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1. 

2,749,182 
NOZZLE CONSTRUCTION 

John F. Campbell, Euclid, Ohio 
Application January 27, 1953, Serial No. 333,569 

19 Claims. (C. 299-107.6) 

This invention relates as indicated to nozzles, and 
more particularly to nozzles especially adapted for the 
injection of liquid fuels into combustion chambers of 
various types of engines. A generally similar type of 
nozzle is disclosed in my co-pending application Serial 
No. 105,975, filed July 21, 1949, now Patent 2,656,218, 
and this invention involves certain improvements in my 
prior nozzle construction, as explained below. 

There are at present several different types of engines 
employing liquid fuels which require to be injected into 
the combustion chambers of the same, such engines in 
cluding the well-known automotive internal combustion 
engine, diesels, the turbo-jet, prop-jet, and ram-jet en 
gines and the like. While such latter types of engines 
are at present largely employed in aircraft, it is expected 
that they will shortly find application in railway loco 
motives and ships. In certain of such engines it is nec 
essary to provide for a wide range of fuel flow between 
selected minimum and maximum limits while at the 
same time maintaining 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 continuously efficient operation 
of certain of the more modern jet engines is in some 
cases as much as 125 to 1. The usual open orifice noz 
zles are not capable of any such range of performance 
since in such nozzles when the rate of flow is increased 
by a stated factor the corresponding line pressure will 
generally require to be increased by such factor squared. 
To attempt to provide for any great range of flow with 
this latter type of nozzle is therefore wholly imprac 
ticable as leading to impossibly high line pressures in 
the upper range of flow. in my aforesaid prior appli 
cation Serial No. 105,975, disclose a new form of 
nozzle capable of a wide flow range, having but a small 
increase in pressure loss from low to high rate of flow, 
capable of maintaining the spray envelope at a substan 
tially constant angle over such large flow range, capable 
of atomizing the liquid with slight penetration, i. e. 
quickly, before the liquid spray cone extends very far, 
and to the point where an almost dry vapor is obtained, 
and adapted to close automatically when the inlet pres 
sure drops below some designated value. 

It is sometimes desired to operate spray nozzles of 
the general type indicated at quite high rates of flow 
but using contaminated fuels. Such contaminants are 
usually present in the form of extremely fine particles 
which, however, when they enter the very precisely fin 
ished sliding fits of the relatively movable nozzle parts, 
may cause sticking of such parts or at least render the 
parts less sensitive to changes in fluid pressure, etc., with 
resultant malfunctioning. Various filtering devices may, 
of course, be employed to filter the fuel delivered to the 
nozzle, but there are certain objections to this arrange 
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ment. For one thing, if the entire fuel supply delivered 
to a particular nozzle must be filtered, the filter will 
naturally tend to obstruct the flow of the fluid, this dif 
ficulty being particularly serious when high rates of flow 
are desired. Also, if the entire supply of fuel delivered 
to a nozzle be thus filtered, the filter will tend to clog 
relatively rapidly and will require frequent maintenance 
and replacement. 

It is accordingly a principal object of the present in 
vention to provide a spray nozzle of the general type 
disclosed in my aforesaid application Serial No. 105,975 
but especially adapted to handle contaminated fuels with 
out the necessity of filtering or otherwise cleaning the 
larger portion of the fuel passing through the nozzle. 
Another object is to provide means for introducing 

clean fuel between sliding parts of the nozzle assembly 
at higher pressures than the pressures of the contaminated 
fuel or other liquid passing through the nozzle, so that 
entry of such contaminated liquids between such rela 
tively movable parts is prevented. 
A further object is to provide such anti-clogging means 

which will be automatic in operation and require very 
little attention. 

Other objects of the invention will appear as the 
description proceeds. 
To the accomplishment of the foregoing and related 

ends, said invention then comprises the features herein 
after fully described and particularly pointed out in the 
claims, the following description and the annexed draw 
ing 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 principle of the 
invention may be employed. 

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

ment of my new nozzle taken along the line - on 
Fig. 3; 

Fig. 2 is a similar longitudinal sectional view of the 
same nozzle taken along a different radius thereof on 
the line 2-2 on Fig. 3; 

Fig. 3 is an end view on an enlarged scale of the inner 
liner member of the valve assembly; 

Fig. 4 is an elevational view of the sliding valve mem 
ber which fits inside such liner on the same scale as 
Fig. 1; 

Fig. 5 is a longitudinal sectional view of typical nozzle 
mounting means and showing an auxiliary filter assembly 
likewise sectioned; and 

Figs. 6, 7 and 8 are much enlarged fragmentary longi 
tudinal sectional views of the exit valve member having 
modified forms of vent passages therein. 
The general resemblance to the construction of my new 

nozzle disclosed in my co-pending application Serial No. 
105,975 will be noted. Referring now more particularly 
to the drawing, the embodiment of my invention there 
illustrated comprises an outer nozzle body 1 of general 
cylindrical form having an enlarged base portion 2 
adapted to be threaded or otherwise secured to a tubular 
shell 3 extending from the intake manifold (not shown) 
of an engine. Gasket 4 and Snap ring 5 serve to make 
a fluid-tight connection. Boss 3 is formed with a cen 
tral axial passage 6 therein and one or more smaller pas 
sages such as 7 radially outwardly therefrom but in com 
munication therewith, either internally of such boss or 
through common communication with the same intake 
manifold and therefore the same fuel supply. Passage 
7 leads into an annular recess 8 opposed to a correspond 
ing annular recess 9 formed in said outer body member 
1 and the inner liner member 10 press fitted therein. An 
annular filter 11 which may be of asbestos fiber, for ex 
ample, held between layers of filter cloth 12 and 13 is 
interposed between such annular recesses 8 and 9 and 
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firmly clamped between members 1 and 3 so that fuel 
or other liquid entering recess 8 through passage 7 can 
only reach annular cavity 9 through such filter. 
The other end of the nozzle body is closed except for 

an axially disposed orifice 14. All parts of the nozzle 
may desirably be of Stainless steel, for example. 
As above indicated, the inner liner member is press 

