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(57) Abréege(suite)/Abstract(continued):

exemplary spray coating device of the present technique has a mixture-inducing valve disposed adjacent a flow barrier
upstream of a spray formation exit. The mixture-inducing valve may have a variety of blunt/angled structures and internal
passages to facilitate fluid mixing. The mixture-inducing valve also may interact with the flow barrier to enhance the fluid mixing
and fluid breakup. One embodiment of the present spray coating device has an internal fluid breakup section, such as an
Impinging Jet section, adjacent the mixture-inducing valve. The resulting spray coating has refined characteristics, such as
reduced mottling.



10

CA 02437292 2003-08-13

SPRAY GUN WITH IMPROVED PRE-ATOMIZATION FLUILD
MIXING AND BREAKUP

I'TWO:0059
13843

ABSTRACT OF THE DISCLOSURE

The present technique provides a system and method for unproving atomization in a
spray coating device by internally mixing and breaking up a desired coating flumid prior to
atomization at a spray formation section of the spray coating device. An exemplary spray
coating device of the present technique has a mixture-inducing valve disposed adjacent a
flow barrier upstream of a spray formation exit. The mixture-inducing valve may have a
variety of blunt/angled structures and internal passages to facilitate flwd mixing. The
mixture-inducing valve also may interact with the flow barrier to enhance the fluid mixing
and fluid breakup. One embodiment of the present spray coating device has an internal
fluid breakup section, such as an impinging jet section, adjacent the mixture-inducing valve.

The resulting spray coating has refined characteristics, such as reduced mottling.
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SPRAY GUN WITH IMPROVED PRE-ATOMIZATION FLUID
MIXING AND BREAKUP

BACKGROUND OF THE INVENTION
The present technigue relates generally to spray systems and, more particularly, to
industrial spray coating systems. The present technique specifically provides a system and
method for improving atomization in a spray coating device by internally mixing and
breaking up the fluid prior to atomization at a spray formation section of the spray coating

device.

Spray coating devices are used to apply a spray coating to a wide variety of
produce types and matenals, such as wood and metal. The spray coating fluids used for
each different industrial application may have much different fluid characteristics and
desired coating properties. For example, wood coating fluids/stains are genérally VISCOUS
fluids, which may have significant particulate/ligaments throughout the fluid/stain.
Existing spray coating devices, such as air atomizing spray guns, are often unable to
breakup the foregoing particulate/ligaments. The resulting spray coating has an
undesirably mnconsistent appearance, which may be characterized by mottling and various
other inconsistencies in textures, colors, and overall appearance. In air atomizing spray
guns operating at relatively low air pressures, such as below 10 psi, the foregoing coating

inconsistencies are particularly apparent.

Accordingly, a technique is needed for mixing and breaking up a desired coating

fluid prior to atomization in a spray formation section of a spray coating device.
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SUMMARY OF THE INVENTION

The present techmque provides a system and method for improving atomization in a
spray coating device by internally mixing and breaking up a desired coating fluid pnor to
atomization at a spray formation section of the spray coating device. An exemplary spray
coating device of the present technique has a mixture-inducing valve disposed adjacent a
flow barrier upstream of a spray formation exit. The mixture-inducing valve may have a
variety of blunt/angled structures and internal passages to facilitate fluid muxing. The
mixture-inducing valve also may interact with the flow barrier to enhance the fluid mixing
and fluid breakup. One embodiment of the present spray coating device has an internal
fluid breakup section, such as an impinging jet section, adjacent the mixture-mducing valve.

The resulting spray coating has refined characteristics, such as reduced mottling.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other advantages and features of the invention will become

apparent upon reading the following detailed description and upon reference to the

drawings in which:

Figure 1 is a diagram illustrating an exemplary spray coating system of the present
technique;

Figure 2 is a flow chart illustrating an exemplary spray coating process of the
present technique;

Figure 3 is a cross-sectional side view of an exemplary spray coating device used
in the spray coating system and method of Figures 1 and 2;

Figure 4 1s a partial cross-sectional side view of exemplary fluid mixing and

breakup sections and a blunt-tipped fluid valve within a fluid delivery tip assembly of the

spray coating device of Figure 3;
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Figure 5 is a partial cross-sectional side view of the fluid delivery tip assembly of
Figure 4 further illustrating the blunt-tipped fluid valve, the fluid mixing section, and a
diverging passage section of the fluid breakup section;

Figure 6 is a partial cross-sectional face view of the fluid mixing section
illustrated in Figure 3; .

Figure 7 1s a partial cross-sectional side view of the fluid delivery tip assembly of
Figures 4 and 5 further illustrating the blunt-tipped fluid vaive, the fluid mixihg section,
and the diverging passage section rotated 45 degrees as indicated in Figure 6;

Figure 8 is a partial cross-sectional face view of an intermediate passage between
the diverging passage section and a converging passage section of the fluid breakup
section illustrated m Figure 4;

Figure 9 1s a partial cross-sectional side view of the fluid delivery tip assembly of
Figure 4 further illustrating a fluid impingement region of the fluid breakup section;

Figure 10 is a partial cross-sectional side view of an alternative embodiment of
the fluid delivery tip assembly of Figure 4 having the diverging passage section without
the converging passage section illustrated in Figure 9;

Figure 11 1s a partial cross-sectional side view of another alternative embodiment
of the fluid delivery tip assembly of Figure 4 having the converging passage section
without the diverging passage section illustrated in Figures 5 and 7;

Figure 12 is a partial cross-sectional side view of a further alternative embodiment
of the fluid delivery tip assembly of Figure 4 having a modified fluid valve extending
through the fluid mixing and breakup sections;

Figure 13 is a partial cross-sectional side view of another alternative embodiment
of the fluid delivery tip assembly of Figure 4 having a hollow fluid valve adjacent the
fluid mixing section;

Figure 14 is a partial cross-sectional side view of the fluid delivery tip assembly of

Figure 4 having an alternative fluid valve with a removable and replaceable tip section;
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Figure 15 is a partial cross-sectional side view of a further alternative embodiment
of the fluid delivery tip assembly of Figure 4 having an alternative converging passage
section and blunt-tipped fluid valve;

Figure 16 is a flow chart illustrating an exemplary spray coating process using the
spray coating device illustrated in Figures 3-15; and

Figure 17 is a flow chart illustrating an exemplary fluid breakup and spray
formation process of the present technique using the spray coating device illustrated in

