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This invention relates as indicated to nozzles 
and more particularly to nozzles - especially 
adapted for the injection of liquid fuels into com 
bustion chambers of various types of engines. 
There are at present several different types of 

engines employing liquid fuels which require to 
be injected into the combustion chambers of the 
Sane, Such engines including the well-known 
automotive internal combustion engine, diesels, 
the turbo-jet, prop-jet, and ram-jet engines and 
the like. While such latter types of engines are 
at present largely employed in aircraft, it is ex 
pected that they will shortly find application in 
railway locomotives and ships. In certain of 
Such engines it is necessary to provide for a Wide 
range of fuel flow between selected minimum and 
maximum limits while at the same time main 
taining a low over-all pressure drop through the 
nozzle between the fuel intake manifold and the 
combustion chamber. 
Open orifice type nozzles have been employed 

in the past in such applications but without any 
great measure of Success, principally because of 
their limited flow range of approximately 10 to 1. 
The flow range which must be obtainable for con 
tinuously efficient operation of certain of the 
more modern jet engines is in some cases as much 
as 125 to 1. The usual open orifice nozzles are 
not capable of any Such range of performance 
Since in Such nozzles When the rate of flow is in 
creased by a stated factor the corresponding line 
pressure will require to be increased by such fac 
tor Squared. To attempt to provide for any great 
range of flow with this latter type of nozzle is 
therefore wholly impracticable as leading to im 
possibly high line. pressures in the upper range 
of flow. 
With closed, and/or variable orifice nozzles 

have, however, found it possible to obtain a wide 
range of flow without excessive intake pressures 
being required to achieve high flow rates. A seri 
ous difficulty with this latter type of nozzle, how 
ever, is encountered in attempting to meet the 
rigid specifications generally imposed as to main 
tenance of a designated angle of spray cone at 
all operating rates of flow. When the rate of 
flow drops to a very low level, it becomes most 
difficult to provide a nozzle of this type which 
will automatically regulate itself to maintain the 
desired spray angle. 

It is therefore a primary object of my inven 
tion to provide a nozzle capable of: 

(a) A wide flow range, 
(b) But a Small increase in pressure loss from 

low to high rate of flow, - 
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(c) Maintaining the spray envelope at a sub 
stantially constant angle over such large flow 
range, 

(d) Atomizing the liquid with slight penetra 
tion, i. e., quickly, before the liquid spray cone 
extends very far, and to the point where an al 
most dry Vapor is obtained. ', '', 

(e) Automatically closing when the inlet pres 
Sure drops below Some designated value. 
A further object of my invention is to provide 

Such nozzle adapted to prevent escape of liquid 
at an excessively high rate of flow should the exit 
Valve fail for any reason. , , 

Still another object is to provide such nozzle 
which may be manufactured at a reasonable cost 
and which will require a minimum of main 
tenance and repair. . . . 
Other objects of my invention will appear as 

the description proceeds. 
To the accomplishment of the foregoing and 

related ends, said invention then comprises the 
features hereinafter fully described and particu 
larly pointed out in the claims, the following de 
Scription and the annexed drawing setting forth 
in detail certain illustrative embodiments of the 
invention, these being indicative, however, of 
but a few of the various ways in which the prin 
ciple of the invention may be employed. 

In Said annexed drawing: 
Fig. 1 is a longitudinal sectional view of one 

embodiment of my new nozzle taken along the 
diameter thereof; 

Fig. 2 is a transverse sectional view taken along 
the line 2-2 on Fig. 1; ... . . 

Fig. 3 is a transverse sectional view taken along 
the line 3-3 on Fig. 1; 

Fig. 4 is a transverse sectional view taken along 
the line 4-4 on Fig. 1; 

Fig. 5 is a longitudinal sectional view taken 
along a diameter of another nozzle embodying 
certain features of my invention; 

Fig. 6 is a fragmentary sectional view of the 
nozzle orifice showing the exit valve but slightly 
open; 

Fig. 7 is a view similar to Fig. 6 but showing the 
valve relatively widely opened; and 

Fig. 8 is a graph comparing the pressure drop 
between the inlet manifold and the combustion 
chamber with the pressure drop between the 
chamber at the inlet side of the exit valve and 
the combustion chamber at different percentages 
of rated fuel flow through the nozzle. . 

Referring now more particularly to said draw 
ing and especially Figs. 1-4 thereof, the embodi 
Inent of my invention there illustrated comprises 
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an outer nozzle body of general cylindrical 
form having an enlarged base portion 2 inter 
nally threaded for securing to the intake mani 
fold (not shown) of an engine. An inner sleeve 
3 provided with a filter 4 which may be of Wire 
mesh, for example, is threaded into such base 
portion 2 of the nozzle. This filter serves to pro 
tect the inner parts of the nozzle but does not 
eliminate the need for the usual filters in the 
main fuel supply line. The other end of the 
nozzle body is closed except for a centrally dis 
posed orifice 5. All parts may desirably be of 
stainless steel, for example. 

