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FLAT JET FLUID NOZZLES WITH FLUTED
IMPINGEMENT SURFACES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. Continuation patent application claims benefit
and priority to U.S. patent application Ser. No. 12/998,141,
filed on Mar. 22, 2011, titled: FLAT JET FLUID NOZZLES
WITH ADIJUSTABLE DROPLET SIZE INCLUDING
FIXED OR VARIABLE SPRAY ANGLE, which in turn
claims benefit and priority to International Patent Application
No. PCT/US2009/005345 filed on Sep. 25, 2009, titled:
FLAT JET FLUID NOZZLES WITH ADJUSTABLE
DROPLET SIZE INCLUDING FIXED OR VARIABLE
SPRAY ANGLE, now expired, which in turn claims benefit
and priority to Australian Provisional Patent Application No.
2008904999, filed on Sep. 25, 2008, titled “PLUMES”, also
expired. The contents of all of the aforementioned patent
applications are expressly incorporated by reference, for all
purposes, as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to fluid spray
nozzles. More particularly, this invention relates to flat jet
fluid nozzles with adjustable droplet size including fixed or
variable spray angle embodiments.

2. Description of Related Art

Nozzles for converting fluids, such as water, under pressure
into atomized mists, or plumes of vapor, are well known in the
art. Nozzles find use in many applications, for example, irri-
gation, landscape watering, fire-fighting, and even solvent
and paint spraying. Nozzles are also used in snowmaking
equipment to provide atomized mists of water droplets of a
size suitable for projection through a cold atmosphere to be
frozen into snow for artificial snowmaking at ski resorts.
Conventional nozzles are known to provide fluid mist jets of
a particular shape of spray pattern, for example conical mist
spray patterns. Nozzles which provide a flat jet (fan shaped)
have proved particularly useful with regard to snowmaking,
fire-fighting and irrigation.

One difficulty with conventional fluid nozzles, particularly
those associated with snowmaking is the challenge of con-
verting large volumes of water into small droplets or particles
suitable for freezing in the atmosphere. The conventional
approach has typically been to increase the number of small
output, fixed orifice and spray angle nozzles had to be used. In
this approach, the only way one could vary the output (fluid
flow rate) for a fixed fluid input pressure was to have the
nozzles arranged into banks which could be selectively turned
on or off. Some snowmaking fan guns have up to 400 fixed
nozzles arranged into 4 separate banks for this purpose. Alter-
natively, to vary fluid flow rate one could vary the operating
pressure of the input fluid. However, it is known that by
varying the fluid input pressure, the droplet size will also vary.

In yet another conventional approach to achieve greater
volume of water through a single fixed nozzle, one can simply
use a larger fixed orifice nozzle with results in larger droplets.
Conventional fire-fighting nozzles are known to have an
increase in droplet size and water flow rate increases.

Another problem with conventional small, fixed orifice jet
nozzles used in snowmaking is that they do not have much
projection due to short fluid trajectories within the nozzle,
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2

small particle size, and the fluid stream may be broken down
into individual streams thereby increasing internal friction
losses.

There is a need for flat jet fluid nozzles with adjustable
droplet size. It would also be useful to have nozzles that
provide fixed and adjustable spray angles in addition to
adjustable droplet size. Such nozzles may provide the user
greater control over the following nozzle spray variables:
fluid flow rate, droplet size formed at ejection orifice, spray
pattern and spray angle.

SUMMARY OF THE INVENTION

An embodiment of a flat jet fluid nozzle is disclosed. The
nozzle may include a lower nozzle plate including a lower
impingement surface formed therein, at least one fluid intake
port disposed at an inner end of the lower impingement sur-
face and a lower orifice edge disposed along an outer end of
the lower impingement surface. The nozzle may further
include an upper nozzle plate including an upper impinge-
ment surface formed therein and an upper orifice edge dis-
posed along an outer end of the upper impingement surface.
The nozzle may further include a seal configured for sealing
the lower nozzle plate to the upper nozzle plate, such that the
lower and upper impingement surfaces are opposed toward
one another, thereby forming a fluid channel between the
impingement surfaces, the fluid channel configured to direct
pressurized fluid from the at least one fluid intake port to a
slotted orifice formed between the opposed lower and upper
orifice edges. The nozzle may further include a droplet size
adjustment mechanism configured for attachment to the
upper and lower nozzle plates for selectively controlling fluid
droplet size ejected from the slotted orifice.

