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This invention relates to rotary spray devices and, more 
particularly, to an improved fluid-driven rotary spray de 
vice which, while not limited to such uses, is particularly 
effective in spraying the inner surfaces of pipe and tubing. 

it has long been proposed to construct spray devices in 
such fashion that the material being sprayed is discharged 
from a rotor driven by compressed air or other equivalent 
fluid under pressure. For some types of spraying opera 
tions, satisfactory fluid-driven rotary spray devices have 
een proposed heretofore. For other types of spraying 

operations, however, prior art devices of the fluid-driven 
type have been largely unsuccessful. This is particularly 
true, for example, in the case of devices to be employed 
for spraying relatively viscous materials and in the case 
of devices required to spray laterally relative to their axis 
of rotation. 

Lack of success of prior-art rotary spray devices in 
some fields results from several difficulties. One such 
difficulty is the problem of devising a fluid-driven struc 
ture which is adequately small, yet can be driven at rela 
tively high rates. Another problem is obtaining adequate 
and uniform feeding of the material to be sprayed, and 
accomplishing good atomizing thereof. A particularly 
vexing problem arises in so designing the device that the 
material being sprayed does not enter the region of the 
rotary bearings, for example. Difficulties are also encoun 
tered in constructing a rotary spray device which, al 
though relatively small, is capable of spraying materials 
of relatively widely varying viscosity. 
The problems just mentioned are encountered, for ex 

ample, in devising a rotary spray device for the internal 
coating of pipe and tubing employed in oil and gas wells. 
Such tubular goods must be coated with great uniformity 
and accurate control of the coating thickness, using coat 
ing compositions of various viscosities and which fre 
quently have a substantial solids content which varies be 
tween the different compositions. Coating must be ac 
complished by spraying laterally relative to the axis of the 
work, the spray device being passed axially through the 
work one or more times. The nature of the material 
being sprayed is such that, to be effective, the spray device 
must rotate at relatively high speed and deliver the sprayed 
material at a high rate, with uniform and effective atom 
ization, over long periods of use. The coating materials 
enployed are such that entry thereof into the bearing 
areas, for example, of the spray device will render the same inoperative. 
A general object of the invention is to devise an im 

proved rotary spray device. 
Another object is to provide a fluid-driven rotary spray 

device which is especially useful for the internal coating 
of tubular work. 
A further object is to provide a high speed rotary spray 

device which is driven by air or other fluid under pressure 
and is capable of accomplishing uniform and effective 
atomization of relatively viscous materials sprayed out 
Wardly from the axis of rotation of the device. 
Yet another object is to devise a fluid-driven rotary 

spray device so constructed that the material being 
sprayed does not enter the region of the bearings of the 
device during its operation. 
A still further object is to provide such a device which 

is capable of spraying coating materials of various vis 
cosities and solids contents. 

5 

10 

20 

25 

30 

40 

60 

70 

3,120,346 
Patented Feb. 4, 1964 

2 
In order that the manner in which these and other ob 

jects are attained in accordance with the invention can be 
understood in detail, reference is had to the accompany 
ing drawings, which form a part of this specification, and 
wherein: 

F.G. 1 is a longitudinal sectional view of a rotary spray 
device constructed in accordance with one embodiment 
of the invention; 
FIGS. 2, 3 and 4 are transverse sectional views taken 

on lines 2-2, 3-3 and 4-4, respectively, of FIG. 1; 
FiG. 5 is a side elevational view of the rotary nozzle 

member of the device of FIG. 1; 
FIGS. 6 and 7 are three-dimensional diagrams illustrat 

ing the manner in which certain ports of the nozzle mem 
ber of FIG. 5 are inclined transversely and axially; 

FIG. 8 is a longitudinal sectional view of a revolving 
spray device constructed in accordance with another em 
bodiment of the invention; 

FIGS. 9, 10 and 11 are transverse sectional views taken, 
respectively, on lines 9-9, 18-10 and 11-11, FIG. 8: 

F.G. 12 is a side elevational view of the nozzle member 
of the device of FIG. 8: 

F.G. 13 is a fragmentary transverse sectional view of 
a modified form of the device of FEG. 8; and 

FIGS. 14 and 15 are fragmentary enlarged elevational 
views ilustrating the distribution of certain ports em 
ployed in the device of FIG. 13. 

Turning now to the drawings in detail, and first to 
FIGS. 1-7 thereof, it will be seen that the embodiment of 
the invention illustrated comprises a hollow rotor , a 
Supporting and fluid supply structure indicated generally 
at 2, and a rigid assembly 3 of concentric tubes which is 
effective both to conduct fluids to the spray device and to 
allow the same to be manipulated relative to the work. 

Rotor includes an integrally formed nozzle member 
4 and a tubular extension 5. Nozzle member 4 is gen 
erally cup-shaped, being closed at its tip and having an 
open, exteriorly threaded end 6, the tubular portion be 
tween the tip and open end of the nozzle member being 
of adequate length to provide space for an annular trans 
verse exterior portion 8. As shown in FIGS. 2 and 3, bot 
nozzle member 4 and extension 5 are of circular trans 
verse cross-section. At one end, extension 5 is provided 
with internal threads engaged with the external threads 
of the open end of the nozzle member. Exteriorly, the 
extension 5 presents a right cylindrical surface 9. 
In an area spaced axially from its internally threaded 

end, extension 5 includes a portion i9, of smaller internal 
diameter, disposed between two portions of larger internal 
diameter, the latter portions accommodating rotary anti 
friction bearings 1 and 12, respectively, which may be 
conventional ball bearings, of any suitable type, arranged 
with their outer races fixedly retained by the surrounding 
portions of extension 5. It will be understood that bear 
ing is forced axially into place, shouldering against the 
end of portion (), before nozzle member 4 is attached 
to extension 5. 