Press fitted within cylindrical nozzle body f is 
an inner liner 6 having a semi-circular longi 
tudinal groove in its outer periphery forming 
channel 7 open at one end toward the fuel inlet 
end of the nozzle. The other end of Such chan 
nel is closed except for a passage 8 leading radi 
ally inwardly throughliner 6. 
A plurality of similar semi-circular grooves 

are provided in the outer periphery of such liner 
to form longitudinal channels 9 which open to 
Ward the orifice end of the nozzle through gen 
erally tangential SWir slots f). The other ends 
of channels 9 communicaté through radial pas 
sages with an inner annular chamber 2 
formed in the inner periphery of cylindrical 
liner 6. 
An exit valve guide 3 is press fitted within 

cylindrical liner 6 toward the orifice end of the 
iO22le. Such guide is provided with an annular 
groove in its outer periphery forming annular 
chamber t 4 positiöned to communicate through 
radial passage 8 with channel 7. A plurality of 
helical slots (in this case four) in the outer sur 
face of guide member 3 form helical channels 
f5 leading from annular Chamber 14 tó the 
chamber 6 just inside, nozzle orifice 5. The 
parts So far described constitute the fixed or im 
movable elements of my new nozzle assembly. 
A poppet type exit valve member 7 adapted 

to seat in orifice 5 is provided with a valve stem 
f8 fitted in cylindrical guideway 9 extending 
through member 3 in axial alignment with such 
Órifice, 

Slidably fitted within liner 6 is a cylindrical 
shell or piston 20 open toward member 3 and 
closed toward the fuel inlet end of the nozzle. 
An adjusting screw 2 passes through such lat 
ter end of reciprocable cylinder 20 and is adapted 
to be secured in adjusted position by means of 
lock nut 22. A spring steel wire connecting rod 
23 extends through central passage 24 in waive 
stem 8, one end of said rod being bonded, as by 
low temperature brazing, in the end of Screw 2 
and the other end being similarly bonded to an 
outer extension 25 of exit valve T. Wents 26 are 
provided in such extension communicating with 
passage 24 so that the interior of reciprocable 
cylindrical piston 28 is continuously vented to at 
mosphere or to the interior of a combustion 
charber or other discharge chamber. A com 
pression spring 27 within reciprocable piston 20 
bears against the end of immovable guide men 
ber 3 and at the other end against washer 28 
and adjustment shim 29 interposed in the closed 
end of such piston. 

it will now bé apparent that, when piston 20 
and its associated parts are reciprocated, exit 
walve will be reciprocated therewith through 
the agency of connecting rod 23. A degree of 
misalighment between such valve and piston is, 
however, permissible in view of the flexibility of 
the connecting rod and the clearance allowed 
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4. 
the same. The pressure with which valve f l is 
seated in orifice 5 may be regulated first by emi 
ployment of an appropriate shin 29 and Sec 
ondly by selection of an appropriate compression 
Spring 27. Further adjustment is obtainable by 
turning adjusting screw 2, but such screw serves 
an additional function as explained below. 
The shoulder 30 of reciprocable piston 20 is 

bevelled to provide a variable degree of com 
munication with annular chamber 2 when pis 
ton 20 is moved inwardly against compression 
Spring 27. Such reciprocable piston therefore 
acts as a regulating valve. The setting given 
a disting Screw 2, in conjunction with the 
thickness of adjustment shim 29, will determine 
the fluid pressure required to reciprocate regul 
lator valve 20 to admit fluid past contour 30 into 
chamber 2. 
The operation of my new nozzle may now be 

understood. Liquid fuel enters the nozzle from 
the fuel manifold and is discharged through ori 
fice 5 into a relatively low pressure exterior 
chamber. When the fluid pressure bearing 
against the end of regulator valve cylinder 20 
exceeds that in such exterior chamber by an 
amount barely sufficient to overcome the preload 
of Spring 27, then exit valve 7 will open. The 
fluid pressure bearing directly against the much 
Smaller effective area of valve member 7 is of 
relatively little consequence. This opening of 
valve f. permits fuel to flow through channel 7, 
paSSage 8, and spiral channels 5 into chamber 
6 and past exit valve member 7 into the ex 

terior chamber (normally a combustion chamber 
which may be at Substantially atmospheric pres 
Sure or in some cases at pressures considerably 
in excess of atmospheric). Since the cross-sec 
tional areas of spiral channels 5 are quite small 
and are selected to achieve a relatively large 
preSSure differential between the fuel inlet end 
of the nozzle and the exterior chamber into 
which such fuel is discharged thereby, sufficient 
preSSure is built up effective to move waive 20 
and open exit valve 1 to a relatively large ex 
tent. As a consequence, the fluid pressure bear 
ing against regulator valve 20 is sufficient to 
shift the latter to move exit valve 7 from its 
seat in orifice 5 to a degree much greater than 
would be obtained by the action of fluid pressure 
bearing against the inner side of valve member 

7. The area of the end of regulator valve 20 is, 
of course, considerably greater than the effective 
inner area, of Valve member 1. Helical chan 
nels 5 give the fuel a high spinning rate in 
chamber fi even at low fuel flows and excellent 
atomization in the fuel spray envelope is ob 
tained even at such low flows. The spinning 
inertia of fuel particles in the envelope formed 
at the opening of exit valve f causes such par 
ticles to break away and disintegrate the enve 
lope into a finely atomized mist which then fur 
ther disintegrates into a relatively dry vapor. 
Constricted helical channels 5 prevent a high 

fluid pressure developing in chamber 6 when 
the exit valve has been thus initially rather widely 
opened, and accordingly the initial fluid discharge 
of the nozzle will be at a relatively low rate. Such 
Constricted helical channels likewise ensure that 
intake pressure is maintained against regulator 
valve member 23. 
As the rate of fuel flow is increased, regulator 

valve 20 is gradually shifted from left to right 
as viewed in Fig. 1, bringing bevelled shoulder 39 
past the edge of chamber 2. Fuel accordingly 
enters such chamber to an increasing extent as 
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Such valve opens and passes therefrom through 
channels 9 and Swirl slots it into chamber 6 and 
thence out through crifice 5. Exit valve f has, 
of course, been correspondingly opened as regu 
lator valve 20 was opened. There continues to be 
a certain amount of fuel flow through channel 7 
and spiral channels 5, but this. Soon becomes 
inconsequential when compared to the very much 
larger flow entering through chamber 2 and 
passing through channels 9. 
Contour 30 is selected so that at maximum 

