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(57) Abstract: One variation of a showerhead includes: a
body defining a fluid circuit, a first region on a ventral
side of the body, and a second region adjacent the first re-
gion on the ventral side of the body; a set of hollow cone
nozzles distributed within the first region, fluidly coupled
to the fluid circuit, and discharging sprays of fluid
droplets within a first size range; a set of flat fan nozzles
arranged within the second region, fluidly coupled to the
fluid circuit, and discharging sprays of fluid droplets with-
in a second size range; and a set of orifices fluidly coupled
to the fluid circuit and discharging fluid drops between
sprays discharged from the set of hollow cone nozzles and
sprays discharged from the flat fan nozzles, fluid drops
discharged from the set of orifices within a third size
range exceeding the first size range and the second size
range.
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IMMERSIVE SHOWERHEAD

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This Application claims the benefit of U.S. Provisional Application No.
62/043,095, filed on 28-AUG-2014, which is incorporated in its entirety by this
reference.
TECHNICAL FIELD

[0002] This invention relates generally to the field of bathing systems and
more specifically to a new and useful immersive showerhead in the field of bathing
systems.

BRIEF DESCRIPTION OF THE FIGURES
[0003] FIGURE 1 is a schematic representation of a showerhead;
[0004] FIGURE 2 is a schematic representation of one variation of the
showerhead;
[0005] FIGURE 3 is a schematic representation of one variation of the
showerhead; FIGURE 4 is a schematic representation of one variation of the
showerhead;
[0006] FIGURE 5 is a schematic representation of one variation of the
showerhead;
[0007] FIGURE 6 is a schematic representation of one variation of the
showerhead;
[0008] FIGURES 7A, 7B, and 7C are schematic representations of one

variation of the showerhead;
[0009] FIGURES 8A, 8B, and 8C are schematic representations of one

variation of the showerhead;

[0010] FIGURE 9 is a schematic representation of one variation of the
showerhead;
[0011] FIGURE 10 is a schematic representation of one variation of the

showerhead;
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[0012] FIGURES 11A and 11B are schematic representations of one variation of
the showerhead; and

[0013] FIGURES 12A and 12B are graphical representations of variations of
the showerhead.

DESCRIPTION OF THE EMBODIMENTS

[0014] The following description of the embodiments of the invention is not
intended to limit the invention to these embodiments but rather to enable a person
skilled in the art to make and use this invention. Variations, configurations,
implementations, example implementations, and examples described herein are
optional and are not exclusive to the variations, configurations, implementations,
example implementations, and examples they describe. The invention described
herein can include any and all permutations of these variations, configurations,

implementations, example implementations, and examples.

1. Showerhead

[0015] As shown in FIGURE 1, a showerhead 100 includes: a body 110 defining

a fluid circuit 120, a first region 111 on a ventral side of the body 110, and a second

region 112 adjacent the first region 111 on the ventral side of the body 110; a set of
hollow cone nozzles 130 distributed within the first region 111, fluidly coupled to the
fluid circuit 120, and discharging sprays of fluid droplets within a first size range; a
set of flat fan nozzles 140 arranged within the second region 112, fluidly coupled to
the fluid circuit 120, and discharging sprays of fluid droplets within a second size
range; and a set of orifices fluidly coupled to the fluid circuit 120 and discharging
fluid drops between sprays discharged from the set of hollow cone nozzles 130 and
sprays discharged from the flat fan nozzles 150, fluid drops discharged from the set
of orifices within a third size range exceeding the first size range and the second size
range.

[0016] One variation of the showerhead 100 includes: a first member 113
defining a first channel 124 and an inlet communicating fluid to the first channel 124;
a second member 114 extending from the first member 113 and defining a second
channel 125 fluidly coupled to the first channel 124; a first set of nozzles fluidly

coupled to the first channel 124, discharging fluid droplets in discrete fine mist
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sprays, and including a first nozzle, a second nozzle, and a third nozzle distributed
across the first member 113, the second nozzle offset laterally from the first nozzle,
the third nozzle centered laterally between and longitudinally offset from the first
nozzle and the second nozzle toward an anterior end of the first member 113; and a
second set of nozzles fluidly coupled to the second channel 125, discharging fluid

droplets in discrete heavy mist sprays, and distributed across the second member

114.
2. Applications
[0017] Generally, the showerhead 100 functions to discharge water droplets

within a bathing environment. In particular, the showerhead 100 includes a
combination of hollow cone nozzles, full cone nozzles, and/or flat fan nozzles that —
compared to a classical showerhead that discharges water drops typically greater
than 1000 micrometers in width — discharge a range of relatively small droplets of
water that remain suspended in air within the bathing environment for relatively
longer durations of time — due to their relatively higher drag coefficients — to form a
cloud of heated moisture that engulfs a bather (or a “user”). The showerhead 100 can
discharge fine mist sprays of water from one or more hollow cone nozzles to create a
cloud of fine droplets that that conduct and radiate heat into the bather, ambient air,
and adjacent surfaces due to their relatively small size and relatively high surface-
area-to-volume ratios compared to drops discharged from classical showerheads.
Thus, by discharging fluid droplets of a relatively small size into the bathing
environment, the showerhead 100 can achieve relatively greater heat extraction from
water discharged from these nozzles by the time these droplets coalesce at the floor
of a shower and run down a drain.

[0018] The showerhead 100 can also discharge a range of fluid droplet sizes in
select spray geometries and positions to improve heat retention within a bathing
environment. In particular, the showerhead 100 can include flat fan nozzles that
discharge flat fan sprays of water droplets — of average size larger than those
discharged from the hollow cone nozzles — that intersect below the showerhead 100
to form a continuous curtain of larger fluid droplets around the cloud of fine(r) fluid
droplets. This larger droplets discharged from the full cone nozzles can retain more
heat over longer time durations and/or over greater distances from the showerhead

100 than the smaller droplets discharged from the hollow cone nozzles, thereby
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thermally shielding the interior cloud of finer droplets from ambient air and adjacent
surfaces. In particular, the flat fan nozzles discharge larger droplets that cooperate to
form an adiabatic boundary layer that shields smaller droplets within the bathing
environment from nearby cooler surfaces and ambient air, which may otherwise
absorb heat from these smaller droplets and cool the bathing environment relatively
rapidly. The showerhead 100 can therefore discharge a combination of relatively fine
droplets and larger droplets in a particular pattern to create and maintain a bathing
environment exhibiting a higher average temperature and a higher average humidity
than ambient air around the bathing environment.

[0019] The showerhead 100 can include one or more hollow cone nozzles, full
cone nozzles, and/or flat fan nozzles that discharge relatively small fluid droplets
(e.g., between 150 micrometers and 300 micrometers in width (e.g., a “fine” mist
spray), between 350 micrometers and 500 micrometers in width, and between 350
micrometers and 800 micrometers in width (e.g., a “heavy” mist spray), respectively.
These nozzles can define relatively small orifices that together yield a lower total
volume flow rate through the showerhead 100 than classical showerheads that
discharge relatively large water droplets (e.g., greater than 1000 micrometers in
width). Therefore, for a cloud of water droplets discharged from the showerhead 100,
volumetric fluid flux through a plane offset below the showerhead 100 may be less
than volumetric fluid flux through a plane similarly offset below a classical
showerhead under similar water supply conditions (e.g., similar water pressure,
similar water temperature); however, total fluid mass in a volume offset below the
showerhead 100 (e.g., within the bathing environment) may be substantially similar
to a total fluid mass in a similar volume offset below the classical showerhead under
such similar water supply conditions due to longer flight times of relatively smaller
fluid droplets discharged from the showerhead 100. The showerhead 100 can
therefore exhaust less water per unit time in operation than a classical showerhead
under similar water supply conditions but still wet the bather with similar volumes of
water as similar temperatures. Furthermore, the showerhead 100 includes a
combination of hollow cone nozzles (and/or full cone nozzles) and flat fan nozzles
that cooperate to form a shielded bathing environment such that the showerhead 100
yields similar heat flux into the bather per unit time in operation compared to a
classical showerhead despite the reduced water consumption of the showerhead 100.

For example, the showerhead 100 can discharge fluid droplets at a total flow rate of
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0.8 gallons per minute (or “gpm”) through a combination of hollow cone, full cone,
and/or flat fan nozzle. These fluid droplets can form a droplet cloud exhibiting
average temperatures within thin cross-sectional volumes at various distances from
the body that approximate average temperatures exhibited by streams of water
discharged from a classical shower head at a significantly greater flow rate, as shown
in FIGURES 12A and 12B.

[0020] The showerhead 100 can also include one or more jet orifices 160 that
inject even larger fluid drops, such as between 800 micrometers and 3000
micrometers in width, into sprays discharged from an hollow cone nozzle, a full cone
nozzle, or a flat fan nozzle. In particular, the showerhead 100 can include a set of jet
orifices 160 that discharge larger fluid drops toward sprays of smaller droplets
discharged from other nozzles. Due to their larger size and lower surface-area-to-
volume ratios, these larger drops can retain heat over longer distances from the
showerhead 100 and can communicate heat into local, smaller droplets, thereby
maintaining higher average temperatures across slices or volumes of the bathing
environment (i.e., within the curtain of fluid droplets) at greater distances from the
showerhead 100. The jet orifices 160 can discharge these larger drops at discharge
velocities less than those of the hollow cone, full cone, and/or flat fan sprays. These
larger drops remain airborne over durations of time nearing airborne durations of
the smaller droplets and carry momentum approximating the average momentum of
adjacent volumes of smaller droplets, thereby yielding greater heat extraction from
the larger drops between the body and the floor of a shower. These larger droplets
also heat adjacent volumes of smaller drops to maintain more uniform and higher
average temperatures within the bathing environment and preserve a soft, low-
impact cloud of fluid droplets within bathing environment due to their lower
discharge velocities.

[0021] The showerhead 100 can be installed on a fluid supply neck extending
from a wall or a ceiling within a shower, such as within a bathroom. The showerhead
100 is described herein as defining an anterior (i.e., front) end that faces a control
wall or “front” of the shower when installed, and the showerhead 100 is described
herein as discharging fluid droplets downward onto a user standing below the
showerhead 100 and facing the front of the shower — that is, standing below a ventral
side of the showerhead 100 and facing the anterior end of the showerhead 100.