Extension 5 is provided with a plurality of circumferen 
tially spaced axially extending bores 13 which all open 
through end faces 4 of the extension and communicate 
with the space within extension 5 adjacent the open end 
of nozzle member 4. 

Supporting and fluid supply structure 2 is mounted on 
tubular assembly 3 and carries rotor . Though struc 
ture 2 is movable in the sense that it can be manipulated 
by assembly 3, structure 2 can be considered as stationary 
relative to rotor . 
Assembly 3 includes a central tube 15 and an outer tube 

16, both exteriorly threaded at their tips. Structure 2 
comprises a rigid tubular central member 17 having an in 
termediate, exterior, transverse, annular flange 18, an ex 
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teriorly threaded tip 19, aid an exteriorly threaded end 
portion 20 opposite tip 9. A tubular connector 21 is 
employed to attach end portion 26 of member 7 to the 
tip of tube 5, the connector having a larger internally 
threaded end engaged with the threaded tip of tube 15, 
and a smaller internally threaded end engaged with 
threaded end 20 of member 7. Adjacent the tip of tube 
15, connector 2 accommodates a flow control ring 22 
of accurately predetermined internal diameter. Material 
to be sprayed is supplied under pressure via tube 15, 
passes through ring 22 and is conducted into member 17 
via plain bore 23 of connector 2. 
On the side of flange 8 facing tip 19, member 17 has a 

plain cylindrical outer surface. Before nozzle member 4 
is attached to extension 5, but with bearings i and 12 
in place, member 17 is passed through the bearings with 
the inner races of the bearings engaging the outer sur 
face of member 7 in a friction fit and with the inner 
race of bearing 12 shouldering against flange 13. There 
is then attached to tip 9 of member 7 a tubular discharge 
member 24. At one end, member 24 is interiorly threaded 
to engage threaded tip i9. At its other end, member 24 
has a flat, circular, transverse end face 25. End face 25 
is of larger diameter than the main body of member 24, 
So that a transverse, circular flange 26 is provided, de 
fined by the peripheral portion of end face 25, a short 
cylindrical outer surface 27 and a frusto-conical surface 
28. Member 24 has an axial bore 29 which opens cen 
trally through end face 25 and is of the same diameter 
as the bore of member 17. 

Internally, nozzle member 4 has a plain cylindrical Sur 
face portion 30 adjacent the closed tip of the nozzle, and 
a plain cylindrical surface portion 31 adjacent open end 
6, Surface portions 30 and 32 being interconnected by a 
frusto-conical Surface portion 32 which tapers inwardly 
toward the open end of the nozzle member. Surface por 
tion 31 is of such diameter as to pass flange 26, so that the 
nozzle member can be attached to extension 5 after the 
extension and bearings have been assembled on member 
17 and member 24 has been secured to tip 19. Surface 
portion 30 is relatively short, axially of the nozzle mem 
ber, and is so located as to extend from a point spaced 
beyond end face 25 to a point spaced in the opposite di 
rection beyond flange 26. TiThe closed end of nozzle mem 
ber 4 presents a conical outer face 33 and an inner face 
which includes a conical portion 34 tapering inwardly 
toward the center of bore 29. The base of conical portion 
34 joins an annular, flat, transverse surface 35 which inter 
Sects Surface portion 39 at right angles. Surface por 
tions 30, 31, 32, 33 and 34 are all centered on the axis of 
bore 29. 

Structure 2 is completed by an outer tubular member 
36 and a member 37. Member 37 includes a cylindrical 
portion 38 having a central bore embracing member 17 
on the side of flange 18 opposite rotor 1, portion 38 be 
ing clamped against flange 8 by a nut 39 engaged with 
the exterior threads of portion 29 of member 17. End 
face 40 of portion 38, directed toward rotor , is a flat, 
circular surface extending transversely of member 17 
and Spaced axially from end face 14 of extension 5. 
Portion 38 of member 37 is exteriorly threaded. Tubular 
member 36 is internally threaded at both ends, one end 
being engaged with the threads presented by portion 38 
and the other end with the threads presented by the tip 
of outer tube 6 of assembly 3. 

Portion 38 is provided with a plurality of axially ex 
tending, circumferentially spaced bores 41 which place the 
annular space between members 7 and 36 in communi 
cation with the space between end faces 4 and 40. 
Member 37 includes a tubular extension 42, in the form 

of a right cylinder, which projects from end face 40 to 
ward flange 7 and is concentric with member 17. The in 
ner diameter of extension 42 is slightly larger than the 
outer diameter of extension 5, so that a small clearance 
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4 
and 42, which space connmunicates directly with the space 
between end faces 4 aid 49. 

