Title of Invention

SHOWER HEAD AND MIST GENERATING UNIT

Technical Field

[0001] Thepresent inventionrelates toashower headconfigured
to generate an air bubble-liquid mixture by mixing the air (air
bubbles) intoaliquid, or forma liquidintoamist of liquiddroplets
inwhich air bubbles aremixed, and jet the air bubble-liquidmixture

or the mist of liquid droplets.

Background Art
[0002] As a technology of mixing the air into a liquid, Patent
Literature 1 discloses a shower apparatus. In the shower apparatus,
the liquid is jetted through a plurality of nozzle portions into
a reduced tapered portion. When the liquid is jetted through the
nozzle portions, the air is introduced through air inlets into the
reduced tapered portion.

In the shower apparatus of Patent Literature 1, as a result
of collision of the liquid and the air with the reduced tapered

portion, air bubbles are mixed into the liquid.

Citation List
Patent Literature
[0003] [PTL 1] Japanese Unexamined Patent Application

Publication No. 2002-102100



Summary of Invention
Technical Problem
[0004] However, in Patent Literaturel, asaresultofcollision
of the liquid and the air with the reduced tapered portion, the
airbubblesaremixedintothe liquid. Thus, thereisthepossibility
that a sufficient volume of the air bubbles cannot be mixed into
the liquid.
[0005] The present invention provides a shower head capable
of mixing a sufficient volume of air bubbles into a liquid.

The present invention provides a shower head configured to
form a liquid into a mist of liquid droplets in which air bubbles

are mixed.

Solution to Problem
[0006] According to a first aspect of the present invention,
there is provided a shower head including

a shower main body including
an inflow passage into which a liquid is caused to flow, and
an outflow passage through which the liquid having flowed into the
inflow passage is caused to flow out, the inflow passage being opened
to one end of the shower main body, the outflow passage being opened
to the other end of the shower main body;

a shower nozzle mounted to the other end of the shower main

body, the shower nozzle including a shower nozzle plate;



a shower cylindrical portion, whichhas onecylinder endclosed
by the shower nozzle plate, is protruded to the outflow passage
side, and defines an air bubble mixing space into which the liquid
flowed out through the outflow passage is caused to flow from the
other cylinder end of the shower cylindrical portion; andaplurality
of air bubble-liquid mixture jetting holes formed in the shower
nozzle plate so as to be opened in the air bubble mixing space and
configured to cause an air bubble-liquid mixture to jet out of the
air bubble mixing space therethrough; and

air bubble-liquid mixture generating means configured to
generate the air bubble-liquid mixture by mixing the air into the
liquid, the air bubble-liquid mixture generating means including

a flow-adjustment piece arranged in theair bubblemixing space
in the shower cylindrical portion; and

a plurality of air introduction passages formed in the shower
nozzle, and configured to cause the air to flow into the air bubble
mixing space therethrough, the flow-adjustment piece including

a flow-adjustment nozzledisk arrangedintheairbubblemixing
space at a distance from the shower nozzle plate, and fixed to the
shower cylindrical portion so as to close the other cylinder end
of the shower cylindrical portion;

a plurality of flow-adjustment-piece plates formed on the
flow-adjustment nozzle disk, and arranged in the air bubble mixing
space between the shower nozzle plate and the flow-adjustment nozzle

disk; and a plurality of liquid throttle holes formed in a portion



of the flow-adjustment nozzlediskbetween the flow-adjustment-piece
plates, and configured to cause the liquid flowed out through the
outflowpassage to jet into the air bubble mixing space therethrough,
wherein the liquid throttle holes are formed to pass through the
flow-adjustment nozzle disk so that a hole center line of each of
the liquid throttle holes is arranged in parallel to a cylinder
center line of the shower cylindrical portion, wherein the
flow-adjustment-pieceplates areprotruded fromthe flow-adjustment
nozzle disk toward the shower nozzle, and are arranged with a mixing
gap separating from the shower nozzle plate , wherein the
flow-adjustment-piece plates are arranged to extend from a plate
center line of the flow-adjustment nozzle disk toward the shower
cylindrical portion, wherein each of the flow-adjustment-piece
plates causes the liquid jetted through the liquid throttle holes
to flow turbulently and flow into the mixing gap on a protruding
end side protruding toward the shower nozzle, wherein the air
introduction passages are opened in the shower nozzle, and wherein
the air introduction passages are formed to pass through the shower
cylindrical portion between the protruding end of each of the
flow-adjustment-piece plates and the flow-adjustment nozzle disk
in a direction orthogonal to the cylinder center line of the shower
cylindrical portion and are opened into the air bubble mixing space.
[0007] According to a second aspect of the present invention,
in the shower head according to the first aspect described above,

the flow-adjustment-piece plates are arranged at equal intervals



in the circumferential direction of the flow-adjustment nozzle disk.
[0008] According to a third aspect of the present invention,
in the shower head according to the first aspect described above,
the flow-adjustment piece includes four flow-adjustment-piece
plates, and the four flow-adjustment-piece plates are arranged at
equal intervals in the circumferential direction of the
flow-adjustment nozzle disk.