Figures 3-15.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

As discussed in detail below, the present technique provides a refined spray for
coating and other spray applications by internally mixing and breaking up the fluid within
the spray coating device. This internal mixing and breakup is achieved by passing the
fluid through one or more varying geometry passages, which may comprises sharp turns,
abrupt expansions or contractions, or other mixture-inducing flow paths. For example,
the present technique may flow the fluid through or around a modified needle valve,
which has one or more bilunt or angled edges, internal flow passages, and varying
geometry structures. Moreover, the present technique may provide a flow barrier, such as
a blockade in the fluid passage, having one or more restricted passages extending
therethrough to facilitate fluid mixing and particulate breakup. For example, the flow
barrier may induce fluid mixing in a mixing cavity between the flow barrier and the
modified needle valve. The flow barrier also may create fluid jets from the one or more
restricted passages, such that particulate/ligaments in the fluid flow breaks up as the fluid
jets impinge against a surface or impinge against one another. The present technique also
may optiumize the internal mixing and breakup for a particular fluid and spray application

by varying the itmpingement angles and vejocities of the fluid jets, varying the flow
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passage geometries, modifying the needle valve structure, and varying the spray

formation mechanism for producing a spray.

Fig. 1 is a flow chart illustrating an exemplary spray coating system 10, which
comprises a spray coating device 12 for applying a desired coating to a target object 14.
The spray coating device 12 may be coupled to a vanety of supply and control systems,
such as a fluid supply 16, an air supply 18, and a control system 20. The control system
20 facilitates control of the fluid and air supplies 16 and 18 and ensures that the spray
coating device 12 proVides an acceptable quality spray coating on the target object 14.
For example, the control system 20 may include an automation system 22, a positioning
system 24, a fluid supply controller 26, an air supply controller 2§, a computer system 30,
and a user interface 32. The control system 20 also may be coupled to a positioning
system 34, which facilitates movement of the target object 14 relative to the spray coating
device 12. According, the spray coating system 10 may provide a computer-controlled
mixture of coating fluid, fluid and air flow rates, and spray pattern. Moreover, the
positioning system 34 may include a robotic arm controlled by the control system 20,

such that the spray coating device 12 covers the entire surface of the target object 14 in a

uniform and efficient manner.

The spray coating system 10 of Fig. 1 1s applicable to a wide variety of
applications, fluids, target objects, and types/configurations of the spray coating device
12. For example, a user may select a desired fluid 40 from a plurality of different coating
fluids 42, which may include different coating types, colors, textures, and characteristics
for a variety of materials such as metal and wood. The user also may select a desired
object 36 from a variety of different objects 38, such as different material and product
types. As discussed in further detail below, the spray coating device 12 also may
comprise a variety of different components and spray forrnation mechanisms to

accommodate the target object 14 and fluid supply 16 selected by the user. For example,
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the spray coating device 12 may comprise an air atomizer, a rotary atomizer, an

electrostatic atomizer, or any other suitable spray formation mechanism.

Fig. 2 is a flow chart of an exemplary spray coating process 100 for applying a
desired spray coating to the target object 14. As illustrated, the process 100 proceeds by
identifying the target object 14 for application of the desired fluid (block 102). The
process 100 then proceeds by selecting the desired fluid 40 for application to a spray
surface of the target object 14 (block 104). A user may then proceed to configure the
spray coating device 12 for the identified target object 14 and selected fluid 40 (block
106). As the user engages the spray coating device 12, the process 100 then proceeds to
create an atomized spray of the selected fluid 40 (block 108). The user may then apply a
coating of the atomized spray over the desired surface of the target object 14 (block 110).
The process 100 then proceesds to cure/dry the coating applied over the desired surface
(block 112). If an additional coating of the selected fluid 40 is desired by the user at
query block 114, then the process 100 proceeds through blocks 108, 110, and 112 to
provide another coating of the selected fluid 40. if the user does not desire an additional
coating of the selected fluid at query block 114, then the process 100 proceeds to query
block 116 to determine whether a coating of a new fluid is desired by the user. If the user
desires a coating of a new fluid at query block 116, then the process 100 proceeds through
blocks 104-114 using a new selected fluid for the spray coating. If the user does not

desire a coating of a new fluid at query block 116, then the process 100 is finished at
block 118.

Fig. 3 1s a cross-sectional side view illustrating an exemplary embodiment of the
spray coating device 12. As illustrated, the spray coating device 12 comprises a spray tip
assembly 200 coupled to a body 202. The spray tip assembly 200 includes a fluid
delivery tip assembly 204, which may be removably inserted into a receptacle 206 of the
body 202. For example, a plurality of different types of spray coating devices may be
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configured to receive and use the fluid delivery tip assembly 204, The spray tip assembly
200 also includes a spray formation assembly 208 coupled to the fluid delivery tip
assembly 204. The spray formation assembly 208 may include a variety of spray
formation mechanisms, such as air, rotary, and electrostatic atomization mechanisms.
However, the illustrated spray formation assembly 208 comprises an air atomization cap
210, which 1s removably secured to the body 202 via a retaining nut 212. The air
atomization cap 210 includes a variety of air atomization orifices, such 'as a central
atomization orifice 214 disposed about a fiuid tip exit 216 from the fluid delivery tip
assembly 204. The air atomization cap 210 also may have one or more spray shaping
orifices, such as spray shaping orifices 218, 220, 222, and 224, which force the spray to
form a desired spray pattern (e.g., a flat spray). The sprayf formation assembly 208 also
may comprise a variety of other atomization mechanisms to provide a desired spray

pattern and droplet distribution.

The body 202 of the spray coating device 12 includes a variety of controls and
supply mechanisms for the spray tip assembly 200. As illustrated, the body 202 includes
a fluid delivery assembly 226 having a fluid passage 228 extending frofn a fluid inlet
coupling 230 to the fluid delivery tip assembly 204. The fluid delivery assembly 226 also
comprises a fluid valve assembly 232 to control fluid flow through the fluid passage 228
and to the fluid delivery tip assembly 204. The illustrated fluid valve assembly 232 has a
needle valve 234 extending movably through the body 202 between the fluid delivery tip
assembly 204 and a fluid valve adjuster 236. The fluid valve adjuster 236 is rotatably
adjustable against a spring 238 disposed between a rear section 240 of the needle valve
234 and an internal poﬁion 242 of the fluid valve adjuster 236. The needle valve 234 is
also coupled to a trigger 244, such that the needle valve 234 may be moved inwardly
away from the fluid delivery tip assembly 204 as the trigger 244 is rotated counter
clockwise about a pivot joint 246. However, any suitable inwardly or outwardly openable

valve assembly may be used within the scope of the present technique. The fluid valve
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assembly 232 also may include a variety of packing and seal assemblies, such as packing

assembly 248, disposed between the needle valve 234 and the body 202.

