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SPRAY NOZZLE 

The invention of this application relates to airless 
spray nozzles, and more particularly, to an improved 
nozzle‘effective to spray a substantially elliptical pat 
tern of material having a predetermined or a so called 
“tailored" uneven distribution of material within the 
elliptical pattern. . 

In general, airless spray nozzles having an elliptical 
spray pattern within which there is an uneven or tai 
lored distribution of material, so called “drumhead” or 
“controlled pattern" nozzles, are primarily used for 
coating the interior of cans, such as beer or beverage 
cans. These tailored distribution patterns enable sta 
tionary nozzles to apply an even coating of material to 
the interiorsurface of the can. This is not possible with 
conventional ?at fan pattern airless spray nozzles. 
A common method of gauging or measuring the dis 

tribution of ?ow from a particular nozzle is to spray a 
short burst of coating material against an upright, verti 
cal sheet of corrugated paper with the elliptically 
shaped spray pattern oriented with its long axis hori 
zontal. Corrugated paper is used for this purpose be 
cause it eliminates “washout” or distortion of the true 
spray pattern caused by the blast from the spray nozzle. 
The quantity of coating material sprayed on any partic 
ular area is re?ected by the length of the rivulet in the 
groove running vertically downward beneath it. 
A particular spray nozzle will re?ect its own peculiar 

characteristics when gauged by the above described 
method. Conventional prior art drumhead nozzles gen 
erally have a spray pattern closely akin to that depicted 
in FIG..1 of the drawings herein; that is, skewed heavily 
toward and generally on the order of 5. percent to 10 
percent of the distance from one end. This distribution 
pattern contrasts markedly with a conventional prior 
art ?at fan spray nozzle which has an ori?ce formed 
symmetrically with respect to the nozzle axis by slash 
ing or grinding a V-shaped notch through a substan 
tially hemispherical dome down to about the base “cir 
cle" of the dome. That flat fan spray nozzle generates 
a smoothly distributed, normally curved, symmetrical 
spray pattern having maximum flow in the middle with 
gradually diminishing ?ows tapering or “feathering” 
from the middle to the ends of the pattern. Such a nor 
mally distributed ?at fan spray pattern is depicted in 
FIG. 2 of the drawings. 

Prior art controlled pattern nozzles generally have a 
spray distribution pattern similar to that depicted in 
FIG. 3 of the drawings in which the point of maximum 
?ow of material is located adjacent one end of the pat— 
tern; generally 70 to 85 percent of the distance from 
one end and 30 to 15 percent from the other, the mate 
rial ?owing in the rest of the pattern from the point of 
maximum concentration of material to the end tapering 
smoothly and substantially linearally from the point of 
maximum runoff. The distribution pattern depicted in 
FIG. 3 is that of a 75-25 percent controlled pattern 
nozzle. 
Commercial metal cans are made of either two or 

three pieces. In each case, one piece is applied in a ?nal 
operation to close and seal the can after it has been 
?lled with food or beverage. The other part of a two 
piece can is generally a deep drawn cylinder with a 
closed end. Three piece cans, so called, comprise open 
ended cylindrical body shells with separate top and bot 
tom end discs. 
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All beverage and some food cans are interiorly 

coated after formation of the can body so as to prevent 
metal from going ‘into solution in the can contents and 
to prevent the contents of the can from attacking the 
metal of the can. In the case of a two piece can, one in 
terior end surface’ is coated simultaneously with the 
coating of the interior surface of the can body. In the 
case of a three piece can, the ends are generally sepa 
rately coated and the double open ended cylinder is in 
teriorly coated prior to application of either end clo 
sure. ' 

Both drumhead and controlled pattern nozzles are 
commonly used to apply sprayed coatingmaterial to 
the interior of a two piece can when the‘nozzle' is 
?xedly oriented as depicted in H0. 4 with respect to 
the rotating can. With the nozzle so oriented, the point 
of maximum ?ow of coating material is directed axially 
for the length of the can and the. fan-shaped pattern is 
directed toward the radius of the can-bottom and one 
longitudinal line of the sidewall from the bottom to the’ _ 
open end of the can. This practice results in a substan 
tially uniform coating being applied over the side and 
bottom wall of the can. When these same nozzles are 
used to spray the cylindrical bodies of three piece can 
bodies, the stationary nozzles are: oriented relative to 
the rotating can body as illustrated in FIG. 5 and the el 
liptically shaped spray pattern is directed into angular 

v longitudinally elongated contact with the interior of the ' 
rotating can. In this setup for spraying can bodies, the 
light portion of the elliptically shaped pattern is 
sprayed into the end closest to the nozzle from which 
the spray originates and the heavy concentrated por 
tion of the patterns meet or slightly overlap each other 
‘at the furthest point from the nozzle. This setup and 
orientation of dual nozzles for spraying bodies achieves 
a relatively uniform coating over all areas of the can in 
terior and minimizes “overspray" or wasted material 
passing out of the open ends of the can. 

