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(57) ABSTRACT

Various embodiments of modular dual vector fluid spray
nozzles are disclosed. Embodiments of the nozzles are
characterized by specially shaped fluid channels, impinge-
ment surfaces and exit orifices used to generate atomized
mists of fluid under pressure. Embodiments of the nozzles
are generally characterized by composite fluid spray density
patterns having horizontal and vertical components, i.e.,
dual vector in nature. The nozzles disclosed are modular and
may be easily installed or removed from a given fluid spray
system, nozzle head, or fixture as dictated by any given
application.
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MODULAR DUAL VECTOR FLUID SPRAY
NOZZLES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This U.S. Divisional patent application claims pri-
ority to U.S. patent application Ser. No. 14/883,626, filed on
Oct. 15,2015, titled: “SINGLE AND MULTI-STEP SNOW-
MAKING GUNS”, pending, which claims priority to U.S.
Nonprovisional patent application Ser. No. 14/013,582,
filed, Aug. 29, 2013, titled: MODULAR DUAL VECTOR
FLUID NOZZLES, issued, Apr. 25, 2017 as U.S. Pat. No.
9,631,855, which in turn claims benefit of U.S. Provisional
Patent Application No. 61/694,262, filed, Aug. 29, 2012,
titled: MODULAR DUAL VECTOR FLUID SPRAY
NOZZLES, expired, Aug. 29, 2013 and U.S. Provisional
Patent Application No. 61/694,255, filed, Aug. 29, 2012,
titled: SIX-STEP SNOW-MAKING GUN, expired, Aug. 29,
2013 and U.S. Provisional Patent Application No. 61/694,
250, filed, Aug. 29, 2012, titled: FOUR-STEP SNOW-
MAKING GUN, expired, Aug. 29, 2013 and U.S. Provi-
sional Patent Application No. 61/694,256, filed, Aug. 29,
2012, titled: SINGLE-STEP SNOW-MAKING GUN,
expired, Aug. 29, 2013.

[0002] This U.S. Divisional patent application is further
related to U.S. Non-provisional patent application Ser. No.
14/011,544, filed on Aug. 27, 2013, titled: “FLAT JET
FLUID NOZZLES WITH FLUTED IMPINGEMENT
SURFACES”, issued on Jul. 21, 2015 as U.S. Pat. No.
9,085,003, which is a Continuation of U.S. patent applica-
tion Ser. No. 12/998,141, filed on Mar. 22, 2011, titled:
FLAT JET FLUID NOZZLES WITH ADJUSTABLE
DROPLET SIZE INCLUDING FIXED OR VARIABLE
SPRAY ANGLE, issued on Sep. 17, 2013 as U.S. Pat. No.
8,534,577, which is a National Stage of International Patent
Application No. PCT/US2009/005345 filed on Sep. 25,
2009, titled: FLAT JET FLUID NOZZLES WITH ADJUST-
ABLE DROPLET SIZE INCLUDING FIXED OR VARI-
ABLE SPRAY ANGLE, now expired, which in turn claims
benefit and priority to Australian Provisional Patent Appli-
cation No. 2008904999, filed on Sep. 25, 2008, titled:
“PLUMES?”, also expired. The contents of all of the afore-
mentioned patent applications are expressly incorporated by
reference, for all purposes, as if fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0003] The present invention relates generally to fluid
spray nozzles. More particularly, this invention relates to
modular dual vector fluid spray nozzles useful for any kind
of fluid spraying application, e.g., and not by way of
limitation, snowmaking, fire-suppression, fire-fighting, paint
and solvent spraying.

Description of Related Art

[0004] 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, irrigation, 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
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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 are commonly used for
garden hose nozzles. Nozzles that provide a flat jet (fan
shaped) have proved particularly useful with regard to
snowmaking, fire-fighting and irrigation. However, the den-
sity of spray achieved by flat jet nozzles is largely along a
plane formed by the orifice and direction of trajectory, thus
limiting the fluid density along directions away from this
plane of trajectory.