An air supply assembly 250 is also disposed in the body 202 to facilitate
atomization at the spray formation assembly 208. The illustrated air supply assembly 250
extends from an air inlet coupling 252 to the air atomization cap 210 via air passages 254
and 256. The air supply assembly 250 also includes a variety of seal assemblies, air valve
assemblies, and air valve adjusters to maintain and regulate the air pressure and flow
through the spray coating device 12. For example, the 1llustrated air supply assembly 250
includes an air valve assembly 258 coupled to the trigger 244, such that rotation of the
trigger 244 about the pivot joint 246 opens the air valve assembly 258 to allow air flow
from the air passage 254 to the air passage 256. The air supply assembly 250 also
includes an air valve adjustor 260 coupled to a needle 262, such that the needle 262 is
movable via rotation of the air valve adjustor 260 to regulate the air flow to the air
atomization cap 210. As illustrated, the trigger 244 is coupled to both the fluid valve
assembly 232 and the air valve assembly 258, such that fluid and air simultaneously flow
to the spray tip assembly 200 as the trigger 244 1s pulled toward a handle 264 of the body
202. Once engaged, the spray coating device 12 produces an atomized spray with a
desired spray pattern and droplet distribution. Again, the illustrated spray coating device
12 1s only an exemplary device of the present technique. Any suitable type or

configuration of a spraying device may benefit from the unique fluid mixing, particulate

breakup, and refined atomization aspects of the present technique.

Fig. 4 1s a cross-sectional side view of the fluid delivery tip assembly 204. As
iHlustrated, the fluid delivery tip assembly 204 comprises a fluid breakup section 266 anci
a fluid mixing section 268 disposed within a central passage 270 of a housing 272, which
may be removably inserted into the receptacle 206 of the body 202. Downstream of the

fluid breakup section 266, the central passage 270 extends into a fluid tip exit passage
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274, which has a converging section 276 followed by a constant section 278 adjacent the
fluid tip exit 216. Any other suitable fluid tip exit geometry is also within the scope of
the present technique. Upstream of the fluid breakup section 266 and the fluid mixing
section 268, the needle valve 234 controls fluid flow into and through the fluid delivery
tip assembly 204. As illustrated, the needle valve 234 comprises a needle tip 280 having
an abutment surface 282, which is removably sealable against an abutment surface 284 of
the fluid mixing section 268. Accordingly, as the user engages the trigger 244, the needle
valve 234 moves inwardly away from the abutment surface 284 as indicated by arrow
286. The desired fluid then flows through the fluid delivery tip assembly 204 and out

through the fluid tip exit 216 to form a desired spray via the spray formation assembly
208.

As described in further detail below, the fluid breakup and mixing sections 266
and 268 are configured to facilitate fluid mixing and the breakup of particulate/ligaments
within the desired fluid prior to exiting through the fluid tip exit 216. Accordingly, the
present technique may utilize a variety of structures, passageways, angles, and geometries
to facilitate fluid mixing and particulate breakup within the fluid delivery tip assembly
204 prior to external atomization via the spray formation assembly 208. In this
exemplary embodiment, the fluid mixing section 268 has a mixing cavity 288 disposed
adjacent a blunt edge 290 of the needle tip 280, such that fluid flowing past the blunt edge
290 1s induced to mix within the mixing cavity 288. Fluid mixing is relatively strong
within the mixing cavity 288 due to the velocity differential between the fluid flowing
around the needle tip 280 and the substantially blocked fluid within the mixing cavity.
Moreover, the blunt edge 290 provides a relatively sharp interface between the high and
low speed fluid flows, thereby facilitating swirl and vortical structures within the fluid

flow. Any other suitable mixture-inducing structure is also within the scope of the

present technique.
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The mixing cavity 288 extends into and through the fluid breakup section 266 via
one or more fluid passageways. As illustrated, the fluid breakup section 266 comprises a
diverging passing section 292 coupled to the mixing cavity 288, a converging passage
section 294 coupled to the diverging passage section 292, and a fluid impingement region
296 positioned downstream of the converging passage section 294. The diverging
passage section 292 comprises passages 298, 300, 302, and 304, which diverge outwardly
from the mixing cavity 288 toward an annular passageway 306 disposed between the
diverging and converging passage sections 292 and 294. The converging passage section
294 comprises passages 308, 310, 312, and 314, which converge inwardly from the
annular passage 306 toward the fluid impingement region 296. In operation, the desired
fluid flows thiough the central passage 270, through the mixing cavity 288, through the
passages 298-304 of the diverging passage section 292, through the passages 308-314 of
the converging passage section 294, into the fluid impingement region 296 as fluid jets
convergingly toward one another, through the flmid tip exit passage 274, and out through
the fluid tip exit 216, as indicated by arrows 316, 318, 320, 322, 324, 326, and 328,
respectively. As discussed in further detail below, the fluid breakup section 266 may
have any suitable configuration of passages directed toward a surface or toward one

another, such that the fluid collides/impinges in a manner causing particulate/ligaments in
the fhuid to breakup.

Fig. 5 is a partial cross-sectional side view of the fluid delivery tip assembly 204
further illustrating the needle valve 234, the fluid mixing section 268, and the diverging
passage section 292. As illustrated, the desired fluid flows around the needle tip 280 and
swirls past the blunt edge 290, as indicated by arrows 316 and 330, respectively.
Accordingly, the blunt edge 290 of the needle tip 280 induces fiuid mixing downstream
ot the needle valve 234. For example, the blunt edge 290 may facilitate turbulent flows
and fluid breakup within the fluid mixing section 268. It should be noted that the mixing

section 268 may induce fluid mixing by any suitable sharp or blunt edged structure,

10
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abruptly expanding or contracting passageway, or any other mechanism producing a
velocity differential that induces fluid mixing. As the fluid flows into the fluid mixing
section 268, the fluid collides against a flow barrier 332, which has an angled surface 334
extending to a vertical surface 336. The flow barrier 332 reflects a substantial portion of
the fluid flow back into the fluid mixing section 268, such that the fluid flow swirls and
generally mixes within the fluid mixing section 268, as indicated by arrows 338. The
mixed fluid then flows from the fluid mixing section 268 into the fluid breakup section
266 via the passages 298, 300, 302, and 304, as indicated by arrows 320. As illustrated,
the passages 298-304 have a relatively smaller geometry than the mixing cavity 288. This

abruptly contracting flow geometry effectively slows the flow within the fluid mixing ‘
section 268 and forces the fluid to mix prior to moving forward through the fluid breakup
section 266. The abruptly confracting flow geometry also accelerates the fluid flow
through the fluid breakup section 266, thereby creating relatively high speed fluid jets that

are directed toward an impingement region.