However, the showerhead 100 can be installed in any other environment and in any
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other way, and the showerhead 100 can include an arrangement of nozzles that
discharge fluid droplets toward a user positioned in any other way proximal the
showerhead 100, such as sitting or standing above, below, or to the side of the
showerhead 100 and in any angular position (i.e., yaw angle) relative to the
showerhead 100.

[0022] Furthermore, the showerhead 100 is described herein as a unit that is
installed in a bathing environment. However, the showerhead 100 can additionally
or alternatively include handheld unit, such as a shower wand, that similarly includes
one or more hollow cone nozzles, full cone nozzles, flat fan nozzles, and/or jet

orifices 160, as described below.

3. Body

[0023] The showerhead 100 includes a body 110 defining a fluid circuit 120, a
first region 111 on a ventral side of the body 110, and a second region 112 adjacent the
first region 111 on the ventral side of the body 110. Generally, the body 110 defines a
housing that supports discrete and/or integrated nozzles and defines an internal
fluid circuit 120 that distributes fluid (e.g., water) from one or more inlets to
corresponding nozzles during operation.

[0024] In one implementation, the body 110 includes: a first member 113 that
defines the first region 111, a first channel 124, and an inlet that communicates fluid
to the first channel 124; and a second member 114 extending from the first member
113 that defines the second region and a second channel 125 fluidly coupled to the
first channel 124. For example, the first member 113 can define a linear member, and
the second member 114 can define an annular member, wherein the linear member
extends from a first lateral side of the annular member, across a radial center of the
annular member, to a second lateral side of the annular member opposite the first
lateral side, as shown in FIGURES 3, 5, and 6. Alternatively, the body 110 can define
a toroidal member within a central opening or a disc-shaped member that is solid
across its center, as shown in FIGURES 4, 9, and 10. Yet alternatively, the body 110
can alternatively define a square or rectilinear profile (e.g., as shown in FIGURE 9)
or any other suitable shape or geometry.

[0025] In one variation, the showerhead 100 includes a set of hollow cone
nozzles 130 and a set of full cone nozzles 140 that are independently operable and a

set of flat fan nozzles 150. In one implementation of this variation, the fluid circuit
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120, defined by the body 110, includes three distinct fluid sections. For example, the
dorsal side of the body 110 can define a first inlet 121, a second inlet 122, and a third
inlet 123. The fluid circuit 120 can include: a first channel 124 extending from the
first inlet 121 to the set of hollow cone nozzles 130; a second channel 125 extending
from the second inlet 122 to the set of full cone nozzles 140; and a third channel 126
extending from the third inlet 123 to the set of flat fan nozzles 150, as shown in
FIGURE 5. In this example, a valve in an adjacent showerhead mount or wall-
mounted control system selectively communicates fluid into the first inlet 121 and
into the second inlet 122 while fluid flow to the third inlet 123 persists during
operation. Alternatively, the showerhead 100 can include a valve coupled to or
arranged within the body 110 above the first and second inlets, and the user can
manipulate the valve manually to select between the first and second channels and
thereby between the set of hollow cone nozzles 130 and the set of full cone nozzles
140. Thus, the third channel 126 can remain open independently of the first and
second channels during operation, and fluid can be selectively distributed to the first
and second channels to selectively discharge hollow conical sprays and full conical
sprays, respectively, from the showerhead 100.

[0026] In another implementation of the foregoing variation, the dorsal side of
the body 110 includes a first inlet 121 and a second inlet 122; and the fluid circuit 120
includes: a first channel 124 extending from the first inlet 121 to the set of hollow
cone nozzles 130; a second channel 125 extending from the second inlet 122 to the set
of full cone nozzles 140; and a third channel 126 fluidly coupled to the set of flat fan
nozzles 150, fluidly coupled to the first channel 124, and fluidly coupled to the second
channel 125, as shown in FIGURE 6. In this implementation, the fluid circuit 120 can
also include: a first check valve 127 interposed between the first channel 124 and the
third channel 126; and a second check valve 128 interposed between the second
channel 125 and the third channel 126, as shown in FIGURE 6. For example, in the
implementation described above in which the body 110 includes an annular member
and a linear member extending across the center of the annular member and
supporting the (right and left) sides of the annular member, the first channel 124 can
include: a first conduit extending from the first inlet 121 through the right side of the
elongated member, past one or more hollow cone nozzles, and toward the right side
of the annular member; and a second conduit extending from the first inlet 121

through the left side of the elongated member, past one or more hollow cone nozzles,
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and toward the left side of the annular member. In this example, the third annular
member can define a toroidal conduit revolved fully around and bounded by the
annular member and fluidly coupled to the flat fan nozzles. The fluid circuit 120 can
include a first check valve 127 arranged between the first conduit and the right side of
the toroidal conduit and a second check valve 128 arranged between the second
conduit and the left side of the toroidal conduit, such that fluid entering the first inlet
121 flows through the first and second check valves, into the toroidal conduit, and
through the flat fan nozzles. Furthermore, in this example, the fluid circuit 120 can
similarly include a third check valve between the second channel 125 and the right
side of the third channel 126 and a fourth check valve between the second channel
125 and the left side of the third channel 126, such that fluid entering the second inlet
122 flows through the third and fourth check valves, into the toroidal conduit, and
through the flat fan nozzles, as shown in FIGURE 6. However, the first and second
check valves can prevent fluid flowing from the second channel 125 into the third
channel 126 from flowing back into the first channel 124 and the third and fourth
check valves can prevent fluid flowing from the first channel 124 into the third
channel 126 from back-flowing into the second channel 125. Therefore, as in this
example, the fluid circuit 120 can selectively distribute fluid entering the first and
second inlets to either the set of hollow cone nozzles 130 and the flat fan nozzle or to
the full cone nozzles and the flat fan nozzles, respectively. In this implementation,
the body 110 can, thus, define two inlets and corresponding channels fluidly coupled
to select nozzles such that the showerhead 100 can discharge hollow conical sprays
(via the hollow cone nozzles and first channel 124) or a series of full conical sprays
(via the full cone nozzles and the second channel 125) while maintaining a peripheral
curtain of flat fan sprays (via the flat fan nozzles and the third channel 126) around
the conical sprays, as shown in FIGURE 2.

[0027] Alternatively, the body 110 can define a single inlet, and the fluid circuit
120 can include a manifold that distributes fluid from the inlet to each nozzle in the
showerhead 100, such as to hollow cone nozzles and to full cone nozzles
simultaneously. However, the body 110 can define any other number of inlets fluidly
coupled to one or more hollow cone nozzles, full cone nozzles, flat fan nozzles,
and/or jet orifices 160 in any other suitable way.

[0028] In the foregoing variation, the showerhead 100 can be fluidly coupled

to a fluid supply via a valve (e.g., arranged within an adjacent showerhead mount)
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that selectively opens the fluid supply to the first and second channels. The user can,
thus, manually operate the valve to selectively communicate fluid to the first channel
124 and to the second channel 125 to discharge a fine mist of fluid droplets during a
wash cycle and to discharge a heavier mist of fluid droplets during a rinse cycle,
respectively. Alternatively, the showerhead 100 can include an integrated valve, the
body 110 can define a single inlet that communicates fluid into the valve. The valve
can selectively distribute fluid to the first and second (and third) channels based on
its position.

[0029] In the foregoing variation, the body 110 can define a thin wall between
the first and second channels such that, when the first channel 124 is open (i.e., fluid
is flowing into the first inlet 121 and through the first channel 124) and the second
fluid conduit is closed (i.e., volume flux through the second inlet 122 is
approximately null), heated fluid flowing through the first channel 124 transfers heat
through the thin wall between the first and second channels, thereby heating fluid
remaining in the second channel 125. Thus, when the second channel 125 is opened,
such as during a rinse cycle near the end of a shower period, fluid initially discharged
from the second channel 125 via the full cone nozzles is at a temperature
substantially similar to that of fluid flowing through the first channel 124
immediately prior. Furthermore, the body 110 can include a thin-walled shell and/or
be of a material characterized by substantially minimal thermal mass or high thermal
conductivity such that, at the beginning of a shower period, the body 110 requires
less time to warm to the temperature of fluid flowing through the showerhead 100.
[0030] The showerhead 100 can further include a shell surrounding and offset
from (a portion of) the body 110. The shell can be of a material of relatively low
thermal conductivity and can, thus, define a thermal break around the body 110 to
limit heat transfer from the body 110 and to ambient via convection and/or radiation,
which may otherwise reduce the temperature of the heated fluid passing through the
body 110 during operation. For example, the shell can be offset from the body 110,
and the void between the shell and the body 110 can be held at vacuum or filled with
an insulator (e.g., a low-weight, expanding foam) to limit heat transfer from the body
110 into the shell.

[0031] The body 110 can be assembled from multiple discrete components that
are injection molded, cast, stamped, spun, machined, extruded, and/or formed in

any other way — such as in a polymer (e.g., nylon, polyoxymethylene), a metal (e.g.,
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stainless steel, aluminum), or any other suitable material — and then assembled. In
one implementation, the body 110 includes: a first section defining the ventral side of
the body 110; and a second section defining a dorsal side of the body 110, installed
over the first section, and cooperating with the first section to enclose the fluid
circuit 120. In one example, the first section includes a fiber-filled composite section
defining a set of outlet bores across its dorsal side and a series of open channels
opposite its dorsal side, wherein each open channel routes across a subset of the
outlet bores. In this example, the second section includes a cover plate defining a set
of inlet bores and is ultrasonically welded over the open channels in the first section,
thereby closing the open channels to form the fluid circuit 120. In this example, the
inlet bores in the second section can be aligned with select open channels in the first
section, such that fluid entering the inlet bores is distributed to appropriate outlet
bores by select channels in the fluid circuit 120. Nozzles of various types can then be
installed in select orientations in select outlet bores in the assembled body, such as
by pressing, threading, or fusing (e.g., chemically bonding, ultrasonically welding) a
nozzle into a corresponding outlet bore in the body 110. In this example, the first and
second sections of the body 110 can alternatively be laser welded, chemically bonded
(e.g., with a solvent cement), sealed and fastened (e.g., with a silicone sealant and a
set of threaded fasteners), or assembled in any other way. In a similar example, the
first section of the body 110 can define a set of outlet bores, as described above, and
the second section of the body 110 can define a set of inlet bores and open channels.
In this example, when the first section and the second section are assembled, the
interior surface of the first section can close the open channels in the second section
with the outlet bores terminating in corresponding open channels defined by the
second section.