Another embodiment of a flat jet fluid nozzle is disclosed.
The nozzle may include opposed lower and upper nozzle
plates having a plurality of fluid intake ports leading to a
plurality of fluid chambers. Each of the plurality of fluid
chambers may include opposed impingement surfaces having
first and second regions for accelerating fluid flow along the
opposed impingement surfaces and causing opposed streams
of fluid to exit opposed orifice edges and impinge upon one
another. The nozzle may further include the distance between
opposed orifice edges being selectively adjustable.

Additional features and usefulness of the invention will be
set forth in the description which follows, and in part will be
apparent from the description, or may be learned by the
practice of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings illustrate exemplary embodiments
for practicing the invention. Like reference numerals refer to
like parts in different views or embodiments of the present
invention in the drawings.

FIGS. 1-3 are top-front perspective, front and bottom-front
perspective exploded views, respectively, of an embodiment
of flat jet fluid nozzle, according to the present invention.

FIG. 4 is a cross-sectional right-side view of the embodi-
ment of an assembled flat jet fluid nozzle shown in FIGS. 1-3,
according to the present invention.

FIGS. 5 and 6 are perspective and top views, respectively of
an embodiment of a lower nozzle plate, according to the
present invention.

FIG. 71is abottom perspective view of an embodiment of an
upper nozzle plate, according to the present invention.

FIG. 8 is a magnified perspective view of an embodiment
of a lower orifice edge, according to the present invention.
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FIG. 9 is a front view of the embodiment of a flat jet fluid
nozzle shown in FIGS. 1-4 assembled without the optional
cover, according to the present invention.

FIG. 10 illustrates another embodiment of a flat jet fluid
nozzle having a fixed shell within which a nozzle assembly is
selectively rotated to adjust spray angle, according to the
present invention.

FIG. 11 is a magnified perspective view of another embodi-
ment of a lower nozzle plate having a chamfered lower orifice
edge, according to the present invention.

FIG. 12 is front view of an embodiment of a flat jet fluid
nozzle having chamfered nozzle plates assembled without a
cover, according to the present invention.

FIGS. 13 and 14 are perspective views of alternative
embodiments of lower and upper nozzle plates, according to
the present invention.

FIG. 15 illustrates a cross-sectional view of an embodi-
ment of a flat jet fluid nozzle including the alternative
embodiments of lower and upper nozzle plates shown in
FIGS. 13 and 14.

FIG. 16 illustrates an exploded view of an embodiment
fixed spray angle flat jet fluid nozzle, according to the present
invention.

FIG. 17 illustrates a top-right perspective view of the
embodiment of a lower nozzle plate shown FIG. 16 in greater
detail, according to the present invention.

FIG. 18 is a cross-sectional side view of an embodiment of
an assembled fixed spray angle flat jet fluid nozzle, according
to the present invention.

FIG. 19 is a left perspective view of the assembled fixed
spray angle flat jet fluid nozzle shown in FIG. 18, according to
the present invention.

FIG. 20 is a simplified drawing of embodiments of lower
and upper nozzle plates for a three chambered, shown in left
perspective view, fixed spray angle nozzle, according to the
present invention.

FIG. 21 illustrates greater detail of the impingement sur-
faces formed in the lower and upper nozzle plates shown in
FIG. 20.

FIG. 22 illustrates an exploded perspective view of lower
and upper nozzle plates for a flat jet fluid nozzle having four
fluid intake ports, according to the present invention.

FIG. 23 is a top view of the embodiment of a lower nozzle
plate shown in FIG. 22, according to the present invention.