[0005] There is a need for improved fluid spray nozzles
having fluid trajectories in cross-planes. It would also be
useful to have such improved nozzles that are modular
without moving parts for ease of servicing and replacement
within a fluid spray system. Such improved nozzles may
provide 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

[0006] Various embodiments of dual vector fluid nozzles
are disclosed. A particular embodiment of a fluid nozzle may
include an integral cylindrical housing including a fluid
channel having a fluid channel axis disposed coaxially
through the cylindrical housing from a fluid intake port on
a proximate end to a slotted orifice at a distal end. The
embodiment of the fluid channel may further include a
plurality of cylindrical sub-channels, each of the plurality of
sub-channels having a sub-channel axis parallel to the fluid
channel axis beginning from the intake port and passing
through the slotted orifice. The embodiment of the fluid
channel may further include each of the cylindrical sub-
channels formed by a bore hole beginning from the proxi-
mate end of the cylindrical housing and ending in opposed
hemispherical impingement surfaces at the slotted orifice.
[0007] Another embodiment of a fluid nozzle is disclosed.
The fluid nozzle may include an integral cylindrical housing
including a fluid channel disposed therein having a fluid
channel axis disposed coaxially through the cylindrical
housing from a fluid intake port on a proximate end to a
cross-slotted orifice at a distal end. The embodiment of a
fluid channel may further include a plurality of cylindrical
sub-channels, each of the plurality of sub-channels having a
sub-channel axis parallel to the fluid channel axis beginning
from the intake port and passing through the cross-slotted
orifice. The embodiment of a fluid channel may further
include each of the cylindrical sub-channels formed by a
bore hole beginning from the proximate end of the cylin-
drical housing and ending in opposed semi-spherical
impingement surfaces at the cross-slotted orifice.

[0008] Still another embodiment of a fluid nozzle is dis-
closed. The fluid nozzle may include an integral cylindrical
housing including a fluid channel having a fluid channel axis
disposed coaxially through the cylindrical housing from a
fluid intake port on a proximate end to a main slotted orifice
at a distal end. The fluid channel may further include a
plurality of cylindrical sub-channels, each of the plurality of
sub-channels having a sub-channel axis parallel to the fluid
channel axis beginning from the intake port and passing
through the main slotted orifice or one of two secondary
slotted orifices, the two secondary slotted orifices formed in
the distal end of the housing and disposed parallel to, and on
opposite sides of, the main slotted orifice. The fluid channel
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may further include each of the cylindrical sub-channels
formed by boring a hole beginning from the proximate end
of the cylindrical housing and ending in opposed hemi-
spherical impingement surfaces at one of the main or
secondary slotted orifices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The following drawings illustrate exemplary
embodiments for practicing the invention. Like reference
numerals refer to like parts in different views or embodi-
ments of the present invention in the drawings.

[0010] FIG. 1 is a front view of dual sub-chambered
embodiment of a fluid nozzle, according to the present
invention.

[0011] FIG. 2 is a right-side view of the embodiment
shown in FIG. 1, according to the present invention.
[0012] FIG. 3 is a rear view of the embodiment shown in
FIGS. 1-2, according to the present invention.

[0013] FIG. 4 is vertical section view of the embodiment
shown in FIGS. 1-3 as indicated in FIG. 1, according to the
present invention.

[0014] FIG. 5 is horizontal section view of the embodi-
ment shown in FIGS. 1-4 as indicated in FIG. 2, according
to the present invention.

[0015] FIG. 6 is a front perspective view of the embodi-
ment shown in FIGS. 1-5, according to the present inven-
tion.

[0016] FIG. 7 is a rear perspective view of the embodi-
ment shown in FIGS. 1-6, according to the present inven-
tion.

[0017] FIGS. 8A-8E are rear perspective, front perspec-
tive, rear, side and front views, respectively, of an exemplary
peak spray density pattern achieved by the embodiment of a
fluid nozzle shown in FIGS. 1-7, according to the present
invention.

[0018] FIG. 9 is a front view of triple sub-chambered
embodiment of a fluid nozzle, according to the present
invention.

[0019] FIG. 10 is a right-side view of the embodiment
shown in FIG. 9, according to the present invention.
[0020] FIG. 11 is a rear view of the embodiment shown in
FIGS. 9-10, according to the present invention.