In that cylindrical area of portion 3 which generally 
surrounds flange 25 of discharge member 24, the tubular 
portion of nozzle member 4 is provided with a plurality 
of spray discharge ports 44. in a second area of portion 
8, spaced axially away from flange 26 and toward the 
open end 6 of the nozzle member, the tubular portion of 
the nozzle member is provided with a plurality of reaction 
fluid discharge ports 45. Ports 44 are angularly spaced 
from each other so as to be distributed generally circular 
ly about the nozzle member. Similarly, ports 45 are 
angularly spaced from each other. The ports 44 and 
45 can be distributed in various patterns. Advantageous 
ly, the ports 44 can be arranged in a plurality of circular 
Series, with the series spaced axially from each other, and 
the ports 45 can be similarly arranged. Thus, in the em 
bodiment illustrated, the ports 44 are arranged in four 
circular series, and the ports 45 are arranged in two cir 
cular series. Commencing at the tip of nozzle member 
4, the first series of ports 44 opens into the interior of 
the nozzie member near surface 35, and the last Series of 
ports 44 is spaced a material distance from flange 26 
toward the open end of the nozzie member. Located in 
the circular area of portion 8 immediately adjacent flange 
7, ports 45 are Spaced a substantial distance from ports 44. 

Ports 45 are in the form of straight bores angularly dis 
posed in Such fashion that their axes slant outwardly to 
ward the open end of the nozzle member and, if projected 
onto a transverse plane at right angles to the axis of rota 
tion of rotor , extend chordwise of the circle defined by 
the intersection cf that plane with the cuter surface of 
portion 3. Thus, as illustrated in FEG. 7, the axes of 
bores 45 can slant outwardly toward the open end of 
nozzle member 4 at 10° and can be so disposed that, if 
projected as just mentioned, lie at 45° relative to a di 
ameter of the outer surface of portion 8. 
As indicated in FIG. 6, ports 44 are also in the form of 

Straight bores and are angularly disposed the same as are 
ports 45, except that ports 44 are slanted outwardly 
toward the closed tip of the nozzle member. 

Assembly 3, connected to the rotary spray device in 
Such fashion as to allow positively controlled manipula 
tion thereof, constitutes what is commonly termed a 
"lance' in the pipe coating industry. By valved means not 
shown, the space between tubes 15 and ió is connected 
to a Source of reaction fluid under pressure. Thus, the 
reaction fluid can be compressed air at 30-55 p.s. i. The 
material to be sprayed, which may be a relatively viscous, 
high Solids content, synthetic resin coating material, for 
example, is Supplied under pressure via tube 5. 

Compressed air supplied via tube 26 passes through 
member 36 and thence through bores 41 into the space 
between faces 14 and 40. A relatively smail proportion 
of the air escapes via space 43, discharging forwardly 
around flange 7. Most of the air passes forwardly through 
bores 13 and into the open end of the nozzle member 4, 
So that the nozzie member is thus filled with air under 
pressure. ASSunning that material to be sprayed is not 
yet supplied via members 7 and 24, the compressed air 
Will escape outwardly from the nozzle member 4, both via 
ports 44 and via ports 45. Because of the angular dis 
position of the ports, escape of the air therefrom, occurring 
at a reasonably high velocity, creates reaction forces which 
cause rotor i to rotate about its longitudinal axis on bear 
ings 1, 12. Such rotation is at a relatively high speed, 
in the range of 15,000-25,000 rp.m., for the embodiment 
illustrated when made in the relatively small sizes used 
for coating oil and gas well tubular goods. 
The fluid material to be sprayed is supplied under pres 

Sure through tube 15, passing through ring 22, bore 23, 
the bore of member 27 and bore 29 of member 24, so as 
to discharge directly into the space between transverse 
faces 25 and 34. With nozzie member 4 rotating at high 

or annular space 43 is provided between extensions 5 75 speed as a result of discharge of air from ports 45, the 
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spray material discharged from bore 29 flows radially 
outwardly by centrifugal force, spreading over surface 34 
and being discharged via spray ports 44. Depending upon 
the viscosity of the spray material and the pressure and 
rate at which it is supplied, the spray material may escape 
via only the ones of ports 44 nearest the closed end of 
the nozzle member, or may be discharged at progressively 
lower rates through those circular series of ports 44 spaced 
in succession away from the closed end of the nozzle mem 
ber. Thus, the centrifugal spraying action accomplished 
during operation of the device is "self compensating,” the 
spray material being automatically directed to a larger 
number of the spray ports when that condition is required. 
Assuming that the spray material flows centrifugally 

outwardly over Surface 34 at a rate greater than can be 
accommodated by the first circular series of ports 44, the 
spray material forms cylindrically on surface 30, spread 
ing to the right (as the device is viewed in FIG. 1) and 
therefore finding its way to the second, third and fourth 
circular series of ports 44. Since surface 32 tapers in 
wardly toward the open end 6 of the nozzle member, 
centrifugal force tends to oppose any spray material 
which reaches the junction between surfaces 30 and 32. 
An important feature of the invention is the inherent 

ability of the device to exclude the spray material from 
the area where bearings ili and 2 are located. Presence 
of spray material in the bearings would give serious trouble 
in operation, particularly since rotation of the rotor de 
pends upon the driving action of the reaction fluid dis 
charging from ports 45, so that starting torques are low. 
The self compensating action just described, and the 
frusto-conical configuration of Surface 32, both act to 
prevent travel of the spray material toward the bearings. 
This action is further aided by the fact that the air is 
supplied to ports 45, under pressure, from the open end 
of the rotor toward the spray ports 44. Finally, the loca 
tion of the reaction fluid discharge ports 45 is such that 
any stray quantities of spray material will be discharged 
through the ports 45. 
When the device is used to coat the interior of a pipe, 

