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3,304,013 
SPRAY NOZZLES 

Edward J. O’Brien, Glen Ellyn, 11]., assignor to Spraying 
Systems Co., a corporation of Illinois 

Original application May 1, 1963, Ser. No. 277,269. 
Divided and this application June 3, 1965, Ser. No. 
461,049 

7 Claims. (Cl. 239-468) 

This application is a division of application 277,269, 
?led May 1, 1963, now abandoned. 

This invention relates to spray nozzles of the kind 
wherein the liquid passes into a whirl chamber where 
rotating motion is imparted thereto and thereafter passes 
axially of the whirl chamber through a discharge ori?ce 
in the form of a hollow conical spray. More particu 
larly the invention relates to spray nozzles of the afore~ 
said character wherein the whirl chamber is provided as 
a separately formed, and readily replaceable element. 

In spray nozzles, of the type generally known as whirl 
spray nozzles, the discharge ori?ce is formed as a cir 
cular outlet coaxially formed at one end of a generally 
cylindrical whirl chamber. Water or other liquid is in 
troduced tangentially as a high speed jet into the whirl 
chamber so that the liquid is given ahigh speed whirling 
movement within the chamber. This rapidly whirling 
liquid passes through the axially disposed ori?ce, and be 
cause of the whirling motion thereof, is emitted from the 
ori?ce as a hollow conical spray. 
The nature of spray nozzles of the aforesaid character 

is such that there is a'whirlpool or cavitation effect that 
forms an elongated cavity or air column which desirably 
extends centrally through the sprayv ori?ce and through 
the Whirl chamber and to or substantially to the opposite 
or bottom wall of'the whirl chamber. 

. It has been recognized for many years that uniformity 
of the hollow conical spray is dependent upon maintain 
ing the whirling mass of water in a substantially centered 
or axial relationship with respect to thedischarge ori 
?ce. Conversely, a mislocated air column results in a 
poor spray pattern. Control of the location of the cavity 
or air column thus becomes essential to the production 
of the desired balanced spray. 

Different devices have been employed for controlling 
the location of the cavity or air column in the whirling 
mass of water so as to obtain the desired balanced coni~ 
cal spray. One such device is shown in Wahlin Patent 
2,247,897, patented July 1, 1941. In this structural ar 
rangement, a central depression or pocket is formed in 
the bottom wall of the whirl chamber. This construc 
tion has been effective in creating the desired spray, but 
because it maintains the air column in a substantially 
same position at all times, a pronounced ‘wearing action 
takes place in the area Where the air column engages the 
depression or pocket. As a result, a hole is ultimately 
produced through the bottom wall of the chamber. 

Concentration of wear has required further structural 
modi?cations to be made in spray nozzles of the afore 
said character. One of such modi?cation is the use of 
a removable bottom plug at the bottom of the central 
depression of the whirl chamber. The removable plug 
is conveniently made of a hard, wear-resistant material, 
and of course is periodically replaceable. 
Another type of device that has been utilized to pro 

duce a conical spray pattern is that shown in Wahlin 
Patent 2,666,669. This patent discloses a whirl cham 
ber comprising a cylinder having an ori?ce and a sepa 
rately formed and readily replaceable ?at bottom wall. 
A tangential inlet is provided by forming a passage in 
the cylinder wall. 

Still another device involved the use of a separately 
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formed Whirl chamber with an integral bottom wall, a 
tangential inlet near the bottom wall and a central recess 
or cavity in the bottom wall for maintaining the air col 
umn in the proper coaxial relationship. This separately 
formed whirl chamber was then held in place by com 
pression spring means opposite a discharge ori?ce mem 
ber and within a nozzle body. This last-mentioned 
structural arrangement has been widely used, but is bur 
dened with the problem of excessive wear at the bottom 
of the centering pocket. 

