opening tangentially to 
the latter from the passages 26d. 
In the opening of the nozzle Valve 3d, the flat 

end face of the head 44 moves toward the paral 
le annular end face of the bore 25d. For the 
inajor portion of the Valve Opening movement, 
the fuel Will pass freely to the orifice 28d and 
issue therefron in the form of a noncentrifugal 
spray core. However, as the Valve 3d nears the 
fully open position, the end faces of the bore 25d. 
and the head 4 move into close proXimity and 
set up a fioW restriction, thereby causing the fuel 
to pass through the grooves 46 to the bore 45. 
The fuel Will noW issue fron the orifice 28d. in 
the form of a Centrifugal envelope. 

Figures i3 to 15 illustrate a fuel injection noz 
zle in Which the nozzle valve is located between 
the outlet and the means defining the foW re 
striction. A tip body 4 has a base end flange 
48 removably clamped against the inside of an 
end flange 49 On a tubular holder body 5. 
Mounted in the body 50 are a tubular spacer 5 
abutting the tip body 4, an annular plate 52 
positioned against the Spacer and having a cen 
tral tapered flow opening 53, and a nut 54 with 
an axial inlet passage 55 threaded into the base 
end of the body 50 against the plate to clamp the 
partS in a SSembied relation. A clamping plate 
56 interfits With the base end of the body 50, 
and affords means for mounting the nozzle on 
the engine. 
The tip body T is formed in opposite ends 

With axial bores 5 and 58 connected by a valve 
passage 59. Secured in the outer end of the bore 
it is a plug 6 having an axial passage 6 ter 
minating With a discharge opening 62. A longi 
tudinally fluted Valve member 63 is reciprocable 
in the bore 57 for engagement with a conical 
Seat 64 at the valve paSSage 59, and is rigid with 
an axial pintle 65 extending into and coacting 
With the opening 62 to define an annular dis 
charge orifice. The end of the pintle 65 is ta 
pered in Wardly SO that upon outward movement 
it will cause the orifice to increase progressively 
in effective foW area. The Wave member 63 has 
an axial stem 66 projecting inwardly through the 
bore 58 and the Spacer 5. A coil compression 
Spring 67 interposed between the body 47 and 
lock nuts 68 adjustably threaded on the stem 66 
tends to move the valve member 63 inwardly into 
engagement With the seat 64 and to retract the 
pintle 65 into closed position. It Will be under 
stood that the fuel under pressure when supplied 
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through the passage 55 will act on the face por 
tion of the valve member $3 exposed to the Valve 
passage 59 in a direction to open the valve out 
wardly against the action of the Spring 6. 
To provide a fuel flow-responsive assistance, 

an element such as a ball 63, having a diametri 
cal area substantially larger than the Valve area, 
defined by the seat 88, is disposed against the 
inner end of the stem 66 and within the opening 
53 for movement with the valve member G3. The 
inner end of the nut is is formed with a bore T0 
freely receiving the ball 38, and a light Spring 1 
therein serves to hold the ball against the stem 
66. The bail 69 coasts diametrically With the 
opening 53 to define an annular flow restriction 
2 adapted to increase in effective area upon pro 

gressive opening of the valve. Initially, the valve 
is opened by the pressure of the fuel acting out 
wardly on the exposed seat area of the valve 
member 63. As soon as a flow occurs, the restric 
tion 2 acts to build up a differential pressure ef 
fective on the diametrical area of the ball 69 to 
accelerate the valve opening movement. 

It is to be understood as to all the nozzles dis 
closed herein that the forces assisting in the 
opening of the valve are regulatory in character, 
viz., they assist in causing the valve to respond 
to the rate of pressure application of the normal 
injection occurrence; however, the structure 
which assists the valve in responding to the fun 
damental rate of pressure application decreases 
or renders negative the assisting forces when 
the valve is subjected to superimposed pressure 
waves of higher harmonic frequencies. in gen 
eral, it may be said that if the tendency of the 
valve is to lift more slowly than desired, assist 
ing forces are generated to aid in the lift, and if 
the tendency is to lift more rapidly than desired, 
these forces are automatically decreased and 
may on occasion actually become negative in : 
character. 