[0009] According to a fourth of the present invention, in the
shower head according to any one of the first to third aspects
described above, the flow-adjustment-piece plates are each formed
into a rectangular shape, and the flow-adjustment-piece plates each
include flow-adjustment flat surfaceseach formed intoa rectangular
shape so as to be parallel to each other with an interval equal
to a thickness of each of the flow-adjustment-piece plates in the
circumferential direction of the flow-adjustment nozzle disk, and
a flow inclined surface formed to incline and extend from the
protruding end of each of the flow-adjustment-piece plates toward
one of the flow-adjustment flat surfaces and the flow-adjustment
nozzle disk.

[0010] According to a fifth of the present invention, in the
shower head according to any one of the first to fourth aspects
described above, the plurality of liquid throttle holes are arranged
at equal intervals on each of apluralityof circles havingdifferent
radii with a plate center line of the flow-adjustment nozzle disk

being a center.



[0011] According to a sixth aspect of the present invention,
in the shower head according to any one of the first to fifth aspects
described above, the air introduction passages are arranged at equal
intervals in the circumferential direction of the shower cylindrical
portion.

[0012] According to a seventh aspect of the present invention,
in the shower head according to any one of the first to sixth aspects
described above, the air introduction passages are adjacent to the
flow-adjustment nozzle disk, and are opened into the air bubble
mixing space.

In a seventh aspect described above, the following
configuration may also be adopted. Specifically, the air
introduction passages are arranged at equal intervals 1in the
circumferential direction of the shower cylindrical portion.
Further, the air introduction passages each have a flow passage
width larger than a plate width of each of the flow-adjustment-piece
plates in the circumferential direction of the shower cylindrical
portion, and are opened into the air bubble mixing space.

[0013] According to an eighth aspect of the present invention,
in the shower head according to any one of the first to the seventh
aspects described above, the shower head further includes flow
passage switching means arranged between the air bubble-liquid
mixture generating means and the outflow passage and in the outflow
passage of the shower main body; and mist generating means arranged

on the shower nozzle plate on an outer side of the air bubble-liquid



mixture jetting holes, and configured to form the liquid, which
is caused to flow into the mist generating means through the flow
passage switching means, into a mist of liquid droplets,

the mist generating means including a plurality of mist throttle
holes, which are formed to pass through the shower nozzle plate
on the outer side of the air bubble-liquid mixture jetting holes,
and are opened between the shower nozzle plate and the flow passage
switching means; and a plurality of mist guides, which are each
formed into a conical spiral shape, and each include a plurality
of spiral surfaceseachhavingthe same spiral shape, themist throttle
holes are each formed into a conical hole passing through the shower
nozzleplateandhavingadiameter gradually reducing fromtheoutflow
passage side, the spiral surfaces are arranged between a cone bottom
flat surface and a cone upper surface of each of the mist guides
to cross a cone side surface of each of the mist guides, and are
each formed into a spiral shape having a diameter gradually reducing
from the cone bottom flat surface toward the cone upper surface,
each of the mist guides is inserted into each of the mist throttle
holes from the cone upper surface with a gap between the cone side
surface and a conical inner peripheral surface of each of the mist
throttle holes, each of the mist guides is fitted in each of the
mist throttle holes so as to define a plurality of mist flow passages
each having a spiral shape between the spiral surfaces and the conical
inner peripheral surface, the mist flow passages are opened into

each of the mist throttle holes, and are opened between the shower



nozzle and the flow passage switching means, and the flow passage
switching means allows connection between the liquid throttle holes
and the outflow passage, or allows connection between the mist
throttle holes and the outflow passage.