FIG. 24 is a simplified right side, cross-sectional view of
the flat jet fluid nozzle of FIG. 22 as it would be assembled,
according to the present invention.

FIG. 25 is a perspective view of the flat jet fluid nozzle
shown in FIGS. 22 and 24, according to the present invention.

FIGS. 26 and 27 illustrate cross-sectional perspective
views of an embodiment of a valve control mechanism for
controlling fluid into the embodiment of a flat jet nozzle
illustrated in FIGS. 22, 24 and 26.

DETAILED DESCRIPTION

Embodiments of flat jet fluid nozzles and their component
parts are disclosed herein. Various nozzle embodiments pro-
vide for adjustable droplet or particle size, according to the
present invention. Variable droplet size may be particularly
useful in the context of snowmaking where smaller particles
of water, or droplets, may freeze faster when forming par-
ticles ofice or snow in a cold atmosphere when frozen relative
to larger droplets of water. Various other nozzle embodiments
provide for fixed or adjustable spray angle. Many conven-
tional flat jet nozzles only provide a fixed spray angle. Still
other embodiments provide for multiple fluid intake ports
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providing greater control over fluid flow rate. Embodiments
of flat jet fluid nozzles described herein are individually
capable of water flow rates up to approximately 200 gallons/
minute and projecting droplets up to about 20 meters through
the atmosphere.

It will be understood, however, that the flat jet fluid nozzles
shown and described herein may be used with any suitable
fluid, not just water. For example, and not by way of limita-
tion, the fluid may be a fuel, solvent, paint, oil or any other
fluid that may be atomized according to the teachings of the
present invention. A useful feature of the various nozzle
embodiments disclosed herein is that they do not require any
compressed air to achieve atomization of the fluid. The atomi-
zation is achieved using only the structure of the various
nozzle embodiments and fluid pressure applied to the one or
more fluid intake ports.

FIGS. 1-3 are top-front perspective, front and bottom-front
perspective exploded views, respectively, of an embodiment
of flat jet fluid nozzle 100, according to the present invention.
Nozzle 100 may include a lower nozzle plate 102, an upper
nozzle plate 104, a seal 106, an optional cover 108 and a
droplet size adjustment mechanism 110. As shown in FIGS.
1-3, the illustrated droplet size adjustment mechanism 110
may be a plurality of bolts 112 used with corresponding bolt
holes 114 for securing the seal 106 between the lower nozzle
plate 102 and the upper nozzle plate 104. Bolt holes 114 may
pass completely through one of the plates 102 (shown) or 104.
The bolt holes 114 in the other plate 104 (shown) or 102 may
have threads within the bolt hole 114 to mesh with the threads
of the bolts 112. Alternatively, the bolt holes 114 may pass
completely through both plates 102 and 104 and be secured
using suitable nuts and/or washers (neither shown) to mate
with the threading of the bolts 112.

Itwill be understood that there may be many other schemes
for adjusting the droplet size that would be a suitable replace-
ment for the droplet size adjustment mechanism 110
described and shown herein. For example and not by way of
limitation, a clamping mechanism mounted externally to
plates 102 and 104 might be used to selectively compress seal
106 in between plates 102 and 104, according to an alternative
embodiment of the present invention. In yet another embodi-
ment, selectively adjustable opposed orifice edges could be
incorporated into one or both of the plates 102 and 104 to
allow for a set screw or other mechanical mechanism to adjust
the spacing of'slotted orifice 136 and, thus, droplet or particle
size, according to the present invention.

Seal 106 may be used to separate the lower nozzle plate 102
and the upper nozzle plate 104. Seal 106 may also be used to
form a fluid-tight seal around a fluid channel 116 formed
between the lower nozzle plate 102 and the upper nozzle plate
104. Seal 106 may be formed of any suitable elastically
deformable material that can form a fluid-tight seal between
the lower nozzle plate 102 and the upper nozzle plate 104. For
example and not by way of limitation, seal 106 may be formed
of a rubber material or an elastomer, i.e., any one of various
polymers known to those of ordinary skill in the art, having
elastic properties resembling those of natural rubber.