In general, the drumhead and the controlled pattern 
nozzles of the prior art have been effective for spraying 
and obtaining an even distribution of coating material 
over the interior surface of cans when used in the man 
ner depicted in FIGS. 4 and 5 of the drawings. A prob 
lem- has been encountered though in reliably and re 
peatedly manufacturing nozzles having identical spray 
patterns from one nozzle to the next. 
Conventional prior art methods for manufacturing or 

producing both drumhead and several different modi? 
cations of controlled pattern nozzles are fully disclosed 
in US. Pat. No. 3,640,758 andv US. Pat. No. 

v 3,697,313, both of which are assigned to the assignee 
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of this application. Other methods for generating or 
producing controlled pattern nozzles have been discov 
ered which are in reality variations of the method dis 
closed in these patents, but these methods all involve 
either two or ?ve cuts of a grinding wheel into the 
dome of the nozzle to generate a particular size and 
shape ori?ce. Because those ori?ces are very small and 
must be cut very accurately, conventional manufactur 
ing techniques, using the number of cuts have resulted 
in an unacceptably high rejection rate of unacceptable 
nozzles. 

It has therefore been one objective of this invention 
to provide a more efficient repeatable and reliable 
method of manufacturing controlled pattern nozzles or 
nozzles which have a predetermined or tailored uneven 
distribution spray pattern. 
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Another objective of this invention has been to pro 
vide an improved spray nozzle which facilitates and en 
ables nozzles having‘predetermined or tailored uneven 
distribution spray patterns to be repeatedly and reliably 
reproduced. , ' 

Primarily the high rejection rate generated'by the 
prior art practices for manufacturing drumhead or con 
trolled pattern airless spray nozzles is attributable to 
the inability of a machine operator to make multiple 

. cuts with a grinding wheel in a very small workpiece so 
as to generate a very small ori?ce having very close tol 
erances. 

Therefore, it has been another object of this inven 
tion to provide a new nozzle con?guration and a new 
method of manufacturing a nozzle which results in the 
manufacture of a controlled pattern nozzle or a nozzle 
having‘a predetermined uneven distribution spray pat 
tern while machining only a single cut from the nozzle 
blank. Otherwise expressed, it has been an objective of 
this invention to provide a new nozzle design and a new 
method of manufacturing a ‘controlled pattern nozzle 
or a nozzle having-the spray con?guration of the prior 
art controlled pattern nozzles or drumhead nozzles 
with a nozzle having the desired ori?ce generated by a 
single pass of a grinding wheel. 
The nozzle which accomplishes these objectives and 

which enables a single cutting pass to generate an ori 
fice having the desired con?guration has a central ?ow 
passage which ‘terminates in a conical shaped dome 
asymmetrically positioned in the nozzle relative to the 
axis of symmetry. When this asymmetrically posi 
tioned, conically shaped dome is intersected by a grind 
ing wheel cut it results in the generation of an asymmet 
rical ori?ce. Any number of differently con?gurated 
orifices having differing spray patterns may be gener 
ated from this same blank by varying the angle of incli 
nation of the grinding wheel cut relative to the blank 
axis and/or the grinding wheel con?guration and depth 
of cut. 
The primary advantage of the invention of this appli- - 

_ cation is that itenables controlled pattern spray nozzles 
to be manufactured less expensively than has hereto 
fore been possible because it eliminates most of the 
variability generated by prior art manufacturing prac 
tices. In other words, it enables nozzles to be repeatedly 
manufactured within acceptable manufacturing toler 
ances. These and other objects, advantages, and dis 
coveries incorporated into the invention of this applica 
tion will be more readiy apparent from the following 
description of the drawings, in which: 
FIG. 1 is a typical distribution spray pattern obtained 

from a drumhead nozzle. ' 

FIG. 2 is a typical distribution spray pattern obtained 
from a ?at fan spray nozzle. 
FIG. 3 is a typical distribution pattern obtained from 

a controlled pattern nozzle. 
FIG. 4 is a diagrammatic illustration of a typical setup 

for spraying the interior of a two-piece can from a sin 
gle stationary nozzle. ’ 
FIG. 5 is a diagrammatic illustration of a typical setup 

for spraying the interior of a three-piece can body from 
a pair of opposed stationary nozzles. 
' FIG. 6 is an end elevational view of a conventional 
drumhead nozzle. 
FIG. 7 is an end elevational view of one form of con 

ventional prior art controlled pattern nozzle. 
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4 
FIG. 8 is a cross-sectional view of a nozzle blank em 

ployed in the manufacture of the controlled pattern 
nozzle which is the subject of the invention of this ap 
plication. 
FIG. 9 is a rear end elevational view of the nozzle _ 

blank of FIG. 8. 
FIG. 10 is a cross-sectional view of the nozzle blank 

depicted in FIG. 8 partially rotated prior to cutting and 
it- illustrates the nozzle after the generation of one pre 
ferred form of ori?ce in the blank. ' 