In view of the undesirable wear characteristics en 
countered in whirl chambers, efforts have been made to 
reduce the wear on the bottom wall of the whirl cham 
ber by utilizing the teachings of O’Brien Patent 2,815,248, 
patented December 3, 1957. In the aforesaid O’Brien 
patent, the whirl chamber is formed directly in the nozzle 
body, and a portion of the bottom wall of the whirl 
chamber is formed as a ?at sloping surface. This sloping 
surface was found to have an advantageous controlling 
effect on the whirling water or other liquid within the 
whirl chamber, and a balanced hollow conical spray was 
produced, while at the same time minimizing the wear 
on the bottom of the whirl chamber. 
‘ For many years those skilled in the art have tried to 
adapt the sloping bottom principle of the aforesaid 
O’Brien patent to spray nozzles of the kind having re 
movable and separately formed whirl chambers. These 
efforts showed that the production of a balanced hollow 
conical spray is critically related to the path of the liquid 
through the hollow inlet body of the nozzle, to the rela 
tive size and position of the tangential inlet of the whirl 
chamber to the slope of the bottom. Prior efforts to 
utilize the sloping bottom principle in this general type 
of spray nozzle have until the present invention, been 
unsuccessful. 

It is the primary object of the present invention to 
provide a new and improved whirl spray nozzle of the 
sloping bottom type. An object related to the foregoing 
is the provision of such a spray nozzle wherein a slope 
bottom whirl chamber may be utilized in a removable 
or replaceable relationship While at the same time as 
suring the production of a balanced hollow conical spray. 
More speci?cally it is an object of this invention to 

provide a spray nozzle utilizing a separately formed slope 
bottom whirl chamber element associated with other ele 
ments of the nozzle as an independent assembly that may 
be used in the same form with inlet bodies ofdifferent 
types. 

Other and further objects of the present invention will 
be apparent from the following description and claims, 
and are illustrated in the accompanying drawings, which, 
by way of illustration, show a preferred embodiment of 
the present invention and the principles thereof, and what 
is now considered to be the best mode in which to apply 
these principles. Other embodiments of the invention 
embodying the same or equivalent principles may be 
used and structural changes may be made as desired by 
those skilled in the art without departing from the in 
vention. 

In the drawings: - 

FIG. 1 is an enlarged vertical section taken through an 
exemplary spray nozzle embodying the features of the in 
vention, the spray nozzle in this instance having an inlet 
body where the inlet passage is coaxial with the discharge 
ori?ce of the nozzle; 

FIG. 2 is a plan view of a retainer member used to hold 
the Whirl spray chamber in place; 
FIG. 3 is a side elevation of an exemplary, separately 

formed slope bottom whirl chamber, embodying the pres 
ent invention and adapted for use in the nozzle of FIG. 1; 
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FIG. 4 is a transverse cross section of the whirl cham 
ber of FIG. 3 taken along lines 4—4 thereof; ’ 
FIG. 5 is a section of the whirl chamber of FIG. 3 taken 

substantially along the line 5-5 of FIG. 4; 
FIG. 6 is a view similar to FIG. 1 but in partial vertical 

section showing the invention embodied in the spray noz~ 
zle having a female type lateral connection for the inlet 
passage to the inlet body; and 

FIG. 7 is a graph of the relationship between inlet ori 
?ce diameter and slope angle for a given whirl chamber 
of FIGS. 3-5. . 

Referring to FIGS. 1 and 6, there is shown a spray 
nozzle 10, constructed in accordance with the present in 
vention. 
For purposes of this description, the invention is herein 

disclosed as embodied in a spray head 11 of familiar con 
struction, adapted for association with different types of 
inlet bodies 14, such as exempli?ed in FIGS. 1 and 6. As 
will be seen, the inlet bodies may be straight or angular, 
having either male or female outlet ?ttings. In accord 
ance with the present invention, the spray head 11 receives 
a separately formed, slope bottom whirl chamber 15 in 
such a way that when assembled with an inlet body, a uni 
form and balanced hollow cone spray S is invariably pro 
duced. 
As seen in FIGS. 1 and 6, the respective inlet bodies 

have a relatively large diameter bore 16 extending there 
through de?ning a liquid distributing chamber 20. In 
order to receive a spray head assembly, the lower portion 
of the bore is internally screw threaded at 22. 
The inlet body 14 has a liquid inlet passage 24 opening 

through the back wall 26, coaxial with the distributing 
chamber 20. The upper portion of the passage is suitably 
internally threaded at 27. 
The spray head assembly 11 comprises, in keeping with 