The optional cover 108 may be secured to the upper nozzle
plate 104 by a screw 118 and hole 120 for screwing into a
threaded hole in the top of the upper nozzle plate 104 or by
some other attachment mechanism (not shown) such as a
bayonet mount, clips, threaded engagement, interference fit
or any other suitable means known to those of ordinary skill
in the art. The optional cover 108 may further include an
opening 122. The opening 122 may have a bevel 126 (best
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seen in FIG. 2) surrounding the opening 122 for widening the
path to atmosphere of fluid droplets being ejected from the
fluid channel 116.

Lower nozzle plate 102 may include one or more fluid
intake ports 124 (one shown in FIGS. 1 and 3). Fluid intake
port 124 may be configured for connection (by threading,
quick connection or other means) to a high-pressure fluid
source, for example and not by way of limitation, a water
pipe, that provides the fluid which is to be atomized by the
nozzle 100.

FIG. 4 is a cross-sectional right-side view of the embodi-
ment of an assembled flat jet fluid nozzle 100 shown in FIGS.
1-3, according to the present invention. As shown in FIG. 4,
the lower nozzle plate 102 and upper nozzle plate 104 are
separated by seal 106 and held in place by bolts 112. Seal 106
may be a compressible, or elastically deformable, material,
for example and not by way of limitation, an elastomer or
rubber material. Seal 106 surrounds the fluid channel 116
when viewed from the top and is located between the lower
nozzle plate 102 and upper nozzle plate 104. As further shown
in FIG. 4, optional cover 108 may surround the lower nozzle
plate 102 and upper nozzle plate 104. Cover 108 may be
secured by screw 118 to hole 120A formed in the top 128 of
upper nozzle plate 104. Screw 118 may be used to rotationally
adjust and secure the cover 108 and its opening 122 relative to
the slotted orifice 136 to adjust spray angle as further
described below.

FIG. 4 further illustrates the vertical cross-section of fluid
channel 116 beginning with a fluid intake port 124 leading to
a fluid chamber 130 which gathers and redirects fluid toward
opposed lower and upper impingement surfaces 132 and 134.
The fluid is eventually directed to a slotted orifice 136, where
laminar fluid passing across opposed impingement surfaces
132 and 134 collide under pressure and immediately atomize
upon contact and are ejected out of the slotted orifice 136 in a
flat jet spray pattern.

As shown in the vertical cross-section of FIG. 4, the
embodiment of nozzle 100 includes a fluid chamber 130
which initially provides no narrowing in the vertical dimen-
sion of the fluid channel 116, i.e., from the fluid intake port
124 until it meets with the opposed impingement surfaces 132
and 134 at the central axis, shown in dashed line at 138.
Described another way, floor 156 and roof 168 are generally
parallel to one another.

However, the opposed impingement surfaces 132 and 134
provide a gradual narrowing of the height of the fluid channel
116 as they radiate from the central axis 138. The gradual
narrowing may reflect a steady gradient in a linear first region,
shown generally at brackets 140 in FIG. 4. The narrowing of
the opposed impingement surfaces 132 and 134 of nozzle 100
in the first region 140 accelerates the fluid flow radially and
toward the slotted orifice 136.

In a nonlinear second region, shown generally at arrows
142, the opposed impingement surfaces 132 and 134 of
nozzle 100 provide increased narrowing in the vertical
dimension of the fluid channel 116. The increased narrowing
in the nonlinear second region 142 may reflect a variable
gradient relative to the gradient in the first region 140. The
increased narrowing in the second region 142 further accel-
erates the fluid flow toward the slotted orifice 136. The second
region 142 further causes fluid from opposed directions (im-
pingement surfaces 132 and 134) to impinge upon each other
and thereby atomize at the slotted orifice 136. The accelerated
atomized fluid droplets are then ejected into the atmosphere.