it is first run into the pipe by manipulation of the “iance' 
Structure 3, no spray material being supplied at this time. 
Then, with both compressed air and spray material sup 
plied via tubes 15 and 15, respectively, the “lance' struc 
ture 3 is moved in the opposite direction through the pipe, 
so that the device travels from left to right as viewed in 
FIG. 1. Since, for this direction of axial travel, the ports 
45 lead, the discharged air or other reaction fluid is di 
rected onto the work surface before the spray material is 
applied. The air is discharged from ports 45 at a rela 
tively high velocity and this discharge is effective to purge 
the pipe of particles and the like before the spray material 
is applied. In this connection, it is to be noted that the 
reaction fluid discharge ports 45 slant outwardly away 
from the spray ports 44, so that the air discharge tends 
to carry any particles present on the inner surface of the 
pipe forcibly away from the area in which the spray ma 
terial is discharged. 
The device is particularly useful for spraying the inner 

Surface of hollow work and, therefore, is frequently em 
ployed in what can be considered as a semi-closed environ 
ment. Such operating conditions make entry of the spray 
material into openings in the spray device a distinct 
danger. On the other hand, the rotor a must be kept free 
to turn, even under the low starting torques available from 
the effect of discharge of the reaction fluid, and positive 
mechanical Seals are therefore undesirable. In this con 
nection, it is to be noted that the annular space 43, com 
municating with the space between faces 14 and 48, allows 
a relatively Small portion of the air supplied from tube 
26 to be discharged from the end of tubular extension 42 
toward the location of ports 45. Such discharge of air 
prevents both the spray material and foreign particles from 
entering extension 42 and finding their way to the bearing 
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The spray material is delivered from tube 16 to the 

space between surfaces 25 and 34 at a constant rate which 
is predetermined, by conventional feed apparatus not 
shown, for the conditions of operation. Once delivered to 
the space between surfaces 25 and 34, the spray material 
is forced outwardly centrifugally, by reason of high speed 
rotation of the nozzle resulting from discharge of the re 
action fluid via ports 45. The spray material is dis 
charged centrifugally via ports 44, rather than by positive 
pressure, and is atomized primarily as a result of the rela 
tively high escape velocity, rather than by air flow. 

Advantageously, the Supply of compressed air via tube 
16 is commenced before feeding of the spray material via 
tube 5 is started, and is terminated after feeding of the 
spray material is stopped. This procedure allows the rotor 
to come up to working speed before the spray material 
enters the nozzle member 4, and assures that residual 
amounts of spray material will be purged from the nozzle 
member before rotation of the nozzle member ceases. 
A particular advantage of the invention lies in its 

ability to apply thicker, more uniform coatings of rela 
tively viscous, high-solids-content coating materials than 
has heretofore been possible. Thus, in a single pass of 
the device through a pipe to be coated, the embodi 
ment of the invention illustrated is capable of applying 
a uniform coating of relatively viscous resinous material 
up to 25 or more milis in thickness. The ability of the 
device to apply such thicker coatings flows in part from 
the location of ports 44 relative to surfaces 34 and 25. 
As has been previously described, the spray material, 
after travelling centrifugally outwardly over surface 34, 
forms cylindrically on surface 38. From FIG. 5, it will 
be seen that the ports 44 are not only arranged in a 
succession of circles centered on the axis of rotation of 
the nozzle member but are also staggered from circular 
row to circular row, so that certain ones of the ports in 
all four circular rows or series lie on a line which ex 
tends helically about the axis of rotation. Because of 
this manner of spacing of the ports, and recognizing that, 
during use, the nozzle member is both rotating and mov 
ing axially relative to the work, it will be clear that the 
operating parameters can be so selected that each dis 
crete area of the work surface is subjected successively 
to the spray from spray ports 45 which are in more than 
one of the circular series of spray ports. 

For purposes of economy, it is advantageous to make 
ports 44 and 45 in the form of straight bores extend 
ing angularly through the wall of portion 8 of nozzle 
member 4. However, those skilled in the art will recog 
nize that the ports can be provided in other ways. While 
it is advantageous to have ports 44 angularly disposed 
in the same manner as ports 45, since the ports 44 can 
then serve as reaction fluid ports before the feed of spray 
material commences, ports 44 can be arranged radially or 
in other fashions. 

For purposes of simplicity of terminology, the ports 
45 are defined as each having a discharge axis extending 
as a tangent to a circle centered on the axis of rotation 
for the rotor, even though the discharge axes are also 
advantageously inclined axially in the manner shown in 
FGS. 6 and 7. 
Turning now to FIGS. 8-15, it will be seen that this 

embodiment of the invention comprises a hollow rotor 
5i, a Supporting and fluid Supply structure indicated gen 
erally at 52, and a rigid assembly 53 of concentric tubes 
for supplying the driving fluid under pressure and the 
material to be sprayed, the assembly 53 also serving to 
manipulate the spray device relative to the work. 

Rotor 54 includes an integral nozzle member 54 and 
a tubular extension 55. Nozzle member 54 is generally 
cup-shaped, being closed at its tip and having an open, 
exteriorly threaded end portion 56, the tubular portion 
between the tip and open end of the nozzle member 
being of adequate length to provide space for an annular 
transverse exterior portion 58. Between portion 58 and 
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extension 55, the nozzle member is provided with a trans 
verse annular outwardly projecting flange 57. As Seen in 
FIGS. 9 and 10, both nozzle member 54 and extension 
55 are of circular transverse cross-section. At one end, 
the extension 55 has internal threads engaged with the 
external threads at the open end of the nozzle member. 