[0014] According to a ninth aspect of the present invention,
in the shower head according to the eighth aspect described above,
the mist generating means includes a plurality of mist guides, which
are each formed into a conical spiral shape, and each include first
and second spiral surfaces each having the same spiral shape, the
first and second spiral surfaces are arranged between the cone bottom
flat surface and the cone upper surface to cross the cone side surface
of each of the mist guides, the first and second spiral surfaces
are arranged so as to be point symmetrical with respect to a cone
center line of each of the mist guides, the first and second spiral
surfaces are each formed into a spiral shape having a diameter
gradually reducing from the cone bottom flat surface toward the
cone upper surface, each of the mist guides is inserted into each
of the mist throttle holes from the cone upper surface with the
gap between the cone side surface and the conical inner peripheral
surface of each of the mist throttle holes, each of the mist guides
defines first and second mist flow passages each having a spiral
shape between the first and second spiral surfaces and the conical
inner peripheral surface, and the first and secondmist flow passages
are opened in each of themist throttle holes, and are opened between

the shower nozzle and the flow passage switching means.



[0015] According to a tenth aspect of the present invention,
in the shower head according to the eighth or ninth aspect described
above, the mist throttle holes are arranged at equal intervals on
a circle that has a center along the cylinder center line of the
shower cylindrical portion and is located on the outer side of the
air bubble-liquid mixture jetting holes.

[0016] According to an eleventh of the present invention, in the
shower head according to the tenth aspect described above, the mist
generating means includes a guide ring having a radius equal to
a radius of the circle on which themist throttle holes are arranged,
themist guides arearrangedat equal intervalsinthecircumferential
direction of the guide ring, each of the mist guides is fixed
integrally with the guide ring so that the cone bottom flat surface
is abutted on the guide ring, the guide ring is externally fitted
to the shower cylindrical portion from the other cylinder end, and
isarrangedon theouter sideof theairbubble-liquidmixture jetting
holes, and, along with the insertion of the mist guides into the
mist throttle holes, the guide ring is brought into abutment against
the shower nozzle plate from the outflow passage side.

[0017] According to a twelfth aspect of the present invention,
there is provided a shower head, including

a shower main body including an inflow passage into which a liquid
is caused to flow, and an outflow passage through which the liquid
having flowed into the inflow passage is caused to flow out,

the inflow passage being opened to one end of the shower main body,



the outflow passage being opened to the other end of the shower
main body; a shower nozzle mounted to the other end of the shower
main body; and mist generating means arranged on the shower nozzle,
and configured to form the liquid having flowed out through the
outflow passage into a mist of liquid droplets, the mist generating
means including a plurality of mist throttle holes, which are formed
to pass through the shower nozzle, and communicate with the outflow
passage; and a plurality of mist guides, which are each formed into
aconical spiral shape, andeachincludeapluralityofspiral surfaces
having the same spiral shape, wherein the mist throttle holes are
each formed into a conical hole passing through the shower nozzle
and having a diameter gradually reducing from the outflow passage
side, wherein the spiral surfaces are arranged between a cone bottom
flat surface and a cone upper surface of each of the mist guides
to cross a cone side surface of each of the mist guides, and are
each formed into a spiral shape having a diameter gradually reducing
from the cone bottom flat surface toward the cone upper surface,
wherein each of the mist guides is inserted into each of the mist
throttle holes from the cone upper surface with a gap between the
cone side surface and a conical inner peripheral surface of each
of themist throttle holes, wherein each of themist guides is fitted
in each of the mist throttle holes so as to define a plurality of
mist flow passages each having a spiral shape between the spiral
surfaces and the conical inner peripheral surface, and wherein the

mist flow passages are opened into each of the mist throttle holes,
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and communicate with the outflow passage.

[0018] Accordingtoathirteenthaspectof thepresent invention,
in the shower head according to the twelfth aspect described above,
the mist generating means includes a plurality of mist guides, which
are each formed into a conical spiral shape, and each include first
and second spiral surfaces each having the same spiral shape, the
first and second spiral surfaces are arranged between the cone bottom
flat surface and the cone upper surface to cross the cone side surface
of each of the mist guides, the first and second spiral surfaces
are arranged so as to be point symmetrical with respect to a cone
center line of each of the mist guides, the first and second spiral
surfaces are each formed into a spiral shape having a diameter
gradually reducing from the cone bottom flat surface toward the
cone upper surface, each of the mist guides is inserted into each
of the mist throttle holes from the cone upper surface with the
gap between the cone side surface and the conical inner peripheral
surface of each of the mist throttle holes, each of the mist guides
defines first and second mist flow passages each having a spiral
shape between the first and second spiral surfaces and the conical
inner peripheral surface, and the first and secondmist flow passages
are opened into each of the mist throttle holes, and communicate

with the outflow passage.