fitted within cylindrical nozzle body 1, such liner being 
provided with a piurality of longitudinally extending 
grooves in its outer surface adapted to form channels or 
passages in conjunction with the inner cylindrical wall 15 
of nozzle body 1. As shown in Fig. 3 of the drawing, 
liner 10 is likewise of cylindrical shape, its inner periphery 
16 defining the axial bore within which valve member 
17 is adapted to slide. In the embodiment illustrated, 
ten equally spaced grooves 18 are provided in the outer 
periphery of member 10 opening to the end of such nem 
ber toward exit orifice 14 but closed at their other ends 
(see Fig. 1). Five somewhat smaller grooves 19 are 
similarly formed in the outer periphery of line; ii) inter 
mediate every other pair of such grooves 18, but Such 
grooves 19 do not extend quite to either end of liner i0 
(see Fig. 2). Instead, generally radial passages 20 and 
21 lead therefrom to the inner bore 16 of the liner. 

For convenient manufacture and assembly, a separate 
annular member 22 is fitted over end flange 23 of liner 
10, being interposed therebetween and the outer end 24 
of the nozzle body. As shown, such member is thereby 
spaced from the inner cylindrical wall of nozzle body 1 
and is formed with a plurality of tangential slots 25 open 
ing into a swirl chamber 26 immediately upstream of the 
exit orifice 14. Accordingly, fluid admitted to channels 
18 by reciprocation of valve member 17 is caused to en 
ter chamber 26 through Such diagonal slots 25 in com 
munication therewith, imparting an accelerating swirling 
action to the fluid within chamber 26 immediately prior 
to and during its escape through orifice 14. 

Passages 20 are at all times in communication with the 
main axial intake passage 6. An inner plug and guide 
member 27 is press fitted within bore 16 of liner (, join 
ing in defining such swirl chamber 26. Member 27 is 
also provided with an annular groove 28 communicating 
with such swirl chamber by means of a plurality of heli 
cal passages 29 formed by helical grooves in the outer 
periphery of member 27 opposed to the inner bore 16 of 
liner 10. The passages 21 lead from channels 9 to such 
annular channel 28 so that even when valve member 17 
has not been reciprocated to admit fluid from intake pas 
sage 6 to channels 18, fluid may flow through passages 20, 
channels 19, passages 21, annular channel 28 and small 
helical grooves 29 to swirl chamber 26. 

Valve member 17 comprises a cylindrical shell closed 
toward the fuel inlet end of the nozzle but open toward 
member 27. Such valve member fits closely within bore 
16 of liner 10 for axial reciprocation therewithin. 

Exit valve member 30 extends through exit orifice 14 
and is provided with a radially outwardly flaring flage 
3 adapted to engage and seat against the outer edge of 
such orifice. An inner stem 32 fits closely for axial re 
ciprocation within a central bore in member 27. 

Slide valve member 17 and poppet waive merinber 30 are 
interconnected for movement together by means of a 
rod 33 (a fine spring wire, which in one case had a diame 
ter of .014 inch) which extends through tubular valve 
stem 32 and is secured as by brazing at its outer end to 
a plug 34 in the outwardly protruding portion of exit 
valve member 30. Such tubular stem 32 is open at its 
inner end to the interior of bore 16 of liner 10, and at 
its outer end communicates with a small chamber within 
valve member 30 having Small exit orifices such as 35 
leading to the exterior of the nozzle. The other end of 
rod 33 is secured to an adjusting screw 36 threaded within 
the end of valve member 17, the protruding end of screw 
36 being engaged and enclosed by a lock nut 37. A 
compression Spring 38 is seated at one end against a 
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4. 
washer 39 bearing against the end of valve member 17 
and at the other end bears against inner plug 27. It will 
thus be seen that by turning screw 36, valve member 17 
may be drawn toward plug 27 with attendant further 
compression of spring 38 and more forceful seating of 
poppet valve member 30. 

Steel rod 33, although siender, is straight and therefore 
capabie of causing both valve members 17 and 30 to 
reciprocate in unison. Such rod is, however, flexible to 
permit a slight degree of misalignment of such two valve 
members without tending to cause the latter to bind. It 
is important in nozzles of this type that they be quite 
sensitive and responsive to changes in fluid pressure. By 
securing the ends of rod 33 in adjusting screw 36 and 
the extreme outer end of valve member 30 respectively, 
as by low temperature brazing, a relatively long rod may 
be employed facilitating such slight deflection of the same. 
lt may be kept în mind that frequently nozzles of the type 
here under consideration are only an inch or so long and 
the various moving parts are accordingly on a very small 
scale. Compression spring 38 may desirably be formed 
from a length of tubing slotted by two helical slots ter 
minating at diametrically opposite points in the annular 
end portions thereof. A spring thus formed is adapted 
to transmit pressure directly axially without canting. 
Any tendency of valve member 17 to bind on this account 
is accordingly avoided. 
As shown in Figs. 1 and 3, another longitudinally ex 

tending channel is provided formed by grooves 49 and 
4 in the outer periphery of liner 10, groove 40 communi 
cating with annular passage 9 through the constricted 
relief 42 and communicating with groove 41 through a 
similar relief 43. 
An annuar recess 4. i inili ... . . . 4 - 

municates thro tigh pass: gas 45 wit: i.e :e','eral 
tudinally extending channes 8 &o in vici Vaive cin 
ber 17 is reciprocated sufficiently it as jic \veç! 
in Fig. i., fluid from intake pass it: 
thereto for delivery at the e 
smaller annular groove 5 : 
closely adjacent groove 4- iio) with 
groove 49 through passaga 47 ss that ?ite ei i::! frsi: 
annular recess 9 may ia delivri tiareto. est 
shoWn i?n Fig. 4, Waiye fr;èimitcer i"; ;S y:{°O*?iclec{ v"yi{ih :!?: 
annular groove 48 having a Sinal 
the cylindrical interior of the valve member : nd stic 
valve member is also providec! v?ti ä elica groove 
5 extending the greater ; art of is is in: 
two or more such heiica gºrcio ves e: qua !!y spacci 
symmetry of distribition of 
passage 51 íeads from 1Qigi 
41 to the interjª F of borg í i f 
groove 5i. Another similar x S$2. iliº??\x; f: ??? i{* 
from groove 4 through neife: C} ? ?l a?? ??t }i?? ? 
53 in the inner bore Cj Sl:ch ;atte: 13e:22*327 w; : 
stem 32 of poppet valve 3) is adategi 