[0032] In another implementation, the body 110 defines an open internal
volume, and the inlets and nozzles are fluidly coupled by sections of (rigid or flexible)
tubing and union tees. In one example, the body 110 includes: a shell defining a
dorsal side, a series of outlet bores across the dorsal side of the shell, and an internal
volume terminating in an access window opposite the dorsal side of the shell; and a
cover plate defines a set of inlet bores. In this example, discrete nozzles are installed
(e.g., threaded) into the outlet bores in the shell, pass-through adapters (i.e., inlets)
are installed in the inlet bores in the cover plate, and sections of tubing and union

tees are connected between the pass-through adapters and select nozzles to form the
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fluid circuit 120. The cover plate is then installed over the window in the shell to
close the fluid circuit 120 within the internal volume. In this example, the cover plate
can be welded to the shell, bonded (e.g., with an adhesive) to the shell, fastened to
the shell (e.g., with one or more threaded fasteners), or coupled to the shell in any
other suitable way. In this example, each nozzle and pass-through adapter can
include a nipple extending into the internal volume of the shell, and each set of
hollow cone nozzles 130, full cone nozzles, and flat fan nozzles can be connected in
series by sections of heat-resistant tubing and union tees. The showerhead 100 can
also include discrete in-line check valves terminating in a nipple on each end and
installed between select sections of tubing (e.g., between select tubing sections teed
from a hollow cone nozzle or from a full cone nozzle). Alternatively, the check valves
can be integrated into union tees. Yet alternatively, the body 110 can include a set of
discrete manifolds fluidly coupled to corresponding pass-through adapters or
integrated into the pass-through adapters; each manifold can include multiple
nipples, and tubing sections arranged between a manifold and a set of nozzles can
communicate fluid from the manifold to the nozzles in parallel.

[0033] In the foregoing implementations, the body 110 can also include one or
more features or elements in the fluid circuit 120 to regulate volume flow rate
through various nozzles in the showerhead 100. In particular, the droplet size,
discharge velocity, and spray angles of hollow conical, full conical, and flat fan sprays
discharged from hollow cone nozzles, full cone nozzles, and flat fan nozzles may be
affected by volume flow rate through the nozzles, which may be a function of fluid
pressure at the inlets of these nozzles. The body 110 can, therefore, include one or
more pressure regulators or restriction plates within the fluid circuit 120 to reduce
fluid pressures communicated from the inlets to and to reduce volume flow rate
through particular nozzles to achieve a target range of droplet sizes, discharge
velocities, and spray angles for sprays discharged from these nozzles. For example,
the body 110 can define one or more restriction plates (e.g., orifice plates, regions of
reduced cross-sectional area) along the fluid circuit 120, such as between the first
channel 124 and the third channel 126 or between the third inlet 123 and the third
channel 126 to reduce fluid pressure in the third channel 126, to reduce volume flow
rate through the set of flat fan nozzles 150, and thus to reduce droplet size and/or

discharge velocity from the flat fan nozzles.

11
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[0034] The first, second, and third channels in the fluid circuit 120 in the body
110 can also be of particular constant or varying cross-sections, lengths, and/or
surface finishes, etc. to achieve targeted head losses (i.e., total fluid pressures losses)
from a corresponding inlet to a corresponding nozzle to achieve target volume flow
rates through the nozzles, such as given an supplied fluid pressure within a common
water supply pressure range of 45 psi to 60 psi. For example, in the foregoing
implementation in which the inlets are connected to the nozzles by discrete tubing
sections, each tubing section can be cut or formed (e.g., injection-molded, extruded)
in a rigid material (e.g., nylon) or a flexible material (e.g., silicone) and can define a
constant or varying cross-section over a controlled length to achieve a target head
loss along its length for water in an operating temperature range of 100°F to 120°F
passing through the tubing section. In this example, the body 110 can include
shorter, wider tubing sections that connect the first inlet 121 to the first channel 124
to achieve a relatively small pressure drop from the inlets to the hollow cone nozzles,
thereby yielding relatively smaller droplets from the hollow cone nozzles, and the
body 110 can include longer, narrow tubing sections that connect the third inlet 123
to the third channel 126 to achieve a relatively greater pressure drop from the inlets
to the flat fan nozzles, thereby yielding relatively larger droplets from the flat fan
nozzles, as described below. Alternatively, as in the preceding implementation, the
body 110 can similarly define integrated channels of constant or varying cross-
sections and of specific lengths between corresponding nozzles and corresponding
nozzles to achieve such controlled head losses therebetween.

[0035] The showerhead 100 can also include a pressure regulator ahead of the
inlets and configured to regulate an unregulated inlet pressure to a target operating
pressure within the fluid circuit 120. For example, the showerhead 100 can include a
diaphragm-type pressure regulator arranged at one or more inlets and configured to
reduce residential or commercial water supplies ranging from 50 pounds per square
inch (or “psi”) to 100 psi down to a regulated 20 psi. In another example, the
showerhead 100 can include a restriction plate or similar orifice ahead of each inlet
(e.g., inlets 121, 122, and 133) that cooperate to restrict volume flow rate through the
body to a particular target range of nozzle exit pressures, such as between 20 psi and
40 psi, thereby yielding a net volume flow rate between 0.6 gpm and 0.9 gpm when
connected to a residential water line supplying water at a pressures between 35 psi

and 80 psi.
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[0036] Alternatively, fluid circuit 120 can define channels or channel sections
of substantially similar cross-sections, and each nozzle in the sets of hollow cone, full
cone, and/or flat fan nozzles can define a particular geometry (e.g., an effective
orifice area, a total length, inlet and outlet lengths and angles, etc.) to achieve an
outlet pressure within a target range given a fluid supply to the inlet(s) within a
particular range of fluid pressures. The sets of nozzles can cooperate to achieve a
target range of volume flow rates through the showerhead 100, such as a total
volume flow rate between 0.6 gpm and 0.9 gpm. For example, when the first fluid
inlet 121 and the third fluid inlet 123 are open and the second fluid inlet 122 is closed,
the set of hollow cone nozzles and flat fan nozzles can cooperate to discharge fluid
droplets at a total volume flow rate between 0.6 gpm and 0.75 gpm given a common
inlet pressure range. In this example, when the second fluid inlet 122 and the third
fluid inlet 123 are open and the first fluid inlet 121 is closed, the set of full cone
nozzles and flat fan nozzles can cooperate to discharge fluid droplets at a total
volume flow rate between 0.75 gpm and 0.9 gpm for the same range of inlet
pressures.

[0037] Yet alternatively, each inlet in the showerhead 100 can define a
particular effective orifice area through which fluid (e.g., water) can flow, wherein
the individual or combined effective orifice areas of the inlets 121, 122, and/or 123
restrict volume flow rate through the showerhead 100 to a target volume flow rate
between 0.6 gpm and 0.9 gpm when connected to a residential water line supplying
fluid at a pressure between 35 psi and 80 psi.

[0038] The fluid circuit 120 can thus define features and/or geometries that
achieve both a minimum target volume flow rate range through the nozzles and a
fluid droplet cloud exhibiting average cross-sectional temperatures at distances from
the body 110 approaching asymptotes of maximum average cross-sectional
temperature values at corresponding distances from a showerhead for a water supply
of a given temperature, such as shown in FIGURE 12A. In particular, the showerhead
100 can define various features and/or geometries within the fluid circuit 120 that
limit volume flow rate through the nozzles to a low, narrow volume flow rate range
while also discharging a cloud of fluid droplets of sufficient size, density, and velocity
to achieve temperatures at various distances from the body substantially similar to
(e.g., within 5% of) temperatures of streams or clouds discharged by a showerhead

operating at a substantially greater (e.g., 2x) volume flow rate. For example, the
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showerhead 100 can achieve water savings as high as 72% over classical showerheads
while still achieving average discharged cloud temperatures at various distances from
the showerhead 100 that approach average temperatures of streams discharged by
and at similar distances from such classical showerheads with water savings less than
72%, as shown in FIGURE 12B. However, the body 110 can define integrated or
discrete channels or any other geometry or material between the inlets and the
nozzles and can include any other feature or element to control volume flow rates
through and/or fluid pressures reaching the hollow cone, full cone, and/or flat fan
nozzles.

[0039] As described above, the nozzles can define discrete structures and can
be installed in the body 110. Alternatively, the nozzles can be integrated into the
shell, and the nozzles and (a section of) the body 110 can define a unitary (i.e.,
singular) structure. For example, the shells and nozzles can be injection-molded in-
unit in a single material. In another example, the shell and nozzles can be injection-
molded in-unit in a double-shot injection mold by first injecting a low-wear polymer
(e.g., polyphenylene sulfide) into the mold in multiple discrete locations to form the
nozzles and then injecting a color-stable polymer (e.g., fiber-filled nylon) into the
mold to form the shell. In yet another example, the shell can be stamped in stainless
steel, punched to define nozzle receptacles, finished (e.g., polished, brushed), and
inserted into an injection mold, and a polymer can be injected into the mold to mold
nozzles directly into each nozzle receptacle in the stainless steel shell. However, the

nozzles can be installed or integrated into the body 110 in any other suitable way.

4. Hollow Cone Nozzles

[0040] The showerhead 100 includes a set of hollow cone nozzles 130
distributed within the first region 111 of the body 110 and fluidly coupled to the fluid
circuit 120. Generally, each hollow cone nozzle in the set of hollow cone nozzles 130
discharges fluid droplets in spray patterns approximating hollow cones extending
outwardly from the first region 111 of the body 110. As described above, the set of full
cone nozzles 140 can discharge fluid droplets in discrete fine mist sprays, such as
fluid droplets between 150 micrometers and 350 micrometers in width. The
showerhead 100 can also include a set of full cone nozzles 140, flat fan nozzles,
and/or jet orifices 160 that discharge larger fluid droplets, such as between 350

micrometers and 500 micrometers in width, between 350 micrometers and 800
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micrometers in width, and between 600 micrometers and 3000 micrometers in
width, respectively.

[0041] In one implementation, each hollow cone nozzle includes an inlet, a
core or swirl plate, and an outlet orifice, wherein a continuous stream of fluid passes
into the inlet, through the swirl plate, and out of the outlet orifice as fluid droplets in
a hollow cone pattern. A hollow cone nozzle in the set of hollow cone nozzles 130 can
additionally or alternatively include a nebulizer fluidly coupled to an air inlet on the
body 110, such as an inlet passing from the dorsal side of the body 110 to the hollow
cone nozzle; in this implementation, fluid flowing through the hollow cone nozzle
draws air through the air inlet, mixes with this air within the hollow cone nozzle, and
exits the hollow cone nozzle as a mist of small fluid droplets. However, the hollow
cone nozzles can be of any other geometry and can be any other nozzle type.