FIG. 10a is a view identical to FIG. 10. but with the ’ 
nozzle rotated 90° from the position in FIG. 10. 
FIG. 10b is a diagrammatic illustration of the orienta 

tion of a grinding wheel relative to the axis of the dome 
of the nozzle approach passage utilized to generate the 
nozzle ori?ce of FIG. 10. p . 

FIG. 11 is a front end elevational view of the nozzle 
ori?ce of FIG. 9. 

FIG. 12 is a distribution spray pattern obtained from 
the nozzle of FIG. 10. 
FIG. 13 is a cross-sectional view of the nozzle blank 

of FIG. 8, except that it depicts the nozzle after the gen 
eration of a second preferred form of ori?ce in the 
blank. 
FIG. 13a is a view identical to FIG. 13, except that 

the nozzle is rotated 90° from the position of FIG. 10. 

FIG. 13b is a diagrammatic illustration of the orienta 
tion of a grinding wheel relative to the axis of the dome 
of the nozzle approach passage utilized to generate the 
nozzle of FIG. 13. . _ 

FIG. 14 is a front end elevational view of the nozzle 
ori?ce of FIG. 13. - 

FIG. 15 is a distribution spray pattern obtained from 
the nozzle of FIG. 13. 
Referring ?rst to FIGS. 4 and 5, two different setups 

for coating cans have been illustrated as typical of com 
mercial setups which employ airless spray nozzles of 
the type which are the subject of this invention. Both 
setups are old and well known in the prior art, but they 
have been illustrated and included herein in order to 
facilitate a description of a typical use for the inventive 
nozzle of this invention. 
The setup illustrated in FIG. 4 is completely de 

scribed in Stumphauzer et al U.S. Pat. No. 3.697313 
I and the setup illustrated in FIG. 5 is completely and 
described in I-Iogstrom et a1 U.S. Pat. No. 3,640,758. 
Both of these patents are assigned to the assignee of 
this application. 
Considering ?rst the setup illustrated in FIG. 4 for 

coating a typical two piece can C to which one end 7 
has previously been applied, this setup requires that the 
can C be rotated while a spray pattern of coating mate 
rial is directed onto the interior surface of the can. The 
apparatus for rotating the can, as well as for sequen 
tially indexing cans past the stationary nozzle is well 
known and is completely described in the former of the 
two above identi?ed patents. 

In general, either a drumhead nozzle having the spray 
pattern depicted in FIG. 1, or a controlled pattern noz 
zle having the spray pattern depicted in FIG. 3, is con 
ventionally used in the practice of spraying cans having 
only one open end. Both of these nozzles are character 
ized by the fact that they spray a generally elliptically 
shaped pattern of material having an uneven distribu 
tion of material wwthin the pattern. In the case of a 
drumhead nozzle the heaviest flow is located very close 
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to one end of the pattern, while in the case of a so 
called controlled pattern nozzle, the heaviest flow is 

‘ generally located toward one end, but is spaced a 
greater distance from the end than in the case of a 
drumhead nozzle. The closeness or proximity of the 
heavy ?ow point to one end is generally determined by 
the configuration of the nozzle ori?ce from which the 
spray is ejected. 

In the setup depicted in FIG. 4, one spray nozzle 
mounted in a nozzle adapter NA is ?xedly positioned 
to spray into the open end of the can with the axis 11 of 
the nozzle positioned at an angle e measured vertically 
with respect to the horizontal plane S of the axis of the 
rotating can body. The nozzle ori?ce is located a dis 
tance 18 from the open end of the can about that dis 
tance above the horizontal plane S through the axis of 
the can. The line 6 of maximum flow in the spray fan 
or elliptical spray pattern is intended to be directed at 
the circle of intersection between the closed end 7 of 
the can and its cylindrical side 8. The wide portion W 
of the fan is directed along the side of the can body, 
while the narrow part N is directed toward the closed 
end 7 of the can. The width and direction of the fan 