Adjacent flange 57, extension 55 has a first right cy 
lindrical surface 59 of larger diameter. The remaining 
outer surface 59 of the extension is in the form of a 
right cylindrical surface of somewhat smaller diameter, 
as shown. 

In an area spaced axially from its internally threaded 
end, extension 55 includes a portion 66, of Smaller in 
ternal diameter, disposed between two portions of larger 
internal diameter, the latter portions accommodating ro 
tary ball bearings 61 and 62, respectively. En that por 
tion of extension 55 disposed between nozzle member 53 
and bearing 61, the tubular wall of the extension is pro 
vided with a plurality of generally radially extending, 
circularlyspaced bores 63. 

Assembly 53 includes a central tube 65 and an outer 
tube 66, both exteriorly threaded at their tips. The Sup 
porting and fluid supply structure 52 includes a main body 
67 and a rigid tubular central member 68 carried thereby. 
Body 67 has an axial bore 59 which is interiorly threaded 
at each end. The threaded tip of central tube 65 of as 
sembly 53 is engaged in one threaded end portion of bore 
69. Tubular central member 68 has an exteriorly thread 
ed end portion engaged in the other threaded end portion 
of bore 69. Body 67 has an interiorly threaded cylindri 
cal extension 70, the threads of which are engaged with 
the threaded tip of outer tube 66. A plurality of longi 
tudinally extending, circularly spaced bores 71, all com 
municating with the space between tubes 65 and 66, lead 
through body 67. 
At its end opposite assembly 53, body 67 has an outer 

cylindrical surface portion 72 of reduced diameter termi 
nated by shoulder 73. A tubular sleeve 74 slidably em 
braces surface portion 72 of body 67, one end 75 of the 
sleeve being engaged with shoulder 73. Sleeve 74 serves 
to mount a right cylindrical, thin-walled tubular confining 
member 76 which projects from sleeve 74 forwardly to 
ward flange 57 of nozzle member 54 and, therefore, sur 
rounds the tubular extension 55. Sleeve 74 has a main 
cylindrical outer surface portion which is slidably engaged 
by the inner surface of member 76 and which is terminated 
by the shoulder, at 77, engaged with the corresponding end 
of member 76. 
The outer surface 72 of body 67, and the inner surface 

of sleeve 74, are provided with matching transverse an 
nular grooves, as will be clear by comparison of FIGS. 
8 and 11, which accommodate a snap-type retaining spring 
78. Similarly, the outer surface of sleeve 74 and the 
corresponding inner surface portion of member 76 are 
provided with matching transverse annular grooves which 
coact to accommodate a retaining spring 79. 
Member 76 projects from sleeve 74 adequately to extend 

well beyond the location of bores 63. The inner diameter 
of member 76 is only slightly greater than the outer 
diameter of outer surface portion 59 of member 55. Ac 
cordingly, member 76 cooperates with the outer surface 
portions 59 and 59' of member 55 to define annular spaces 
80 and 80'. Immediately adjacent the corresponding end 
of main body 67, tubular central member 68 is provided 
with outwardly projecting transverse annular deflecting 
flange 81. Flange 81 has an outer diameter only slightly 
smaller than the diameter of surface portion 59' of ex 
tension 55. The flange tapers conically toward the junc 
ture between member 68 and body 67. As will be clear 
from FIG. 8, all of bores 75 open toward the tapered 
surface of flange 81. Accordingly, fluid supplied from 
the space between tubes 65 and 66 and travelling via 
bores 71 passes outwardly about flange 81 first into space 
80'. Of this fluid, the major portion is conveyed inwardly, 
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to the interior of member 55, by bores 63. A Small 
proportion of the fluid is, however, carried by the annular 
space 80 and discharged toward flange 57 from the open 
tip of member 76. 
On the side of flange 81 opposite body 67, central tubul 

lar member 68 has a right cylindrical outer surface 
which, as shown, is directly engaged by the inner races 
of the ball bearings 64 and 62. The assembly of bear 
ings 61 and 62, and tubular extension 55, is retained on 
member 63 by a suitable snap-type retaining element 82, 
engaged in a matching groove in member 68, as shown in 

The length of member 63 is such that the exteriorly 
threaded tip portion 83 thereof is located within the tubul 
lar portion of nozzle member 54. A discharge tip mem 
ber 84, provided with an interiorly threaded skirt, is 
mounted on tip portion 83 of member 68. Discharge 
member 84 has a flat, annular, transversely extending face 
35 which is directed toward and parallel with the flat face 
36 provided by the closed end of nozzle member 54. 
The tubular portion of nozzle member 54 has a cylin 

drica inner wall 87 which extends for the greater part 
of the length of this portion. With the outer surfaces of 
the adjacent porticn of member 58 and of discharge mem 
ber 34, surface 37 defines an annular space 88. In the 
area surrounding the free end of discharge Iiember 84, 
the inner diameter of the tubular portion of nozzle men 
ber 54 is increased, providing a cylindrical inner surface 
39 which is somewhat larger in diameter than is surface 
37, surfaces 37 and 89 being joined by a frusto-conical 
shoulder 90 which tapers away from the closed end of 
the nozzle member. The axial length of surface portion 
39 is materially greater than the axial spacing between 
faces 35 and 36, so that a portion of surface 89 overlaps 
the end portion of discharge menber 84. Within the area 
defined by surface 89, the tubular wall of nozzle member 
54 is provided with a plurality of outwardly directed, 
angularly disposed discharge ports 91. As will be clear 
from FIG. 12, the ports 91 are arranged in groups with 
each group extending helically relative to the outer cylin 
drical surface of portion 53 of the nozzle member. 