I claim as my invention: 
1. In a fuel injection nozzle, in combination, 

a nozzle body having a fuel inlet passage and 
restricted orifice discharge means, a valve for 
controlling the supply of fuel from Said passage 
to said discharge means and opening in the di 
rection of fuel flow, spring means tending to 
seat said valve, said valve having an opening 
pressure area, exposed to the pressure of Said 
fuel and acting in opposition to said Spring 
means, and means defining a constantly. Open 
flow restriction in series, with said valve in the 
path of fuel flow to said discharge means and 
immediately effective in the initial opening 
movement of said valve to produce a pressure 
drop and having a lifting pressure area larger 
than said opening pressure area exposed to the 
differential pressure set up by said restriction 
upon the flow of fuel through said valve and 
acting in opposition to said Spring means to 
provide a valve opening assistance. 

2. In a fuel injection nozzle, in cornbination, a 
nozzle body having a fuel inlet passage and re 
stricted orifice discharge means, a valve having a 
seat and a valve member for controlling the Sup 
ply of fuel from said passage to said discharge 
means and opening in the direction of fuel flow, 
spring means tending to seat said valve member, 
said valve having an opening preSSure area, ex 
posed to the pressure of said fuel in Said pas 
sage and acting in opposition to said Spring 
means, a flow restriction separate from the flow 
area through said seat and the flow area through 
said orifice discharge means in the path of fuel 
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flow to said discharge means and responsive to 
the fuel flow in the opening movement of said 
valve to effect a pressure drop, the flow area of 
said restriction increasing progressively in the 
opening movement of said valve, and means de 
fining a lifting pressure area exposed to said 
pressure drop and acting in opposition to said 
spring means to provide a valve opening assist 
2C8. 

3. In a fuel injection Yozzle, in combination, 
a nozzle body having a fuel inlet passage and 
restricted orifice discharge means, a valve hav 
ing a seat and a Valve member for controlling 
the Supply of fuel from Said passage to Said dis 
charge means, Spring means tending to Seat Said 
valve member, said valve having an opening 
pressure area exposed to the pressure of said 
fuel and acting in opposition to said Spring 
means, a plurality of flow restrictions of differ 
ent effective fiOW areas in Series in the path of 
fuel flow and spaced from said seat, a plurality 
of pressure areas exposed respectively to the 
preSSure differentials Set up by Said restrictions 
and acting in opposition to Said Spring means, 
Said last mentioned pressure areas being Suc 
cessively effective in the movement of said valve 
member from closed position to fully open posi 
tion, and effective in reverse order in the closing 
1novement of Said valve member. 

4. In a fuel injection nozzle, in combination, a 
nozzle body having a fuel inlet passage and re 
stricted orifice discharge means, a valve having 
a seat and a valve member for controlling the 
Supply of fuel from Said passage to Said discharge 

$ means, Spring means tending to Seat Said valve 
member, Said valve having an opening pressure 
area exposed to the pressure of said fuel and act 
ing in opposition to said spring means, a disap 
pearing flow restriction independent of said seat 
in the path of the fuel flow to said discharge 
means and effective during the initial opening 
movement of said valve member, another flow 
restriction in the path of the fuel flow effective 
during a Succeeding portion of the valve opening 
movement, and a plurality of pressure areas ex 
posed respectively to the pressure differentials 
Set up by Said restrictions and acting in opposi 
tion to said spring means. 

55 

60 

65 

70 

75 

5. In a fuel injection nozzle, in combination, 
a nozzle body having a fuel inlet passage and 
restricted orifice discharge means, a valve for 
controlling the Supply of fuel from said passage 
to Said discharge means, spring means tending 
to Seat Said valve, said valve having an opening 
preSSure area eXposed to the pressure of said fuel 
and acting in opposition to said spring means, 
a rapidly disappearing flow restriction in the 
path of the fuel flow effective only during the 
initial opening and final closing movements of 
said valve, a gradually disappearing flow re 
Striction in the path of the fuel flow effective 
during the intermediate range cf valve move 
ments, a third flow restriction in the path of the 
fuel flow effective when said first mentioned re 
strictions are ineffective, and a plurality of pres 
sure areas exposed respectively to the pressure 
differentials set up by said restrictions and act 
ing in opposition to said spring means. 

6. In a fuel injection nozzle, in combination, 
a nozzle body having a fuel inlet passage and 
restricted orifice discharge means, a valve hav 
ing a Seat and a valve member for controlling 
the Supply of fuel from said passage to said dis 
Chal'ge means, Spiring means tending to seat, said 
valve member, said valve having a relatively 
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Small opening pressure area exposed to the pres 
sure of said fuel and acting in opposition to 
said spring means, an open flow restriction 
spaced outwardly from said Seat in the path 
of said fuel effective during an initial portion of 
the valve movement and disappearing as Said 
valve member moves toward open position, and 
a relatively large pressure area acted on by the 
differential pressure set up by Said restriction 
and acting in opposition to Said Spring means. 