[0042] As described above, the hollow cone nozzles can be molded, cast,
machined, printed, or otherwise formed in situ with the body 110 (e.g., with the first
section of the body 110). Alternatively, the hollow cone nozzles can define discrete
components installed into the body 110. For example, the body 110 can define a fiber-
filled composite shell with threaded outlet bores, and the set of hollow cone nozzles
130 can include machined, threaded bronze nozzles (shown in FIGURES 11A and
11B) that are threaded into the threaded outlet bores of the body 110. Alternatively,
the hollow cone nozzles can be cast, machined, injection molded, or formed in any
other material (e.g., polyphenylene sulfide, aluminosilicate) and can be press-fit,
bonded, or installed into the body 110 in any other way.

[0043] The hollow cone nozzles can be distributed across the first region 111 of
the body 110 to achieve a target spray profile at a target distance from the
showerhead 100. In one implementation, the first set of nozzles is distributed across
the first region 111 of the body 110 in a linear array. For example, the set of hollow
cone nozzles 130 can include: a first (right) hollow cone nozzle; a second (left) hollow
cone nozzle laterally offset from the first hollow cone nozzle by an offset distance;
and a third (center) hollow cone nozzle centered laterally between and longitudinally
offset from the first hollow cone nozzle and the second hollow cone nozzle to form a
triangular layout of hollow cone nozzles, as shown in FIGURE 7A, . In this example,
the center full cone nozzle 143 can be longitudinally offset from the first nozzle and
the second nozzle by less than half of the offset distance toward an anterior end of

the first member 113 such that the first, second, and third hollow cone nozzles form
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an isosceles-triangular layout. The first hollow cone nozzle can, thus, discharge a
hollow conical spray toward a position below the showerhead 100 likely to coincide
with the user’s right shoulder, the second hollow cone nozzle can discharge a hollow
conical spray toward a position below the showerhead 100 likely to coincide with the
user’s left shoulder, and the third hollow cone nozzle can discharge a hollow conical
spray toward a position below the showerhead 100 likely to coincide with the user’s
face when the user is standing under and facing the anterior end of the showerhead
100, as shown in FIGURES 7B, 7C, and 7D.

[0044] In the foregoing implementation, the first and second hollow cone
nozzles can be spaced laterally across the first region 111 and can each discharge a
hollow conical spray that achieves a target diameter at a target distance from the
body 110 given an operating range of fluid pressures within the fluid circuit 120, as
shown in FIGURES 7A, 7B, and 7C. For example, the right hollow cone nozzle 131
can be configured to discharge droplets in a pattern approximating a hollow cone
that reaches approximately ten inches in diameter at a distance of twenty inches
from the body 110, and the left hollow cone nozzle 132 can be similarly configured
such that, when the showerhead 100 is placed at an operating distance of
approximately eight inches above the user’s head, the full breadth of the user’s upper
back (which may be approximately nineteen inches wide) and the user’s shoulders
(the tops of which may be approximately twelve inches below the top of the user’s
head) are engulfed in hollow conical sprays from the first and second hollow cone
nozzles. In particular, in this example, the right hollow cone nozzle 131 can be
configured to discharge droplets in a pattern approximating a hollow cone
characterized by a spray angle between 27° and 31° for operating pressures between
40 psi and 45 psi in order to achieve a spray diameter of approximately ten inches at
a distance of twenty inches from body; the left hollow cone nozzle 132 can be
similarly configured. Furthermore, in this example, the right and left hollow cone
nozzles can be substantially normal to the first region 111 and can be offset on the
first region 111 by a lateral center-to-center distance of nine inches in order to
achieve a one-inch spray overlap at a distance of twenty inches from the body 110.
Alternatively, the first and second hollow cone nozzles can be offset on the first
region 111 of the body 110 by a shorter center-to-center distance (e.g., four inches)

and angled outwardly from the center of the body 110 (e.g., at an angle of 8°) to
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achieve a target overlap of approximately one inch at a distance of twenty inches
below the body 110.

[0045] Furthermore, in the foregoing implementation, the center hollow cone
nozzle 133 can be arranged ahead of the first and second hollow cone nozzles (i.e.,
toward the front or anterior end of the body 110) to discharge water droplets toward
the user’s head and chest. In one example, the left and right hollow cone nozzles
define a first nozzle outlet angle, and the center hollow cone nozzle 133 defines a
second nozzle outlet angle less than the first nozzle outlet angle to achieve hollow
conical spray exhibiting a tighter spray angle for a particular operating pressure, and
the center nozzle can, thus, focus a tighter hollow spray onto the top of the user’s
head, face, and chest not covered by sprays from the right and left hollow cone nozzle
132. Alternatively, the center hollow cone nozzle 133 can define a wider nozzle outlet
angle to achieve a hollow conical spray characterized by wider spray angle; the center
hollow cone nozzle 133 can thus discharge a hollow conical spray that reaches a
greater breadth in less distance from the body 110 in order to cover a greater breadth
of the user’s head, which may be closer to the showerhead 100 than the user’s
shoulders during operation. For example, the showerhead 100 can include no more
than three hollow cone nozzles (or no more than three full cone nozzles) to achieve a
cloud of fine fluid droplets that engulfs the user’s upper torso (e.g., from neck to
upper thigh).

[0046] However, the showerhead 100 can include any other number and
arrangement of hollow cone nozzles. For example, the hollow cone nozzles can be
arranged in a radial configuration of three or more hollow cone nozzles, such as
distributed across the first region 111 at a uniform radial distance from a center of the
body 110. In another example, the hollow cone nozzles can be arranged in a linear
configuration of two or more hollow cone nozzles distributed in a square or
rectilinear array across the first region 111 of the body 110.

[0047] In one implementation, the showerhead 100 includes multiple hollow
cone nozzles that cooperate to form a cloud of small droplets around the user. In
particular, the set of hollow cone nozzles 130 can cooperate to form a discontinuous
cloud of fluid droplets around the user’s head and to form a continuous cloud of fluid
droplets around the user’s body when the user stands under the showerhead 100,
such as with the showerhead 100 arranged above the user’s head by an offset

distance within a target offset range of six to ten inches. In this implementation, the
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set of hollow cone nozzles 130 can discretely discharge fluid droplet sprays that meet
and coalesce at a distance from the body 110 to form a continuous cloud of fluid
droplets. However, as the hollow conical sprays meet at a distance from the
showerhead 100, the cloud of fluid droplets can be discontinuous in a region below
the showerhead 100 up to the distance from the ventral side of the body 110, and
ambient air can thus mix more readily with fluid droplets in this region. While
standing under the showerhead 100, the user’s head may occupy this region and may
therefore be exposed to both fresh air and discrete sprays of heated fluid droplets
discharged from the hollow cone nozzles. Discontinuity of the cloud of fine fluid
droplets in this region may therefore provide the user with access to fresh air and
thus ameliorate the user’s sense of confined space in this region.

[0048] Alternatively, the set of hollow cone nozzles 130 can include a single
hollow cone nozzle that defines a particular orifice size and a particular nozzle outlet
angle to achieve target fluid droplet size, water droplet density, and conical spray size
at a particular distance from the body 110. However, the showerhead 100 can include
any other number of hollow cone nozzles of any other configuration and in any other
arrangement on the body 110.

[0049] In the implementation described above in which the set of hollow cone
nozzles 130 includes a right, a left, and a center hollow cone nozzle 133, the fluid
circuit 120 can include a first manifold and a first set of conduits of substantially
similar (or equal) lengths and cross-sections extending from the first inlet 121 to a
right, left, and center hollow cone nozzles. In particular, the fluid circuit 120 can
define a set of substantially similar fluid conduits that communicate fluid from the
first inlet 121 to the set of hollow cone nozzles 130 to achieve substantially similar
fluid pressure at the inlets of each hollow cone nozzle. Thus, though the hollow cone
nozzles are substantially similar, this configuration of conduits from the first inlet
121 to the set of hollow cone nozzles 130 can yield volume flow rates and spray
geometries that are substantially uniform across the hollow cone nozzles, which can
further yield substantially uniform wear and collection of calcium deposits across the
hollow cone nozzles over time.

[0050] Alternatively, in the foregoing implementation, the first inlet 121 can be
centered over the center hollow cone nozzle 133, and the right and left hollow cone
nozzles can be fluidly coupled to the inlet via a manifold or open cavity between the

first inlet 121 and the center hollow cone nozzle 133. The center hollow cone nozzle
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133 can thus be exposed to a maximum fluid pressure (e.g., due to minimum head
loss) and a maximum volume flow rate across the set of hollow cone nozzles 130 due
to the position of the center hollow cone nozzle 133 relative to the first inlet 121.
Therefore, for the right, left, and center hollow cone nozzles that are substantially
identical, the center hollow cone nozzle 133 can discharge a hollow conical spray
characterized by a wider spray angle, smaller droplet sizes, and greater discharge
velocity than hollow conical sprays discharged from the left and right hollow cone
nozzles. For the center hollow cone nozzle 133 configured to discharge a hollow
conical spray toward the user’s head, the smaller fluid droplets discharged from the
center hollow cone nozzle 133 can yield a higher rate of heat transfer and lower
impulse into user’s skin. In particular, because the user’s head may be relatively close
to the showerhead 100, such smaller fluid droplets discharged from center hollow
cone nozzle 133 may travel shorter distances to the user’s head and may therefore
still retain sufficient heat and momentum over this distance — despite their reduced
sizes and higher surface-area-to-volume ratios compared to droplets discharged from
the left and right hollow cone nozzles — to warm and rinse the user’s head.
Furthermore, in this configuration, as the center hollow cone nozzle 133 may
discharge these fluid droplets at a higher discharge velocity, these smaller droplets
may reach the user’s head more rapidly than drops discharged from the right and left
hollow cone nozzles, which may similarly aid heat retention between the showerhead
100 and the user’s head for these smaller fluid droplets. In this configuration, the
smaller fluid droplets thus discharged from the center hollow cone nozzle 133 may
also carry less momentum and may therefore be less perceptible on user’s skin,
particularly in areas of the human body that contain higher densities of
mechanoreceptors, such as the face. The center hollow cone nozzle 133 can thus
discharge a hollow conical spray of fluid droplets — smaller than those discharged
from the left and right hollow cone nozzles — to produce a soft, immersive experience
within the bathing environment and around the user’s face.