rated fuel flow the pressure drop between annular 
chamber 3 and chamber 6 will be as low as 
possible and still afford sufficient swirling action 
through slots to provide satisfactory atomiza 
tion of the fuel at the orifice. Such 'beveled' 
contour need not necessarily be a straight line 
and other curves will be employed when Suitable. 
Swirl slots accomplish the same result at 
higher rates of flow as do spiral channels 5 at 
low fuel flow, but the pressure loss through slots 
0 is much less since they are of relatively large 

cross-section. Instead of providing angularly 
disposed slots to obtain the desired SWirling 
action, the channels 9 may themselves be some 
What helical in conformination. 

Reference may now be had to Fig. 5 of the 
drawing showing another embodiment of my 
invention generally similar to the Fig. 1 form 
described above but including certain modifica - 
tions. The valve body 32 is exteriorly threaded 
to permit the same to be inserted in a correspond 
ingly threaded opening in communication with 
the fuel inlet manifold. The general internal 
construction of such nozzle is similar to that 
shown in Fig. 1 and accordingly need not be 
again described, like parts being identified by like 
numerals. The intake end of channel instead 
of opening directly into the inlet end of the nozzle 
communicates with an annular chamber 33 hav 
ing a narrow inlet port 34 in its inner periphery 
adapted to be closed by axially reciprocable cylin 
drical valve member 2. Instead of providing a 
contoured or bevelled shoulder on regulator valve 
20 for regulating the admission of fluid to annu 
lar chamber 2, a corresponding contour 35 is 
provided on the inner periphery of ring 36, accom 
plishing the same result. This nozzle construc 
tion embodies a safety feature in that when Oper 
atting at a low flow rate, should exit valve member 

break away or become detached, spring 27 
would then be enabled to move regulator valve 20 
to the left, cutting off fuel flow to both annular 
chamber 2 and annular chamber 33. This result 
is accomplished as follows; the adjusting screw 
may be set so that when exit valve member f is 
seated in the nozzle orifice regulating valve. 20 
will be effective to close both port 34 and port 2. 
Consequently, until the line (intake) pressure 
reaches a predetermined minimum there will be 
no fluid flow through the nozzle at al. When 
Such pressure is raised sufficiently to move regul 
lating valve member 20 slightly, exit valve Will 
be opened and port 34 cleared, at least in part, 
permitting limited flow to orifice 5. With prior 
closed type nozzles, should the exit valve member 
break away when set for low fuel flow, a greatly 
increased flow from such nozzle would result, 
causing a local hot spot. Such "hot spots' are 
very undesirable in certain types of engines where 
uniform heating is important. In my new nozzle, 
however, described above, should the exit valve 
member 7 break away when Such latter valve is 
closed, it is obvious that spring 27 will be opera 
tive to shift regulator valve member 20 still fur 
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6 
ther to the left (Fig. 5), maintaining ports 34 
and 2 closed. When exit valve T is slightly open 
at the time of Such failure, much the same result 
Will occur. With nozzle orifice 5 no longer 
blocked, the pressure drop from the fluid intake" 
end of the nozzle to chamber 6 within such ori 
fice is consequently increased, tending to cause 
a very large percentage increase in fluid flow, but 
the resultant slight decrease in fluid pressure 
against valve member 20 permits the latter to 
shift to the left and close or further constrict the 
ports so that any substantial increase in flow is 
very brief. As pressure then builds up in the 
inlet end of the nozzle, port 34 will again open 
Somewhat, but the flow rate through the nozzle 
Will be Subnormal and thus avoid damage to the 
Serviced parts. 
Should exit valve member 7 be lost when the 

nozzle is already discharging at a high rate the 
mechanism. Will not nortnally be effective to close 
the ports but this is of relatively little conse 
quence Since there is no percentage increase in 
rate of flow possible at all comparable to that 
Which would otherwise occur when operating at 
a very low flow rate. A local disproportionately 
hot Spot will therefore not result. 

Referring now more particularly to Figs. 6 and 
7, it will be noted that nozzle orifice 5 is provided 
With a bevelled valve seat 3 adapted to seat the 
correspondingly bevelled surface 38 of exit valve 
T. When such valve is only slightly opened as 
Shown in Fig. 6, the SWirling fue is discharged 
through the Orifice at an angle determined by 
Such parallel spaced seat portions 3 and 38. If 
the valve parts are provided with such seats only, 
however, it is found that at high flow rates the 
fuel envelope discharged from the orifice will 
assume a rounded or “umbrella.' shape instead 
of holding to the desired conical form as obtained 
at low fuel flow. The general result of this effect 
is equivalent to reducing the angle of the conical 
fuel envelope and Such change of angle is not 
tolerated by present-day engine specifications. 
I have found that by providing a double angle 

on the inner face of the exit valve 7, thereby 
providing a Second bevelled Surface 39 of more 
obtuse Conical Contour (i. e., of greater vertex 
angle), the angle of the Spray envelope it will 
be determined by whichever Surface 38, 39, is 
more nearly juxtaposed to seat 37. Consequent 
lly, as shown in Fig. 7, when valve T is rela 
tively widely opened with a large fuel flow pass 
ing through nozzle orifice 5, the angle of the 
conical spray envelope is relatively wide near 
its apex, thereby counter-balancing the tendency 
to form a rounded shape and maintaining the 
desired angle within prescribed limitS. A. Suc 
cession of more than two such conical Surfaces 
of increasing vertex angles may be provided or 
a continuous curved surface may be utilized to 
obtain much the same effect. 