[0021] FIG. 12 is vertical section view of the embodiment
shown in FIGS. 9-11 as indicated in FIG. 9, according to the
present invention.

[0022] FIG. 13 is horizontal section view of the embodi-
ment shown in FIGS. 9-12 as indicated in FIG. 10, according
to the present invention.

[0023] FIG. 14 is a front perspective view of the embodi-
ment shown in FIGS. 9-13, according to the present inven-
tion.

[0024] FIG. 15 is a rear perspective view of the embodi-
ment shown in FIGS. 9-14, according to the present inven-
tion.

[0025] FIGS. 16A-16F are rotated front, top, front per-
spective, front, side and rear views, respectively, of an
exemplary peak spray density pattern achieved by the
embodiment of a fluid nozzle shown in FIGS. 9-15, accord-
ing to the present invention.

[0026] FIG. 17 is a front view of triple-chambered
embodiment of a fluid nozzle, according to the present
invention.

[0027] FIG. 18 is a right-side view of the embodiment
shown in FIG. 17, according to the present invention.
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[0028] FIG. 19 is a rear view of the embodiment shown in
FIGS. 17-18, according to the present invention.

[0029] FIG. 20 is vertical section view of the embodiment
shown in FIGS. 17-19 as indicated in FIG. 17, according to
the present invention.

[0030] FIG. 21 is horizontal section view of the embodi-
ment shown in FIGS. 17-20 as indicated in FIG. 18, accord-
ing to the present invention.

[0031] FIG. 22 is a front perspective view of the embodi-
ment shown in FIGS. 17-21, according to the present
invention.

[0032] FIG. 23 is a rear perspective view of the embodi-
ment shown in FIGS. 17-22, according to the present
invention.

[0033] FIGS. 24A-24E are front perspective, rear perspec-
tive, front, side and rear views, respectively, of an exemplary
peak spray density pattern achieved by the embodiment of a
fluid nozzle shown in FIGS. 17-23, according to the present
invention.

[0034] FIG. 25 is a front view of cross-slotted, quintuple
sub-chambered embodiment of a fluid nozzle, according to
the present invention.

[0035] FIG. 26 is a right-side view of the embodiment
shown in FIG. 25, according to the present invention.
[0036] FIG. 27 is a rear view of the embodiment shown in
FIGS. 25-26, according to the present invention.

[0037] FIG. 28 is vertical section view of the embodiment
shown in FIGS. 25-27 as indicated in FIG. 25, according to
the present invention.

[0038] FIG. 29 is horizontal section view of the embodi-
ment shown in FIGS. 25-28 as indicated in FIG. 26, accord-
ing to the present invention.

[0039] FIG. 30 is a front perspective view of the embodi-
ment shown in FIGS. 25-29, according to the present
invention.

[0040] FIG. 31 is a rear perspective view of the embodi-
ment shown in FIGS. 25-30, according to the present
invention.

[0041] FIGS. 32A-32F are front perspective, top, rear
perspective, front, side and rear views, respectively, of an
exemplary peak spray density pattern achieved by the
embodiment of a fluid nozzle shown in FIGS. 25-31, accord-
ing to the present invention.

[0042] FIG. 33 is a front view of triple-slotted, quintuple
sub-chambered embodiment of a fluid nozzle, according to
the present invention.

[0043] FIG. 34 is a right-side view of the embodiment
shown in FIG. 33, according to the present invention.
[0044] FIG. 35 is a rear view of the embodiment shown in
FIGS. 33-34, according to the present invention.

[0045] FIG. 36 is vertical section view of the embodiment
shown in FIGS. 33-35 as indicated in FIG. 33, according to
the present invention.

[0046] FIG. 37 is horizontal section view of the embodi-
ment shown in FIGS. 33-36 as indicated in FIG. 34, accord-
ing to the present invention.

[0047] FIG. 38 is a front perspective view of the embodi-
ment shown in FIGS. 33-37, according to the present
invention.

[0048] FIG. 39 is a rear perspective view of the embodi-
ment shown in FIGS. 33-38, according to the present
invention.