Fig. 6 is a cross-sectional face view of the fluid mixing section 268 illustrated by
Fig. 4. As noted above, the fluid flows into the fluid mixing section 268 and strikes the
flow barrier 332, as indicated by arrows 318. Although some of the fluid may be directed
straight into the passages 300-304, a significant portion of the fluid strikes the angled and

~ vertical surfaces 334 and 336 of the flow barrier 332 surrounding the passages 300-304.

Accordingly, the flow barrier 332 reflects and slows the fluid flow, such that the fluid
mixes within the fluid mixing section 268. Fluid mixing is aiso induced by the geometry
of the needle valve 234. For example, the blunt edge 290 creates a velocity differential
that facilitates fluid mixing between the fluid entering the flmid mixing section 268 and
the fluid substantially blocked within the fluid mixing section 268. The mixing induced
by the flow barrier 332 and the blunt edge 290 may provide a more homogenous mixture
of the desired fluid, while also breaking down particulate within the fluid. Again, any

suitable mixture-inducing geometry is within the scope of the present technique.

1
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Fig. 7 is a partial cross-sectional side view of the fluid mixing section 268 of Fig.
5 rotated 45 degrees as indicated by Fig. 6. In the illustrated orientation of the flow
barrier 332, it can be seen that a significant portion of the fluid does not flow directly into
the passages 300-304, but rather the fluid strikes and reflects off of the flow barrier 332,
as indicated by arrows 338. Accordingly, the flmd i1s mixed and broken up into a more
consistent mixture within the fluid mixing section 268. It also should be noted that the
present technique may have any suitable size, geometry, or structure for the mixing cavity
288, the flow barrier 332, and the needle tip 280. For example, the particular angles and
flow capacities within the fluid mixing section 268 may be selected to facilitate fluid
mixing and breakup for a particular fluid and spraying application. Certain fluid
characteristics, such as viscosity and degree of fluid particulate, rﬁay require a certain
flow velocity, passage size, and other specific structures to ensure optimal fluid mixing

and breakup through the spray coating device 12.

Fig. 8 is a cross-sectional face view of the angular passage 306 illustrating flnd
flow between the passages entering and exiting the annular passage 306 via the diverging
and converging sections 292 and 294. As discussed above, fluid flows from the fluid
mixing section 268 to the annular passage 306 via the passages 298-304 of the diverging
passage section 292. The annular passage 306 substantially frees/unrestricts the fluid
flow relative to the restricted geometries of the passages 300-304. Accordingly, the
annular passage 306 unifies and substantially equalizes the fluid flow, as indicated by

arrows 340. The substantially equalized fluid flow then eniers the passages 308-314 of

the converging passage section 294, where the fluid flow is directed inwardly toward the

fluid impingement region 296. It should be noted that the present technique may have
any suitable form of intermediate region between the diverging and converging passage

sections 292 and 294. Accordingly, the passages 298-304 may be separately or jointly

coupled to passages 308-314 via any suitable interface. The present technique also may

12
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utilize any desired number of passages through the converging and diverging sections 292
and 294. For example, a single passage may extend through the diverging passage
section 292, while one or multiple passages may extend through the converging passage

section 294.

Fig. 9 is a partial cross-sectional side view of the fluid breakup section 266
lustrating the converging passage section 294 and the fluid impingement region 296. As
illustrated, the fluid flows through passages 308-314 of the converging passage section
294 inwardly toward the fluid impingement region 296, such that the fluid collides at a
desired angle. For example, the passages 308-314 may be directed toward an
impingement point 342 at an impingement angle 344 relative to a centerline 346 of the
fluid breakup section 266. The impingement angle 344 may be selected to optimize fluid
breakup based on characteristics of a particular fluid, desired spray properties, a desired
spray application, and various other factors. The selected impingement angle 344,
geometries of the passages 308-314, and other application-specific factors collectively
optimize the collision and breakup of fluid particulate/ligaments within the fluid
impingement region 296. For example, in certain applications, the impingement angle
344 may be in a range of 25-45 degrees. In certain wood spraying applications, and many
other applications, an impingement angle of approximately 37 degrees may be selected to
optimize fluid particulate breakup. If the fluid jets are impinged toward one another as
tllustrated in Figure 9, then the impingement angle may be in a range of 50-90 degrees
between the fluid jets flowing from the passages 308-314. Again, certain spraying
applications may benefit from an impingement angle of approximately 74 degrees
between the fluid jets. However, the present technique may select and utilize a wide
variety of impingement angles and flow passage geometries to optimize the fluid mixing
and breakup. The fluid impingement region 296 also may be disposed within a recess of

the converging passage section 294, such as a conic cavity 348.

13
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Fig. 10 1s a cross-sectional side view of the fluid delivery tip assembly 204
lllustrating an alternative embodiment of the fluid breakup section 266. As illustrated,
the fluid breakup section 266 includes the diverging passage section 292 adjacent an
annular spacer 350 without the converging passage section 294. Accordingly, in an open
positton of the needle valve 234, fluid ﬂows past the needle tip 280, through the fluid
mixing section 268, through the passages of 298-304 of the diverging passage section
292, colliding onto an intertor of the annular spacer 350 at an impingemerit angle 352, .
through the central passage 270 within the annular spacer 350, and out through the fluid
tip exit passage 274, as indicated by arrows 316, 318, 320, 354, and 326, respectively. In
this exemplary embodiment, impinging fluid jets are ejected from the passages 298-304
of the diverging passage section 292, rather than from the passages 308-314 of the
converging passage section 294, These relatively high speed fluid jets then impinge a
surface (i.e., the interior of the annular spacer 350), rather than impinging one another.
Again, the impingement angle 352 1is selected to facilitate fluid breakup of
particulate/ligaments based on the fiuid characteristics and other factors. Accordingly,
the mmpingement angle 352 may be within any suitable range, depending on the
application. For example, the particular impingement angle 352 may be selected to
optimize fluid breakup for a particular coating fluid, such as a wood stain, and a
particular spraying application. As discussed above, the impingement angle 352 may be
in a range of 25-45 degrees, or approximately 37 degrees, for a particular application. It
also should be noted that the present technique may use any one or more surface
impinging jets, such as those illustrated in Fig. 10. For example, a single impinging jet
may be directed toward a surface of the annular spacer 350. The fluid breakup section
266 also may have multiple fluid jets directed toward one another or toward one or more

shared points on the interior surface of the annular spacer 350.