Referring now to Fig. 8 of the drawing, the 
figure graphically compares the over-all pres 
Sure drop from the nozzle intake to the dis 
charge chamber (ordinarily a combustion chain 
ber) with the pressure drop from chamber 6 
(just Within the exit valve) to Such di Scharge 
chamber. The former determines the degree to 
which the exit valve will be opened and the latter 
determines the character of the spray cone ob 
tained. At a predetermined intake pressure the 
exit waive opens, fluid flow passing through 
channel 7 and helical channels 5 to the orifice 
5. As above eXplained, the intake pressure act 
ing on the relatively large area of regulating 
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waive: 20 serves to open exit valve; it quite rapid 
ly at first, overcoming any tendency of the latter 
to stick, but the fluid flow is nevertheless Small 
due to the limited capacity of restricted helical 
channels 5. Eo increase: the rate of flow there 
through by a stated factor would require that 
the corresponding line pressure be increased by 
such factor squared. Consequently, in the low 
operating range, when there is a slight increase 
in line:pressure, the exit valve will be propor 
tionately opened but there will be little increase 
in the filaid flow through channels 5 to Such 
Valve. 
(intake) pressure, however, regulating valve 28 
is further shifted to begin a draitting fluid past 
contour 33, to port. 2, by-passing channels 5. 
Flow through channels 9 soon becomes presdoni 
nant, and the preSSure drop between chamber 
16 and the discharge, chaniber increases, While. 
the pressure drop through the entire nozzle 
(upper line of graph) increases at a Substantial 
ly less, rapid rate than before. 
In other Words, the pressure drop through the 

entire nozzle is seen to increase at quite a rapid 
rate throughout the first 15% of the flow range. 
This results from the fact that the only liquid 
flow is through restricted helical channels 5. 
This preSSure is applied directly to the relatively 
large area of valve member 20, causing corre 
Spondingly rapid opening of exit valve even 
though the liquid flow is still rather low. Good 
atomization is thus obtained whereas, if liquid 
pressure against valve 7 were relied upon to 
open the latter, such valve would not be lifted 
Sufficiently from its seat initially to provide the 
desired conical fuel envelope at the nozzle orifice. 
Instead, the fluid would at first tend to energe 
in the form of fine jets or "strings,' an unaccept 
able condition which usually occurs when the 
Valve has been lifted on the order of only .001 
inch. By way of contrast, conventional closed 
nozzles require a very considerable proportionate 
change in fuel flow when operating at a low rate 
before the pressure is raised sufficiently properly 
to open the exit valve. 
When 3 to 4% of rated flow is attained, valve 

member 2) will have moved in sufficiently to 
cause shoulder contour 33 to pass the edge of port 
2 and therefore begin to admit liquid to pas 

Sages 9. When the fuel flow passes about 15% 
of rated capacity (see graph, Fig. 8) the rate 
of increase in pressure drop through the entire 
nozzle as flow increases is seen to diminish, due 
to the shape of contour 30 which permits increas 
ing, flow to chamber 2 and passages 9. While 
Such contour may be selected to afford desired 
nozzle characteristics, it is usually designed to 
admit a steadily increasing flow to port 2 as 
the exit valve. is opened so that the angle of the 
Spray cone may be maintained relatively con 
Stant at all rates of flow. 
When the exit valve is quite wide open and 

the fluid flow is in the upper 40% or so of the 
flow range, the shape of the exit valve mem 
ber seat portion ceases to have much effect 
On the size of the exit valve opening although 
still affecting the shape of the spray cone. The 
valve stem and orifice 5 together now define the 
annular opening through which the fluid exits. 
Since, at this stage, it becomes impossible fur 
ther to enlarge the effective exit valve opening, 
contour 30 may be selected to admit fluid to port. 
2 at an increasing rate as valve 20 moves in 
under the effect of increasing intake pressure. 
This compensates for the fact that the exit valve 
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S. 
opening does not simultaneously become fur 
ther enlarged. Alternatively, the valve stem. Of 
valve member 7 might be tapered inwardly to 
modify the size of the exit valve opening but 
since the nozzles are often very small it is desir 
able that the stem should not be unduly weak 
ened. By properly modifying contour 30, it is 
possible to obtain a relatively large increase in 
flow as a result of a slight increase in pressure 
in the upper range. 

It Will accordingly be Seen that I haWe , pr0 
vided a novel nozzle construction capable of a 
wide flow range but maintaining uniform. Spray 
characteristics throughout such range. Such 
nozzle is automatic... in operation, opening only 
when a predetermined minimum operating pres 
Sure is reached and closing When the preSSure 
drops below such point. Proper SWilling action. 
is obtained at both high and low rates of flow and 
the discharge angle of the conical spray en 
velope can be maintained within prescribed nar 
row limits. In case of failure of the exit. valve, 
as by Separation and loSS of Walve member 1, 
damage to the parts serviced may be avoided 
by resultant automatic regulation of the flow. 
COIntrol Wave. 

Certain features of rily invention, such as the 
by-pa-SS arrangement for regulating fuel flow, 
inay also be employed to advantage in open type 
iO2Zies although not achieving all the desirable. 
JesultS. obtain in lay preferred form of closed. 
type nozzle. Various liquids such as water, and 
gaSeS, anay be handled by ny new nozzle, but such 
nozzle is particularly adapted for employment 
With liquid fuels. Such as fuel oil, kerosene, 
gaSolene, and the like. 
Other modes of applying the principle of the 

invention may be employed, change being made 
as regards the details described, provided the 
features stated in any of the following claims 
or the equivalent of such be employed. . . 