‘ shaped pattern from the nozzle orifice is such that the 
outside edge 9 of the narrow portion N of the spray fan 
is directed at the center of the circular “bottom” or 
closed end 7 of the can, and the opposite edge 15 of the 
fan is directed at or very slightly outside the edge 16 of 
the open end of the can. 
This orientation of the distribution pattern of the 

spray nozzle is ideally matched to the areas and propor~ 
tions of the internal surfaces of the can to be coated. 
The wide part W of the fan spray falling between the 
open edge 16 of the can and the closed bottom end 7, 
provides a uniform coating on the sidewall 8, all por 
tions of which are rotating at the same lineal speed. The 
narrowuportion N of the spray fan decreases from a 
maximum flow along the line 6 .to a minimum desirable 
flow at the outer edge 9 of the spray fan which is di 
rected at or slightly “beyond" the dead center of the 
circular closure end 7. The amount of coating material 
applied to the can end 7 is greater at the places further 
from the center so that the amount of coating material 
decreases with the decreasing radius'of can end 7 to the 
“dead’” center. 
This method of spraying a two piece can from a single 

stationary nozzle permits a matching of the spray pat 
tern to the shape and dimensions of the interior of the 
can. As the length to diameter ratio varies with differ 
ent can con?gurations the theoretical optimal distribu 
tion of coating material will vary accordingly, but it can 
be matched to the can con?guration to obtain an opti 
mal uniform coating of material over the complete inte 
rior surface of the can body. 
Referring now to FIG. 5, there is illustrated a pre 

ferred setup for spraying a body 10 of a three piece can 
by means of a pair of conventional drumhead nozzles 
mounted in adapters l2 and 13, having axes 12a and 
13a respectively. The nozzles are positioned similarly 
at opposite ends of the can and have their axes 12a and 
13a inclined at an angle i measured vertically with re 
spect to a horizontal plane through the axis of the can 
body. The nozzles are so positioned that the narrow 
portion N’ of the fans slightly overlap and preferably 
impinge upon each'other over the entire width, while 
the wide portion W’ of the fans are directed at or 
slightly outside the edge of the can. 
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Referring now to FIG. 6, there is illustrated an end 

view of a prior‘art drumhead nozzle suitable for obtain 
ing the spray pattern of FIG. 1. This nozzle has an ori 
?ce O that is widest at one end 32 to'produce the point 
of maximum output in the fan and tapers to the narrow 
est point 33 corresponding to the point of minimum 
output in the spray fan. 

In FIG. 7 there is depicted an end view of a prior art 
controlled pattern nozzle suitable for obtaining the dis 
tribution pattern depicted in FIG. 3. This nozzle'has a 
generally tulip shaped or heart shaped ori?ce O'” 
slashed or cut in the top of a generally‘ hemispherical 
hollow dome by two cuts of a rotary grinding wheel. 
The method of cutting the nozzle ori?ce 0"’ of ‘FIG. 
7 is completely described in the above identi?ed US. 
Pat. No. 3,697,313, as are numerous other setups for 
achieving variations and modi?cations of nozzle ori 
?ces and controlled pattern nozzles. 

In general, the manufacture of either a drumhead or 
a controlled pattern nozzle has, prior to this invention, 
required a series of cuts with a single wheel in order to 
de?ne an ori?ce having the desired complex con?gura 
tion required to spray an uneven distribution pattern. 
The number of cuts has generally been either two or 
?ve, but invariably it has been difficult to maintain con 
sistency in machining multiple identical products be 
cause of manufacturing problems which attend making 
multiple, accurately positioned cuts in very small work 
pieces. . 

Referring now to FIGS. 8 and 9, there is illustrated 
the novel nozzle blank utilized in the practice of the in 
vention of this application. In general, this nozzle blank 
50 is made from sintered carbide, although it may be 
made from other hard, wear resistant materials, and has 
a cylindrical rear section '51, a peripheral flange section 
52, a spherical sector end section 513, and a tapered sec 
tion 54 interconnecting the spherical sector end section 
53 to the flange section 52. In practice, the cylindrical 
section 51 ?ts within and is brazed to a seat of a con~ 
ventional nozzle adapter. Except for the utility of the 
cylindrical section 51 and the ?ange 52 in facilitating 
mounting the nozzle in an adapter, the peripheral shape 
of the rear section 51 and the flange 52 is not critical 
to the invention. 
The interior of the nozzle blank is hollow and in 

cludes an approach passage 49 which terminates in a 
blind end dome 55‘. The approach passage 49 com 
prises a frustoconical section 56 having a flat 57 on one 
side, a cylindrical section 58, and the conical dome sec 
tion 55. The frustoconical section 56 and the cylindri 
cal section 58 are both coaxially aligned with the axis 
X of the nozzle blank, but the conical dome section 55 
is asymmetrically positioned relative to the axis X. The 
apex 65 of the cone-shaped dome is offset a distance D 
from the axis X. In the preferred embodiment, the 
cone~shaped asymmetrical dome of the passage de?nes 
an included angle d- of 70° and the axis Y of the cone 
intersects and de?nes an angle b of 30° with the axis X 
of the nozzle. 
Referring now to FIG. 9, it will be seen that the cylin 