It wili now be Seen that filtered ud under pres: i re 
after having passed through filter i is concil cicci 
relief 42 to groove 4 and pass; t; 
46. Contaminated fluid in the ragic: of 
thereby prevented from entering it to tie fir twee; waiv 
member 7 and bore 6 since the fii terci uidi yii be :? ? 
somewhat higher pressure (there is, of co a consil 
erable pressire drop from passage 6 to 4 when 
valye member 7 is reciprocae ! est ... ." 
fluid to the fatter). The filiered i 
to flush cut any minute particles whici in 
circlinistances become interpose beiy, 
sliding Surfaces and which wit}} { 
sensitivity of the device. Fifered fit; it is is in i 
clearance 43 info groove 41 and theicg tia" w 
5 into spiral groove 53 where it serves the saic pi 
pose. Any fluid which reaches annular g 
escape through passage 49 to the interior of valve rich 
ber 17 and thence through tubular walye sten 32 abdi 83 ???? 
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orifices 35 to the exterior of the nozzle. This assists in 
seeing to it that only filtered fuel reaches the interior of 
valve member 7. Filtered fluid also, of course, enters 
passage 52 and annular groove 53 surrounding valve 
stem 32 and entering the fit between such valve stem and 
member 27 escapes slowly both to the interior of bore 
16 and valve member 7 and also in the opposite direc 
tion to swirl chamber 26. Contaminated fluid is accord 
ingly likewise prevented from entering the sliding fit in 
this region. It will be seen that the operation of this 
anti-clogging means is wholly automatic and requires no 
maintenance other than very occasional cleaning or re 
placement of filter ii. Since the fluid flow through such 
filter is very slow, a long period will elapse before the 
filter will become clogged. Moreover, the nozzle, con 
sidered as a whole, is now enabled to accommodate itself 
to contaminated fuels without any special treatment of 
the latter passing therethrough and without any conse 
quent reduction in flow. 
The bevelled shoulder of cylinder valve member 17 

is adapted to provide a variable degree of communica 
tion with annular chamber 44 when the cylinder is moved 
inwardly against the force of compression spring 38. Such 
reciprocable cylinder accordingly acts as a regulating 
valve. The setting given adjusting screw 36 in conjunc 
tion with the thickness of washer or shim 39 will de 
termine the fluid pressure required thus to reciprocate 
valve member 17 to admit fluid past such bevelled con 
tour into chamber 44. Of course, the opposed surface 
of bore 6 may be contoured in the region adjacent cham 
ber 44 to determine the change in rate of fluid flow as the 
valve member is reciprocated instead of bevelling valve 
nember 17 as shown, or both may be contoured. 
The operation of my nozzle may now be understood, 

being generally similar to that described in my aforesaid 
co-pending application Serial No. 105,975. Liquid fuel 
enters the nozzle from the fuel manifold and is dis 
charged through exit orifice 14 into a relatively low 
pressure exterior chamber. When the fuel pressure bear 
ing against the end of regulator valve 17 exceeds that in 
such exterior chamber by an amount barely sufficient to 
overcome the preload of spring 38, then exit valve 31. 
wiil open. The fluid pressure bearing directly against the 
much smaller effective area of valve 31 is of relatively 
little consequence. This opening of valve.3 permits fuel 
to flow through channels 19 (Fig. 2) to annular cham 
ber 23 and through spiral passages 29 into swirl chamber 
26 and through orifice 4 past exit valve 31 into the ex 
terior chamber (normally a combustion chamber which 
may be at Substantially atmospheric pressure or in some 
cases at pressures considerably in excess of atmospheric). 
Since the cross-sectional areas of spiral channels 29 are 
quite Smail 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 valve member 7 and open exit valve 31 to a 
relatively large extent. Consequently, the fluid pressure 
bearing against regulator valve 17 is sufficient to shift 
the latter to move exit valve 3 from its seat in orifice 
i4 to a degree much greater than would be obtained by 
the action of fluid pressure bearing against the inner side 
of valve 3i alone. The area of valve member 3 sub 
ject to fluid pressure tending to open the exit valve is of 
course considerably greater than the area of the shoulder 
of stem 32 subject to fluid pressure tending to close such 
valve. Helical channels 29 give the fuel a high spinning 
rate in chamber 26 even at low fuel flows, and excellent 
atomization in the fuel spray envelope is obtained even at 
such low flows. The spinning inertia of fuel particles in 
the envelope formed at the opening of exit valve 3. 
causes Such particles to break away and disintegrate the 
envelope into a finely atomized mist which then further 
disintegrates into a relatively dry vapor. 

Constricted helical channels 29 prevent a high fluid 
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6 
pressure from developing in chamber 26 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 substantial intake pressure 
is maintained against regulator valve 17. 
As the rate of fuel flow is increased, regulator valve 7 

is gradually shifted from left to right, as viewed in Fig. 1, 
bringing the bevelled shoulder of the same past the edge 
of chamber 44. Fuel accordingly enters such chamber to 
an increasing extent as such valve opens and passes there 
from through channels 18 and swirl slots 25 into chamber 
26 and thence out orifice 4. Exit valve 31 has, of course, 
been correspondingly opened as regulator valve 20 was 
opened, due to reciprocation of the flexible resilient rod 
33 connecting the two valve members. There continues 
to be a certain amount of fuel flow through channels 19 
and spiral passages 29, but this soon becomes relatively 
inconsequential when compared to the very much larger 
flow entering through annular chamber 44 and thence 
passing through channels 18. 
The bevel or contour of valve member 7 will ordi 