As mentioned above, the spray coating device 12 may have a variety of different

valve assemblies 232 to facilitate fluid mixing and breakup in the fluid delivery tip

14
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assembly 204. For exampie, one or more mixture-inducing passages or structures may be
formed on or within the needle valve 234 to induce fluid mixing. Figs. 11-15 illustrate
several exemplary needle valves, which may enhance fluid mixing in the fluid mixing

section 268.

Fig. 11 is a cross-sectional side view of the fluid delivefy tip assembly 204
illustrating an alternative embodiment of the needle valve 234 and the fluid breakup and
mixing sections 266 and 268. The illustrated fluid breakup section 266 has the
converging passage section 294 without the diverging passage section 292. Moreover,
the 1llustrated fluid mixing section 268 has a vertical flow barrier 356 within an annular
mixing cavity 358, rather than having the multi-angled mixing cavity 288 illustrated by
Fig. 4. The annular cavity 358 also has a stepped portion 360 for sealing engagement
with the needle valve 234 in a closed position. The illustrated needle valve 234 also has a
blunt tip 362 to facilitate mixing within the fluid mixing section 268. In an open position
of the needle valve 234, fluid flows around the needle valve 234, past the blunt tip 362,
into the passages 308-314 of the converging passage section 294, and convergingly
inward toward the impingement point 342 within the fluid impingement region 296, as
indicated by arrows 364, 366, 322, and 324, respectively. In the fluid mixing section 268,
the blunt tip 362 of the needle valve 234 facilitates fluid swirl and general mixing, as
illustrated by arrows 366. The flow barrier 356 also facilitates fluid mixing within the
flurd mixing section 268 between the flow barrier 356 and the blunt tip 362 of the needle
valve 234. Moreover, the flow barrier 356 restricts the fluid flow into the restncted
geometries of the passages 308-314, thereby creating relatively high speed fluid jets
ejecting into the fluid impingement region 296. Again, the impingement angles 344 of
these fluid jets and passages 308-314 are selected to facilitate fluid breakup for a
particular fluid and application. For example, a particular fluid may breakup more

effectively at a particular collision/impingement angle and velocity, such as an angle of

approximately 37 degrees relative to the centerline 346.
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Fig. 12 is a cross-sectional side view of the fluid delivery tip assembly 204
illustrating another alternative embodiment of the needle valve 234 and the fluid breakup
and mixing sections 266 and 268. As illustrated, the f{luid breakup section 266 has a
converging passage section 368, which has passages 370 extending from the fluid mixing
section 268 convergingly toward a conical cavity 372. The fluid mixing section 268
comprises an annular cavity 374 between a blunt tip 376 of the needle valve 234 and a
vertical flow barrier 378 formed at an entry side of the converging passage section 368.
The annular cavity 374 has a stepped portion 380, which is sealable against the needle
valve 234 in a closed position. In this exemplary embodiment, the needle valve 234 has a
shaft 382 extending moveably through a central passage 384 of the converging passage
section 368. At a downstream side of the converging passage section 368, the needle
valve 234 has a wedge shaped head 386 extending from the shaft 382. The wedge shaped
head 386 is positionable within an impingement region 388 in the conical cavity 372.
Accordingly, 1n an open position of the needle valve 234, fluid flows along the needle
valve 234, past the blunt tip 376 in a swirling motion, through the passages 370 in an
impinging path toward the wedge shaped head 386, and out through the fluid tip exit
passage 274, as indicated by arrows 364, 366, 390, and 326, respectively.

In operation, the blunt tip 376 and the vertical flow barrier 378 facilitate fluid
mixing and breakup within the fluid mixing section 268. Further downstream, the fluid
jets ejecting from the passages 370 impinge against the wedge shaped head 386 to
facilitate the breakup of fluid particulate/ligaments within the fluid. Again, the particular
impingement angle of the fluid jets colliding with the wedge shaped head 386 may be
selected based on the fluid characteristics and desired spray application. Moreover, the
particular size and geometry of the passages 370 may be selected to facilitate a desired
velocity of the fluid jets. The configuration and structure of the shaft 382 and head 386

also may be modified within the scope of the present technique. For example, the head
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386 may have a disk-shape, a wedge-shape at the impingement side, one or more
restricted passages extending therethrough, or the head 386 may have a hollow muffler-
like configuration. The shaft 382 may have a solid structure, a hollow structure, a multi-
shaft structure, or any other suitable configuration.

Fig. 13 is a cross-sectional side view of the fluid delivery tip assembly 204
illustrating an alternative embodiment of the needle valve 234. As illustrated, the fluid
delivery tip assembly 204 comprises the fluid breakup section 266 adjacent the
converging passage section 294 without the diverging passage section 292. However, the
alternative needle valve 234 illustrated in Fig. 13 may be used with any configuration of
the fluid breakup section 266 and the fluid mixing section 268. In this exemplary
embodiment, the fluid mixing section 268 comprises an annular mixing cavity 392
disposed between the needie valve 234 and a vertical flow barrier 394 at an entry side of
the converging passage section 294. The illusirated needle valve 234 comprises a hollow
shaft 396 having a central passage 398 aﬁd a plurality of enfry and exit ports. For
example, the hollow shaft 396 has a plurality of lateral entry ports 400 and a central exit
port 402, which facilitates fluid mixing as the fluid flows past the entry and exit ports 400
and 402. As illustrated, the ports 400 and 402 create an abrupt contraction and expansion

in the flmd flow path, such that nng vortices form and mixing is induced downstream of
the ports 400 and 402.

In operation, the needle valve 234 shuts off the fluid flow by positioning a valve
tip 404 against the vertical flow barrier 394, such that fluid flow cannot enter the passages
308-314. The needle valve 234 opens the fluid tlow by moving the hollow shaft 396
outwardly from the vertical flow barrier 394, thereby allowing fluid to flow through the
passages 308-314. Accordingly, in the open position, fluid flows around the hollow shaft
396, in through the ports 400, through the central passage 398, out through the port 402

and into the fluid mixing section 268, swirlingly past the port 402 at the abrupt expansion
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region, through the passages 308-314, convergingly into the impingement region 296, and
out through the fluid tip exit passage 274, as indicated by arrows 406, 408, 410, 412, 322,
324, and 326, respectively. As mentioned above, the abruptly constricted and expanded
geometries of the passages and ports extending through the hollow shaft 396 facilitates
fluid mixing into the fluid mixing section 268, which further mixes the fluid flow prior to
entry into the converging passage section 294. The fluid flow then increases velocity as it
is restricted through the passages 308-314, thereby facilitating relatively hlgh speed fluid
collision in the fluid impingement region 296. Although Fig. 13 illustrates specific flow
passages and geometries, the present technique may use any suitable flow geometries and
passages through the needle valve 234 and the breakup and mixing sections 266 and 268

to facilitate pre-atomization fluid mixing and breakup of the fluid.