[0049] FIGS. 40A-40F are front perspective, top, rear
perspective, front, side and rear views, respectively, of an
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exemplary peak spray density pattern achieved by the
embodiment of a fluid nozzle shown in FIGS. 33-39, accord-
ing to the present invention.

[0050] FIG. 41 is a front view of single-slotted, quintuple
sub-chambered, dual flat jet embodiment of a fluid nozzle,
according to the present invention.

[0051] FIG. 42 is a right-side view of the embodiment
shown in FIG. 41, according to the present invention.
[0052] FIG. 43 is a rear view of the embodiment shown in
FIGS. 41-42, according to the present invention.

[0053] FIG. 44 is vertical section view of the embodiment
shown in FIGS. 41-43 as indicated in FIG. 41, according to
the present invention.

[0054] FIG. 45 is horizontal section view of the embodi-
ment shown in FIGS. 41-44 as indicated in FIG. 42, accord-
ing to the present invention.

[0055] FIG. 46 is a front perspective view of the embodi-
ment shown in FIGS. 41-45; according to the present
invention.

[0056] FIG. 47 is a rear perspective view of the embodi-
ment shown in FIGS. 41-46, according to the present
invention.

[0057] FIGS. 48A-48F are front perspective, top, rear
perspective, front, side and rear views, respectively, of an
exemplary peak spray density pattern achieved by the
embodiment of a fluid nozzle shown in FIGS. 41-47, accord-
ing to the present invention.

[0058] FIG. 49 is a front view of single-slotted, quintuple
sub-chambered, dual flat jet embodiment of a fluid nozzle,
according to the present invention.

[0059] FIG. 50 is a right-side view of the embodiment
shown in FIG. 49, according to the present invention.
[0060] FIG. 51 is a rear view of the embodiment shown in
FIGS. 49-50, according to the present invention.

[0061] FIG. 52 is vertical section view of the embodiment
shown in FIGS. 49-51 as indicated in FIG. 49, according to
the present invention.

[0062] FIG. 53 is horizontal section view of the embodi-
ment shown in FIGS. 49-52 as indicated in FIG. 50, accord-
ing to the present invention.

[0063] FIG. 54 is a front perspective view of the embodi-
ment shown in FIGS. 49-53, according to the present
invention.

[0064] FIG. 55 is a rear perspective view of the embodi-
ment shown in FIGS. 49-54, according to the present
invention.

[0065] FIGS. 56A-56F are front perspective, top, rear
perspective, front, side and rear views, respectively, of an
exemplary peak spray density pattern achieved by the
embodiment of a fluid nozzle shown in FIGS. 49-55, accord-
ing to the present invention.

[0066] FIGS. 57A-57E are front, bottom, left, cross-sec-
tion and perspective views of a modular nozzle head,
according to the present invention.

DETAILED DESCRIPTION

[0067] Various embodiments of dual vector fluid spray
nozzles are disclosed herein. The novel nozzles are useful in
any application where the conversion of a bulk fluid is
desired to be atomized and sprayed. A non-exhaustive list of
such applications may include: (1) the conversion of bulk
water into fine atomized water particles for projection into a
cold atmosphere with or without nucleation particles for the
formation of artificial snow, (2) the conversion of bulk water
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into fine atomized water particles for projection onto burn-
ing objects for fire-fighting, fire control and fire suppression,
(3) the conversion of bulk water into fine atomized water
particles for projection into the atmosphere on restaurant
patios for evaporative cooling, (4) the conversion of bulk oil
into fine atomized oil mists for spraying onto mechanical
parts for lubrication and corrosion control, and (5) the
conversion of bulk solvent into fine atomized solvent par-
ticle spray mists for use in cleaning objects of any sort, (6)
the conversion of bulk paint into fine atomized paint sprays
for coating objects of any sort. One of ordinary skill in the
art and given this disclosure will readily comprehend the
vast number of possible applications for the nozzle technol-
ogy disclosed herein. The application of this nozzle tech-
nology to such other possible, but not expressly disclosed,
applications falls within the scope and spirit of this invention
and its claims.