7. In a fuel injection nozzle, in combination, 
a casing having a central chamber, an orifice 
head in one end of said casing and having Orifice 
discharge means opening from Said chamber, 
a tubular spacer in said casing against Said head, 
a fitting in said casing against Said Spacer and 
having a fuel inlet passage opening to Said 
chamber, an annular valve seat on Said fitting 
about the discharge end of said passage, a valve 
member having a stem slidable in said orifice 
head and coacting axially with said seat, Spring 
means tending to urge said valve member to 
ward said seat, said valve member when Seated 
having a relatively Small opening preSSure area 
defined by said seat and exposed to the fuel 
pressure in said passage acting in opposition to 
said spring means, and having a relatively large 
lifting pressure area adapted to be exposed to 
said fuel pressure when said valve member is 
away from said seat, means defining an Open 
flow restriction in the path of the fuel between 
said lifting area and said orifice discharge means, 
and a pintle on said stem and coacting with Said 
discharge means to provide a graduated orifice 
opening. 

8. In a fuel injection nozzle, in Cornbiliation, 
a casing having a central chamber and Orifice 
discharge means opening from said chamber, a 
body having a fuel inlet passage opening to Said 
chamber, an annular valve seat on Said body 
about the discharge end of said passage, a valve 
member coacting axially with Said Seat, Spring 
means tending to urge said valve member toward 
said seat, said valve member when Seated having a 
relatively small opening pressure area defined by 
said seat and exposed to the fuel pressure in Said 
passage acting in opposition to said Spring means, 
and having a relatively large lifting pressure area. 
adapted to be exposed to Said fuel preSSure When 
said valve member is away from said seat, and 
means defining a variable flow restriction about 
said waive member in the path of the fuel be 
tween said lifting area and said orifice discharge 
leaS. 
9. In a fuel injection nozzle, in combination, a 

casing having a central chamber, an orifice head 
in one end of said casing and having a discharge 
bore opening from said chamber, a Spacer in Said 
casing against Said head, a body in Said casing 
against said spacer and having a fuel inlet pas 
sage opening to said chamber, a guide bore in 
said body, an annular valve seat on said body at 
the inner eind of Said guide bore about the dis 
charge end of said passage, a valve head having 
a stem slidable in said discharge bore, a ball ele 
ninent. On said valve head and slidable in Said 
guide bore to coact axially With Said seat, spring 
means acting on Said valve head to urge Said 
ball element toward said Seat, and means de 
fining a foW restriction about said ball element 
to effect a pressure drop between said seat and 
Said discharge bore. - 

10. In a fuel injection nozzle, in combination, 
a casing having a central chamber, an orifice 
head in one end of said casing and having a dis 
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charge bore opening from said chamber, a Spacer 
in said casing against said head, a body in Said 
casing against Said Spacer and having a fuel inlet 
passage opening to Said channber, a guide bore 
in said body, an annular valve seat on said body 
at the inner end of said guide bore about the 
discharge end of Said passage, a valve head hav 
ing a stern slidable in said discharge bore, a ball 
element on said valve head and slidable in Said 
guide bore to Coact axially with Said seat, Spring 
means acting on said Valve head to urge said ball 
element toWard Said Seat, means defining a flow 
restriction about said ball element to effect a 
preSSure drop between said seat and said dis 
charge bore, and a pintle on said stem and co 
acting with said discharge bore to define an 
annular discharge orifice. 

11. In a fuel injection nozzle, in combination, 
a hollow body having a discharge outlet and an 
inlet passage, an annular flat-face valve seat 
at the discharge end of said passage, a valve 
head novable axially of said seat and having a 
partial Spherical socket in one end, a partial ball 
adjustably mounted in said socket and having 
a flat face adapted for concentric engagement 
with said seat, means coacting with said ball to 
define a flow restriction in the path of the fuel 
flow fron Said seat and adapted to set up a dif 
ferential pressure acting on said ball in the 
Opening direction of said ball, and spring means 
Coacting With said head to urge said ball toward 
and against said seat. 