drical section 58 of the passage is the same radius as the 
distance Z from the center of the flat surface 57 to the 
axis X of the nozzle. The frustoconical section 56 is so 
sized that it is of the same radius at its innermost end 
as the radius of the cylindrical section 58, so that the 
two sections 56 and 58 intersect in a circular line of in 
tersection 60 in the plane 62. The asymmetrically posi 
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tioned conical section 55 is so sized that it intersects 
the cylindrical section 58 in a curved line of intersec 
tion’63. It will also be noted that the apex 65 of the con 
ically shaped dome section 55 is located in a plane '68 
(FIG. 9) normal to the plane of the ?at surface 57. This 
orientation of the apex 65 of the dome relative to'the _ 
‘?at surface in the passage 57 enables the asymmetri 
cally con?gurated dome section 55 of the nozzle blank 
to be positioned in a predetermined location during 
machining or grinding of a slash cut through the spheri 
cal end sector 53 of the nozzle blank, as is explained 
more fully hereinafter. 

In practice, the nozzle blank of FIGS. 8 and 9 is man 
ufactured from sintered carbide by placing the carbide 
powder in a hollow mold having an axial pin con?gured 
in the shape of the passage 49. The sintered material is 
compressed within the mold to generate the shape of 
FIGS. 8 and 9 and is subsequentlyvsintered to form the 
nozzle into a solid carbide element. 

- Although the nozzle blank is described as being man 
ufactured from sintered carbide, it is to be understood 
that it may also be made from other hard materials such 
as ceramics. 

Referring now to FIGS. 10, 10a, 10b and 11, there is 
illustrated a preferred embodiment of nozzle 69 manu 

' factured from the nozzle blank 50 of FIGS. 8 and 9. 
This nozzle has a single slash cut 73 machined into it 
so as to generate a nozzle ori?ce which emits the spray 
pattern of FIG. 12. As may be seen in FIG. 12, this pat 
tern is very similar to that conventionally sprayed by a 
drumhead nozzle in that it has the point of maximum 
flow located closely adjacent (11% of the length of the 
pattern) one end of the elliptical pattern. 
,As may be seen most clearly in FIG. 11, the ori?ce 
70 which generates the spray pattern of FIG. 12 is 
smoothly tapered and has rounded ends 71, 72. In one 
preferred embodiment, this ori?ce 70 is .0l 1 inches in 
width at its widest point 74 and is .036 inches in length. 
The narrow end of the ori?ce has a width of approxi 
mately .002 inches and a radius of approximately .00] 
inches. 
The ori?ce 70 is machined by adiamond charged 

grinding wheel whichtis tapered at its peripheral edge 
to de?ne an included angle of 40°. In machining this 
embodiment, the grinding wheel is fed inwardly until 
the peripheral edge of the grinding wheel as demarked 
by the cut line 2—2 intersects or nearly intersects the 
end of the conical surface 63 of the conical dome 55 
of the nozzle. The grinding wheel out line 2—2 is illus 
trated in FIG. 10a as a straight line because a three inch 
diameter grinding wheel cutting an ori?ce .036 inches 
in length ahs a substantially straight line 2—2 for the 
bottom of the cut even if, as in this preferred embodi~ 
ment, the bodily movement of the center of the grind 
ing wheel advances the wheel only along the wheel ra 
dius. 

In machining the slash cut 73 from the outer spheri 
cal segment shaped portion of the nozzle, the radius of 
the grinding wheel is colinearly aligned with the axis X 
of the nozzle blank, but in this preferred embodiment 
the grinding wheel is rotated 20° as illustrated in FIG. 
10b until the plane 75 of the grinding wheel (a plane 
normal to the axis of rotation of the wheel) is offset 20° 
from a plane 76 through the,apex 65 of the dome 55 
and the axis X of the nozzle. This inclined tapered gash 
through the conically shaped hollow dome of the noz 
zle results in the generation of the ori?ce 70 depicted 

0 

8 
in FIG. 11. That ori?ce in the preferred embodiment of 
the invention has a ?ow rate of 209 grams per minute 
of water at 40 pounds per square inch'pressure. It pro 
duces the spray pattern depicted in FIG. 12 in which 
the point of maximum ?ow of material from the orifice 
is located ll percent of the distance from one end of 
the generally elliptically shaped pattern 78 and 89 per 
cent of the distance from the other end. From the point 
of maximum flow 79 ‘to the ends 80, 81 of the pattern, 
the ?ow generally decreases linearly as indicated by the 
dotted lines 82, 83 of FlG.'l2. ' 