Referring to FIGS. 8 and 12, it will be understood that 
ports 9 open not only directly toward the space between 
faces 85 and 36, but also toward the outer end portion 
of discharge member 84. Thus, the ports are distributed 
both circularly and axially over the entire area of the 
nozzle member defined by surface 89. 

All of discharge ports 91 are similarly angularly dis 
posed so as to extend tangent to a circle centered on the 
central axis of member 63, as will be clear from FIG. 9. 
As indicated in FIG. 8, all of discharge ports 91 also are 
inclined forwardly and outwardly of the nozzle member. 

Operation of this embodiment of the invention is gen 
erally similar to operation of the embodiment hereinbe 
fore described with reference to FIGS. 1-7, save that 
both the driving fluid, Supplied via the space between 
tubes 65 and 66, and the material to be sprayed, supplied 
via tube 65 and member 63, are discharged via ports 91. 
The driving fluid, normally air under pressure, is sup 
plied forwardly via bores 7A, space 80', bores 63, and 
Space 83. The material to be sprayed is supplied con 
currently, under pressure, via bore 69, the bore of mem 
ber 63, discharge member 84, and the space between 
faces 85 and 86. Escape of the driving fluid through 
ports 91 causes rotation of rotor 52 on bearings 61 and 
62. Such rotation causes the material to be sprayed to 
be discharged centrifugally via the ports 91 and atomized 
as it escapes from the ports. Since some of the driving 
fluid is discharged forwardly from the tip of member 76 
and, therefore, about flange 57, it is impossible for sprayed 
material to find its way to the region of bearings 6i 
and 62. 

Since discharge ports 93 are distributed over the axial 
distance between face 86 and shoulder 90, the device of 
this crabodiment of the invention is self-compensating in 
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the same general fashion as hereinbefore described with 
reference to the embodiment illustrated in FIGS. 1-7. 
Thus, referring to FIG. 8, it will be obvious that the 
material to be sprayed, discharging from the central bore 
of member 84, spreads centrifugally outwardly over the 
fiat face 86 and then over the annular surface 89 through 
which ports 91 open. Depending upon viscosity of the 
spray material and the pressure and rate at which it is 
supplied, the spray material may escape via only the ones 
of ports 91 nearest surface 86, or may be discharged at 
progressively lower rates through those ports spaced in 
succession away from surface 86. 
The embodiment of the invention illustrated in FIGS. 

8-12 is particularly advantageous when the material to 
be sprayed is of relatively lower viscosity. In this em 
bodiment, it is to be understood that the driving fluid, 
such as air under pressure, and the spray material both 
escape via ports 91, no separate driving ports being em 
ployed. Passage of the driving fluid forwardly through 
annular space 88 of course aids in keeping the spray ma 
terial away from the region of bearings 61 and 62. 
Where the device is to be employed for spraying more 

viscous materials, the nozzle member 54 and discharge 
member 84 can be modified in the fashion seen in F.G. 
13. Here, the nozzle member is provided with a trans 
verse annular interior shoulder 92 spaced from shoulder 
90 and facing toward the open end of the nozzle mem 
ber. Discharge member 84 is provided, at its end near 
est the open end of the nozzle member, with a transverse, 
annular, outwardly extending flange 93 of such diameter 
that the periphery of the flange lies in close proximity to 
the cylindrical surface 37' of the tubular portion of the 
nozzle member immediately adjacent to shoulder 92. 
Flange 93 has an inwardly and forwardly tapering front 
face disposed in close proximity to shoulder 92. Accord 
ingly, flange 93 serves to substantially seal the space be 
tween member 84 and the tubular portion of the nozzle 
in an area located between discharge ports 91 and 
flange 57. 

in this modified form of the nozzle member, a plu 
rality of driving ports 94 are provided immediately ad 
jacent to flange 57 and on the side of flange 57 nearest 
the closed end of the nozzle member. Driving fluid un 
der pressure passes via bores 63 into the open end of the 
nozzle member and is discharged outwardly via the driv 
ing ports 94. Because of the substantial sealing effect 
of flange 93, only a small proportion of the driving fluid 
is allowed to pass forwardly to the area occupied by 
spray ports 94. Driving ports 94 are, of course, angularly 
disposed so that each driving port extends as a tangent 
to a circle centered on the longitudinal axis of central 
member 68. The driving ports 94 are also inclined out 
wardly away from the location of spray ports 91. 