FIGS. 5 and 6 are perspective and top views, respectively of
an embodiment of a lower nozzle plate 102, according to the
present invention. Lower nozzle plate 102 may include a
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lower impingement surface 132 formed into a top surface 144
of plate 102. Lower nozzle plate 102 may include a fluid
intake port 124 passing through a bottom surface (not shown
in FIGS. 5-6, but see 146 in FIG. 3) of plate 102. The fluid
intake port 124 may be disposed at an inner edge 148 adjacent
to floor 156. The lower nozzle plate 102 may further include
a lower orifice edge 150 disposed along an outer cylindrical
surface 152 of the lower nozzle plate 102. A portion of fluid
chamber 130 is bounded by lower sidewalls 154 which rise
vertically from generally flat floor 156 of lower nozzle plate
102. Lower sidewalls 154 may include planar surfaces and
extend radially from the fluid intake port 124 toward lower
orifice edge 150.

FIGS. 5 and 6 further illustrate bolt holes 114 (six shown)
formed in top surface 144 that are used with bolts 112 (FIG.
1) to secure lower nozzle plate 102 to upper nozzle plate 104
(FIG. 1) with a seal 106 in between. The number of bolt holes
114 may be varied above or below the six shown, according to
other embodiments. There only needs to be enough bolts 112
to secure the seal 106 (FI1G. 1) between the lower nozzle plate
102 and the upper nozzle plate 104 (FIG. 1). Lower nozzle
plate 102 may further include a seal seat 162 for receiving the
seal 106 (FIG. 1). Seal seat 162 (and seal 106, FIG. 1) are
configured to extend around the periphery of the top surface
144 of lower nozzle plate 102 from opposing ends 164 A and
164B of slotted orifice 136 (FIG. 4).

FIGS. 5 and 6 further illustrate a plurality of radial flutes
160 (fifteen flutes shown in FIGS. 5 and 6) each beginning
from point 158 where the central axis 138 intersects with floor
156 and extending up a steady linear gradient in the first
region 140, then more sharply up the nonlinear gradient of the
second region 142 adjacent to the lower orifice edge 150.
While radial flutes 160 shown in FIGS. 5 and 6 are generally
of a rounded profile in cross-section, V-shaped and other
polygonal or curved profiles may be suitable for alternative
embodiments of lower nozzle plate 102 consistent with the
teachings of the present invention. It will also be understood
that in yet another embodiment, nozzle plates (upper and
lower) may have no fluting at all. According to these embodi-
ments, the nozzle plates may simply include smooth frusto-
conical impingement surfaces (see, e.g., FIGS. 17-19 and
related discussion below).

FIG. 71is abottom perspective view of an embodiment of an
upper nozzle plate 104, according to the present invention. As
is evident when compared to lower nozzle plate 102 (FIGS. 5
and 6), an upper nozzle plate 104 has basically all of the same
corresponding features of the lower nozzle plate 102 except
for the fluid intake port 124. Specifically, an upper nozzle
plate 104 may include a bottom surface 166 having an upper
impingement surface 138, roof 168, bolt holes 114, and seal
seat 162 formed therein. Like its counterpart and opposed
lower impingement surface 132, the upper impingement sur-
face 134 includes a plurality of radial flutes 160 beginning at
point 170 on central axis 138 at roof 168 and extending
through a linear first region 140 to a nonlinear second region
142 and finally to upper orifice edge 172 forming half of
slotted orifice 136 (FIG. 4). Similarly, another portion of fluid
chamber 130 is bounded by upper sidewalls 155 which
descend vertically from generally flat roof 168 of upper
nozzle plate 104.

FIG. 8 is a magnified right-side perspective view of a
portion of a lower nozzle plate illustrating an embodiment of
an unchamfered lower orifice edge 150, according to the
present invention. The 3-dimensional sculpting of radial
flutes 160 is shown, as well as additional detail of seal seat
162. An auxiliary seal seat 174 is also shown around the outer