Referring now to FIGS‘. 13, 13a, 13b and 14, there is 
illustrated a second preferred embodiment of a nozzle 
100 manufactured from the nozzle blank 50 of FIGS. 
8 and 9. This nozzle generates the distribution ?ow pat 
tern depicted in FIG. 15. The longest run is shown to 
produce a 25-75 percent distribution pattern. This en 

' ‘ ables the pattern ‘to be utilized to direct the heavy por 
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tion of ‘the spray fan to a particular area of the can, as 
for example, the intersection of the sidewall and the 
end of the cylindrical body. 
Referring again to FIGS. 13, 13a, 13b and 14, it will 

be seen that the nozzle 100 depicted in these ?gures 
which gives this ?ow pattern is machined with the same 
40° tapered edge grinding wheel as was employed in the 
cutting of the nozzle 69 depicted in FIGS. 10 and 11. 
In this modi?cation, though, the plane 101 of the grind 
ing wheel (i.e., the plane through the wheel and normal 
to the axis of rotation of the wheel) is located in the 
same plane 101 as that de?ned by the axis X of the noz— 
zle blank and the apex 65 of the cone. In this modi?ca 
tion, as in the modi?cation depicted in FIGS. 10 and 
11, the cutting wheel is fed into the spherical sector 
portion 53 of the nozzle blank 50 to a depth at which 
the peripheral edge (demarked by the cut line 2’—2') 
of the wheel more fully intersects the base 63 of the 
conical dome 55. As may be seen most clearly in FIG. 
14, the resulting generally tapered ori?ce 105 has 
rounded ends 106 and 107. In one preferred embodi 
ment of the nozzle 100, the ori?ce 105 had a maximum 
width of .0105 inches and a length of .037 inches. This 
ori?ce is characterized by a ?ow rate of 215.2 grams 
per minute of water at 40 pounds per square inch. 
One of the characteristics of both of the nozzles de 

scribed hereinabove is that the concentrated or heavy 
portion of the ?ow pattern emerges from the ‘narrow 
end section of the nozzle ori?ce. In other words, with 
reference to FIGS. 14 and 15, the heavy ?ow end N" 
of the pattern (the end with the greater flow) was 
sprayed from the narrow end 106 of the ori?ce. Simi 
larly with reference to the embodiment illustrated in 
FIGS. 11 and 12, the heavy or concentrated end N'” 
of the ?ow pattern was sprayed from the narrow end 71 
of the nozzle ori?ce. This peculiar ?ow characteristic 
of the greater ?ow originating from the narrow end of 
a tapered ori?ce is a characteristic of all nozzles which 
we have machined from the nozzle blank 50 of FIGS. 
8 and 9. 
Another unusual characteristic of nozzles made from 

the blank of FIGS. 8 and 9 is that at the same time that 
the heavy portion of the pattern appeared on the nar 
row cut side of the nozzle, the center line Q (FIG. 13a) 
of the spray fan shifted or was deflected to the wide cut 
side of the nozzle. 
We have described only two preferred embodiments 

of nozzles machined from the nozzle blank of FIGS. 8 
and 9. Numerous other spray patterns have been 
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achieved by means of nozzles cut from the blanks of 
FIGS. 8 and 9 by wheels of varying tapered edge angles, 
by varying the orientation or angulation of the axis X 
of the nozzle to the line 2-—2 de?ned by the peripheral 
edge of the grinding wheel, by cutting to differing 
depths with the grinding wheels and by varying combi 
nations of these variable conditions. Similarly, rotation 
of the plane thorugh the apex 65 of the conical blank 
and the axis of the nozzle relative to the plane of a cut 
ting wheel generates varying shapes of ori?ces effective 
to spray different variations of the unevenly distributed 
elliptically shaped spray pattern. 
The primary advantage of the invention of this appli 

cation is that it enables a predetermined spray pattern 
to be consistently sprayed from a production nozzle 
with a minimum of scrap nozzles generated in the man 
ufacturing process. Prior to this invention, it was partic 
ularly difficult to obtain consistent results between dif 
ferent nozzles manufactured under production condi 
tions, primarily because of the difficulty of accurately 
orienting each one of multiple cuts relative to the other 
cuts while cutting very small, complex shapes. 
While we have described only two preferred modi? 