FIGS. 14 and 15 illustrate typical arrangements for 
the discharge ports 91 and the driving ports 94, respec 
tively. 
In assembling the embodiment of the invention illus 

trated in FIGS. 8-12, body 67 is first applied to the con 
centric tubes 65 and 66. Sleeve 74 and confining mem 
ber 76 are then mounted on body 67 with the aid of the 
retaining springs 78 and 79. Member 55, with its bear 
ings 6 and 62, is then placed on central member 68 and 
secured in its operative position by the snap-retainer 82. 
Normally, discharge member 84 will already have been 
applied to member 68. The assembly is now completed 
by attaching nozzle member 54 to the internally threaded 
end of tubular member 55. 
Though particularly advantageous embodiments of the 

invention have been chosen for illustration, it will be un 
derstood that various changes and modifications can be 
made therein without departing from the scope of the 
invention defined in the appended claims. Thus, in par 
ticular, it is to be understood that the invention is not 
limited to the specific angular disposition and particular 
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10 
spaced orientation of the discharge ports, nor to specific 
structural features and modes of use referred to. 
What is claimed is: 
1. In a rotary spray device of the type described, the 

combination of 
a hollow rotor having a closed end, an open end and 

a tubular portion therebetween; 
a rotor supporting structure comprising 

a projection of smaller transverse dimension than 
said tubular portion of said rotor, and 

first duct means extending through said projection, 
said projection terminating in a discharge tip 

through which material to be sprayed, supplied 
under pressure via said first duct means, is dis 
charged; 

rotary anti-friction bearing means mounting said rotor 
on said supporting structure with said tubular poi? 
tion of said rotor surrounding and spaced outwardly 
from said projection, 

said closed end of said rotor being disposed adja 
cent to said discharge tip of said projection, 

said tubular portion of said rotor being provided 
with a plurality of outwardly opening ports 
spaced circumferentially about said rotor, at 
east some of said ports being located in at least 
approximately the same axial position as is said 
discharge tip to receive and discharge the mate 
rial to be sprayed, at least some of said ports 
being angularly disposed in such fashion that 
their axes of discharge each extend as a tangent 
to a circle centered on the axis of rotation of 
said rotor; and 

second duct means for supplying fluid under pressure 
to the annular space between said projection and said 
rotor for discharge via at least some of said ports to 

drive said rotor. 
2. A rotary spray device in accordance with claim. 1. 

and wherein 
said ports include a plurality of spray discharge ports 

all located in the region of said discharge tip, said 
spray discharge ports being arranged in a plurality 
of circular series spaced axially of said rotor, some 
of said spray discharge ports being spaced from said 
discharge tip toward the open end of said rotor. 

3. A rotary spray device in accordance with claim 1 
and wherein 

Said discharge tip includes a transverse end face and is 
provided with a discharge orifice opening through 
said face, 

said closed end of said rotor presents a transverse face 
opening toward and spaced adjacent to said trans 
verse phase of said discharge tip, and 

said transverse faces define a space into which the ma 
terial to be sprayed is discharged via said orifice and 
through which such material flows radially outwardly 
to the region of said ports as said rotor is rotated. 

4. A rotary spray device in accordance with claim 3 
and wherein 

said ports include a plurality of spray discharge ports 
Spaced Over a material part of the length of said tubu 
lar portion of said rotor, some of said spray discharge 
ports communicating directly with the space between 
Said transverse faces, others of said spray discharge 
ports being spaced axially from said transverse end 
face of said discharge tip toward the open end of 
said rotor and communicating with the annular space 
between said tubular portion and said projection. 

5. A rotary spray device in accordance with claim 1 
and wherein 

at least a portion of the inner wall of said tubular por 
tion of said rotor tapers inwardly and away from 
said closed end of said rotor. 

6. A rotary spray device in accordance with claim 1 
and further comprising 
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a tubular member surrounding said rotor and Spaced 
outwardly therefrom, 

said tubular member having an open tip directed 
toward the location of said ports; and 

means placing the space between said tubular member 
and said rotor in communication with said second 
duct means. 

7. in a rotary spray device of the type described, the 
combination of 

a hollow rotor having a closed end, an open end and 
a tubular portion therebetween; 

a rotor supporting structure comprising 
a projection of smaller transverse dimension than 

said tubular portion of said rotor, and 
first duct means extending through said projection, 
said projection terminating in a discharge tip 

through which fluid material to be sprayed, Sup 
plied under pressure via said first duct means, 
is discharged; 

rotary anti-friction bearing means mounting said rotor 
on said supporting structure with said tubular por 
tion of said rotor surrounding and spaced outwardly 
from said projection, 

said closed end of said rotor being disposed ad 
jacent to said discharge tip of Said projection, 

said tubular portion of said rotor being provided 
with a plurality of outwardly opening spray dis 
charge ports spaced generally circumferentially 
about said rotor and located in at least approxi 
mately the same axial position as is said dis 
charge tip, 

said tubular portion of said rotor also being pro 
vided with a plurality of reaction fluid discharge 
ports spaced generally circumferentially about 
said rotor in a location spaced from said spray 
discharge ports toward said open end of the 
rotor, said reaction fluid discillarge ports being 
angularly disposed in such fashion that the dis 
charge axis for each of said ports extends as 
a tangent to a circle centered on the axis of 
rotation of said rotor, 

said spray discharge ports and said reaction fluid 
discharge ports communicating with the interior 
of said hollow rotor; and 

second duct means for supplying reaction fluid under 
pressure to the annular space between said projec 
tion and said rotor, supply of fluid under pressure, 
via said second duct means, causing the reaction fluid 
to discharge via said reaction fluid discharge ports 
with such discharge causing said rotor to rotate at 
high speed relative to said supporting structure, such 
rotation causing the fluid material to be sprayed to 
be centrifugally discharged outwardly via said spray 
discharge ports. 

8. A rotary spray device in accordance with claim 7 
and wherein 

said spray discharge ports are angularly disposed sim 
ilarly to said reaction fluid discharge ports. 