[0051] Furthermore, the fluid circuit 120 in the foregoing configuration can
yield a (slightly) reduced fluid pressure ahead of and (slightly) reduced volume flow
rate through the left and right hollow cone nozzles, such as due to head loss through
conduits between the first inlet 121 and the right and left hollow cone nozzles. The
right and left hollow cone nozzles can thus discharge hollow conical sprays

characterized by (relatively) shallower spray angles, larger droplets, and lower
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discharge velocities. The right and left hollow cone nozzles can therefore discharge
tighter hollow conical sprays (i.e., hollow conical sprays exhibiting narrower spray
angles) that spread less per unit distance from the body 110 for improved directional
control (e.g., toward the user’s shoulders) than the center hollow cone nozzle 133.
The larger droplets discharged from the right and left hollow cone nozzles can also
exhibit lower surface-area-to-volume ratios and can therefore retain more heat over

the relatively longer distance from the body 110 to the user’s shoulders.

[0052] Geometries of hollow cone nozzles in the set of hollow cone nozzles 130
can additionally or alternatively be controlled to realize, exacerbate, or reduce the
foregoing effects. In particular, the showerhead 100 can include nozzles of particular
geometries — such as particular orifice sizes and nozzle outlet angles — that mitigate
(i.e., compensate for) or intensify (i.e., exacerbate) flow rate, fluid pressure, droplet
size, and/or other flow and spray characteristics described in the foregoing
paragraphs to achieve particular flow and spray criteria during operation of the
showerhead 100. For example, in the implementation in which the first inlet 121 is
centered over the center hollow cone nozzle 133, the center hollow cone nozzle 133
can include an orifice defining a first cross-sectional area and a first nozzle outlet
angle, and the left and right hollow cone nozzles can include orifices defining a
second cross-sectional area less than the first cross-sectional area and defining a
second outlet angle wider than the first outlet angle. In this example, the reduced
cross-sectional areas of the left and right hollow cone nozzles can yield droplet sizes
that approximate sizes of fluid droplets discharged from the center hollow cone
nozzle 133, and the wider nozzle outlet angles of the left and right hollow cone
nozzles can yield conical sprays defining spray angles approximating the spray angle
of a conical spray discharged from the center hollow cone nozzle 133 despite
differences in fluid pressures ahead of the center, right, and left hollow cone nozzles
due to their positions relative to the first inlet 121. In this example, the body 110 can
additionally or alternatively define a fluid circuit 120 including channels, conduits,
and/or restriction plates, etc. to compensate for the position of the first inlet 121
relative to the set of hollow cone nozzles 130, such as to balance volume flow rate,
fluid droplet size, and conical spray geometry across the set of hollow cone nozzles
130 or to yield droplet sizes and conical spray geometries that vary across the set of

hollow cone nozzles 130.
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[0053] In another example, the center hollow cone nozzle 133 can include an
orifice defining a first cross-sectional area and a first outlet angle, and the left and
right hollow cone nozzles can include orifices defining a second cross-sectional area
greater than the first cross-sectional area and defining a second outlet angle less than
the first outlet angle. In this example, due to the increased cross-sectional areas of
the left and right hollow cone nozzles, the left and right hollow cone nozzles can
discharge fluid droplets of average size exceeding the average size of fluid droplets
discharged from the center hollow cone nozzle 133 for a given fluid pressure at the
inlet. Furthermore, due to the narrow outlet angle of the left and right hollow cone
nozzles, the left and right hollow cone nozzles can discharge tighter conical sprays
compared to a conical spray discharged from the center hollow cone nozzle 133 for
the given fluid pressure at the inlet. Therefore, in this example, fluid droplets
discharged from the left and right hollow cone nozzles can be larger and can form
tighter conical sprays — relative to fluid droplets discharged from the center hollow
cone nozzle 133 at the given inlet pressure — to yield greater heat retention and spray
direction control over a distance from the showerhead 100 to the user’s shoulders,
which may be greater than a distance from the showerhead 100 to the user’s head.
Similarly, in this example, the geometry of the center hollow cone nozzle 133 can
yield a hollow conical spray that is broader, carries less momentum, and is more
immersive when it reaches the user’s face compared to the hollow conical sprays
discharged from the right and left hollow cone nozzles toward the user’s shoulders.

[0054] However, the set of hollow cone nozzles 130 can include any other
number, geometry, and arrangement of hollow cone nozzles, and the hollow cone

nozzles can discharge fluid droplets of any other size and in a hollow conical spray of

any other geometry.
5. Full Cone Nozzles
[0055] One variation of the showerhead 100 includes a set of full cone nozzles

140 distributed within the first region 111 of the body 110 proximal the set of hollow
cone nozzles 130 and fluidly coupled to the fluid circuit 120. Generally, each full cone
nozzle in the set of full cone nozzles 140 discharges fluid droplets in spray patterns
approximating full cones extending outwardly from the first region 111 of the body

110. As described above, the set of full cone nozzles 140 can discharge fluid droplets
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in discrete mist sprays, such as mist sprays including fluid droplets of average size
greater than the average size fluid droplets discharged from the hollow cone nozzles.
[0056] In the implementation described above in which the fluid circuit 120
includes a first inlet 121 and a second inlet 122, the set of full cone nozzles 140 can be
fluidly coupled to the second inlet 122 by the second channel 125. To complete a final
rinse cycle at the end of a shower period, the second channel 125 can be opened to
communicate fluid to the set of full cone nozzles 140, which can thus discharge larger
droplets (at a higher volume flow rate) compared to the set of hollow cone nozzles
130. In particular, the set of full cone nozzles 140 can discharge larger fluid droplets
that exhibit greater heat retention over longer distances per unit fluid volume and
that maintain higher velocities up to impact with the user’s skin compared to
droplets discharged from the hollow cone nozzles; the full cone nozzles can therefore
discharge fluid droplets that provide improved rinsing efficacy and higher fluid
droplet temperatures over fluid droplets discharged from the hollow cone nozzles.
The showerhead 100 can include multiple full cone nozzles that cooperate to form a
cloud of water droplets that are larger and faster-moving than droplets discharged
from the hollow cone nozzles, and these larger, faster-moving fluid droplets may
rinse soap, dirt, and/or other debris from the user’s skin faster than a cloud of
smaller, slower-moving droplets discharged from the hollow cone nozzles.

[0057] As described above, the set of full cone nozzles 140 can be operated
independently of the set of hollow cone nozzles 130, such as by selectively diverting
flow into the first inlet 121 and the second inlet 122. Alternatively, the showerhead
100 can communicate fluid through the hollow cone nozzles and the full cone nozzles
simultaneously.

[0058] In one implementation, a full cone nozzle — in the set of full cone
nozzles 140 — defines an orifice diameter exceeding that of a hollow cone nozzle and
therefore discharges larger fluid droplets than the hollow cone nozzle. In this
implementation, the full cone nozzle can also define wider nozzle outlet angle than
the hollow cone nozzles to achieve a conical spray exhibiting a spray angle similar to
that of a conical spray discharged from the hollow cone nozzle. The full cone nozzle
can additionally or alternatively include an integrated restrictor plate ahead of the
nozzle inlet to reduce fluid pressure at the nozzle inlet, thereby increasing droplet
size and/or decreasing droplet discharge velocity. Alternatively, the fluid circuit 120

can define a longer channel, a channel of reduced cross-sectional area, and/or a
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restriction plate between the second inlet 122 and the full cone nozzle to achieve such
effects. As described above, the set of full cone nozzles 140 can include substantially
identical full cone nozzles or full cone nozzles of various sizes and geometries, as
described above. However, the full cone nozzles can define particular orifice
diameters and particular nozzle outlet angles and can be arranged across the first
region 111 of the body 110 to achieve particular fluid droplet sizes, particular water
droplet density, and/or particular conical spray geometries at a particular distance
from the body 110, such as described above for the set of hollow cone nozzles 130.
[0059] The set of full cone nozzles 140 can therefore be fluidly coupled to the
second inlet 122 via the fluid circuit 120 (e.g., the second channel 125) and can be
distributed across the first region 111 according to configurations similar to those of
the hollow cone nozzles described above. For example, in the implementation
described above in which the set of hollow cone nozzles 130 include a right, a left,
and a center hollow cone nozzle in a triangular pattern, the set of full cone nozzles
140 can similarly include a right full cone nozzle 141 adjacent an anterior end of the
right hollow cone nozzle 131, a left full cone nozzle 142 adjacent an anterior end of
the particular hollow cone nozzle, and a center full cone nozzle 143 adjacent a
posterior side of the center hollow cone nozzle 133. In this configuration, the right
and left full cone nozzles can be declined toward the posterior end of the body 110 to
direct corresponding full conical sprays toward the user’s shoulders, and the center
full cone nozzle 143 can be declined toward the anterior end of the body 110 to direct
a corresponding full conical spray toward the user’s head.

[0060] Alternatively, the set of full cone nozzles 140 can be arranged on the
first region 111 of the body 110, in the second region of the body 110, in a third region
between the first region 111 and the second region, as shown in FIGURE 10, or in any
other position on the body 110 and in any other configuration, such as in a linear or

radial array, as described above.

6. Flat Fan Nozzles

[0061] One variation of the showerhead 100 further includes a set of flat fan
nozzles 150 arranged within the second region and fluidly coupled to the fluid circuit
120. Generally, the flat fan nozzles function to discharge fluid droplets flat fan sprays
around hollow and/or full conical sprays discharged from the hollow and full cone

nozzles, respectively.
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[0062] In one implementation, a flat fan nozzle in the set of flat fan nozzles
150 defines a nozzle diameter greater than the nozzle diameters of the hollow cone
nozzles (and the full cone nozzles) and therefore discharges larger fluid droplets than
the hollow cone nozzles. The flat fan nozzle can additionally or alternatively include
an integrated restriction plate — ahead of the nozzle inlet — that reduces fluid
pressure at nozzle inlet, thereby increasing size and/or decreasing discharge velocity
of droplets discharged by the flat fan nozzle. The fluid circuit 120 can also define a
longer channel, a channel of reduced cross-sectional area, and/or a restriction plate
between the second inlet 122 and the full cone nozzle to achieve such effects of
increased droplet size, decreased discharge velocity, and decreased spray angle of a
flat fan spray discharged from the flat fan nozzle.