Advantageous Effects of Invention

[0019] According to the first aspect of the present invention,
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the liquid is caused to flow into the inflow passage from the one
end of the shower main body, and the liquid is caused to flow through
the inflow passage into the outflow passage. The liquid is caused
to flow out through the outflow passage into the liquid throttle
holes of the flow-adjustment piece. Through the liquid throttle
holes, the liquid having flowed out through the outflow passage
is jetted into the air bubble mixing space. Through the liquid
throttle holes, the liquid is jetted into the air bubble mixing
space toward the shower nozzle plate. In theair bubblemixing space
(or in the shower cylindrical portion), the liquid is jetted between
the shower nozzle and the flow-adjustment nozzle disk while flowing
(being adjusted in flow) in parallel to the cylinder center line
of the shower cylindrical portion.

When the liquid is jetted into the air bubble mixing space,
due to the flow of the liquid, the air is introduced through the
air introduction passages into the air bubble mixing space. The
air is caused to flow (jet) into the air bubble mixing space between
the protruding ends of the flow-adjustment-piece plates and the
flow-adjustment nozzledisk. Theairiscausedto flow (jet) between
the flow-adjustment-piece plates in the air bubble mixing space.

The liquid jetted through the liquid throttle holes, and the
air caused to flow (jet) out through the air introduction passages
are mixed in the air bubble mixing space. In the air bubble mixing
space, the liquid and the air are caused to flow turbulently on

the protruding end side of each of the flow-adjustment-piece plates,
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and flow intothemixing gap between the flow-adjustment-pieceplates
and the shower nozzle plate.

Thus, in the mixing gap within the air bubble mixing space,
due to the turbulent flow, the air mixed into the liquid is broken
(divided) into micrometer-sized air bubbles (microbubbles) and
nanometer—-sized air bubbles (ultrafine bubbles).

The micrometer-sized air bubbles (microbubbles) and the
nanometer-sized air bubbles (ultrafine bubbles) mix with and
dissolve in the liquid.

The air bubble-liquid mixture, in which the micrometer-sized
air bubbles (microbubbles) and the nanometer-sized air bubbles
(ultrafine bubbles) are mixed, is jetted from the air bubble-liquid
mixture jetting holes to the outside.

Asdescribedabove, accordingtothe first aspect of thepresent
invention, the liquid throttle holes, the flow-adjustment-piece
plates, and the air introduction passages of the flow-adjustment
piece allow a sufficient wvolume of the micrometer-sized and
nanometer-sized air bubbles (microbubbles and ultrafine bubbles)
to be mixed and dissolved into the liquid.

In international standards "IS020480-1" by International
Organization for Standardization (ISO), an air bubble of from equal
or greater thanonemicrometer toa hundredmicrometer (um) is defined
as a "microbubble", and an air bubble of less than one micrometer
isdefinedasan"ultrafinebubble" (the same applies in the following

description) .
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[0020] According to the second aspect of the present invention,
the liquid is jetted from the liquid throttle holes toward between
the flow-adjustment-piece plates.

[0021] According to the third aspect of the present invention,
the liquid is jetted equally from the liquid throttle holes toward
between the four flow-adjustment-piece plates. The four
flow-adjustment-piece plates allow a sufficient volume of the
micrometer-sized and nanometer-sized air bubbles (microbubbles and
ultrafine bubbles) to be mixed and dissolved into the liquid.
[0022] According to the fourth aspect of the present invention,
the flow inclined surfaces of the flow-adjustment-piece plates lead
the liquid (adjusted in flow) jetted from the liquid throttle holes
to the protruding ends of the flow-adjustment-piece plates, which
allows the liquid and the air to flow turbulently into the mixing
gap.

[0023] According to the fifth of the present invention, the
liquid is jetted equally from each of the liquid throttle holes
throughout the air bubble mixing space.

[0024] According to the sixth aspect of the present invention,
the air is equally flowed (jetted) out between the
flow-adjustment-pieceplates through theair introduction passages.
[0025] Accordingtothe seventhaspectof thepresent invention,
the air is flowed out into the air bubble mixing space from each
of the air introduction passages adjacent to the flow-adjustment

nozzle disk, which allows the air to be mixed into the liquid at
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the same time as the liquid is jetted from the liquid throttle holes.
[0026] According to the eighth aspect of the present invention,
the flow passage switching means allows connection (communication)
between the 1iquid throttle holes and the outflow passage, or allows
connection (communication) between the mist throttle holes and the
outflow passage.