I therefore particularly point out and distinctly. 
claim as my invention: - 

1. In a liquid fuel injection nozzle having a 
Cylindrical body portion threaded at one end for: 
Connection with an intake manifold and provided 
with a relatively small exit orifice in its other 
end, an inner cylindrical liner press-fitted within 
said body portion, a third cylindrical member of 
Substantially less length than said liner press 
fitted within said liner adjacent such nozzle 
Orifice but spaced therefrom, an annular cham 
her in said third member, a plurality of small 
helical channels leading from said chamber to a 
chamber immediately communicating with Such 
nozzle orifice, a longitudinally extending channel 
in said liner leading from the intake end of 
Said nozzle to said annular chamber, a cylindri 
cal valve member mounted for reciprocation 
within said liner, the end of said cylindrical valve 
member toward Such orifice end of Said nozzle 
being open and the end toward the intake end 
of said nozzle being closed, an adjusting Screw 
threaded axially through such closed end of said 
member, means operative to lock said Screw in 
adjusted position, a valve stem reciprocable in 
said third press-fitted cylindrical member axially 
of such orifice, an exit valve member carried by 
said stem adapted to Seat in and close Such orifice, 
said valve member and such orifice having co 
Operative conical Seating Surfaces, With a conical 
surface of greater vertex angle on said exit valve 
member immediately adjacent Such seating Sur 
face thereon and between such seating surface 
and said stem said stem and exit valve member 
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having a bore axially therethrough, a flexible 
spring rod inserted in said bore with clearance 
relative to the wall of the latter and connected at 
its ends to said screw and exit valve member 
respectively, whereby said cylindrical valve men 
ber and exit valve member are joined for recipro 
cation in unison, said exit valve member having 
an Opening Venting such bore to the exterior of 
Said nozzle, an adjustment shim within said 
Cylindrical valve member against the closed end 
Of the latter, a coiled compression spring inter 
posed between said shim and the adjacent end 
of said press-fitted third cylindrical member nor 
mally operative to hold said exit valve member 
firmly seated in such orifice, an annular cham 
ber in the inner periphery of said liner near the 
closed end of said cylindrical valve member and 
normally closed by the outer cylindrical surface 
of the latter, one of such surfaces of said liner 
and said cylindrical valve member being periph 
erally beveled on desired contour adjacent Said 
annular chamber in Said liner but toward the 
intake end of said nozzle, whereby, upon move 
ment of Said cylindrical valve member under in 
fluence of fluid intake pressure to open said exit 
valve, such beveled contour will be effective after 
predetermined movement to admit an increasing 
flow of fluid to said annular chamber in said liner, 
a plurality of channels extending longitudinally 
through said liner from said annular chamber 
therein and communicating with a radially outer 
annular chamber in the Orifice end of Said nozzle, 
and generally tangentially arranged slots leading 
from said last-named chamber to such chamber 
immediately within Such exit Grifice to impart a 
Swirling action to the escaping fluid. 

2. In a liquid fuel injection nozzle having a 
fuel intake end adapted for connection with an 
intake manifold and a relatively small exit orifice 
in its other end, a channel extending longitudi 
nally from the intake end of said nozzle to an 
annular chamber therein, a plurality of Small 
helical channels leading from Such chamber to 
a chamber immediately interiorly of such exit 
orifice, a cylindrical valve member mounted for 
reciprocation in an inner channber axially within 
Said nozzle, a valve stem within said nozzle re 
ciprocable axially of such orifice, an exit valve 
member carried by said stem adapted to seat in 
and close such orifice, said valve and such orifice 
having cooperative conical seating surfaces, with 
a conical Surface of greater Vertex angle. On Said 
exit valve member immediately adjacent such 
seating surface thereon and between such seat 
ing surface and said stem, means interconnecting 
said exit valve member and cylindrical valve 
member for axial reciprocation together, said 
stem and exit valve member having a bore there 
through adapted to vent the inner chamber closed 
by said cylindrical valve member, a compression 
spring interposed between said latter valve mem 
ber and the end of such latter chamber effective 
normally to hold said exit valve firmly seated 
in said orifice, an annular chamber surrounding 
said cylindrical valve member and normally 
sealed thereby, one of the opposed surfaces of 
said cylindrical valve member and such inner 
chamber being peripherally beveled on desired 
contour adjacent said last-named annular cham 
ber toward the intake end of said nozzle, whereby, 
upon movement of said cylindrical valve member 
under influence of fluid intake pressure thereon 
to open said exit valve, such beveled contour will 
be effective after predetermined movement to 
admit an increasing flow of fluid to said annular 
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chamber Surrounding Said cylindrical valve 
member, and a plurality of channels extending 
longitudinally of said nozzle from said latter 
annular charper and communicating With the 
chamber immediately interiorly of such exit 
Orifice by means of angularly disposed swirl slots, 
Said last-named channels and slots being dimen 
Sioned for much greater fluid flow therethrough 
than the aforesaid helical channels. 