the invention, a cap 30 having a reduced upwardly pro 
jecting (as seen in the drawings) nipple 32 that is ex 
ternally threaded at 33 so that it may be- screwed into the 
threads 22. An upwardly facing shoulder 38 is formed 
about the lower end of the nipple 32 for receipt of a gasket 
40 so that the cap may be sealed against the opposed sur 
face 42 of the inlet body. The inner surface of the nipple 
32 de?nes a mounting chamber 45 of conveniently greater 
diameter than the Whirl chamber 15. The chamber 45 
has a reduced forward end portion 47 that has a diameter 
just slightly greater than the outer diameter of the whirl 
chamber 15. The reduced portion 47 terminates short of 
the lower face of the cap 30 so that a forward cross wall 
50 is provided for the cap. In this cross wall 50, and co 
axially with respect to the mounting chamber 45, a tapered 
bore 53 is provided through the wall, thereby providing a 
seat for a complementary sized ori?ce insert 55. The in 
sert 55, in the illustrated form, has an outer tapered sur 
face complemental to the tapered seat 53, so as to permit 
press ?tting engagement and a central cylindrical opening 
57 de?nes the discharge ori?ce for the spray head. As 
will be observed, the upper portion of the ori?ce opening 
57 is formed with a shallow tapered countersink 60. 
The slope bottomed whirl chamber 15 has a generally 

cup-shaped form, and is adapted to be placed in inverted 
relationship (FIGS. 1 and 6) in the mounting chamber 45 
with its open, lower end, located in, and guided laterally 
by, the reduced portion 47. The transverse face of the 
wall of the open lower end of the whirl chamber 15 is 
substantially planar, and rests on the upper edge of the 
ori?ce insert 55. The closed, upper end (as seen in FIG. 
1) of the whirl chamber 15 is engaged by removable T 
shaped retaining plug member 62 having its peripheral 
edge screw threaded to permit engagement with internal 
screw threads 64 formed on the nipple 32. 
The retaining member 62 has an upstanding central 

cylindrical stem 66 that facilitates handling and insertion 
of the member in the nipple 32. A transverse slot 69 in 
the upper end of the stem 66 receives an appropriately 
shaped tool for tightening the member in position to hold 
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4 
the whirl chamber 15 against the ori?ce insert 55 in seal 
ing relation, these elements together de?ning an independ- 
ent assembly for receipt in an inlet body 14. 
The member 62 has a plurality of ?ow stabilizing pas 

sages 71 (FIGS. 1 and 6) that extend downwardly there 
through in equally spaced circumferential relationship 
about the stem. In the present instance four such pas 
sages 71 are shown, but more or less may be used. . 

It will be noted that the height of the stem 66 is, in each 
instance, such that it terminates short of the upper wall 
of the inlet chamber 20, and the relative length of the 
nipple 32 is such that when the spray head 11 is associated 
with angular inlet bodies such as shown in FIG. 6, the 
upper end of the nipple is located at or downwardly from 
the lowermost portion of the lateral inlet passage permit 
ting unrestricted ?ow of ?uid to the chamber 20. 
As shown particularly in FIGS. 3, 4 and 5, the separate 

ly formed whirl chamber 15 has a generally‘cup-like pro 
?le in section, and may be made by any suitable known 
process, but preferably from a hard material such as tung 
sten carbide or chrom carbide. The member 15 generally 
comprises a bottomwall 80 and an integrally formed cy 
lindrical side wall 82, together de?ning a cylindrical inner 
chamber 85. The inner bottom wall will be seen to slope, 
lying in a plane containing, for identi?cation purposes, a 
line 87. The line 87 de?nes an acute angle phi (¢) with 
respect to another identi?cation line 89 disposed perpen 
dicular to the longitudinal axis A——A of the chamber, and 
this angle is the true slope angle of the chamber bottom. 

Extending through the side wall 82 of the whirl cham 
ber, an inlet passage 95 is formed. The passage breaks 
through the inner wall at a point 97, tangent to the side 
wall of the chamber so that liquid entering the passage is 
impelled about the smooth periphery of the chamber, 
thereby imparting a whi-rlingmotion. 