[0068] The various embodiments of dual vector fluid spray
nozzles disclosed herein may be used with any suitable
nozzle head, fluid delivery apparatus or fixture. Importantly,
the technology disclosed herein is not limited to the type of
nozzle head, fluid delivery apparatus, fixture or even the
type of fluid used in the fluid spray nozzles. However,
generally speaking, fluids which have low viscosity and can
be readily formed into fine atomized particles are generally
preferred fluids for use with the novel dual vector fluid spray
nozzles disclosed herein.

[0069] The exemplary embodiments of dual vector fluid
spray nozzles disclosed herein may be formed of any
suitable material, e.g., and not by way of limitation, alumi-
num, stainless steel, titanium, brass or any other hard
material that can be shaped as disclosed herein and with-
stand high pressure fluids passing through their intake ports,
fluid chambers and exit orifices without, breaking, bending
or flexing. The exemplary embodiments of dual vector fluid
spray nozzles shown in the drawings will be described first,
followed by more general embodiments and variations
described subsequently.

[0070] Reference will now be made to FIGS. 1-7 of the
drawings, which illustrate various views of an embodiment
of a dual sub-chambered fluid nozzle 100. From FIGS. 1-7,
it can be seen that nozzle 100 is generally cylindrical in
nature. More particularly, FIG. 1 is a front view of an
embodiment of a dual sub-chambered fluid nozzle 100,
according to the present invention. The cross-section of face
102 of nozzle 100 may be generally circular as shown in
FIG. 1. However, other cross-sectional variations of face
102 are contemplated, e.g., and not by way of limitation,
square, pentagonal, hexagonal, octagonal, etc. Such other
cross-sections may be particularly useful during installation
and removal of the nozzle 100 from its fixture or nozzle head
(see, e.g., 800, FIGS. 57A-57E.) For example, and not by
way of limitation, square, hexagonal and octagonal shaped
cross-sections may readily mate with wrenches or other
tools used to install and remove the nozzles 100 from a
fixture (not shown). FIG. 1 further illustrates a slotted orifice
104 in the face 102 of nozzle 100.

[0071] FIG. 2 is a right-side view of the embodiment of
nozzle 100 shown in FIG. 1, according to the present
invention. FIG. 2 shows threading 106 located along the
intake port end 110 of nozzle 100 that is configured to mate
with an opening or socket (not shown) in a suitable fixture,
e.g., a water nozzle head (also not shown). FIG. 2 also
illustrates a circular sealing groove 108 located circumfer-
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entially around nozzle 100 and located between the face 102
and intake port end 110. Circular sealing groove 108 is
configured to receive an O-ring (not shown) used to form a
water tight seal between the nozzle 100 and the fixture (not
shown) to which the nozzle 100 is mated. Threading 106 is
located between circular sealing groove 108 and intake port
end 110.

[0072] FIG. 3 is a rear view of the embodiment of nozzle
100 shown in FIGS. 1-2, according to the present invention.
From the rear view of nozzle 100, as shown in FIG. 3, the
outline of the intake port 112 shows both of the dual
sub-chambers 114A and 114B that are bored into the nozzle
100. The dual sub-chambers 114A and 114B may be formed
parallel to one another by boring into nozzle 100 from the
intake port end 110 in a direction parallel to the longitudinal
axis 116 shown in dashed line in FIG. 2 and ending before
reaching face 102 (FIGS. 1 and 2). Each of the dual
sub-chambers 114A and 114B may be formed using a
hemispherical boring tool that forms a hemispherical
impingement surface (best shown in FIG. 5 at reference 118
as discussed below) adjacent to the slotted orifice 104. The
intersection of the dual sub-chambers 114A and 114B are
opposing ridges 120 that are located between the dual
sub-chambers 114A and 114B.