12. In a fuel injection nozzle, in combination, 
a body having a cylindrical chamber with a dis 
charge outlet at one end and an axial inlet pas 
Sage at the other end, an annular flange in said 
body defining a flat-face valve seat about the 
discharge end of Said inlet passage, an annular 
clearance groove encircling said flange and hav 
ing a bottom Surface inclined outwardly toward 
the plane of the valve face, a cylindrical valve 
head movable axially in said chamber and 
Spaced Concentrically thereto with an annular 
clearance defining a restricted flow resistance, 
a partial Sphelical socket formed in the end of 
Said head opposite said valve seat, a partial ball 
freely disposed in said socket for angular adjust 
ment and having a flat face adapted for concen 
tric engagement with said seat and adapted at 
the peripheral edge to coact with said bottom 
Surface of said groove to define a restricted flow 
resistance adapted to disappear as said ball 
moves from Said. Seat, and spring means tending 
to urge Said ball into engagement with said seat. 

13. In a fuel injection nozzle, in combination, 
a body having a central chamber with a discharge 
Outlet at one end and an outlet passage at the 
other end, a flange in said body defining an an 
nular valve seat at the discharge end of said inlet 
passage, an annular clearance groove encircling 
Said flange and having a bottom surface inclined 
OutWardly toward the plane of said seat, a valve 
head movable axially of said seat in said chamber 
and coacting therewith to define a restricted 
flow resistance, a socket formed in the end of 
Said head opposite said valve seat, a partial ball 
freely disposed in said socket for angular adjust 
ment and having a flat face adapted for concen 
tric engagement with said seat and adapted at 
the peripheral edge to coact with said groove to 
define a restricted flow resistance, and Spring 
means tending to urge said partial ball into 
engagement with said Seat. 

14. In a fuel-injection nozzle, in Combination, 
a hollow body having a discharge outlet and an 
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inlet passage, an annular valve seat at the dis. 
charge end of Said paSSage, an annular clearance 
groove encircling said seat and being inclined 
outwardly toward the plane of Said seat, a Valve 
head Inovable axially of said seat and having a 
Socket in one end, a pail element adjustably 
mounted in Said socket and having a valve face 
adapted for engagement With said Seat and co 
acting With Said groove to define an annular flow 
restriction. When Said element is in close proxim 
ity to Said Seat, and Spring means coacting with 
Said head to urge said ball element into engage 
ment With said seat. 

15. In a fuel injection nozzle, in combination, a 
hollow body having a central chamber with a 
discharge outlet at one end and an inlet passage 
at the other end, an annular fange defining a 
flat-face Valve seat at the discharge end of said 
paSSage, a clearance groove encircling said flange 
and having a bottom inclined outwardly toward 
the plane of the valve face, a wave head having 
a peripheral flange slidable in said chamber and 
notched to define a restricted flow resistance, the 
free end of Said head being conical in form and 
coacting With a conical surface in said body to 
define a second annular flow resistance, a hemi 
Spherical recess in the free end of said head op 
posite Said Seat, a partial ball having a spherical 
portion mounted for self adjustment in said 
Socket and having a flat area, disposed for en 
gagement with Said valve seat and coacting at 
its peripheral edge with the bottom of said groove 
to define a third restricted annular flow resist 
ance, SOring means acting on said head in a direc 
tion to move said ball toward said valve seat 
and Said head toward said conical surface, and 
a pintle movable with said head and coacting 
With Said discharge outlet to define a restricted 
annular discharge orifice of progressively increas 
ing flow area, as Said ball moves away from said 
Seat. 

16. In a fuel injection nozzle, in combination, 
a hollow body having a central chamber with a 
restricted discharge orifice at one end and an in 
let paSSage at the other end, an annular flange 
defining a flat-face valve seat at the discharge 
end of Said passage, a clearance groove encircling 
Said flange and having a bottom inclined out 
Wardly toward the plane of the valve face, a valve 
head having a peripheral flange slidable in said 
Chamber and notched to define a restricted flow 
resistance, the free end of said head being conical 
in form and coacting with a conical surface in 
Said body to define a transient annular flow re 
Sistance, a recess in the free end of said head 
Opposite Said Seat, a ball element having a spher 
ical portion mounted for self adjustment in said 
receSS and having a flat area, disposed for engage 
ment With Said seat and coacting at its peripheral 
edge With the bottom of said groove to define a 
transient annular flow resistance effective when 
Said ball element is in close proximity to said 
Seat, and Spring means acting on said head in a 
direction to move said ball element toward said 
Seat and Said head toward said conical surface. 