cations of nozzles cut from a single preferred embodi~ 
ment of nozzle blank, persons skilled in the art to which 
this invention pertains will readily appreciate that dif 
fering con?guration nozzle blanks embodying the novel 
features of the nozzle and/or differing slash cuts ma 
chined into the nozzle blank may be utilized to gener 
ate particular uneven distribution spray patterns. 
Therefore, we do not intend to be limited except by the 
scope of the following appended claims. 
Having described our invention, we claim: 
1. A spray nozzle for spraying a pattern with an un 

even distribution of material throughout the pattern, 
said pattern having a site of maximum flow located a 
distance spaced from the middle of the pattern and 
having generally smooth gradations of flow from said 
site of maximum flow to the ends of the pattern, said 
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nozzle comprising a body having a central axis, an ap- ' 
proach passage and a domed blind end in the passage, 
said domed blind end of said passage being positioned 
asymmetrically‘ relative to said central axis, said asym 
metrically positioned domed blind end being inter 
sected by a single slash cut through said nozzle body to 
de?ne an ori?ce having cusped places of minimum 
opening at the ends thereof and a maximum opening 
located nearer to one of said ends than to the other 
end. 

2. The spray nozzle of claim 1 in which said domed 
blind end of said nozzle passage has a generally coni 
cally shaped section. ' 

3. The spray nozzle of claim l in which said domed 
blind end of said nozzle passage is generally conically 
shaped and in which said slash cut is located in a plane 
de?ned by said central axis and an axis of said dome. 

4. The spray nozzle of claim l in which said domed 
blind end of said nozzle passage is generally conically 
shaped and in which said slash cut is located in a ?rst 
plane which intersects at an acute angle a second plane 
de?ned by said central axis and the apex of said dome. 

5. The spray nozzle of claim 1 in which said approach 
passage has a frustoconical section coaxial with the 
central axis of said nozzle. 
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6. The spray nozzle of claim 5 in which said approach 

passage also has a cylindrical section coaxial with said 
central axis of said nozzle, said cylindrical section being 
locatedbetween said frustoconical section and said 
domed blind end. ' 

7. The spray nozzle of claim 5 in which said frusto 
conical section of said approach passage has a flat sur~ 
face on one side thereof. 

8. The spray nozzle ofclaim l in. which said approach 
passage has a cylindrical section coaxial with the cen 
tral axis of said nozzle body, said cylindrical section in 
tersecting and forming a continuation of said asymmet 
rically positioned domed blind end of said nozzle pas 
sage. 

9. The spray nozzle ofclaim 2 in which said approach 
passage has a frustoconical section coaxial with the 
central axis of said nozzle body. 

10. The spray nozzle of claim 9 in. which said ap 
proach passage also has a cylindrical section coaxial 
with said central axis of said nozzle body, said cylindri 
cal section being located between said frustoconical 
section ‘and said domed blind end of said approach pas 
sage. 

11. The spray nozzle of claim 9 in which said frusto 
conical section of said approach passage has a flat sur 
face on one side thereof. 7 

12. The spray nozzle of claim 2 in which said ap 
proach passage has a cylindrical secton coaxial with the 
central axis of said nozzle body, said cylindrical section 
intersecting and forming a continuation of said asym 
metrically positioned domed blind end of said nozzle 
passage. ' 

13. The spray nozzle of claim 3 in which said ap 
proach passage has a frustoconical section coaxial with 
the central axis of said nozzle body. 

14. The spray nozzle of claim 13 in which said ap 
proach passage also has a cylindrical section coaxial 
with said central axis of said nozzle body, said cylindri 
cal section being located between said frustoconical 
section and said domed blind end of said approach pas 
sage. ‘ 

15. The spray nozzle of claim 13 in which said frusto 
conical section of this approach passage has a ?at sur 
face on one side thereof. - 

16. The spray nozzle of claim 3 in which said ap 
proach passage has a cylindrical section coaxial with 
the central axis of said nozzle body, said cylindrical sec 
tion intersecting and forming a continuation of said ' 
asymmetrically positioned domed blind end of said 
nozzle passage. 

17. The spray nozzle of claim 4 in which said ap 
proach passage has a frustoconical section coaxial with 
the central axis of said nozzle body. 

18. The spray nozzle of claim 17 in which said ap 
proach passage also has a cylindrical section coaxial 
with said central axis of said nozzle body, said cylindri 
cal section being located between said frustoconical 
section and said domed blind end of said approach pas 
sage. 

19. The spray nozzle of claim 17 in which said frusto 
conical section of said approach passage has a ?at sur 
face on one side thereof. 

20. The spray nozzle of claim 4 in which said ap 
proach passage has a cylindrical section coaxial with 
the central axis of said nozzle body, said cylindrical sec— 
tion intersecting and forming a continuation of said 
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asymmetrically positioned domed blind end of said 
nozzle passage. _ . 