[0073] FIG. 4is vertical cross-section view, as indicated in
FIG. 1, of the embodiment of nozzle 100 shown in FIGS.
1-3, according to the present invention. FIG. 4 illustrates the
threading 106 and circular sealing groove 108 shown in FIG.
2. FIG. 4 further illustrates a gap 122 between the opposing
ridges 120 shown in FIG. 3 formed, e.g., by removing or
boring along the longitudinal axis 116 with a smaller diam-
eter boring tool (drill bit) than use to form the dual sub-
chambers 114A and 114B. The gap 122 begins at the intake
port end 110 and ends at the slotted orifice 104 before
reaching the face 102. Fluid chamber 114 comprises the
combination of the dual sub-chambers 114A and 114B.
[0074] FIG. 5 is horizontal cross-section view as indicated
in FIG. 2 of the embodiment of a nozzle 100 shown in FIGS.
1-4, according to the present invention. FIG. 5 illustrates the
generally cylindrical shape of the dual sub-chambers 114A
and 114B and the hemispherical impingement surfaces 118
of the dual sub-chambers 114A and 114B adjacent to the
slotted orifice 104. FIG. 5 also illustrates the threading 106
and circular sealing groove 108 of nozzle 100.

[0075] FIG. 6 is a front perspective view of the embodi-
ment of a nozzle 100 shown in FIGS. 1-5, according to the
present invention. The face 102, slotted orifice 104, circular
sealing groove 108, threading 106 and intake port end 110
of nozzle 100 are shown in FIG. 6.

[0076] FIG. 7 is a rear perspective view of the embodi-
ment of a nozzle 100 shown in FIGS. 1-6, according to the
present invention. The intake port 112 formed in intake port
end 110, opposing ridges 120 between the dual sub-cham-
bers 114 A and 114B, threading 106, circular sealing groove
108 and face 102 of nozzle 100 are also shown in FIG. 7.
[0077] Operation and fluid flow of nozzle 100 is described
as follows: Pressurized fluid enters into the intake port 112
from a fixture or nozzle head (not shown) to which the
nozzle 100 has been mated via threading 106. The fluid
entering the intake port 112 then runs through the dual
sub-chambers 114A and 114B toward the hemispherical
impingement surfaces 118, where the laminar flow of the
fluid is forced to impinge from above and below the slotted
orifice 104 before exiting at high velocity as atomized fluid
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particles as a mist or cloud. Each of the dual sub-chambers
114A and 114B generates a flat jet spray pattern indepen-
dently and along the plane of the slotted orifice 104. How-
ever, a particularly novel and unique feature of this dual
sub-chambered nozzle 100 configuration is the interaction of
the two independent flat jet fluid sprays which impinge
against each other outside of the slotted orifice 104 and
generate a vertical component to the spray pattern in addi-
tion to the horizontal component, the combination of which
is referred to herein as a “dual vector” spray pattern.

[0078] This dual vector spray pattern is illustrated in
FIGS. 8A-8E. More particularly, FIGS. 8A-8E are rear
perspective, front perspective, rear, side and front views,
respectively, of an exemplary composite peak spray density
pattern 150 achieved by the embodiment of a dual sub-
chambered fluid nozzle 100 shown in FIGS. 1-7, according
to the present invention. As noted above, the dual sub-
chambers 114A and 114B each generate a horizontal fluid
spray pattern 152 in a plane containing the slotted orifice
104. Whereas, the interaction of the two independent flat jet
fluid sprays adjacent to each other, which impinge against
each other outside of the slotted orifice 104, generate a
vertical component or vertical fluid spray pattern 204. The
combination of the horizontal 152 and vertical 154 spray
patterns is referred to herein as a “dual vector” spray pattern,
which is believed to be unique and nonobvious in the art.
Generally speaking, the dual vectored fluid nozzles dis-
closed herein, e.g., nozzle 100, have an exemplary compos-
ite peak spray density pattern 150 that is comprised of
horizontal 152 and vertical 154 spray patterns that diverge
radially in a direction away from the exit orifice.

[0079] The peak spray density patterns herein are all
shown truncated after leaving the slotted orifice in order to
illustrate horizontal and vertical (perpendicular) dual vector
peak density spray patterns. It will be understood that the
spray patterns will eventually disperse in atmosphere and
form more random cloud or mist patterns the further away
from the exit orifice. This is because the dual vector peak
density spray patterns will eventually be acted upon by
ambient air turbulence, friction against ambient air mol-
ecules or other objects, or disturbed by other forces that may
act upon the fluid jets after exiting the nozzle.