narily be selected so that at maximum rated fuel flow the 
pressure drop between annular chamber 44 and chamber 
26 will be as low as possible and still afford sufficient 
Swirling action through slots 25 to provide satisfactory 
atomization of the fuel at the orifice. Such “bevelled' 
contour need not necessarily be a straight line and other 
curves may be employed when suitable. Swirl slots 25 
afford the same result at higher rates of flow as do spiral 
passages 29 at low fuel flow, but the pressure loss through 
slots 25 is much less since they are of relatively large 
cross-section. 
While the fuel entering from passage 7 must pass 

through filter 11 to reach filtered fuel channel 40, 41, 
there will be very little pressure drop involved inasmuch 
as Such filtered fuel can escape from channel 40, 41 only 
very slowly through the close sliding fits of the relatively 
movable parts of the nozzle assembly. Consequently, the 
filtered fuel introduced into such sliding fits is at higher 
pressures than the unfiltered fuel flowing through corre 
sponding regions of the nozzle and such unfiltered fuel is 
accordingly prevented from entering the interstices be 
tween Such moving parts. The filtered fuel, moreover, 
flushes out any minute particles which may be mechani. 
cally carried into such interstices by reciprocation of the 
parts and also serves to lubricate the same. 
A preferred manner of mounting my new nozzle as 

Sembly is illustrated in Fig. 5 of the drawing which also 
shows a preferred form of filter cartridge desirably uti 
lized in conjunction with filter 11 so that a minimum of 
attention and maintenance will be necessary. The base 
flange portion 54 of the nozzle is seated against copper 
Washer 4 which in turn presses against the peripheral 
flange portion of inner tubular shell 3 which bears against 
copper Washer 55 seated against a shoulder of cylindri 
cal nozzle holder 56. A nut 57 threadedly engages the 
end portion of holder 56 and bears against flange 54 to 
clamp the nozzle firmly within the holder. A laterally 
offset conduit and bracket member 58 leads from the in 
take manifold of the engine (not shown) to the intake 
end of shell 3. 
A holder 59 is tightly fitted in the end of shell 3 and is 

provided with a filter screen 60 which may, for example, 
have 003 inch to .004 inch particle retention and afford 
a pressure drop of approximately .17 pound per square 
inch at maximum fuel flow. Such member 59 has an 
inner central opening 61 leading directly to central axial 
passage 62 which corresponds to passage 6 of Fig. 1 and 
leads directly to the intake end of the nozzle proper. The 
fuel which flows through channels 18 and 19 of the nozzle 
accordingly has relatively unrestricted flow so far as fil 
tering is concerned, screen 60 being of relatively large 
size and large mesh whereas filter í and the supple 
mental filters about to be described are designed to re 
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move even very small particles from the fuel and conse 
quently considerably restrict the rate of fuel flow thee 
through. 
A very small portion of the fuel entering passage 62 

cnters the annular space between the waii. 63 of shell 3 
and the wall of central passage 62 through one or incre 
apertures 64 in such inner wall. Within the annular cav 
ity thus defined and closed at the left-hand end as viewed 
in Fig. 5 by nerber 59 are arranged a plurality of as 
estos filter discs 63 heid in spaced relati:31:ship betveen 

interposed stainless steel rings 63. sci ings ae ca 
mented to the asbestos discs, preferably with 'A 'aliite' 
sealing compouts to hold the same in the indicated rela 
tionship spaced fron onc another and aiso froin inner and 
outer walls 62 and 63 respectively. The fuel is accord 
ingly enabled to circulate between a Such ficir di 
must pass thcrethrough radially outwardiy ereof it: 
the periphera i Space defined between wa!! 63 inci sich 
discs and rigs. When the filtercd fuei has reached such 
region, it passes tirough a screen scepage vasher ?i7 sug 
porting the last filter disc of the series and enters at 

annular chan nei 68 communicating with passage 7 (see 
also Fig. Í ). 

Ji will be see: fic in the foregoing that the filter car 
tridge within shell 3 joined to the intake end of my new 
noZZic affords a relatively large fiiter area for passage 
of fuel despite the fact that the filter discs are designed 
to filter out cycn extremely shall particles. In view of 
this fact and in view of the fact that the flow through 
filtered fuel passages 43 and it is very low, there is but 
relatively small pressure drop to the filtered fuel passages 
in comparison to the pressure drop in passages i8 and 9 
and later in the Swirl chaniber through which the un fil 
tered fue fows. 
As previously explained, most of the filtered fuel de 

livered to passages 37, 43, 49, 50 and 53 eventually seeps 
to the central cavity interiorly of liner member 10 and 
cylindrical valve member 7 (see Fig. 1) from which 
it escapes to the exterior through tubular valve stem 32 
and exit orifices 33 in valve member 30 exteriorly of the 
nozzle. It is preferred that such seepage should escape 
in a naniser to be combined with the spray cone of the 
Inozzle and three modified forms of exit valve members 30 
are shown in Figs. 6, 7 and 8 designed for this purpose. 
It will be understood that in such fragmentary figures the 
valve leinber is shown on a much enlarged scale but 
with only Gne-half diameter. In Figs. 6 and 7 the tubular 
outer end portion 33 is apertured with vents 35 in a man 
ner generally similar to that illustrated in Fig. 1, and the 
resiliently flexiblic wire or rod 33 is brazed within an inner 
tubular press fitted plug member 69. An outer cylindri 
cal nenber 70 is then press fitted over member 30 as 
shown with its inner out turned end portion 71 defining a 
restricted circumferential passage 72 with flange portion 
S1 of the exit waive member. Filtered fuel which es 
capes through t}}: iai steni 32 is accordingly directed into 
the Spray cone which inay have an angle as illustrated at 
73 when the valve is substantially closed and an angle 
as indicated at 74 when the valve is widely opened. In 
Fig. 7 the inner lip 75 of member 70 corresponding to 
lip 7 cooperates with a bevelled flange 3 of member 30 
to defire a narrow circumferential passage 76 generally 
similar to passage 72 but better adapted to deliver the 
seepage directly into the spray cone 73. The Fig. 8 mod 
ification is generally sinnilar to that of Fig. 7 except that 
the end of member 38 is of a size to fit rod 33 so that 
no plug 69 is required. I have found the Fig. 7 con 
struction to be particularly satisfactory. 
As indicated above, the principal reason for the pres 