21. A spray nozzle for spraying a pattern with an un 
even distribution of material throughout the pattern, 
said pattern having a site of maximum flow located a 
distance spaced from the middle of the pattern and 
having generally smooth gradations of ?ow from said 
site of maximum flow to the ends of the pattern, said 
nozzle comprising a body having a central axis, an ap 
proach passage and a generally conically shaped, 
doomed blind end at the end of said approach passage, 
said conically shaped domed blind end being posi 
tioned asymmetrically relative to said central axis, said 
asymmetrically positioned domed blind end being in 
tersected by at least one slashed cut through said nozzle 
body to de?ne an ori?ce at the intersection of said 
domed blind end and said cut, said ori?ce having cus 
ped places of minimumopeningvat the ends thereof, 
and a maximum opening spaced closer to one of said 
ends than to the other. 
22. The spray nozzle of claim 21 in which 'said coni 

cally shaped blind end of said passage has an axis which 
intersects said central axis of said body at an actue an 
gle. 

23. A spray nozzle of claim 21 in which said cut is lo 
cated in a plane de?ned by said central axis and the 
apex of said concially shaped domed blind end of said 
passage. - 

24. The spray nozzle of claim 21 in which said slash 
_ cut is located in a ?rst plane which intersects an acute 
angle a second plane de?ned by said central axis and 
the apex of said concially shaped domed blind end of 
said passage. 

25. The spray nozzle of claim 21 in which said ap 
proach passage has a frustoconical section coaxial with 
the central axis of said nozzle body. 

26. The spray nozzle of claim 25 in which said ap 
proach passage also has a cylindrical section coaxial 
with said central axis of said nozzle body, said cylindri 
cal section being located between said frustoconical 
section and said domed blind end of said approach pas 
sage. ‘ 

27. The spray nozzle of claim 25 in which said frusto 
conical section of said approach passage has a ?at sur 
face on one side thereof. 

28. The spray nozzle of claim 21 in which said ap 
proach passage has a cylindrical section coaxial with 
the central axis of said nozzle body, said cylindrical sec 
tion intersecting and forming a continuation of said 
asymmetrically positioned domed blind end of said 
nozzle passage. 

29. The spray nozzle of claim 28 in which said coni 
cally shaped blind end of said passage has an axis which 
intersects said central axis of said body at an acute an 
gle. 

30. The spray nozzle of claim 22 in which said slash 
cut is located in a ?rst plane which intersects at an 
acute angle a second plane de?ned by said central axis 
and the apex of said domed blind end of said passage. 
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31. The spray nozzle of claim 22 in which said ap 

proach passage has a frustoconical section coaxial with 
the central axis of said nozzle body. 
32. The spray nozzle of claim 31 in which said ap 

proach passage also has a cylindrical section coaxial 
with said central axis of said, nozzle body, said cylindri 
cal section being located between said frustoconical 
section and said domed blind end. 

33. The spray nozzle of claim 31 in which said frusto 
conical section of said approach passage has a ?at sur 
face on one side thereof. 

34. The spray nozzle of claim 22 in which said ap 
proach passage has a cylindrical section coaxial with 
the central axis of said nozzle body, said cylindrical sec 
tion intersecting and forming a continuation of said 
asymmetrically positioned domed blind end of said 
nozzle passage. ‘ 

35. A spray nozzle for spraying the pattern with an 
uneven distribution of material throughout the pattern, 
said pattern having a site of maximum flow located a 
distance spaced from the middle of the pattern and 
having generally smooth gradiations of flow from said 
site of maximum ?ow to the ends of the pattern, 

said nozzle comprising a hollow body having a cen 
tral axis and domed blind end, 

said domed blind end being intersected by at least 
one slashed cut through said nozzle to de?ne an or 
i?ce at the intersection of said domed blind end 
and said cut, 

said nozzle having an approach passage leading into 
said domed blind end, which approach passage has 
a frustoconical section coaxial with the axis of said 
nozzle, 

said frustoconical section having a ?at surface on one 
side thereof. 

36. A spray nozzle for spraying a pattern with an un 
even distribution of material throughout the pattern, 

said pattern having a site of maximum flow located 
a distance spaced from the middle of the pattern 
and having. generally smooth graduations of flow 
from said site of maximum ?ow to the ends of the 
pattern, 

said nozzle comprising a hollow body having a cen 
tral axis and a domed blind end, 

said domed blind end being intersected by at least 
one slashed cut through said nozzle to de?ne an or 
i?ce at the intersection of said domed blind end 
and said cut, 

said nozzle having an approach passage leading into 
said domed‘blind end, said approach passage hav 
ing a frustoconical sectionv coaxial with the central 
axis of said nozzle, said approach passage converg 
ing toward said domed blind end, ' 

said approach passage also having a cylindrical sec 
tion coaxial with said central axis of said nozzle, 

said cylindrical section being located between said 
frustoconical section and said domed blind end, 

said frustoconical section of said approach passage 
having a flat surface on one side thereof. 

* * * =l< * 
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