[0080] Though the terms horizontal and vertical are used
herein, it will be readily apparent to one of ordinary skill in
the art that a horizontal spray pattern 152 may not neces-
sarily coincide with gravitational horizontal. The same can
be said for the vertical spray pattern 154 not necessarily
coinciding with gravitational vertical. The key relationship
between the horizontal 152 and vertical 154 spray patterns
is that their peak spray densities are oriented perpendicular
to one another as illustrated in FIGS. 8A-8E.

[0081] Referring now to FIGS. 9-15, an embodiment of a
triple sub-chambered fluid nozzle 200 will be described.
From FIGS. 9-15, it can be seen that nozzle 200 is generally
cylindrical in nature. More particularly, FIG. 9 is a front
view of triple sub-chambered embodiment of a fluid nozzle
300, according to the present invention. The cross-section of
face 202 of nozzle 200 may be generally circular as shown
in FIG. 9. However, other cross-sectional variations of face
202 (like face 102 discussed above) are contemplated, e.g.,
and not by way of limitation, square, pentagonal, hexagonal,
octagonal, etc. and considered to be within the scope of the
present invention.
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[0082] Such other cross-sections may be particularly use-
ful during installation and removal of the nozzle 100 from its
fixture. For example square, hexagonal and octagonal
shaped cross-sections at face 202 or located circumferen-
tially anywhere between the face 202 and circular sealing
groove 208, may readily mate with wrenches or other tools
used to install and remove the nozzles 100 from a fixture
(not shown). Such other cross-sections are intentionally not
illustrated herein to simplify the numerous drawings. FIG. 9
further illustrates a slotted orifice 204 and pin spanner holes
224 in the face 202 of nozzle 200. The pin spanner holes 224
shown in FIGS. 9, 12 and 14 may be used with a pin spanner
wrench or other similar tool to install or remove nozzle 200
from a nozzle head or other fixture to which is it mated using
threads 206, according to one embodiment.

[0083] FIG. 10 is a right-side view of the embodiment of
fluid nozzle 200 shown in FIG. 9, according to the present
invention. FIG. 10 shows threading 206 located along the
intake port end 210 of nozzle 200 that is configured to mate
with an opening or socket (not shown) in a suitable fixture,
e.g., a water nozzle head (also not shown). FIG. 10 also
illustrates a circular sealing groove 208 located circumfer-
entially around nozzle 200 and located between the face 202
and intake port end 210. Circular sealing groove 208 is
configured to receive an O-ring (not shown) used to form a
water tight seal between the nozzle 200 and the fixture (not
shown) to which the nozzle 200 is mated using threading
206. Threading 206 may be located between circular sealing
groove 108 and intake port end 110, according to the
illustrated embodiment.

[0084] FIG. 11 is a rear view of the embodiment of nozzle
200 shown in FIGS. 9-10, according to the present inven-
tion. From the rear view of nozzle 200, as shown in FIG. 11,
the outline of the intake port 212 shows three sub-chambers
214A-C that may be bored into the nozzle 200 from the
intake port end 210. The triple sub-chambers 214A-C may
be formed parallel to one another by boring into nozzle 200
from the intake port end 210 in a direction parallel to the
longitudinal axis 216 shown in dashed line in FIG. 10 and
ending before reaching face 202 (see, e.g., FIGS. 9-10 and
12-13). Each of the triple sub-chambers 214A-C may be
formed using a hemispherical boring tool (drill bit) that
forms a hemispherical impingement surface (best shown in
FIGS. 12-13 at reference 218 as discussed below) adjacent
to the slotted orifice 204. The adjacent intersections of the
triple sub-chambers 214A-C are opposing ridges 220 (two
pairs) that are located between adjacent the triple sub-
chambers 214A-C.