Fig. 14 1s a cross-sectional side view of the fluid delivery tip assembly 204
1llustrating an alternative multi-component needle valve 234. The illustrated needle valve
234 comprises a needle body section 414 coupled to a needled tip section 416 via a
connector 418, which may comprise an externally threaded member or any other suitable
fastening device. The needle body section 414 may be formed from stainless steel,
aluminum, or any other suitable material, while the needle tip section 416 may be formed
from plastic, metal, ceramic, Delrin, or any other suitable material. Moreover, the needle
tip section 416 may be replaced with a different needle tip section to accommodate a
different configuration of the fluid delivery tip assembly 204 or to refurbish the needle
valve 234 after significant wear. It also should be noted that the needle valve 234
illustrated by Fig. 14 may be used with any configuration of the fluid breakup section 266
and the fluid mixing section 268. Accordingly, the illustrated fluid breakup section 266
may comprise any one or both of the diverging or converging passage sections 292 and
294 or any other suitable fluid mixing and breakup configuration. Again the

impingement angles in the fluid breakup section 266 may be selected to accommodate a

particular coating fluid and spray application.
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Fig. 15 is a cross-sectional side view of the fluid delivery tip assembly 204
illustrating an alternative embodiment of the needle valve 234 and the fluid breakup and
mixing sections 266 and 268. As illustrated, the fluid breakup section 266 comprises a
converging passage section 420, while the flmid mixing section 268 has a wedge shaped
mixing cavity 422 between the converging passage section 420 and the needle valve 234.
The converging passage section 420 has passages 424 extending convergingly from a
vertical flow bamier 426 in the wedge shaped mixing cavity 422 toward a fluid
impingement region 428 adjacent the fluid tip exit passage 274. The needle valve 234
controls the fluid flow through the fluid delivery tip assembly 204 by moving the needle
tip 280 inwardly and outwardly from the wedge shaped mixing cavity 422.

In operation, fluid flows around the needle tip 280, mixingly past the blunt edge
290, through the wedge shaped mixing cavity 422 and against the vertical flow barrier
426, through the passages 424, and convergingly inward toward one another in the fluid
impingement region 428, and out through the fluid tip exit passage 274, as indicated by
arrows 430, 432, 434, 436, 438, and 326, respectively. The blunt edge 290 facilitates
fluid mixing past the needle tip 280 by inducing swirling/mixing based on the velocity
differential. Mixing is further induced by the vertical flow barrier 426 and wedge shaped
mixing cavity 422, which substantially block the fluid flow and induce fluid mixing
between the vertical flow barrier 426 and the blunt edge 290. The converging passage
section 420 further mixes and breaks up the fluid flow by restricting the fluid flow into
the passages 424, thereby increasing the fluid velocity and forcing the fluid to eject as
fluid jets that impinge one another in the fluid impingement region 428. The
impingement of the fluid jets in the fluid impingement region 428 then forces the
particulate/ligaments within the fluid to breakup into finer particulate prior to atomization

by the spray formation assembly 208. Again, the present technique may select any

suitable impingement angle within the scope of the present technique.
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Fig. 16 is a flow chart illustrating an exemplary spray coating process 500. As
illustrated, the process 500 proceeds by ideniifying a target object for application of a
spray coating (block 502). Fér example, the target object may comprise a variety of
materials and products, such as wood or metal furniture, cabinets, automobiles, consumer
products, etc. The process 500 then proceeds to select a desired fluid for coating a spray
surface on the target object (block 504). For example, the desired fluid may comprise a
primer, a paint, a stain, or a variety of other fluids suitable for a wood, a metal, or any
other material of the target object. The process then proceeds to select a spray coating
device to apply the desired fluid to the target object {block 506). For example, a
particular type and configuration of a spray coating device may be more effective at
applying a spray coating of the desired flmid onto the target object. The spray coating
device may be a rotary atomizer, an electrostatic atomizer, an air jet atomizer, or any
other suitable atomizing device. The process 500 then proceeds to select an internal fluid
mixing/breakup section to facilitate breakup of particulate/ligaments (block 508). For
example, the process 500 may select any one or a combination of the valve assemblies,
diverging passage sections, converging passage sections, and fluid mixing sections
discussed with reference to Figs. 3-15. The process 500 then proceeds to configure the
spray coating device with the selected one or more mixing/breakup sections for the target
object and selected fluid (block 510). For example, the sclected mixing/breakup sections

may be disposed within an air atomization type spray coating device or any other suitable

spray coating device.

After the process 500 1s setup for operation, the process 500 proceeds to position
the spray coating device over the target object (block 512). The process 500 also may
utilize a positioming system to facilitate movement of the spray coating device relative to
the target object, as discussed above with reference to Fig. 1. The process 500 then

proceeds to engage the spray coating device (514). For example, a user may pull a trigger
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244 or the control system 20 may automatically engage the spray coating device. As the
spray coating device is engaged at block 514, the process 500 feeds the selected fluid into
the spray coating device at block 516 and breaks up the fluid particulate in the
mixing/breakup section at block 518. Accordingly, the process 500 refines the selected
fluid within the spray coating device prior to the actual spray formation. At block 520,
the process 500 creates a refined spray having reduced particulate/ligaments. The process
500 then proceeds to apply a coating of the refined spray to the spray surface of the target
object (block 522). At block 524, the process cures/dries the applied coating to the spray
surface of the target object. Accordingly, the spray coating process 500 produces a
refined spray coating at block 526. The refined spray coating may be charactenized by a
refined and relatively uniform texture and color distribution, a reduced mottling effect,

and various other refined characteristics within the spray coating.