[0063] In this variation, the set of flat fan nozzles 150 can discharge fluid
droplets in spray patterns approximating sheets that fan outwardly from the second
region of the body 110 and intersect adjacent sheets of fluid droplets beyond a
curtain distance from the body 110 to form a curtain of (larger) fluid droplets that
envelopes (smaller) fluid droplets discharged from the set of hollow cone nozzles 130
(and/or from the full cone nozzles). In particular, the flat fan nozzles can discharge
larger droplets in discrete flat sprays that intersect at a distance from the showerhead
100 to form a continuous curtain of larger droplets that envelopes smaller droplets
discharged from the hollow cone nozzles (and/or from the full cone nozzles), as
shown in FIGURE 2. These larger droplets discharged from the flat fan nozzles
exhibit lower surface-area-to-volume ratios and may therefore retain heat over
longer periods of time and over longer distances from the showerhead 100 than the
smaller droplets discharged from the hollow cone nozzles for a given ambient air
temperature. Thus, the curtain formed by these larger droplets can shield smaller
droplets inside the curtain from cooler ambient air (and cooler water vapor) outside
of the bathing environment. In particular, the flat fan nozzles can cooperate to form a
droplet barrier (e.g., an adiabatic boundary layer) around a cloud of fluid droplets
discharged from the hollow cone nozzles and/or the full cone nozzles, such that heat
contained in these smaller droplets persists within the bathing environment and
remains available to heat the user — standing within the curtain — for longer
durations.

[0064] The flat fan nozzles can also discharge these larger fluid droplets at

discharge velocities less than discharge velocities of fluid droplets from the hollow
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cone nozzles (and the full cone nozzles) to achieve longer flight times for these larger
droplets traveling from the showerhead 100 toward the floor of a shower. In
particular, the full cone nozzles can define geometries that achieve droplets within a
particular size range and within a particular discharge velocity range — for a given
fluid pressure and fluid temperature ahead of the full cone nozzles — such that the
curtain persists above a threshold temperature over a threshold distance from (e.g.,
below) the showerhead 100. For example, the full cone nozzles can define geometries
that balance discharged droplet size and discharged velocity to achieve a target
temperature drop less than a threshold temperature drop (e.g., less than 30°F) over a
target distance from the showerhead 100 (44 inches, or approximately three feet
below the top of the user’s head) in a room-temperature shower environment over
90% humidity for an inlet fluid pressure between 40 psi and 45 psi and for an inlet
temperature between 113°F and 120°F.

[0065] In one implementation, the set of flat fan nozzles 150 is distributed in a
radial array about the second region of the body 110, as shown in FIGURE 3. For
example, as described above, the second member 114 can define an annular member
and the set of flat fan nozzles 150 can be distributed evenly about the annular
member in a radial pattern.

[0066] In one configuration, the flat fan nozzles are arranged on the body 110
at a constant radial distance from the center of the body 110 and with the radial axes
of the set of flat fan nozzles 150 substantially parallel. In this configuration, the flat
fan nozzles can cooperate to discharge discrete flat fan sprays that intersect and
coalesce at a distance from the body 110 to form a continuous polygonal (e.g.,
approximately circular) curtain of width (or diameter) approximately twice the radial
distance, as shown in FIGURE 2.

[0067] In a similar configuration, the flat fan nozzle can be declined inwardly
toward the center of the body by a characteristic dispersion angle (i.e., a spray angle
along a minor axis of a flat fan spray) such that the outer boundary of each flan fan
spray discharged from the fan nozzles is substantially parallel to the radial axis of the
body, normal to the ventral side of the body, and/or normal to the floor of shower.
For example, a flat fan nozzle in the set of flat fan nozzles can discharge a flan fan
spray that disperses at an angle of 3° from the centerline of the flat fan nozzle, and
the flat fan nozzle can be declined inwardly toward the center of the body at an angle

of 3° to compensate for this dispersion angle.
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[0068] In another configuration, the flat fan nozzles are arranged about the
body 110 at a constant radial distance from the center of the body 110 and with their
radial axes declined outwardly from the center of the body 110 (e.g., the radial axes of
the set of flat fan nozzles 150 converge above the dorsal side of the body 110). In this
configuration, the flat fan nozzles can discharge flat fan sprays that fan outwardly
from the body 110 and intersect and coalesce with adjacent flat sprays to form a
continuous polygonal curtain of width exceeding twice the radial distance of the flat
fan nozzles to the center of the of the body 110, as shown in FIGURES 8A, 8B, and
8C. Thus, in this configuration, the body 110 of the showerhead 100 can define
maximum lateral and longitudinal dimensions less than a (common) width and
depth of a human, and the flat fan nozzles can angle outwardly from the body 110 to
form a curtain of sufficient breadth and depth — at a distance from the showerhead
100 — to envelop the user’s torso.

[0069] In yet another configuration, the flat fan nozzles are distributed across
the body 110 at various pitch and roll angles to form a curtain that defines an
approximately-ovular cross-section at a distance from the showerhead 100. In this
configuration, the set of flat fan nozzles 150 can include a first (e.g., front) flat fan
nozzle proximal an anterior end of the body 110 and declined toward the posterior
end of the body 110 (e.g., declined at a positive pitch angle), and the first flat fan
nozzle can discharge a first sheet of fluid droplets substantially parallel to a lateral
axis of the body 110 and declined toward the posterior end of the body 110. The set of
flat fan nozzles 150 can similarly include a second (e.g., rear) flat fan nozzle proximal
a posterior end of the body 110 and declined toward the anterior end of the body 110,
the second flat fan nozzle can discharge a second sheet of fluid droplets substantially
parallel to the lateral axis of the body 110 and declined toward the anterior end of the
body 110. Furthermore, the set of flat fan nozzles 150 can include a third (e.g., right)
flat fan nozzle proximal a right side of the body 110 and declined outwardly from the
body 110 and a fourth (e.g., left) flat fan nozzle proximal a left side of the body 110
and similarly declined outwardly from the body 110. The third (right) flat fan nozzle
can discharge a third sheet of fluid droplets declined outwardly from the right side of
the body 110, and the fourth (left) flat fan nozzle can similarly discharge a fourth
sheet of fluid droplets declined outwardly from the left side of the body 110. Thus,
when flat fan sprays from the first, second, third, and fourth flat fan nozzles intersect

at a distance from the showerhead 100, these flat fan sprays can form a continuous
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curtain defining a cross-section that is approximately rectangular, wherein a long
side of the rectangular cross-section of the curtain is substantially parallel to a lateral
axis showerhead, and wherein a short side of the rectangular cross-section of the

curtain is substantially parallel to a longitudinal axis showerhead.

[0070] In the foregoing configuration, the showerhead 100 can include
additional flat fan nozzles arranged in a circular pattern on the body 110 to achieve a
curtain defining a cross-section that approximates an oval. For example, the first and
second flat fan nozzles can be set at angles of 0° relative to a reference axis of the
body 110 (i.e., a yaw angle of 0°), the third and fourth flat fan nozzles can be set at
yaw angles of 90°, and the set of flat fan nozzles 150 can further include: a fifth flat
fan nozzle between the first and third flat fan nozzles and set at a yaw angle of 45°; a
sixth flat fan nozzle between the first and fourth flat fan nozzles and set at a yaw
angle of 135°; a seventh flat fan nozzle between the second and fourth flat fan nozzles
and set at a yaw angle of 225°; and an eighth flat fan nozzle between the second and
third flat fan nozzles and set at a yaw angle of 315°, as shown in FIGURE 10. These
eight flat fan nozzles can thus cooperate to discharge eight discrete flat fan sprays
that form a curtain defining an octagonal cross-section approximating an oval at the
curtain distance from the showerhead 100. However, the set of flat fan nozzles 150
can include any other number of (e.g., three, five, or twelve) flat fan nozzles arranged
in any other way on the body 110.

[0071] In the foregoing configuration, the diameter of the radial array of flat
fan nozzles (e.g., the maximal distance between anterior and posterior flat fan
nozzles) can exceed a common depth of a human torso but can be less than a
common width of a human torso. For example, for a common human torso depth of
twelve inches and a common human torso width of nineteen inches, the set of flat fan
nozzles 150 can be distributed in a radial array fourteen inches in diameter on the
ventral side of the body 110 and according to a particular combination of pitch, yaw,
and roll angles to achieve a curtain approximately 22-inches wide and thirteen inches
deep at a distance of twenty inches from the body 110. In a similar example, the flat
fan nozzles can be arranged on the body 110 in a radial array ten inches in diameter
and can include a first, a second, a third, and a fourth flat fan nozzle; the first flat fan
nozzle — proximal the anterior end of the body 110 — and the second flat fan nozzle —
proximal the posterior end of the body 110 — can both decline outwardly from the

body 110 at an angle of 15° from the vertical axis (e.g., y-axis) of the body 110 to
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achieve a curtain twenty inches deep at a distance of twenty inches from the body
110; and the third flat fan nozzle — proximal the right side of the body 110 — and the
fourth flat fan nozzle — proximal the left side end of the body 110 — can both decline
outwardly from the body 110 at an angle of 22.5° from the vertical axis of the body
110 to achieve a curtain twenty-five inches wide at a distance of twenty inches from
the body 110.

[0072] Furthermore, each flat fan nozzle in the set of flat fan nozzles 150 can
define a nozzle outlet of a particular angle to discharge a flat fan spray characterized
by a particular spray angle, such that the flat fan spray spreads to a particular target
width at a particular target distance from the showerhead 100. In the configuration
described above in which the flat fan nozzles are distributed evenly across the body
110 and at identical angles from the central (e.g., radial) axis of the body 110, each
flat fan nozzle in the set of flat fan nozzles 150 can define a substantially identical
nozzle outlet angle such that flat fan sprays discharged from adjacent flat fan nozzles
intersect and coalesce at substantially identical distances from the showerhead 100
(i.e., the curtain distance), thereby creating a continuous curtain of fluid droplets at a
substantially uniform distance from the showerhead 100.