sure differential between the filtered fuel passage and the 
passages 18 and 9 resides in the much lower flow ca 
pacity of such filtered fuel passage. Of course, all such 
passages derive their fiuid initially from the same fluid 
intake and accordingly have the same initial fluid pres 
sure. The complete filtered fuel passage and the com 
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8 
plete unfiltered fuel passage are so proportioned relative 
to one another that at any given inlet pressure the total 
flow through the filtered fuel passage is but a very small 
fraction of the total flow through the unfiltered fuel pas 
Sage. Moreover, the pressure drop through those por 
tions of the filtered fuel passage leading to particular 
sliding fits is much less than the pressure drop in the cor 
responding portions of the unfiltered fuel passage hav 
ing access to the same fits. Accordingly, the filtered fuel 
will enter such fits, but the unfiltered fuel will not. Should 
Sonic snail quantity of contaminant be mechanically car 
ried into a sliding fit, it will tend to be flushed out sub 
equently by the seepage of the filtered fluid. While this 
invention relates particularly to fuel nozzles and the 
like and particularly such nozzles of small size having 
waives with noving parts of particularly close fit, it will 
nevertheless be appreciated that certain principles of my 
invention may likewise be employed in conjunction with 
valves cther than those utilized in such nozzles. 

Other modes of applying the principle of the invention 
may be employed, change being made as regards the de 
tails described, provided the features stated in any of 
the following claims or the equivalent of such be em 
ployed. 

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

1. 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 longitudinally from the intake end of said 
nozzle to an annular chambcr therein, a plurality of small 
helical passages leading from such chamber to a swirl 
chamber immediately upstream of such exit orifice, a 
cylindrical valve member mounted for reciprocation in 
an inner cylindrical chamber axially within said nozzle, 
a valve stem within said nozzle mounted for reciproca 
tion in a bore axially of such orifice, an outwardly open 
ing exit valve member carried by said stem adapted to 
seat in and close such orifice, said stem and exit valve 
member having a bore therethrough adapted to vent such 
inner cylindrical chamber closed by said cylindrical valve 
inhember, a flexible resilient rod inserted in such bore 
within said stem with clearance relative to the wall of the 
latter and connected at its ends to said exit valve mem 
ber and said cylindrical valve member respectively for re 
ciprocation together, a compression spring interposed 
between said latter valve member and the end of such 
cylindrical chamber effective normally to hold said exit 
valve member firmly seated in such 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 cylindrical 
challater being peripherally bcveled on desired contour 
adjacent said last-named annular channbcr toward the in 
take 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 cham 
bcr surrounding said cylindrical valve member, a plu 
rality of channels extending longitudinally of said nozzle 
from said datter annular chamber and communicating 
with the chamber immediately within such exit orifice by 
jnieans of tangentially disposed swirl slots, said last-named 
channels and sicts being dimensioned for much greater 
fuid flow therethrough than the aforesaid helical chan 
nels, another annular chamber in the intake end portion 
of said nozzle, a fluid intake passage leading to said latter 
chamber, a similar annular chamber opposed to said last 
mained annular chamber and separated therefronn by an 
annular filter, a filtered fuel passage leading from said 
similar annular chamber longitudinally of said nozzle, 
an annular groove in the inner peripheral surface of such 
inner cylindrical chamber adjacent said annular cham 
ber normally sealed by said cylindrical valve member 
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on the side away from the intake end of the nozzle, a 
passage leading from said longitudinally extending filtered 
fuel passage to said annular groove, an annular groove 
in the outer surface of said cylindrical valve member 
spaced from said last-named annular groove toward the 
exit end of the nozzle, a small passage leading from said 
annular groove in said cylindrical valve member through 
the side wall of the latter to the interior of the same, a hel 
ical groove in the outer surface of said cylindrical valve 
member extending from a region spaced from said an 
nular groove therein to a point slightly spaced from the 
end of said cylindrical valve member toward the exit 
valve end of the nozzle, a passage leading from said 
filtered fuel passage to said helical groove, an annular 
groove in the bore enclosing and fitting said exit valve 
stem, and a passage leading from said filtered fuel pas 
sage to said latter groove, whereby filtered fuel will thus 
be delivered to the interstices between the closely fitting 
relatively sliding parts of the nozzle at greater pressure 
than unfiltered fuel from the intake end of the nozzle 
passing said cylindrical valve member and exit orifice 
reaches such interstices. 

2. In a liquid fuel injection nozzle having a fuel in 
take end and an exit orifice in its other end, a swirl cham 
ber within said nozzle directly axially of and in com 
munication with such orifice, an exit orifice poppet valve 
member adapted to seat in and close such orifice, a stem 
for said valve member mounted for reciprocation in a 
bore axially aligned with and spaced from such crifice and 
said chamber, a fuel intake passage in said intake end, a 
constricted normally open passage leading from said in 
take passage to said swirl chamber, another relatively 
large passage leading from said intake passage to said 
swirl chamber, a cylinder valve member mounted for re 
ciprocation in an axial bore within said nozzle to open : 
and close communication of said large passage with said 
fuel intake passage, means venting the interior of said 
cylinder valve member to the exterior, and means con 
necting said cylinder valve member and said stem of said 
poppet valve member for reciprocation together; means 
adapting said nozzle to handle contaminated fuels com 
prising an annular chamber in the intake end of said 
nozzle encircling said fuel intake passage, a fuel intake 
passage leading to said annual chamber, an annular filter 
in said latter chamber adapted to filter fuel passing from 
one end thereof to the other, a filtered fuel passage ex 
tending longitudinally of said nozzle from said latter 
chamber, said filtered fuel passage being locally con 
stricted intermediate its ends, an annular groove in the 
inner peripheral surface of such axial bore in which said 
cylinder valve member is fitted adjacent the region of 
communication between said fuel intake passage and said 
large passage leading to said swirl chamber and on the 
side thereof toward such exit orifice, a passage leading 
from said filtered fuel passage in advance of such con 
striction therein to said annular groove, an annular groove 
in the outer surface of said cylinder valve member ad 
jacent said annular groove in such bore toward the exit 
orifice end of said nozzle, a small passage leading from 
said groove in said valve member through the latter to 
the interior thereof, a helical groove in the outer surface 
of said cylinder valve member extending from a region 
spaced from said annular groove therein to a point 
slightly spaced from the end of said cylinder valve mem 
ber toward the exit orifice end of the nozzle, a passage 
leading from said filtered fuel passage beyond such con 
striction therein to said helical groove, an annular groove 
in the bore enclosing and fitting said exit valve stem, and 
a passage leading from said filtered fuel passage beyond 
such constriction therein to said latter groove, whereby 
filtered fuel will thus be delivered to the interstices be 
tween the closely fitting relatively sliding parts of the 
nozzle at greater pressure than unfiltered fuel from the 
intake end of the nozzle passing said cylindrical valve 
member and exit orifice reaches such interstices. 
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3. In a liquid fuel injection nozzle having a fuel intake 