In keeping with the invention, the inlet is disposed at 
short distance from the intersection of the side and bottom 
wall. Ideally, a distance between the axis of the inlet and 
the bottom of about 0.062 inch plus the radius of the in= 
let passage provides not only ‘optimum wear characterise 
tics, but a stable and excellent spray pattern. On the 
drawings (FIG. 3) this dimension would be C. It has 
been found that variations from this dimension ?rst re= 
sult in deterioration of wearability, but a certain amount 
is permissible in order to gain the manufacturing advan= 
tage' of forming the inlet on a jig using the same center 
for various diameters. Naturally, the smaller the diam 
eter, the greater the distance C becomes. 

Further, in keeping with the invention, the bottom sur 
face of the chamber is formed so that the deepest portion 
thereof, shown in FIGS. 3 and 5 as a point 100, is lo 
cated in a particular relationship with respect to the inlet 
passage 95. - . 

With reference particularly to FIG. 4, in order to de 
velop a desirable spray pattern, placement of the inlet 
must be proper with respect to the position of the shape 
of the slope. Thus, the axis, identi?ed as line 102, of 
the‘ inlet bore and the line 87 lying in the plane of the 
slope de?ne an angle theta (0). This angle is preferably 
‘between 30° and 50°, and ideally ‘between 40° and 45°. 
Variations within this range may be measured by dis— 
placement of the highest point of the slope 105 to the 
right or left of its indicated position, as'seen in FIG. 4 
and identi?ed as lines 110 and 112. Lines 110 and 112 
WhlCh pass through the highest point and the axis of the 
chamber thus de?ne the position of the plane of the slope 
relative to the inlet hole v95. 

Still another parameter is involved in achieving the 
desirable result of the present invention. Uniform spray 
patterns, as previously noted, arise through maintenance 
of a properly formed and positioned air core. Impor~ 
tant to this performance factor is the relationship of the 

The ordinate is divided into units of 1° of slope, and 
the abscissa into units of equal length, ‘de?ning units of 
0.010 inch of ori?ce diameter. This relationship has been 
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plotted, and appears as FIG. 7. It will be seen that a 
range of approximately 12° is permissible to obtain the 
desired results. 

Speci?c measured relationship for optimum perform 
ance show that ‘for an inlet diameter of .067 inch the 
angle phi is 2°. This is point 120 on the graph. For 
greater capacity, the ori?ce diameter may be increased 
for example to a .096 inch and the slope angle phi be 
comes 3°, point 122 on the graph. Likewise, a diameter 
of 0.109 inch relates to an optimum slope of 4", point 
124 on FIG. 7. Broadly considered, as the diameter 
of the tangential inlet passage 95 is increased, the slope 
of the bottom surface is increased. As seen in FIG. 7, 
above ori?ces sizes of approximately 0.11 inch, the rela 
tionship approaches 1:1. 

Ori?ce inserts 55 of different diameters are conven 
tionally employed with any selected size of inlet opening 
95 to obtain variations in capacity and spray angle, and 
this is in?uenced lby the pressure in the liquid being 
sprayed. The range of diameters of the ori?ces often em 
ployed is from .055 inch to .250 inch, and by di?erent oom 
binations of inlet diameter and ori?ce diameter a wide 
range of output capacities and spray angles may be ob 
tained for the input pressure that is to be involved. 

Referring again to FIGS. 1 and 6, it will be observed 
that when liquid enters the relatively large distributing 
chamber 20 there is a reduction in ?ow velocity. The 
liquid then ?ows axially through the several stabilizing 
?ow passages 71 so that regardless of the‘ direction of 
entry of the liquid into the distributing chamber 20, the 
?ow of such liquid into the chamber 45 is the same. Such 
?ow through the equally spaced stabilizing passage 71 is 
thus evenly distributed about the axis of the chamber 45, 
and the change of direction of ?ow that is required for this 
liquid to enter the tangential passage 95 remains the same 
regardless of the rotative position of the whirl chamber 15 
within the chamber as determined by the tightening of 
the threaded cap into the inlet. 