3. In a nozzle having a fluid intake end and a 
relatively small exit orifice in its other end, a 
plurality of Small helical channels in communi 
cation. With Such intake end and leading to a 
chamber immediately within such exit orifice, a 
regulating valve member axially reciprocable in 
a chamber in said nozzle toward the intake end 
of the latter, an annular chamber normally closed 
from the nozzle intake by the outer periphery 
of said valve member, an exit valve member 
adapted to seat in and close such nozzle exit ori 
fice, means joining said regulating valve mem 
ber and said exit Walve member for movement 
in unison, resilient means adjustably acting on 
said regulating valve member normally to hold 
said exit valve member seated in such orifice, and 
a plurality of large channels leading from said 
annular chamber longitudinally of said nozzle 
and communicating through angularly disposed 
Swirl slots with such chamber immediately with 
in such exit orifice, one of the opposed surfaces 
Of Said regulating Valve member and its enclos 
ing chamber being peripherally beveled adjacent 
Said annular chamber toward the intake end of 
Said nozzle, whereby, upon movement of said reg 
ulating valve member under influence of fluid 
intake pressure thereon to open said exit valve 
against the action of said resilient means, such 
beveled contour will be effective after predeter 
mined movement to admit an increasing fluid 
flow to said annular chamber. 

4. In a nozzle having a fluid intake end and 
an exit Orifice end, a constricted helical channel 
leading from Such intake end to such exit end 
adapted to deliver a small swirling fluid flow at 
Such orifice, an exit valve member adapted to 
Seat in and close such Orifice, an annular cham 
ber opening at its inner periphery to the interior 
of the intake end of said nozzle, a cylindrical reg 
ulating valve member reciprocable axially with 
in said nozzle and adapted to close such open 
ing of said annular chamber, means connecting 
said two valve members for reciprocation in uni 
son, resilient means acting on said regulating 
valve member normally to hold said exit valve 
member seated in such orifice and said annular 
chamber closed, and large channelways leading 
from Said annular chamber and communicating 
through angularly disposed outlets with such exit 
Orifice, Said channelways being adapted to deliver 
a much larger fluid flow to such orifice than said 
helical channel, one of said regulating valve 
member and the inner peripheral surface of said 
nozzle adjacent the intake side of said annular 
chamber being beveled to admit an increasing 
fluid flow to said annular chamber after prede 
termined movement of said regulating valve 
member toward the orifice end of said nozzle un 
der influence of fluid intake pressure there 
against, thereby correspondingly raising said exit 
Valve member from its seat in such orifice. 

5. In a nozzle having a fluid intake end and 
an exit orifice end, a small channel leading from 
such intake end to such exit end and adapted to 
deliver a swirling fluid flow at such orifice, an 
exit valve member adapted to seat in and close 
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šüëh orifice, å sècond much lärger chan??l l?ad 
iñg from such intake end tò such èxit end and 
adapted to deliver a swirling fluid flow at such 
·örifi?e, a sècond axially reciprocable valvé ?mem 
ber adapted to close said second channel, means 
joining said two valve members for reciprocation 
iia unison, and resilient means urging said Sec 
ö?iä välive member tó clésé said secônd channel 
and seat said exit valve member in such orifice, 

tive to said second channel for predetermined 
ridtjverient to open said exit valve member to a 
limited extent prior to initiating opening of said 
second channel, and said second valve member 
havirig much larger area subject to fluid preSSure 
thereagainst than said exit valve member: 

6. In a spray ndzzle having an intake end and 
a discharge nozzle, a large and a Small passage 
leading from the intake end of such nozzle each 
adapted to deliver a swirling fluid flow at they 
nozzle discharge orifiee, a regulating valve mena 
iser arranged for reciprocation in response t0 n0Z 
zle intake pressure operative te öpen said large 
passage as such pressure increases and close said 
passage when such pressure falls below a prede 
termined figuire, a poppet exit valve member for 
such orifice connected to said regulating valve 
member for reciprocation thereWithi, and resilient 
mealas urging said exit valve aeniber and regul 
lating valve member to closed pósitions. 

7: In a spray nÖ2Zle, a large and a Small paS 
Sage each adapted to deliver a swirling fluid foW 
at the nozzle discharge orifice, a slide valve men 
ber reciprocable in response to nozzle intake pres 
sür? döperative to open said large passage as su ?ih 
pressure increases, and an externally seated out. 
wardly opening èxit v?lve hmembjér for such orie-' 
fice connected to said first valve member for 
movement therewith and having a smalleir area. 
subject to fluid pressure thereagainst, said Slide 40 
valve member being arranged for appreciable re 
ciprocation before thus opening said large pas* 
Šage. : 

8. In a nozzle having an exit orifice, a large 
and a small passage each leading from the intake 
end of such nozzle to such orifee, a regulating 
valve member operative to open said large pas 
sage in response to increase in fluid intake pres 
sire, and aa exit valve member for such orifice 
eonnected with said regulating valve member for 
nadvement therewith, said exit valve rhember be 
-ing arranged upon reciprocation to open stileh exit 
orifice before said regulating valve member opens 
said large paSSage. 

9. En a nezzle having an exit orifice, a Small 
passage andra much large? passage teateha leading 
from the intake end of such nozzle to such orifiee, 
a regulating valve member operative to open said 
larger passage in response to increase in fluid 
intake pressure and to close said larger passage 
when such pressure falls below a predetermined 
figure, and a separate vent passage leading frona 
a cavity behind said regulating valve member to 
the exterior of said nozzle to facilitate Opening 
movement of said valve member. 