end and an exit orifice in its other end, a swirl chamber 
within said nozzle directly axially of and in communica 
tion with such orifice, an exit orifice poppet valve member 
adapted to seat in and close such orifice, a stem for said 
valve member mounted for reciprocation in a bore axially 
aligned with and spaced from such orifice and said cham 
ber, a fuel intake passage in said intake end, a constricted 
normally open passage leading from said intake passage 
to said Swirl chamber, another relatively large passage 
leading from said intake passage to said swirl chamber, a 
cylinder valve member mounted for reciprocation in an 
axial bore within said nozzle to open and close com 
munication of said large passage with said fuel intake 
passage, means venting the interior of said cylinder valve 
member to the exterior, and means connecting said cyl 
inder valve member and said stem of said poppet valve 
member for reciprocation together; means adapting said 
nozzle to handle contaminated fuels comprising a filter 
chamber containing a filter, another fuel intake passage 
leading to said filter chamber, a filtered fuel passage lead 
ing from said filter chamber, said filtered fuel passage 
being locally constricted intermediate its ends, a branch 
passage leading from said filtered fuel passage in advance 
of such constriction therein to the sliding fit between said 
cylinder valve member and its bore adjacent the region 
of communication between said first-mentioned fuel in 
take passage and said large passage leading to said swirl 
chamber, another branch passage leading from said 
filtered fuel passage beyond such constriction therein to 
the sliding fit between said cylinder valve member and its 
bore, a Small passage through the wall of said cylinder 
valve member intermediate said two branch passages 
adapted to conduct filtered fuel seepage to the interior of 
said cylinder valve member, and another branch passage 
leading from said filtered fuel passage beyond such con 
striction therein to the sliding fit between said poppet 
valve stem and its bore, whereby filtered fuel will thus 
be delivered to the interstices between the closely fitting 
relatively sliding parts of the nozzle at greater pressure 
than unfiltered fuel from the intake end of the nozzle 
passing said cylindrical valve member and exit orifice 
reaches such interstices. 

4. In a nozzle having an intake end and an exit orifice 
in its other end, an exit orifice poppet valve member 
adapted to seat in and close such orifice, a fluid intake 
passage in the intake end of said nozzle, a constricted 
normally open passage leading from said intake passage 
to such exit orifice, another relatively large passage lead 
ing from said intake passage to said exit orifice, a valve 
member mounted for reciprocation within said nozzle to 
open and close communication of said large passage with 
said fuel intake passage, and means connecting said latter 
valve member and said poppet valve member for re 
ciprocation together; means adapting said nozzle to 
handle contaminated fuels without unduly restricting the 
rate of flow comprising a filter chamber within the intake 
end of said nozzle and in communication with a supply 
of fluid common with that of the aforesaid intake passage, 
a filtered fluid passage leading from said filter chamber 
and constricted in a local region intermediate its ends, a 
branch passage leading from said filtered fuel passage to 
the sliding fit between said valve member adapted to open 
and close communication of said large passage with said 
fuel intake passage, and a branch passage leading from 
said filtered fuel passage to the sliding fit of said poppet 
valve member, whereby filtered fluid will thus be de 
livered to the interstices between the closely fitting rela 
tively sliding parts of the nozzle at greater pressure than 
unfiltered fluid from the intake end of the nozzle passing 
said two valve members. 

5. In a spray nozzle having a large and a small passage 
leading from the intake end of such nozzle each adapted 
to deliver a swirling fluid flow at the nozzle discharge 
orifice, a regulating valve member reciprocable in re 
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sponse to nozzle intake pressure operative to open said 
large passage as such pressure increases and close said 
passage when such pressure falls below a predetermined 
figure, an exit valve member for such orifice connected 
to said regulating valve member for reciprocation there 
with, and resilient means urging said exit valve member 
and regulating valve member to closed positions; means 
adapting said nozzle to handle contaminated fluid without 
appreciable reduction of rate of flow comprising a filter 
in communication on one side with the nozzle intake and 
on the other side having a filtered fluid passage leading 
therefrom, said filtered fuel passage having a narrow con 
striction therein intermediate its length, a passage ieading 
from said filtered fluid passage to a relief in the sliding 
fit of said regulating valve member, and a passage lead 
ing fron said fittered fluid passage to a relief in the sliding 
fit of said exit valve member, the pressure drop in said 
filtered fuel passage being low relative to the pressure 
drop in said first two passages due to the relatively low 
rate of flow through said filtered fuel passage whereby 
filtered fluid will be introduced into such fits at greater 
pressure than the pressure of the contaminated fluid flow. 
ing through said nozzle past the same. 