Fig. 17 is a flow chart illustrating an exemplary fluid breakup and spray formation
process 600. The process 600 proceeds by inducing mixing of a selected fluid at one or
more blunt/angled structures and/or passages of a fluid valve (block 602). For example,
the process 600 may pass the selected fluid through or about any one of the needle valves
234 described above with reference to Figs. 3-15. Any other suitable hollow or solid
fluid valves having blunt/angled structures/passages also may be used within the scope of
the present technique. The process 600 then proceeds to restrict the fluid flow of the
selected fluid at a flow barrier (block 604). For example, a vertical or angled surface may
be extended partially or entirely across a flow passageway through the spray coating
device. The process 600 then proceeds to accelerate the fluid flow of the selected fluid
through restricted passageways extending through the flow barrier (block 606). At block
608, the process creates one or more impinging fluid jets from the restricted passageways.
The process 600 then proceeds to breakup particulate/ligaments within the selected fluid
at a fluid impingement region downstream of the impinging fluid jets (block 61G). For

example, the one or more 1impinging fluid jets may be directed toward one another or
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toward one or more surfaces at an angle selected to facilitate the breakup of
particulate/ligaments.  After the process 600 has mixed and broken up the
particulate/ligaments within the selected fluid, the selected fluid is ejected from the spray
coating device at block 612. The process 600 then proceeds to atomize the selected fluid
into a desired spray pattern from the spray coating device (block 614). The process 600
may use any suitable spray formation mechanism to atomize the selected fluid, including
rotary atomization mechanisms, air jet atomization mechanisms, electrostatic

mechanisms, and various other suitable spray formation techniques.

While the invention may be susceptible to various modifications and alternative
forms, specific embodiments have been shown by way of example in the drawings and
have been described in detail herein. However, it should be understood that the invention
1s not intended to be limited to the particular forms disclosed. Rather, the invention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention as defmed by the following appended claims.
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CLAIMS

What i1s claimed is:

1. A spray coating device, compnising:
a fluid dehivery assembly comprising a mixture-inducing valve assembly disposed
adjacent a fluid breakup structure upstream of a fluid exit; and

a spray formation assembly coupled to the fluid delivery assembly.

2. The spray coating device of claim 1, wherein the mixture-inducing valve
assembly comprises at least one blunt edge positionable into a fluid flow region of the fluid

delivery assembly.

3. The spray coating device of claim 1, wherein the mixture-inducing valve

assembly comprises a blunt-tipped structure.

4, The spray coating device of claim 3, wherein the blunt-tipped structure is
disposed adjacent a lateral face extending across a central fluid passage of the fluid delivery
assembly.

5. The spray coating device of claun 4, wherein at least one restricted

passageway extends through the lateral face and is openable and closable by the blunt-
tipped structure. |

6. The spray coating device of claim 5, wherein the mixture-inducing valve

assembly extends through the lateral face.

23



10

15

20

CA 02437292 2003-08-13

ITWO:0059
13843

7. The spray coating device of claim 6, wherein the at least one restncied

passageway 1s angled toward the blunt-tipped structure at an opposite side from the lateral
face.

3. The spray coating device of claim 1, wherein the mixture-inducing valve
assembly comprises a hollow structure having at least one central passage and at least one

blunt-edged exit.

9. The spray coating device of claim 1, wherein the mixture-inducing valve
assembly comprises a hollow structure having at least one central passage and at least one

lateral orifice.

10.  The spray coating device of claim 1, wherein the mixture-inducing valve

assembly is inwardly openable.

11.  The spray coating device of claim I, wherein the mixture-inducing valve

assembly 1s outwardly openable within the fluid delivery assembly.

12.  The spray coating device of claim 1, wherein the fluid breakup structure

comprises a fluid impingement structure.

13.  The spray coating device of claim 12, wherein the fluid impingement

structure comprises at least one restricted passageway directed toward an impingement

surface.

14.  The spray coating device of claim 13, wherein the restricted passageway is

directed toward the impingement surface at an impingement angle selected to facilitate fluid
breakup.
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15. The spray coating device of claim 12, wherein the fluid impingement
structure comprises a plurality of restricted passageways directed toward one another in a

fluid impingement region.

16.  The spray coating device of ciaim 15, wherein the restricted passageways are

directed toward one another at impingement angles selected to facilitate fluid b;reakup.

17.  The spray coating device of claim 12, wherein the fluid impingement
structure comprises at least one fluid impingement passageway having a cross-section and

impingement angle selected to facilitate fluid breakup based on fluid charactenistics of a

desired coating fluid.

18.  The spray coating device of claim 1, wherein the spray formation assembly

comprises at least one fluid atomization orifice.

19.  The spray coating device of claim 18, wherein the at least one flumd

atomization ornfice comprises an annular orifice disposed about the fluid exit.

20.  The spray coating device of claim 18, wherein the at least one fluid

atomization orifice comprises at least one spray-shaping orifice.

21. A spray coating device, comprising:

a fluid tip assembly, comprising:
a central fluid passageway;
a flow barrier disposed across the central fluid passageway; and
a mixture-inducing valve disposed adjacent the flow barrier; and

a fluid atomization assembly coupled to the fluid tip assembly.

253



10

15

20

23

CA 02437292 2003-08-13

ITWQ:0059
13843

22.  The spray coating device of claim 21, wherein the mixture-inducing valve
comprises at least one abruptly angled structure positionable into a fluid flow region of the

central fhud passageway.

23.  The spray coating device of claim 22, wherein the at least one abruptly

angled structure comprises a blunt-edged tip.

24.  The spray coating device of claim 22, wherein the at least one abruptly

angled structure comprises a plurality of expanding and confracting annular sections.

25.  The spray coating device of claim 22, wherein the at least one abruptly

angled structure comprises at least one fluid conduit extending through the mixture-

inducing valve.

26.  The spray coating device of claim 25, wherein the at least one fluid conduit

comprises a central conduit coupled to a lateral passageway.

27.  The spray coating device of claim 21, wherein the mixture-inducing valve is

openable and closable against the flow barrier.

28.  The spray coating device of claim 27, wherein the mixture-inducing valve

extends movably through the flow barrier.

29.  The spray coating device of claim 28, wherein the mixture-inducing valve

has blunt-edged structures on opposite sides of the flow barrier.
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30. The spray coating device of claim 29, wherein at least one fluid channel

extends between the opposite sides.

31.  The spray coating device of claim 30, wherein the at least one fluid channel

comprises a fluid impingement orifice.

32.  The spray coating device of claim 31, wherein the at least one fluid channel
extends through the flow bammer.

33.  The spray coating device of claim 31, wherein the at least one fluid channel

extends through the mixture-inducing valve.

34,  The spray coating device of claim 21, wherein at least one fluid channel
extends through the flow barrier to a fluid impingement orifice directed toward an

impingement surface at an angle selected to facilitate fluid breakup.
35.  The spray coating device of claim 21, wherein the flow barrier comprises a

plurality of fluid impingement passageways directed toward one another downstream of the

flow barrier at impingement angles selected to facilitate fluid brealup.

36.  The spray coating device of claim 21, wherein the mixture-inducing valve is

inwardly openable.

37.  The spray coating device of claim 21, wherein the mixture-inducing valve is

outwardly openable within the central flumid passageway.
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38.  The spray coating device of claam 21, wherein the fluid atomization
assembly comprises at least one fluid atomization onfice disposed about a fluid exit from

the central fluid passageway.