10. In a nozzle having an rexit orifice, a small 
and a large passage each leading from the intake 
end of said nozzle to such orifice, a regulating 
valve operative to open both such channels suc 
cessively under influence of increasing inatake 
pressure, means urging said valve to closed posi 
tion, and an exit valve member for Such orifice 
connected with said regulating valve for operaing 
and closing movement in syrichronisin therewith. 
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l??ding frofì th? int?k? end of Saiã fìözzle t? sü?h 
örifi?è, ân axially reciprö?abl? r?g?lãiting vãiwe 
ñeñnbêr adaptê?d tööpe? s?id þ?šsäge ü??êr the 
i?h?üence òf flüiä int?k? press??è Whë?i sü?h 
p?šŠuif? ?š?é?ds ? pied?tefmijied fi?ür? ?rld to 
?l?š? š?id p?šš??e V??r? s??? piešut? d?gš b? 
léW Südh figufe, àÉi exit valyè fièniáber adáptèd 
to šëät iñ such ofifi?e, mèä?áš öönriešting säiä 
valve membe?š fôr Fecip?ôc?tion? in u?iSôn, âñtd 
resilient means urging said regulating valve 
reäbertöölošed pösitiõn, šäid exit välve meiber 
añd šüch örifice haviñg cÐGjef?tivë frištfõi 
cöniical šéâting pörtiönis añd ?aid èxit Walvè h?érni 
ber having â radiâlly inner, ânnular sürfâbe ?lying 
allt â greated âi i glê to the axiS Of Säid mâeh?bert thaith 
sieh seating portion on said riember and ädapted 
t? oppose such seàting põrtion of such orifice 
when such exit valve is widely opened, 

12. In a spray nozzle, a large and a small 
p?SSage e??h ?dapted tö deliver ? swirling fã?d 
flöw åt the nozzle discharg? örifice, á Valve ñeñ 
bè? reciprGcãble in fesponse tõ flöZZle intake pF?8 
süre opérative Sucééssively tö öpén Said Sñâll 
pass?g? ärid said largë pass?gë as suchi présStr? 
increases, an exit valve member reciprocable into 
and out of seating engagement in such orifice, a 
longitutinally rigid flexible rod confectiiig said 
two valve merhbers for reciprocation together, 
and resilient means urging said first valve mem 
ber to &lose þóth said channels and seat said exit 
valve mehber in Such diifice, -- 

i3. In a nozzle having an exit ofifice, a passage 
leading from the intake end of said nozzle to 
sii?h 'orifi?e, an axially réciproCable f?gulatiirág 
valve member adapted to open said passage under 
the influence of fluid intake pressure when such 
pressure exceeds a predetermined figure and to 
close said på Ssage wh?n suüch pressure d'opòs bê 
low such figure, an axially reciprocable exit waive 
rinember adapted to close such orifice antil aligned 
with said regulating valve member, longitudinally 
rigid but readily resiliently flexible wire meains 
connecting said two valve members for recipro 
cation togêther büt permittiñg a dègree 6f raise 
alignment therebetween, said flexible means being 
thus connected tõsaid exit valve imember in the 
aear vicinity of such exit orifice, and resilient 
naeans urging Said valve members to closed 
position. 

14. Iñ a nãozzle havinig an êxit orifice, a lãrge 
and a Small passage each leading from the intake 
:end of S?ch n0zzle to Such orifice, a reguilating 
valve naenaber reciprocably mounted to regulate 
admission of fluid to said large passage in re 
Sponse to fluid intake pressure thereagainst, an 
exit valve inaehaber aligned with said regulating 
valve member and reciprocably mounted to opera 
-and close such orifice, and longitudinally rigid 
but readily resiliently fiexible -means coinecting 
Said two valve members for reciprocation to. 
gether while permitting a degree of misalignment 
therebetween, clearance being provided for sight 
lateral movement of said flexible means. 

i5. In a nozzle aaving an exit orifice, a passage 
5 leading from the intake end of said inozzle to such 

orifice, an axially reciprocable regulating valve 
naenber adapted to open said passage under the 
influence of fluid intake pressure when such press 
süre "exceeds a predetermined figure âhd to close 
Said passage when such pressure drops beligW such 
figure, an exit valve member axially reciprocably 
mounted to open and close such orifice, and lengi. 
tudinally rigid flexible means connecting said two 
valve members for reciprocation together while 

11. In a nozzle having an exit orifice, a passage 75 permitting a degree of misalignment there 
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between, clearance being provided for slight 
lateral movement of said flexible means. 

16. In a nozzle having a fuid intake end and an 
exit Orifice end, a Small channel leading from 
such intake end to such orifice end and adapted 
to deliver a limited fluid flow thereto, an inner 
chamber axially disposed within said nozzle, said 
chamber being closed toward such orifice end of 
said nozzle, a regulating valve member axially 
reciprocable therein, a large channel leading from 
the side of said chamber to such orifice end and 
adapted to deliver a large fluid fiow thereto when 
uncovered by said regulating valve member, an 
exit valve member adapted to close such orifice 
and carried by a stem axially reciprocably 
mounted in the closed end of said chamber, and 
means connecting said two valve members for 
reciprocation together, a vent to the outer atimos 
phere being provided for said chamber, through 
said stem and exit valve member. 

17. In a nozzle having an exit orifice, a passage 
leading from the intake end of said nozzle to such 
orifice, a regulating valve member axially recipro 
cable in a closed inner chamber within said nozzle 
and adapted to open Said paSSage under influence 
of fluid intake preSSure when Such pressure ex 
ceeds a predetermined figure and to close said 
passage when Such preSSure dropS below Such 
figure, resilient means urging said regulating 
valve member to closed position, an exit valve 
member adapted to close such orifice and carried 
by an axially reciprocable stem, and means con 
necting Said two valve members for reciprocation 
together, a vent for Such chamber being provided 
through said stem and exit Valve menber. 