6. In a nozzle having an exit orifice, a large and a 
Sinail passage each leading from the intake end of 
such nozzle to such orifice, a regulating valve member 
operative to open said large passage in response to iii 
crease in fluid intake pressure, and an exit valve meinbct 
for such orifice connected with said regulating valve 
member for movement there with; means adapting Said 
nozzle to handle contaminated fluid without Substantial 
reduction of rate of fow comprising a filter in cominiini 
cation on one side with the nozzle intake and on thic 
other side having a filtered fluid passage leading there 
from, a passage by-passing said regulating valve aid 
leading from said filtered figid passage to the sliding fit 
of said regulating valve member, and a passage leading 
from said filtered fucl passage to thc sliding fit of 
exit valve member, the pressure drop in said filtered fuei 
passage being low relative to the pressure drop in said 
first two passages due to the relatively low rate cf flow 
through said filtered fuel passage whereby filtered fid 
will be introduced into such fits at greater pressure than 
the pressure of the contaminated fitid flowing througin 
said nozzle past the same. 

7. In a nozzle having an exit orifice, a poppat valve 
member adapted to seat in and close Such orifice, a 
for said member fitted for reciprocation in an axia 
it said nozzle, a cylindrical valve member fitted 
reciprocation in an axial bore in said nozzle and adapts 
to control fluid flow from the intake end of said nozzle to 
such orifice, neans interconnecting said two valve iner 
bers for reciprocation together, a veit for the interior of 
said cylindrical valve member through saici poppei vaiye 
member, resilient means urging said poppet valve their 
ber to closed position, filter means in said nozzle in Com 
munication with the nozzle intake and adapted to fier 

a small portion only of the fluid flow, a filtered iiid pas 
sage leading from said filter means and adapted to re 
ceive filtered fluid therefrom having a first constriction 
adjacent said filter means, an annular groove in Stlch bore 
in which said cylindrical valve member is fitted, a pas 
sage leading from said filtered fluid passage beyosis 
first constriction to said groove, a second constrictic in in 
said filtered fluid passage, another annular groove in such 
bore in which said cylindrical valve hember is fifed, a 
helical groove in the outer surface of said cylindrical 
valve member opposed to said latter annular groove, a 
passage leading from said filtered fluid passage beyCind 
said second constriction to said latter ailinular groove, 
an annular groove in the outer surface of said cylindrical 
valve member intermediate said two annular grooves in 
said bore, a passage leading from said groove said 
valve member to the interior of the latter, an annular 
relief in the fit of said valve stem in its bere, and a 
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12 
passage leading from said filtered fuel passage beyond 
said second constriction to said relief, whereby filtered 
fuel will be introduced into such fits at greater pressure 
than the pressure of the contaminated fluid flowing 
through said nozzle past the same. 

8. in a nozzle having a valve with a cylindrical valve 
member fitted for reciprocation in a bore to control 
the flow of fluid through said nozzle, filter means adapted 
to filter a portion only of the fluid intake of the nozzle, 
a helical relief about the outer surface of said cylin 
cirical waive member fitting in such bore, said relief termi 
nating short of the ends of said member, and a passage 
by-passing said valve and adapted to conduct filtered fluid 
to said relief from said filter means at greater pressure 
than the pressure of unfiltered fiuid passing through 
said nozzle past the sliding fit of said member. 

9. in a nozzie, a first passage therethrough, said pas 
sage including an inlet, a movable valve member adapted 
to opcn and close said first passage and having a relative 
fit with a part of the nozzle, one end of the fit being 
exposed to fluid in said first passage where passing through 
the valve, a second passage leading from the inlet, the 
side of said fit being exposed to fluid in the second pas 
sage, a filter in the second passage between the inlet and 
the fit, said first passage being adapted for very much 
greater rates of flow than said second passage at opera 
tional inlet pressures, said movable valve member af 
fording a greater pressure drop between the inlet and 
fit than the pressure drop in the second passage between 
the inlet and the fit at its respective lower flow rate. 

10. In a valve having a sliding valve member adapted 
to regulate the flow of fluid therethrough, filter means at 
the intake side of said valve adapted to filter a portion 
only of the fluid flow, and a passage adapted to conduct 
such filtered portion of the fluid flow directly laterally 
into the sliding fit of said valve member, said fiiter and 
passage being adapted together with said fit to restrict 
the rate of filtered fluid flow to afford a smaller pressure 
drop from such intake to said fit than is afforded the un 
filtered fluid flow by said valve member so that such 
filtered fluid will eiter said fit to the exclusion of such 
infiltered fluid. 

11. In a nozzle having a fluid 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 
fiuid flow thereto, an inner chamber axially disposed 
within said nozzle, said chamber being closed toward 
such orifice end of said nozzle, a regulating valve men 
ber axially reciprocable therein, a large channel leading 
from the side of said chamber to such orifice end and 
adapted to deliver a large fluid flow thereto when un 
covered by said regulating valve member, an exit valve 
member adapted to close such orifice and carried by a 
stern axially reciprocably mounted in the closed cind of 
said chamber, and means connecting said two valve 
members for reciprocation together, a vent to the outer 
atmosphere being provided for said chamber through said 
stem and exit valve member, such vent opening cir 
cumferentially of said exit valve member in Inediately 
exteriorly of such exit orifice to discharge uniformly 
radially outwardly into the nozzle discharge. 

12. Ín a nozzle having an exit orifice, a passage lead 
ing from the intake end of said nozzle to such orifice, a 
regulating valve member axially reciprocable in a closed 
inner chamber within said nozzle and adapted to open 
said passage under influence of fluid intake pressure when 
Such pressure exceeds a predetermined figure and to close 
said passage when such pressure drops below sich fig 
ure, resilient means urging said regulating valve menber 
to closed position, a poppet valve member for sich cxit 
orifice carried by an axially reciprocable stem, and means 
connecting said two valve members for reciprocation to 
gether, a vent for such chamber passing through said stern 
and poppet valve member and opening circumferentially 
of the latter immediately exteriorly of such exit crifice to 
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discharge uniformly generally radially outwardly into the 
nozzle discharge. 