39. The spray coating device of claim 21, wherein the fluid atomization

assembly comprises at least one spray-shaping orifice.

40. A spray coating device, comprising an internal fluid breakup section having
a mixture-inducing valve disposed adjacent a flow bamer upstream of a spray formation

exit.

41.  The spray coating device of claim 40, wherein the internal fluid breakup

section is disposed in a fluid tip assembly.

42.  The spray coating device of claim 41, wherein the fluid tip assembly is

removably insertable into a plurality of different spray coating devices.

43.  The spray coating device of claim 40, wherein the mixture-inducing valve

comprises at least one abruptly angled structure positionable into a fluid flow region of the

internal flmid breakup section.

44,  The spray coating device of claim 43, wherein the at least one abruptly

angled structure comprises a substantially blunt tip.

45.  The spray coating device of claim 43, wherein the at least one abruptly

angled structure comprises a plurality of adjacent annular structures having different

diameters.
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46.  The spray coating device of claim 43, wherein the at least one abruptly
angled structure comprises at least one fluid conduit extending through the mixture-

inducing valve.

47.  The spray coating device of claim 46, wherein the at least one fluid conduit

comprises a central conduit coupled to a lateral passageway.

48.  The spray coating device of claim 40, wherein the mixture-inducing valve is

openable and closable against the flow bamer.

49.  The spray coating device of claim 40, wherein the mixture-inducing valve

extends movably through the flow barner.

50.  The spray coating device of claim 49, wherein the mixture-inducing valve

has abruptly angled structures on opposite sides of the flow barner.

51.  The spray coating device of claim 50, wherein at least one fluid channel

extends between the opposite sides.

52. The spray coating device of claim 51, wherein the at least one fluid channel

comprises a fluid impingement orifice.

53.  'The spray coating device of claim 40, comprising a fluid atomization

assembly positioned at the spray formation exit.
54. A spray coating device, comprising:

a fluid tip assembly comprising mixture-inducing valve means for mixing fluid

particles adjacent a tlow barrier upstream of a fluid tip exit;
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a fluid delivery assembly coupled to the fluid tip assembly;
a spray formation assembly coupled to the fluid tip assembly; and

a trigger assembly coupled to the fluid delivery assembly and the spray formation

assembly.

55.  The spray coating device of claim 54, wherein the flow barrier comprises at

least one internal fluid breakup section.

56.  The spray coating device of claim 55, wherein the at least one internal fluid

breakup section comprises a fluid impingement jet.

57.  The spray coating device of claim 54, wherein the spray formation assembly

comprises a fluid atomization assembly.

58. A spray coating method, comprising:
flowing a coating fluid through a central fluid passageway of a spray coating device;
inducing fluid mixing at an abruptly angled structure of a valve disposed adjacent a

flow barrier across the central fluid passageway; and

forming a coating spray at a {luid exit from the central fluid passageway.

59.  The spray coating method of claim 58, wherein the act of flowing the
coating fluid comprises the act of restricting fluid flow at the flow barrier.

60. The spray coating method of claim 59, wherein the act of restricting fluid

flow comprises the act of passing the coating fluid through at least one restricted

passageway through the flow barrier.
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61.  The spray coating method of claim 60, wherein the act of passing the coating
fluid comprises the act of directing the fluid flow to a fluid breakup region downstream of

the flow barrier.

62.  The spray coating method of claim 58, wherein the act of inducing fluid
mixing comprises the act of passing the coating fluid about the abruptly angled structure at a
tip of the valve. |

63.  The spray coating method of claim 58, wherein the act of inducing flwd
mixing comprises the act of passing the coating fluid about the abruptly angled structure at a

plurality of locations along the valve within the central fluid passageway.

64.  The spray coating method of claim 58, wherein the act of mmducing thad
mixing comprises the act of passing the coating fluid through the abruptly angled structure
within an internal channel extending through the valve.

65.  The spray coating method of claim 58, wherein the act of inducing fhud

mixing comprises the act of moving a fip of the valve away from the flow barrier to

facilitate flmd flow.

66.  The spray coating method of claim 65, wherein the act of moving the tip

comprises the act of inwardly moving the valve away from the fluid exit.

67.  The spray coating method of claim 65, wherein the act of moving the tip

comprises the act of outwardly moving the valve toward the fluid exit.

68.  The spray coating method of claim 65, wherein the act of moving the tip
comprises the act of sliding the valve at least partially through the flow bamer.
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69.  The spray coating method of claim 58, wherein the act of inducing fluid

mixing comprises the act of refining the coating fluid prior to fluid atomization at the fluid

exit.

70.  The spray coating method of claim 69, wherein the act of refining the
coating fluid comprises the act of breaking up ligaments in the coating fluid. |

71.  The spray coating method of claim 58, wherein the act of forming the

coating spray comprises the act of applying an atomizing air stream to the coating fluid

ejecting from the thud exit.
72. A refined coating formed by the method of claim 58.

73. A method of making a spray coating device, comprising:
forming a mixture-inducing valve having an abruptly angled structure; and
positioning the mixture-inducing valve adjacent a flow barmier within a fluid

delivery passageway of the spray coating device.

74.  The method of claim 73, wherein the act of forming the mixture-inducing

valve comprises the act of creating the abruptly angled structure at a tip of the mixture-

inducing valve.

75.  The method of claim 73, wherein the act of forming the mixture-inducing

valve comprises the act of creating a plurality of the abruptly angled structure.
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76.  The method of claim 73, wherein the act of forming the mixture-inducing
valve comprises the act of creating the abruptly angled structure within a fluid conduit

extending through the mixture-inducing valve.

77.  The method of claim 76, wherein the act of creating the abruptly angled
structure comprises the act of extending a lateral passageway from the fluid conduit.

78.  The method of claim 73, wherein the act of positioning the mixture-inducing

valve comprises the act of disposing the mixture-inducing valve openably against the flow

barrier.

79.  The method of claim 73, wherein the act of positioning the mixture-inducing
valve comprises the act of disposing the mixture-inducing valve at least partially through

the flow barrier.

80.  The method of claim 79, wherein the act of disposing the mixture-inducing

valve comprses the act of placing at least one of the abruptly angled structures on each side

of the flow barrier.

81.  The method of claim 73, comprising the act of extending at least one

restricted fluid passageway through the flow barrier.

82.  The method of claim 81, wherein the act of extending comprises the act of
directing the at least one restricted fluid passageway toward a fluid impingement region

downstreamn of the flow barrier within the fluid delivery passageway:.
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