The mist throttle holes and the outflow passages are connected
to flow the liquid from the one end of the shower main body into
the inflow passage and to flow the liquid from the inflow passage
into the outflow passage. The liquid is caused to flow through the
outflow passage into the mist throttle holes. In the mist throttle
holes, the liquid is caused to flow through the mist flow passages
eaeh-having a spiral shape into the mist throttle holes. Further,
the mist of liquid droplets is jetted from each of the mist throttle
holes to the outside through the mist throttle holes.

The liquid is increased in pressure by flowing through the
mist flow passages eaekh having a spiral shape, and is jetted into
the mist throttle holes through the mist flow passages. Thus, the
liquid jetted through the mist flow passages into the mist throttle
holes flows turbulently at high pressure. Further, when the mist
of liquid droplets is jetted from the mist throttle holes, an outlet
side of each of the mist throttle holes (a side from which the mist
of liquid droplets is jetted) is brought into a negative pressure
Sstate.

With the outlet side of each of themist throttle holes brought

15



into the negative pressure state, when the liquid, which is jetted
into the mist throttle holes through the mist flow passages and
flows turbulentlyat highpressure, passes through the outlet portion
of each of the mist throttle holes, the air bubbles are separated
out due to reduced pressure, and the air that is taken in at the
time of jetting is broken up (divided) by the turbulent flow. Thus,
the liquid is formed into the mist of liquid droplets in which the
micrometer-sizedair bubbles (microbubbles) and the nanometer-sized
air bubbles (ultrafine bubbles) are mixed and dissolved.

The mist of liquid droplets in which the air bubbles are mixed
is jetted from the mist throttle holes to the outside.

According to the eighth aspect described above, themist guides
and the mist throttle holes allow the mist of liquid droplets in
which the micrometer-sized air bubbles (microbubbles) and the
nanometer-sized air bubbles (ultrafine bubbles) are mixed and
dissolved to be jetted to the outside.
[0027] According to the ninth aspect of the present invention,
the plurality of minimum mist flow passages (spiral surfaces) allow
the liquid to be formed into a sufficient mist of liquid droplets.
With point symmetrical arrangement of the first and second spiral
surfaces, the first and second mist flow passages are arranged so
as to be opposed to (face to face) each other at the cone upper
surface.

With this arrangement, the high-pressure liquid jetted into

each of the mist throttle holes through the first and second mist
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flow passages is caused to collide with the cone upper surface and
thereby is formed into the mist of liquid droplets in which a
sufficient volume of themicrometer-sizedairbubbles (microbubbles)
andasufficient volume of the nanometer-sizedairbubbles (ultrafine
bubbles) are mixed and dissolved.

[0028] According to the tenth aspect of the present invention,
the ligquid having flowed out through the outflow passage 1is
distributed equally in the peripheral direction of the shower
cylindrical portion, and is flowed into the mist throttle holes
(or into the mist flow passages).

[0029] Accordingtotheeleventhaspectof thepresent invention,
the mist guides are fixed to the guide ring, which prevents the
mist guides from getting into the mist throttle holes due to the
flow of the liquid even when the liquid is flowed through the outflow
passage into the mist throttle holes.

[0030] Accordingtothetwelfthaspectof thepresent invention,
the liquid is flowed from the one end of the shower main body into
the inflow passage, and the liquid is caused to flow through the
inflow passage into the outflow passage. The liquid is caused to
flow through the outflow passage into the mist throttle holes. 1In
the mist throttle holes, the liquid is caused to flow through the
mist flow passages each having a spiral shape into the mist throttle
holes. Further, themist of liquid droplets is jetted from the mist
throttle holes to the outside.

The liquid is increased in pressure by flowing through the
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mist flow passages each having a spiral shape, and is jetted into
the mist throttle holes through the mist flow passages. Thus, the
ligquid jetted through the mist flow passages into the mist throttle
holes flows turbulently at high pressure. Further, when the mist
of liquid droplets is jetted from the mist throttle holes, an outlet
side of each of the mist throttle holes (a side from which the mist
of liquid droplets is jetted) is brought into a negative pressure
state.