In the proportion shown in the drawings, the spray 
nozzles of all of the forms shown are such that even 
though liquid enters the chamber 20 at a relatively high 
velocity, the larger volume of the chamber reduces the 
velocity of the liquid to but a small fraction of the velocity 
at which it entered. Thus, in the chamber 20, the liquid 
has a relatively large pressure head and it has lost any 
directional characteristics of the velocity that it may have 
had as it entered. The relatively high pressure head 
causes the liquid to pass downwardly through the ?ow 
stabilizing passages 71 at a somewhat increased velocity, 
and the ?ow is again balanced in the chamber 45. 

Within the chamber 45. the downward velocity is again 
decreased, and in the proportion shown, the downward 
velocity is measurable at about one-third of the velocity 
of the liquid as it moves through the passages 71. Thus, 
regardless of the relative inlet direction of the inlet nas 
sages, the liquid in every instance loses its original direc 
tion characteristics in the distributing chamber 20 and 
enters the chamber 45 in the same direction and in a 
balanced relationship about the annular chamber pro 
vided between the walls of the chamber 45 and the out 
side of the whirl chamber 15. This advancing liquid thus 
has the same characteristics of pressure ?ow direction and 
the like in every instance, and the liquid therefore is 
forced through the tangential passage 95 into the whirl 
chamber 15 in the same manner regardless of the direc 
tion of entry into the distributing chamber 20 and regard 
less of rotative relationship of the whirl chamber 15 with 
in the chamber 45. Thus, uniformity of the resulting 
spray S is une?ected in any way upon the direction of 
the entry of liquid into the distributing chamber, nor is 
it dependent upon the rotative position of the chamber 15 
within the chamber 20. 

It will be apparent therefore that the present invention 
provides an improved spray nozzle structure wherein the 
wear-resisting capabilities of a slope bottom whirl cham 
ber may be effectually utilized while at the same time as 
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6 
suring that the spray that is produced will be balanced 
in every instance. 

It will also be evident that the present invention pro 
vides a new and improved spray head structure that is of 
great utility because it may be utilized in a single form 
for association with inlet bodies of di?erent construction. 
Thus while a preferred embodiment of the invention 

has been illustrated herein, it is to be understood that 
changes and variations may be made by those skilled in 
the art without departing from the spirit and scope of the 
appended claims. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as fol 
lows: 

1. In a spray nozzle, comprising a spray head assem 
bly removably ?tted to an inlet body, said spray head de 
?ning with said inlet body a relatively large cylindrical 
space, and having an outlet ori?ce disposed in one end 
thereof, a cup-shaped member adapted to be removably 
secured within said space with the open end thereof dis 
posed about said ori?ce in overlapping relation, said cup 
shaped member and spray head together de?ning a gen 
erally cylindrical whirl chamber co-axial with said ori?ce, 
having side walls, and an integral bottom wall opposite 
said ori?ce, the plane of said bottom wall being ob 
lique to the axis of said whirl chamber, an inlet passage 
formed through the wall of said cup member generally 
transverse to the axis of said chamber and terminating 
in said chamber adjacent to the intersection of the side' 
wall and said bottom wall so that ?uid under pressure 
disposed in the portion of the space about said up mem 
ber is forced into said chamber through said passage and’ 
against the side wall and sloping bottom adjacent there 
to, causing a whirling helical movement of said ?uid 
as the same passes through said ori?ce, in an evenly dis 
persed conical fan. 

2. A whirl spray head assembly adapted to be re 
ceived in an inlet body to form a whirl spray nozzle com 
prising in combination, a cap portion having a cross wall 
and de?ning a chamber therein, means de?ning an ori?ce 
centrally disposed in said cross wall, a cup-shaped mem 
ber having a bottom portion and an integrally formed 
‘cylindrical wall together de?ning a generally cylindrical 
whirl chamber, said chamber being coaxially disposed in 
overlapping relation about said ori?ce and in unrestricted 
communication therewith, the bottom wall of said cham 
ber opposite said ori?ce being disposed in a plane which 
is oblique relative to the axis of said chamber, means 
de?ning an inlet passage in the cylindrical wall of said 
member adapted to direct ?uid into said chamber in a di 
rection substantially tangent to the cylindrical wall of 
chamber and toward the lowest point of said sloping bot 
tom wall so that the ?uid ?ows in a helical path toward 
said ori?ce, and means ?tted in said cap for holding said 
member in rigid alignment with said ori?ce. 