13. In a poppet valve including an exit orifice and a pop 
pet valve member adapted to seat therein to close the 
same and when unseated to permit a conical fluid discharge 
through such orifice, said valve member having an axially 
reciprocable stem mounted in the valve body with a slid 
ing fit; a vent passage extending from a region communi 
cating with the sliding fit of said stem through said valve 
member and opening circumferentially generally radially 
outwardly thereof immediately exteriorly of such crifice, 
such vent opening being in a circumferential surface region 
of said valve member generally toward such orifice to dis 
charge directly into such conical discharge. 

14. In a nozzle having an exit orifice, a passage leading 
from the intake end of said nozzle to such orifice, a regu 
lating valve member axially reciprocable in a closed inner 
chamber within said nozzle and adapted to open said pas 
sage under influence of fluid intake pressure when such 
pressure exceeds a predetermined figure and to close said 
passage when Such pressure drops below such figure, resil 
ient means urging said regulating valve member to closed 
position, a poppet valve member for such exit orifice car 
ried by an axially reciprocable stem; a vent for such cham 
ber passing axially through said stem and opening circum 
ferentially of said peppet valve member immediately ex 
teriorly of Such orifice, and a flexible resilient wire con 
necting said two valve members for reciprocation together 
passing through said vent in said stem and secured to said 
poppet valve member in a region exteriorly of such exit. 
orifice, such vent opening being in a circumferential sur 
face of said poppet valve member generally toward such 
exit orifice to discharge uniformly directly into the nozzle 
discharge exiting from such orifice. 

15. In a nozzle having an intake end and an exit orifice 
in its other end, an exit orifice poppet valve member 
adapted to seat in and close such orifice, a fluid intake 
passage in the intake end of said nozzle, a constricted nor 
mally open passage leading from said intake passage to 
such exit orifice, another relatively large passage leading 
from said intake passage to said exit orifice, a valve mem 
ber mounted for reciprocation within said nozzle to open 
and close communication of said large passage with said 
fuel intake passage, and means connecting said latter valve 
member and said poppet valve member for reciprocation 
together; means adapting said nozzle to handle contami 
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nated fuels without unduly restricting the rate of flow com 
prising a filter chamber within the intake end of said 
nozzle and in communication with a supply of fluid com 
mon with that of the aforesaid intake passage, a filtered 
fluid passage leading from said filter chamber and con 
stricted in a local region intermediate its ends, a branch 
passage leading from said filtered fuel passage to the sliding 
fit between said valve member adapted to open and close 
communication of said large passage with said fuel in 
take passage, a branch passage leading from said filtered 
fuel passage to the sliding fit of said poppet valve member, 
whereby filtered fluid will thus be delivered to the inter 
stices between the closely fitting relatively sliding parts 
of the nozzle at greater pressure than unfiltered fluid from 
the intake end of the nozzle passing said two valve mem 
bers, an inner chamber in said nozzle adapted to receive 
filtered fuel escaping from such fits, and a vent passage for 
said chamber passing through said poppet valve member 
and opening circumferentially of the latter immediately 
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14 
exteriorly of the exit valve orifice, such vent opening being 
in a circumferential surface of said poppet valve member 
generally toward Such exit crifice to discharge uniformly 
directly into the nozzle discharge exiting from such orifice. 

16. In a nozzle having a fluid intake end, an exit orifice 
end, an outwardly opening poppet valve member therefor, 
and a stem for said valve member mounted with a sliding 
fit for reciprocation within said nozzle to reciprocate said 
valve member to open and close such orifice; filter means 
at the intake end of said nozzle adapted to filter a small 
portion only of the fluid intake, a passage adapted to con 
duct Such filtered portion of the fluid flow into the sliding 
fit of said valve member, said filter and passage being 
adapted together with said fit to restrict the rate of filtered 
fluid flow to afford a smaller pressure drop from such in 
take to said fit than is afforded the unfiltered fluid flow by 
Said valve member so that such filtered fluid will enter 
said fit to the exclusion of such unfiltered fiuid, an enclosed 
inner chamber within said nozzle adapted to receive fil 
tered fluid escaping from such fit, and a vent passage 
through said stem and valve member communicating with 
said chamber and opening to the exterior of said nozzle. 

17. In a nozzle having a sliding valve member adapted 
to control the flow of fluid therethrough, filter means adapt 
ed to filter a portion only of the fluid intake of said 
nozzle, means adapted to introduce filtered fluid therefrom 
to the sliding fit of said valve member, an enclosed inner 
chamber within said nozzle completely separate from the 
main fluid flow adapted to receive filtered fluid escaping 
from Such fit, and a vent passage separate from the main 
fluid flow leading from said chamber directly to the ex 
terior of said nozzle. 

18. In a nozzle having a sliding valve member shiftable 
in direct response to fluid intake pressure thereagainst, a 
restricted by-pass leading from the intake end of said noz 
zle into the sliding fit of said valve member, filter means 
for said by-pass effective to filter that portion of the fluid 
flow passing therethrough, the area of said valve member 
subject to direct pressure from the unfiltered fluid being 
larger than any area opposed thereto subject to pressure 
by such filtered fluid. 

19. In a nozzle having a sliding valve member shiftable 
in a direct response to fluid intake pressure thereagainst, a 
restricted by-pass leading from the intake end of said 
nozzle into the sliding fit of said valve member intermedi 
ate the ends of such fit, filter means for said by-pass ef 
fective to filter that portion of the fluid flow passing there 
through, the area of said valve member subject to direct 
pressure from the unfiltered fluid being larger than any 
area opposed thereto subject to pressure by such filtered 
fluid. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

949,294 Collin ----------------- Feb. 15, 1910 
1,098,616 Creveling -------------- June 2, 1914 
1,160,910 Laing ------------------ Nov. 16, 1915 
2,569,033 Wise ------------------ Sept. 25, 1951 
2,590,772 Joyce ------------------ Mar. 25, 1952 
2,656,218 Campbell --------------- Oct. 20, 1953 

FOREIGN PATENTS 

474,978 Germany--------------- Apr. 18, 1929 
499,937 Germany -------------- June 14, 1930 