[0073] In another configuration in which flat fan nozzles distributed on the
posterior and anterior ends of body are substantially parallel to the central axis of the
body 110 and in which flat fan nozzles distributed on the lateral sides of the body 110
are declined outwardly, the anterior and posterior flat fan nozzles can each define a
first (wider) outlet nozzle angle, such that flat fan sprays discharged therefrom
spread to widths sufficient to meet flat fan sprays discharged from the lateral flat fan
nozzles at a target distance from the body 110. In this configuration, the lateral flat
fan nozzles can each define a second (shallower) outlet nozzle angle — less than the
first nozzle outlet angle — such that flat fan sprays discharged therefrom spread to
narrower widths to meet flat fan sprays discharged from the anterior and posterior
flat fan nozzles at the target distance from the body 110, thereby forming a
rectangular curtain of fluid droplets below the target distance (i.e., the curtain
distance). Alternatively, in this configuration, the posterior flat fan nozzle can define
a first (wider) nozzle outlet angle and the anterior flat fan nozzle can define a second
(shallower) nozzle outlet angle — less than the first nozzle outlet angle — such that a
flat fan spray discharged from the anterior flat fan nozzle intersects flan fan sprays

from adjacent flat fan nozzles at a greater distance from the showerhead 100 than a
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flat fan spray discharged from the posterior flat fan nozzle, thereby forming a
continuous curtain of fluid droplets that varies in starting distance from the
showerhead 100. In particular, in this configuration, the set of flat fan nozzles 150
can cooperate to form a continuous curtain of fluid droplets that starts at a first
(greater) distance from the showerhead 100 at the user’s front and a second (shorter)
distance — less than the first distance — from the showerhead 100 at the user’s back.
Thus, in this configuration, the flat fan sprays discharged from the flat fan nozzles
can form a continuous curtain below the user’s head, thereby permitting (more) cool
(e.g., fresh) air to reach the user’s face, and the curtain of fluid droplets can be
continuous higher up the user’s back, thereby retaining more heat around the user’s
back and neck.

[007 4] The showerhead 100 can additionally or alternatively include a second
set of flat fan nozzles 150, including a first subset of flat fan nozzles 150 that
cooperate to form a first curtain of fluid droplets, as described above, around a full
conical spray discharged from a first full cone nozzle and including a second subset
of flat fan nozzles 150 that similarly cooperate to form a second curtain of fluid
droplets around a full conical spray discharged from a second full cone nozzle.
Furthermore, in this implementation, the second set of flat fan nozzles 150 can form
discrete, smaller curtains around discrete, full conical sprays discharged from the set
of full cone nozzles 140, and the (first) set of flat fan nozzles 150, as described above,
can form a larger curtain of fluid droplets that envelopes the full conical sprays and
the discrete, smaller curtains formed by flat fan sprays discharged from the full cone

nozzles and the second set of flat fan nozzles 150, respectively.

[0075] However, each flat fan nozzle in the set of flat fan nozzles 150 can be
arranged on or integrated into the body 110 in any other position, at any other pitch
angle, yaw angle, or roll angle, and can define any other nozzle outlet angle to achieve
a flat fan spray of any spray angle; the set of flat fan nozzles 150 can cooperate in any
other way to form a curtain of fluid droplets of any other geometry below the
showerhead 100 and around fluid droplets discharged from the hollow cone nozzles
and/or the full cone nozzles.

[0076] As with the hollow cone nozzles and the full cone nozzles, each flat fan
nozzle can define a discrete nozzle that is installed (e.g., threaded into, pressed into,
bonded to) on the body 110 of the showerhead 100, such as into or over a bore in a

second region 112 of body or in a second member 114 of the body 110. For example,
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each flat fan nozzle can include a ceramic (e.g., aluminosilicate) or bronze housing
defining a bore terminating in a linear V-groove and defining an external thread that
mates with an internal thread in the body 110. Alternatively, the flat fan nozzles and
the body 110 can define a unitary (e.g., singular, continuous) structure, as described
above. However, the flat fan nozzles can be of any other form or material and can be

installed or integrated into the body 110 in any other suitable way.

7. Orifice / Injector

[0077] In one variation, the showerhead 100 includes one or more jet orifices
160 that inject larger fluid drops into sprays discharged from the hollow cone
nozzles, the full cone nozzles, and/or the flat fan nozzles, as shown in FIGURES 1,
11A, and 11B. Generally, these jet orifices 160 function to discharge larger fluid drops
that, due to their larger sizes and lower surface-area-to-volume ratios, retain more
heat over greater distances from the showerhead 100 than fluid droplets discharged
from the hollow cone, full cone, and flat fan nozzles. For example, the full cone
nozzles can discharge fluid droplets of widths between 350 micrometers and 500
micrometers, and the showerhead 100 can include a set of orifices that discharge
fluid drops of widths between 800 micrometers and 1200 micrometers in width into
each solid cone spray discharged from the full cone nozzles. In this example, the flat
fan nozzles can discharge fluid droplets of widths between 350 micrometers and 800
micrometers, and the showerhead 100 can additionally or alternatively include a set
of orifices that discharge fluid drops of widths between 600 micrometers and 3000
micrometers into each flan fan spray (e.g., into the curtain of fluid droplets)
discharged from the flat fan nozzles.

[0078] In this variation, while smaller droplets discharged from the hollow
cone, full cone, and/or flat fan nozzles release heat into the user and into ambient air
relatively rapidly, these larger drops may transfer heat more slowly due to their size,
thereby maintaining a higher average temperature within a cloud of fluid droplets
and drops discharged from various nozzles and jet orifices 160 in the showerhead
100. In particular, smaller droplets discharged from the hollow cone, full cone,
and/or flat fan nozzles transfer heat and cool along their trajectories from the
showerhead 100. The larger drops discharged from the jet orifices 160 can transfer
heat more slowly over their trajectories from the showerhead 100 and can transfer

this heat into local volumes of smaller fluid droplets, thereby yielding a higher
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average temperature across slices or volumes of the cloud at greater distances from
the showerhead 100.

[0079] In one implementation, each full cone nozzle is paired with at least one
jet orifice that injects larger droplets into the full conical spray discharged from the
corresponding full cone nozzle, as shown in FIGURES 9 and 10. In one
configuration, a full cone nozzle — in the set of full cone nozzles 140 — defines a
discrete nozzle body: including a center orifice that discharges a full conical spray;
and a set (e.g., three) of peripheral orifices that share an inlet with the center orifice
and that each discharge a continuous jet of larger drops into the full conical spray
discharged from the center orifice, as shown in FIGURE 11A. In this configuration,
the primary and secondary orifices can be integrated into a single nozzle body and
can define parallel radial axes; the secondary orifice can thus discharge a parallel jet
of drops that cross the boundary of the full conical spray at a distance from the

nozzle body.

[0080] Alternatively, the secondary orifices can be declined (i.e., angled)
inwardly toward the center orifice, such as at an angle approximating half of a spray
angle of the conical spray of fluid droplets discharged from the center orifice — for a
particular operating fluid pressure or operating fluid pressure range within the fluid
circuit 120 — such that jets of fluid drops discharged from the secondary orifices
breach the boundary of the conical spray and then remain substantially parallel to
and within the boundary of the conical spray along their trajectories from the
showerhead 100 to the floor of the shower, as shown in FIGURE 11B. Thus, in this
configuration, the secondary orifices can be declined toward the center orifice to
discharge jets of fluid drops that breach the boundary of the full conical spray —
discharged from the center orifice — proximal an offset distance below the first region
111 of the body 110 such that the jets of fluid droplets remain bounded by the conical
spray below the offset distance from the first region 111.

[0081] In the foregoing implementation, the showerhead 100 can alternatively
include one or more discrete jet bodies, each jet body defining a jet orifice fluidly
coupled to the fluid circuit 120 and configured to inject fluid drops into conical
sprays discharged from discrete full cone nozzles installed in the showerhead 100.
Yet alternatively, the showerhead 100 can include one or more jet orifices 160
integrated directly into the body 110 and configured to inject fluid drops into conical

sprays discharged from full cone nozzles similarly integrated in the body 110.
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[0082] In another implementation, the showerhead 100 includes one or more
jet orifices 160 configured to inject larger fluid drops into flat sprays discharged from
the flat fan nozzles. In this implementation, the jet orifices 160 can be integrated
directly into flat fan nozzle bodies, integrated into the body 110 of the showerhead
100, or integrated into discrete nozzle bodies, as described above. Furthermore, the
jet orifices 160 can be oriented on the body 110 relative to the flat fan nozzles, such
that fluid drops discharged from the jet orifices 160 fall through a trajectory within
and substantially parallel to the boundary of the curtain of water droplets formed by

the flat fan nozzles, such as described above.

[0083] In this variation, the showerhead 100 can include a set of jet orifices
160 that each discharge a continuous stream of fluid drops. Alternatively, the jet
orifices 160 can discharge intermittent streams of fluid drops. For example, a jet
orifice — in the set of jet orifices 160 — can include a single-orifice forced pulsed
nozzle configured to discharge an intermittent jet, such as into a conical spray of
fluid droplets discharged from a particular full cone nozzle in the set of full cone
nozzles 140.

[0084] However, in this variation, the showerhead 100 can include any other
number and arrangement of jet orifices 160 configured to discharge continuous
and/or intermittent streams of relatively large drops into hollow conical sprays, full
conical sprays, and/or flat fan sprays discharged from the hollow cone nozzles, the
full cone nozzles, and/or the flat fan nozzles during operation of the showerhead 100.
[0085] As a person skilled in the art will recognize from the previous detailed
description and from the figures and claims, modifications and changes can be made
to the embodiments of the invention without departing from the scope of this

invention as defined in the following claims.
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CLAIMS

I Claim:

1.

A showerhead comprising:

a body defining a fluid circuit, a first region on a ventral side of the body, and a
second region adjacent the first region on the ventral side of the body;

a set of hollow cone nozzles distributed within the first region, fluidly coupled to
the fluid circuit, and discharging sprays of fluid droplets within a first size range;
a set of flat fan nozzles arranged within the second region, fluidly coupled to the
fluid circuit, and discharging sprays of fluid droplets within a second size range;
and

a set of orifices fluidly coupled to the fluid circuit and discharging fluid drops
between sprays discharged from the set of hollow cone nozzles and sprays
discharged from the flat fan nozzles, fluid drops discharged from the set of
orifices within a third size range exceeding the first size range and the second size

range.

The showerhead of Claim 1, wherein the set of hollow cone nozzles discharges
fluid droplets in spray patterns that approximate hollow cones extending
outwardly from the first region; and wherein the set of flat fan nozzles discharge
fluid droplets in spray patterns that approximate sheets fanning outwardly from
the second region and that coalesce with adjacent sheets of fluid droplets beyond
a curtain distance from the body to form a peripheral curtain of fluid droplets

that envelopes fluid droplets discharged from the set of hollow cone nozzles.