3. A whirl spray head assembly adapted to be received 
in an inlet body to form a whirl spray nozzle compris 
ing in combination, a cap portion having a cross wall and 
de?ning a chamber therein, means de?ning an ori?ce 
generally centrally disposed in said cross wall, a cup 
shaped member having a bottom portion and an inte 
grally formed cylindrical wall together de?ning a gen 
erally cylindrical whirl chamber, said chamber being co 
axially disposed in overlapping relation about said ori 
?ce and in unrestricted communication therewith, the bot 
tom wall of said chamber being disposed in a plane which 
forms an acute angle relative to a plane transverse to 
the axis of said chamber, means de?ning an inlet passage 
in the cylindrical wall of said member adapted to direct 
?uid into said chamber in a direction substantially tan 
gent to the cylindrical wall of chamber and toward the 
lowest point of said sloping bottom wall so that the ?uid 
?ows in a helical path toward said ori?ce, said angle of 
the plane of said sloping bottom wall being variable in 
direct proportion to the diameter of said inlet passage, 



3,304,013 
7 

and means ?tted in said cap for holding said member 
in rigid alignment with said ori?ce. 

4. In a spray nozzle, comprising a spray head assem~ 
bly removably ?tted to an inlet body, said spray head 
de?ning with said inlet body a relatively large cylindrical 
space, and having an outlet ori?ce disposed in one end 
thereof, a cup-shaped member adapted to be remov-ably 
secured within said space with the open end thereof cen 
trally disposed about said ori?ce in overlapping relation, 
said cup-shaped member and spray head together de?ning 
a generally cylindrical, smooth walled whirl chamber co 
axial with said ori?ce having side walls, and an integral 
bottom wall opposite said ori?ce, the plane of said bot 
tom wall being oblique to the axis of said whirl cham 
ber, an inlet passage formed through the wall of said cup 
member generally transverse to the axis of said chamber 
and terminating in said chamber adjacent to the inter 
section of the side wall and said bottom wall, the slope of 
said bottom wall being generally upward toward said in 
let passage whereby ?uid under pressure disposed in the 
portion of the space about said cup member is forced 
into said chamber through said passage and against the 
side wall and sloping bottom adjacent thereto, causing 
a whirling helical movement of said ?uid as the same 
passes through said ori?ce, in an evenly dispersed conical 
fan. 

5. A whirl spray head assembly adapted to be re 
ceived in an inlet body to form a whirl spray nozzle com 
prising in combination, a cap portion having a cross wall 
and de?ning a chamber therein, means de?ning an ori?ce 
generally centrally disposed in said cross wall, a cup 
shaped member having a sloping bottom portion and an 
integrally formed cylindrical wall together de?ning a gen 
erally cylindrical whirl chamber, said chamber being co 
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axially disposed in overlapping relation about said ori?ce 
and in unrestricted communication therewith, means de~~ 
?ning an inlet passage in the cylindrical wall of said 
member, the bottom wall of said chamber lying wholly 
within a plane which slopes upwardly in the general di 
rection of said inlet passage, from a point therebelow, a‘ 
line in said plane between the lowest and highest point 
therewithin, said chamber de?ning with the axial center 
of said inlet passage, an acute angle, said inlet passage 
adapted to direct ?uid into said chamber in a direction 
substantially tangent to the cylindrical wall of chamber 
and toward the lowest point of said sloping bottom wall 
so that the ?uid ?ows in a helical path toward said ori 
?ce, and means ?tted in said cap for holding said mem 
ber in rigid alignment with said ori?ce. 

6. The combination as set forth in claim 5 wherein said 
acute angle ranges between 30° and 50°. ’ 

7. The combination as de?ned in claim 5 wherein the 
slope of the bottom wall of said chamber de?nes an acute 
angle with respect to a line transverse to the axis there 
of, said angle being variable in direct proportion to the 
diameter of said inlet passage. 
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