17. In a fuel injection nozzle, in combination, 
a hollow body having a central chamber with a 
plain hole discharge orifice at one end and an 
inlet passage at the other end, means defining 
an annular Valve seat at the discharge end of 
Said paSSage, a clearance groove encircling said 
Seat and having a bottom inclined outwardly to 
Ward the plane of the seat face, a valve head slid 
able in Said chamber and coacting therewith to 
define a restricted flow resistance. the free end 
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of said head being inclined in form and coacting 
With a complemental portion of said body to de 
fine a second flow resistance over a portion of its 
novement, a Valve element mounted for Self ad 
justment. On Said head and haWing a flat area, 
disposed for engagement With said Seat and co 
acting With the botton of said groove to define 
a third flow resistance When said valve element 
is in close proXimity to said Seat, Spring means 
acting on said head in a direction to move said 
Valve element toward said seat, and means mov 
able With Said head and coacting With the inlet 
Of Said discharge Orifice to cause the emission of 
the fuel first in the form of a non-centrifugal 
COre and then in the form of a centrifugal en 
velope aS said Valve element moves into fully open 
position. 

18. In a fuel injection nozzle, in combination, 
a Casing having an outlet passage, Spring Seated 
valve means for controlling the Supply of fuel 
under pressure to Said passage, a pintle coin 
nected to Said Valve means for movement there 
With and extending reciprocally into said pas 
Sage to define an annular outlet orifice, the outer 
end of Said pintle being formed with an axially 
inwardly tapered undercut to provide a graduated 
Orifice Opening, and means defining a restriction 
in the path of fuel flow and responsive to the 
fuel flow over a range of valve movement be 
tween full open and full closed positions to set up 
a pressure acting in a direction to open said valve 
means and to move said pintle outwardly. 

19. In a fuel injection nozzle, in combination, 
a hollow body having a central chamber with a 
discharge Orifice at one end and an inlet, passage 
at the other end, means defining an annular valve 
Seat at the discharge end of said passage, a clear 
ance groove encircling said seat and having a 
botton inclined outwardly toward the plane of 
the Seat face, a Valve head slidable in said cham 
ber and coacting thereWith to define a restricted 
flow resistance, the free end of said head being 
inclined in form and coacting with a comple 
mental portion of said body to define a second 
flow resistance over a portion of its movement, a 
Valve element mounted for self adjustment on said 
head and having a flat area disposed for engage 
ment With said Seat and coacting with the bottom 
of Said groove to define a third flow resistance 
When Said Valve element is in close proximity to 
Said Seat and Spring means acting on said head 
in a direction to move said valve element toward 
Said Seat. 

20. In a fuel injection nozzle, in combination, 
a nozzle body having a fuel flow passage and re 
stricted orifice discharge means opening there 
from, a valve in Said passage having a seat and a 
Valve member for controlling the supply of fuel 
through Said passage to said discharge means, 
Spring means tending to seat said valve member, 
Said Valve member having a relatively small open 
ing pressure area, exposed to the pressure of said 
fuel and acting in opposition to said spring means, 
and means movable with said valve member and 
coacting peripherally with said passage to de 
fine an Open fioW restriction spaced from said 
Seat in the path of fuel flow and effective during 
a portion of the valve movement to set up a dif 
ferential pressure upon the flow of fuel there 
through, Said passage being formed in the region 
of Said restriction with a longitudinal groove in 
creasing progressively in flow area toward said 
discharge means So as to cause said flow restric 
tion to decrease progressively in accordance with 
the opening movement of said valve member, said 
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last mentioned means defining a relatively large 
preSSure area adapted to be acted on by Said dif 
ferential pressure to control the rate of move 
ment of said valve member. 

21. In a fuel injection nozzle, in combination, 
a nozzle body having a fuel flow passage and re 
stricted orifice discharge means opening there 
from, a valve in said passage having a seat and a 
valve member for controlling the supply of fuel 
through said passage to said discharge means, 
Spring means tending to seat said valve member, 
said valve member having a relatively small open 
ing pressure area, exposed to the pressure of said 
fuel and acting in opposition to said Spring means, 
means movable With Said Valve member and co 
acting With said passage to define an open flow 
restriction increasing progressively in flow area 
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upon movement of Said valve member through 
a predetermined range toWard open position and 
defining a relatively large pressure area adapted 
to be acted upon by the differential pressure set 
up by said restriction in response to fuel flow 
and acting to control the rate of movement of 
Said valve member, and additional means mov 
able with said valve member defining another flow 
restriction in the path of fuel flow through said 
passage of greater flow area than the initial flow 
area of said first mentioned restriction and hav 
ing a relatively large pressure area adapted to be 
acted on by the differential pressure set up by 
said other restriction in response to fuel flow to 
control the movement of Said Valve member. 

CARRO. Fr. ALDEN. 