18. In a nozzle having an exit orifice, and a 
passage leading from the intake end of such noz 
zle to such orifice; a regulating valve adapted to 
control fluid flow through such passage including 
a cylinder and a valve member mounted for 
reciprocation therein adapted to be urged to open 
position by fluid intake preSSure, resilient means 
adapted to urge said valve member to closed posi 
tion against the force of Such intake pressure, a 
member extending from said cylinder axially 
through such orifice, and a venting passage in 
said latter member leading from the interior of 
said cylinder to the exterior of Such nozzle. 

19. In a closed orifice type nozzle having an 
exit valve member, a regulating valve adapted to 
control flow of fiuid to such orifice comprising a 
piston mounted for reciprocation toward such 
orifice under influence of fluid intake pressure to 
uncover a port leading to such orifice, Said piston 
and port being relatively contoured to permit 
fiuid flow at a relatively low rate for initial sub 
stantial reciprocation of Said piston and then an 
abruptly much increased flow upon slight addi 
tional reciprocation of said piston, resilient 
means adapted to urge Said piston to valve clos 
ing position against the action of Such intake 
pressure, and means connecting, said piston and 
exit valve member for reciprocation in unison 
whereby said exit valve member is adapted 
initially to be rapidly moved to open position by 
such intake pressure but thereafter Opened fur 
ther at a reduced rate relative to the rate of 
increase of Such preSSure. 

20. In a closed orifice type nozzle having an 
exit valve member, a regulating valve adapted to 
control flow of fluid to such orifice comprising a 
piston mounted for reciprocation toward Such 
orifice under influence of fluid intake pressure to 
uncover a port leading to such orifice, said piston 
and port being relatively bevelled to permit fluid 
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14 
flow at a relatively low rate for initial Substan 
tial reciprocation of said piston and then an 
abruptly much increased flow upon slight addi 
tional reciprocation of said piston, resilient means 
adapted to urge said piston to valve closing posi 
'tion against the action of such intake pressure, 
means connecting said piston and exit valve 
member for reciprocation in unison whereby Said 
exit valve member is adapted to be rapidly moved 
to open position by Such intake pressure, but 
thereafter opened further at a reduced rate rela 
tive to the rate of increase of Such pressure and 
a separate independent and much Smaller pas 
sage leading from the intake end of Said nozzle 
to such exit orifice and having inconsequential 
capacity for fluid flow relative to that afforded by 
such port when the latter has been Widely opened. 
2. In a nozzle having an intake end and an 

exit orifice, a large and a Small passage each 
leading from the intake end to Such orifice, a 
regulating valve member mounted for reciproca 
tion operative to open said large paSSage in re 
sponse to increase in fuid intake pressure, resil 
ient means operative to urge Said member t0 
ward valve closing position, an externally seat 
ed outwardly opening exit valve member for such 
orifice, and means interconnecting said two valve 
members for reciprocation together. 

22. In a nozzle having an intake end and an 
exit orifice, a large and a Small paSSage each 
leading from the intake end to Such orifice, a 
slide valve member mounted for reciprocation 
operative to open said large passage in response 
to increase in fiuid intake pressure, resilient 
means operative to urge Said member toward 
valve closing position, a poppet Valve member 
adapted when reciprocated to open and close 
Such orifice, and means interconnecting Said tWO 
Valve members for reciprocation together, With 
reciprocation of Said slide valve member during 
initial opening movement of Said poppet valve 
being insufficient to open Said large passage, 

23. In a nozzle haWing an intake end and an 
exit orifice end, an OutWardly opening poppet 
valve member for Such orifice having a stem 
mounted for reciprocation axially within Said 
nozzle, a large and a Small passage each leading 
from such intake end to Such orifice, a slide valve 
member mounted for reciprocation axially in said 
nozzle to Open and close Said large paSSage in 
response to fluctuation of fluid intake pressure, 
resilient means operative to urge said slide valve 
member in a direction away from such orifice to 
close Said large paSSage, longitudinally rigid 
means Connecting Said two valve members for 
reciprocation together, whereby action of said 
resilient means is also operative to urge said 
poppet valve member to closed position, and ad 
justing means for Said connecting means adapted 
Selectively variably to Space said two valve mem 
bers for desired Sequence of opening of said 
large passage and exit orifice upon such conjoint 
reciprocation of Said valve members. 

24. In a nozzle having an intake end and an 
exit Orifice end, a Valve member mounted for 
axial reciprocation to open and close such orifice, 
and an inner valve member mounted for axial 
reciprocation adapted to regulate fluid flow with 
in Said nozzle; means interconnecting said re 
spective valve members for mutually responsive 
reciprocation, and adjusting means for said con 
necting means adapted to vary the relative axial 
positions of Said valve members to modify the 
valve opening and closing action thereof relative 
to each other. 
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25. In a nozzle having an intake end and an 
exit orifice end, an outwardly opening poppet 
valve member for such orifice having a Stern 
mounted for reciprocation axially Within said 
nozzle, a large and a small passage each leading 
from such intake end to such orifice, a slide valve 
member mounted for reciprocation axially in 
said nozzle to open and close said large passage 
in response to fluctuation of fluid intake pres 
Sure, resilient means operative to urge Said slide 
Valve member in a direction away from Such 
drifice to close said large passage, a Swirl cham 
ber within Said nozzle immediately upstream of 
Such exit orifice, Said large passage communi 
cating therewith through a short transyerse pas 
Sage tangential to said Swirl chamber and Said 
Small passage communicating therewith through 
a Small helical passage entering said Swirl cham 
ber in a region radially inwardly of said tangen 
tial passage, and longitudinally rigidi means con 
'necting Said tWO Valve members for recipeg.ca 
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tion together whereby action of said resilierit 
means is also operative to urge Said poppet valve 
member to closed position. 

JOHN F. CAMPBELL. 
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