The showerhead of Claim 1, wherein the set of flat fan nozzles comprises:

a first flat fan nozzle proximal an anterior end of the body and declined toward
the posterior end of the body;

a second flat fan nozzle proximal a posterior end of the body and declined toward
the anterior end of the body; and

a third flat fan nozzle proximal a lateral side of the body and defining an axis

substantially normal to an axis of the body.
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4. The showerhead of Claim 3, wherein the first flat fan nozzle discharges a first
sheet of fluid droplets substantially parallel to a lateral axis of the body and
declined toward the posterior end of the body; wherein the second flat fan nozzle
discharges a second sheet of fluid droplets substantially parallel to the lateral axis
of the body and declined toward the anterior end of the body; and wherein the
third flat fan nozzle discharges a third sheet of fluid droplets substantially normal
to the ventral side of the body.

5. The showerhead of Claim 1, wherein the set of flat fan nozzles discharges fluid
droplets between 350 micrometers and 800 micrometers in width; wherein the
set of hollow cone nozzles discharges fluid droplets between 150 micrometers and
300 micrometers in width; and wherein the orifices discharge fluid droplets

exceeding 600 micrometers in width.

6. The showerhead of Claim 1, wherein the fluid circuit restricts total volume flow
rate through the fluid circuit to between 0.6 gallons per minute and 0.9 gallons

per minute.

7. The showerhead of Claim 1, further comprising a set of full cone nozzles
distributed within the first region proximal the set of hollow cone nozzles and
fluidly coupled to the fluid circuit; wherein a first full cone nozzle in the set of full
cone nozzles discharges fluid droplets of widths within a fourth size range less
than the third size range; wherein a first orifice in the set of orifices injects fluid
droplets into a conical spray of fluid droplets discharged from the first full cone

nozzle.

8. The showerhead of Claim 7, wherein the first orifice is declined toward the first
full cone nozzle and injects a jet of fluid droplets into the conical spray of fluid
droplets proximal an offset distance from the first region, the jet of fluid droplets
bounded by the conical spray of fluid droplets beyond the offset distance from the

first region.

9. The showerhead of Claim 8, wherein the first orifice is declined toward the first

full cone nozzle at a first angle approximating half of a spray angle of the conical
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spray of fluid droplets discharged from the first full cone nozzle within an

operating range of fluid pressures within the fluid circuit.

The showerhead of Claim 7, wherein the first orifice comprises a single-orifice
forced pulsed nozzle discharging an intermittent jet into the conical spray of fluid

droplets discharged from the first full cone nozzle.

The showerhead of Claim 7, wherein the body defines a first inlet, a second inlet,
and a third inlet on a dorsal side of the body; and wherein the fluid circuit
comprises:

a first fluid channel extending from the first inlet to the set of hollow cone
nozzles;

a second fluid channel extending from the second inlet to the set of full cone
nozzles; and

a third fluid channel extending from the third inlet to the set of flat fan nozzles.

. The showerhead of Claim 7:

wherein the body defines a first inlet and a second inlet;

wherein the fluid circuit comprises:

+ a first fluid channel extending from the first inlet to the set of hollow cone
nozzles;

* asecond fluid channel extending from the second inlet to the set of full cone
nozzles; and

* a third fluid channel fluidly coupled to the set of flat fan nozzles, fluidly
coupled to the first fluid channel, and fluidly coupled to the second fluid
channel;

further comprising a first check valve interposed between the first fluid channel

and the third fluid channel; and

further comprising a second check valve interposed between the second fluid

channel and the third fluid channel.

The showerhead of Claim 1, wherein the body comprises a first section and a

second section; the first section defining the ventral side of the body and

35



14.

15.

16.

17.

WO 2016/032684 PCT/US2015/043077

comprising a fiber-filled composite; the second section defining a dorsal side of
the body, fused to the first section, and cooperating with the first section to define

the fluid circuit.

The showerhead of Claim 13, wherein the first section, the set of hollow cone
nozzles, the set of flat fan nozzles, and the set of orifices comprise a unitary

structure.

The showerhead of Claim 1, wherein the set of hollow cone nozzles comprises a
first hollow cone nozzle, a second hollow cone nozzle laterally offset from the first
hollow cone nozzle by an offset distance, and a third hollow cone nozzle centered
laterally between and longitudinally offset from the first hollow cone nozzle and

the second hollow cone nozzle by less than half of the offset distance.

The showerhead of Claim 15,
wherein the third hollow cone nozzle is longitudinally offset toward an anterior
end of the body;
wherein the first hollow cone nozzle, the second hollow cone nozzle, and the third
hollow cone nozzle are substantially normal to the first region;
further comprising a set of full cone nozzles distributed within the first region
proximal the set of hollow cone nozzles, fluidly coupled to the fluid circuit, and
comprising:
o a first full cone nozzle adjacent an anterior end of the first hollow cone
nozzle,
o a second full cone nozzle adjacent an anterior end of the second hollow
cone nozzle, and
o a third full cone nozzle adjacent a posterior side of the third hollow cone
nozzle;
wherein the first full cone nozzle and the second hollow cone nozzle are declined
toward the posterior end of the body; and

wherein the third full cone nozzle is declined toward the anterior end of the body.

The showerhead of Claim 1, wherein the body comprises a linear member

defining the first region and an annular member defining the second region, the
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linear member extending from a first lateral side of the annular member, across a
radial center of the annular member, to a second lateral side of the annular

member opposite the first lateral side.

A showerhead comprising:

a first member defining a first fluid channel and an inlet communicating fluid to
the first fluid channel;

a second member extending from the first member and defining a second fluid
channel fluidly coupled to the first fluid channel;

a first set of nozzles fluidly coupled to the first fluid channel, discharging fluid
droplets in discrete fine mist sprays, and comprising a first nozzle, a second
nozzle, and a third nozzle distributed across the first member, the second nozzle
offset laterally from the first nozzle, the third nozzle centered laterally between
and longitudinally offset from the first nozzle and the second nozzle toward an
anterior end of the first member; and

a second set of nozzles fluidly coupled to the second fluid channel, discharging
fluid droplets in discrete heavy mist sprays, and distributed across the second

member.

The showerhead of Claim 18, wherein the first set of nozzles comprises hollow
cone nozzles that discharge fluid droplets, within a first size range, in spray
patterns approximating hollow cones extending outwardly from the first member;
and wherein the second set of nozzles comprises flat fan nozzles that discharge
fluid droplets, within a second size range, in spray patterns approximating sheets
fanning outwardly from the second member and intersecting adjacent sheets of
fluid droplets beyond a curtain distance from the first member to form a
peripheral curtain of fluid droplets that envelopes fluid droplets discharged from

the first set of nozzles, the second size range greater than the first size range.

20.The showerhead of Claim 19, wherein the second member comprises an annular

member; wherein the first member comprises a linear member extending from a
first lateral side of the annular member, across a radial center of the annular
member, to a second lateral side of the annular member opposite the first lateral

side; wherein the first set of nozzles is distributed across the linear member in a

37



21.

22

WO 2016/032684 PCT/US2015/043077

linear array; and wherein the second set of nozzles is distributed along the

annular member in a radial array.

The showerhead of Claim 18, wherein the first nozzle comprises a full cone nozzle
discharging fluid droplets, within a first size range, in a spray pattern
approximating a solid cone extending outwardly from the first member; and
wherein a fourth nozzle in the second set of nozzles injects fluid droplets of
widths within a second size range into a conical spray of fluid droplets discharged

from the first nozzle, the second size range exceeding the first size range.

.The showerhead of Claim 21, wherein the fourth nozzle is declined toward the

first nozzle at a first angle approximating half of a spray angle of the conical spray
of fluid droplets discharged from the first nozzle within an operating range of

fluid pressures within the fluid circuit.
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: claims 1-17 are directed toward a showerhead comprising a set of orifices and fiuid drops discharged from the set of orifices
within a third size range exceeding the first size range and the second size range.

Group {I: claims 18-22 are directed toward a showerhead comprising a first nozzle, a second nozzle, and a third nozzle distributed
across the first member, the second nozzle offset laterally from the first nozzle, the third nozzle centered laterally between and
longitudinally offset from the first nozzle and the second nozzle toward an anterior end of the first member.

The inventions listed as Groups I-1! do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons.

The special technical features of Group | include a first region on a ventral side of the body, and a second region adjacent the first region
on the ventral side of the body; a set of hollow cone nozzles distributed within the first region, fiuidly coupled to the fiuid circuit; a set of
flat fan nozzles arranged within the second region, fluidly coupled to the fluid circuit, and a set of orifices fluidly coupled to the fluid circuit
and discharging fluid drops between sprays discharged from the set of hollow cone nozzles and sprays discharged from the flat fan
nozzles, fluid drops discharged from the set of orifices within a third size range exceeding the first size range and the second size range
(which is not present in Group ).

The special technical features of Group I include a first member defining a first fluid channel and an inlet communicating fluid to the first
fluid channel; a second member extending from the first member and defining a second fluid channel fluidly coupled to the first fluid
channel; a first set of nozzles fluidly coupled to the first fluid channel, discharging fluid droplets in discrete fine mist sprays, and
comprising a first nozzle, a second nozzle, and a third nozzle distributed across the first member, the second nozzle offset laterally from
the first nozzle, the third nozzle centered laterally between and longitudinally offset from the first nozzle and the second nozzle toward an
anterior end of the first member; and a second set of nozzles fluidly coupled to the second fluid channel, discharging fluid droplets in
discrete heavy mist sprays, and distributed across the second member (which is not present in Group I).

The common technical features of Groups I-ll include a showerhead comprising: a body defining a fluid circuit, a set of nozzles
discharging sprays of fluid droplets within a first size range; a set of nozzles discharging sprays of fluid droplets within a second size
range.

These common technical features are disclosed by US 2004/0074993 A1 (THOMAS): a showerhead comprising: a body (42) defining a
fluid circuit (see figure 6A), a set of nozzles (128) discharging sprays of fiuid droplets within a first size range (fine mist; paragraph
[0054]); a set of nozzles (130) discharging sprays of fluid droplets within a second size range (turbulent flow; paragraphs [0054], [0057]).

Because the common technical features are disclosed by THOMAS, the inventions are not so linked as to form a single general
inventive concept. Therefore, Groups I-ll lack unity.
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