9. A rotary spray device in accordance with claim 7 
and wherein 

said reaction fluid discharge ports are inclined outward 
ly away from the region of said spray discharge 
ports. 

10. A rotary spray device in accordance with claim 7 
and further comprising 

annular partition means located in the annular space 
between said tubular portion of said rotor and said 
projection, said partition means being disposed be 
tween said spray discharge ports and said reaction 
fluid discharge ports. 

11. In a rotary spray device of the type described, 
the combination of 

elongated tubular means having at one end a discharge 
tip and adapted for connection at its other end to 
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12 
conduit means for supplying fluid spray material un 
der pressure to be discharged via said tip, 

a hollow rotor having a closed end and a tubular por 
tion projecting therefron, 

said rotor being disposed with its closed end ad 
jacent to but spaced from said discharge tip 
and said tubular portion surrounding Said tu 
bular means and spaced outWardly therefrom; 

anti-friction bearing means operatively arranged be 
tween said tubular means and said rotor in a loca 
tion spaced axially from the closed end of said rotor, 

said bearing means mounting Said rotor on Said 
tubular means for rotation about the longitu 
dinal axis of said tubular portion of Said rotor, 

said tubular portion of said rotor being provided 
with a plurality of discharge ports, at least Some 
of said ports being located at least generally in 
the axial region of said discharge tip, at least 
some of said ports being angularly disposed in 
such fashion as to be each tangent to a circle 
centered on the axis of rotation of Said rotor; 
and 

means carried by said elongated tubular means and de 
fining duct means communicating with the Space be 
tween said tubular means and Said tubular portion 
of said rotor for supplying reaction fluid under pres 
sure thereto. 

12. A rotary spray device in accordance with claim 11 
and wherein 

said ports include a plurality of spray discharge ports, 
at least some of which open into the space between 
said closed end of said rotor and said discharge tip, 
and a plurality of reaction fluid discharge ports, said 
reaction fluid discharge ports being Spaced axially 
from said spray discharge ports on the side thereof 
opposite said closed end of said rotor. 

13. A rotary spray device in accordance with claim 11 
and wherein 

said rotor has a cylindrical outer surface at the end 
thereof opposite said closed end, 

the spray device further comprising 
a tubular member spaced outwardly from Said cylin 

drical surface and having an open tip directed to 
ward said ports, 

said duct means communicating with the annular space 
between said cylindrical surface and said tubular 
member. 

14. In a rotary spray device, the combination of a hol 
low rotor having a closed end and a tubular portion; 

a central member disposed coaxially within Said tubul 
lar portion of said rotor and having 

an axial bore, and 
a tip disposed adjacent to but spaced from Ine 

closed end of said rotor, said bore opening 
through said tip for discharge of fluid Spray 
material into the space between said closed end 
of said rotor and said tip; 

anti-friction rotary bearing means mounting said rotor 
for rotation about the axis of said tubular portion, 

said rotor being provided with a plurality of out 
wardly opening spray ports communicating with 
the space between said closed end of Said rotor 
and said tip of said central member, 

said rotor also being provided with a plurality of 
angularly disposed reaction fluid discharge ports 
communicating with the space between the tubul 
lar portion of said rotor and said central mem 
ber in a location spaced axially from Said tip, 
said reaction fluid discharge ports being arranged 
to discharge fluid outwardly along axes which 
are each tangent to a circle centered on the axis 
of rotation of said rotor; and 

means for supplying reaction fluid under pressure to 
the space between said tubular portion of Said rotor 
and said central member. 
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15. In a rotary spray device, the combination of 
a hollow rotor having a closed end, an open end and a 

tubular portion therebetween; 
a central tubular structure disposed coaxially with re 

spect to said tubular portion of said rotor and having 
a tip located within said rotor and adjacent to said 
closed end, said tip having a transverse end face, said 
closed end of said rotor presenting a transverse face 
directed toward the end face of said tip, the bore of 
said tubular structure opening through said end face 
of said tip for supply of fluid spray material to the 
space between said transverse faces; 

anti-friction rotary bearing means mounting said rotor 
for rotation about the longitudinal axis of said cen 
tral tubular structure, said tubular portion of said 
rotor being concentric with said axis, 

said tubular portion of said rotor being provided 
with a plurality of ports spaced both circum 
ferentially and axially of said tubular portion, 
some of said ports opening directly into the 
space between said transverse faces, others of 
said ports opening directly into the annular 
space between said tubular portion of said ro 
tor and said central tubular structure in an area 
adjacent said transverse end face of said tip; 
and 

means for supplying reaction fluid under pressure to 
the interior of said rotor. 

16. A rotary spray device in accordance with claim 
15 and further comprising 
two concentric fluid supply tubes; 
a body member having an axial bore, 
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14 
the inner one of said supply tubes being connected 

to said body member in communication with 
said axial bore, 

the outer one of said supply tubes also being con 
nected to said body member, 

said body member having at least one duct com 
municating with the space between said inner 
and outer tubes; and 

a tubular member mounted on said body member and 
projecting toward said rotor, 
said tubular member having an open end portion 

surrounding said tubular portion of said rotor 
and spaced outwardly therefrom, said open end 
portion terminating short of said ports, 

the annular space between said rotor and said 
tubular member communicating both with said 
at least one duct of said body member and the 
annular space between said rotor and said cen 
tral tubular means. 
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