[0085] FIG. 12 is vertical section view as indicated in FIG.
9 of the embodiment of nozzle 200 shown in FIGS. 9-11,
according to the present invention. FIG. 12 illustrates the
threading 206 and circular sealing groove 208 also shown in
FIGS. 10 and 13-15. FIG. 12 further illustrates a gap 222
between the opposing ridges 220 shown in FIGS. 11 and 15.
The gap 222 begins at the intake port end 210 and ends at
the slotted orifice 204 before reaching the face 202. The fluid
chamber, shown generally at arrow 214, comprises the
combination of all three of the triple sub-chambers 214A-C.
[0086] FIG. 13 is horizontal section view as indicated in
FIG. 10 of the embodiment of nozzle 200 shown in FIGS.
9-12, according to the present invention. FIG. 13 illustrates
the generally elongated cylindrical shape of the triple sub-
chambers 214A-C and the hemispherical impingement sur-
faces 218 of the triple sub-chambers 214A-C adjacent to
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slotted orifice 204. Opposing ridges 220 appear as lines
running longitudinally in FIG. 13. FIG. 13 also illustrates the
threading 206 and circular sealing groove 208 of nozzle 200.
[0087] FIG. 14 is a front perspective view of the embodi-
ment of nozzle 200 shown in FIGS. 9-13, according to the
present invention. The face 202, slotted orifice 204, pin
spanner holes 224 (two shown), circular sealing groove 208,
threading 206 and intake port end 210 of nozzle 200 are
shown in FIG. 14.

[0088] FIG. 15 is a rear perspective view of the embodi-
ment of nozzle 200 shown in FIGS. 9-14, according to the
present invention. The intake port 212 formed in intake port
end 210, opposing ridges 220 between the triple sub-cham-
bers 214A-C, threading 206, circular sealing groove 208 and
face 202 of nozzle 200 are also shown in FIG. 15.

[0089] FIGS. 16A-16F are rotated front, top, front per-
spective, front, side and rear views, respectively, of an
exemplary composite peak spray density pattern 250
achieved by the embodiment of a fluid nozzle 200 shown in
FIGS. 9-15, according to the present invention. Each of the
triple sub-chambers 214A-C will generate an independent
flat jet spray pattern exiting from the slotted orifice 204 in a
horizontal spray pattern 252 largely in a plane that includes
the slotted orifice 204. Further and uniquely to the embodi-
ments of dual vectored nozzles disclosed herein, the inter-
ference caused by the intersection of those horizontally
oriented spray patterns 152 will generate vertically oriented
spray patterns 254. Again, the terms horizontal and vertical
are not necessarily referenced to gravitational horizontal and
vertical, but are simply perpendicular relative to one another.
The naming convention used herein is to associate the term
horizontal with a plane including the slotted orifice 204 and
vertical with spray densities that are generally perpendicular
to the plane including the slotted orifice 204. It will be
understood that the nozzles disclosed herein may be oriented
in any suitable direction for any suitable purpose.

[0090] Accordingly, FIGS. 16A-F illustrate an exemplary
composite dual vector spray pattern shown generally at
arrow 250 and generated by nozzle 200 that is comprised of
a horizontal spray pattern 252 and two vertical spray pat-
terns 254. Note that the vertical spray patterns 254 are
oriented generally perpendicular to the horizontal spray
pattern 252. The origination of each of the two vertical spray
patterns 254 corresponds to the intersections of flat jet spray
patterns from adjacent sub-chambers 214A-C. The two
vertical spray patterns 254 may also roughly correspond to
the two opposed pairs of ridges 220 formed within the fluid
chamber, shown generally at arrow 214 in FIGS. 12 and 16F,
comprising all three sub-chambers 214A-C.

[0091] Referring now to FIGS. 17-23, an embodiment of
a triple-chambered fluid nozzle 300 is shown in various
views. Nozzle 300 shares the triple sub-chambered fluid
chamber 214 structure illustrated and described with refer-
ence to nozzle 200 above. However, nozzle 300 further
includes two additional triple sub-chambered fluid chambers
314, one displaced vertically above and one displaced ver-
tically below fluid chamber 214, and each fluid chamber 314
having smaller dimensions than fluid chamber 214. Since
the fluid chambers 214 and 314 have generally the same
structure and operation as fluid chamber 214 of nozzle 200,
the focus of the discussion below with respect to nozzle 300
will be on the distinctive new features, or differences, of the
structure and resulting fluid spray patterns relative to nozzles
100 and 200 disclosed above.