With the outlet side of each of themist throttle holes brought
into the negative pressure state, when the liquid, which is jetted
into the mist throttle holes through the mist flow passages and
flows turbulentlyat highpressure, passes through the outlet portion
of each of the mist throttle holes, the air bubbles are separated
out due to reduced pressure, and the air that is taken in at the
time of jetting is broken (divided) by the turbulent flow. Thus,
the liquid is formed into the mist of liquid droplets in which the
micrometer-sizedairbubbles (microbubbles) and the nanometer-sized
air bubbles (ultrafine bubbles) are mixed and dissolved.

The mist of liquid droplets in which the air bubbles are mixed
is jetted from the mist throttle holes to the outside.

According to the twelfth aspect described above, the mist
guides and the mist throttle holes allow the mist of 1iquid droplets
in which the micrometer-sized air bubbles (microbubbles) and the
nanometer-sized air bubbles (ultrafine bubbles) are mixed and

dissolved can be jetted to the outside.
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[0031] According to the thirteenth aspect of the present
invention, the plurality of minimum mist flow passages (spiral
surfaces)allow the liquid to be formed into a sufficient mist of
liquid droplets. With point symmetrical arrangement of the first
and second spiral surfaces, the first and second mist flow passages
are arranged so as to be opposed to (face to face) each other at
the cone upper surface.

With this arrangement, the high-pressure liquid jetted into
each of the mist throttle holes through the first and second mist
flow passages is caused to collide with the cone upper surface,
and thereby is formed into the mist of liquid droplets in which
a sufficient volume of the micrometer-sized air Dbubbles
(microbubbles) and a sufficient volume of the nanometer-sized air

bubbles (ultrafine bubbles) are mixed and dissolved.

Brief Description of Drawings
[0032] FIG. 1 is a perspective view showing a shower head (at
a shower position P1).

FIG. 2 is a sectional view taken along the arrows A-A in FIG.
1 (at the shower position P1).

FIG. 3 is a view seen from a direction indicated by the arrows
B-B in FIG. 2 (at the shower position).

FIG. 4 is an exploded perspective view of the shower head
illustrating a shower main body, flow passage switching means

(including a switching handle, a switching base, a sealing gasket,
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sealing rings, a switching valve seat element, a switching valve
element, a fixing screw bolt, and a coil spring), a shower nozzle,
airbubble-liquidmixture generatingmeans (aflow-adjustmentpiece),
and mist generating means (including mist guides and a guide ring).

FIG. 5 is a front view showing the shower main body.

FIG. 6 is a side view showing the shower main body.

FIG. 7 is a top view showing the shower main body.

FIG. 8 is a sectional view taken along the arrows C-C in FIG.

FIG. 9 (a) 1is a top perspective view showing the switching
handle of the flow passage switching means. FIG. 9 (b) is a bottom
perspectiveviewof theswitchinghandleof the flowpassage switching

means.

FIG. 10 is a top view showing the switching handle of the flow

passage switching means.

FIG. 11(a) is a side view showing the switching handle of the
flow passage switching means.
FIG. 11 (b) is a sectional view taken along the arrows D-D of

FIG. 10.

FIG. 12 is a bottom view showing the switching handle of the
flow passage switching means.

FIG. 13 (a) i1is a top perspective view showing the switching
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base of the flow passage switching means. FIG. 13(b) is a bottom
perspective view showing the switching base of the flow passage

switching means.

FIG. 14 (a) 1s a top view showing the switching base of the
flow passage switching means. FIG. 14(b) is a bottom view showing

the switching base of the flow passage switching means.

FIG. 15(a) is a side view showing the switching base of the
flow passage switching means. FIG. 15(b) is a sectional view taken

along the arrows E-E of FIG. 14 (a).

FIG. 16(a) is a top perspective view showing the switching
valve seat element of the flow passage switching means. FIG. 16 (b)
is abottomperspective view showing the switchingvalve seat element

of the flow passage switching means.

FIG. 17 (a) isatopviewshowingthe switchingvalve seatelement
of the flow passage switching means. FIG. 17(b) is a bottom view
showing the switchingvalve seat element of the flowpassage switching
means.

FIG. 18(a) is a side view showing the switching valve seat
element of the flow passage switching means. FIG. 18(b) is a
sectional view taken along the arrows F-F of FIG. 17 (a).

FIG. 19(a) is a top perspective view showing the switching
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valve element of the flow passage switching means. FIG. 19(b) is
a bottom perspective view showing the switching valve element of
the flow passage switching means.

FIG. 20 is a top view showing the switching valve element of
the flow passage switching means.

FIGS. 21 are views showing the switching valve element of the
flow passage switching means, in which FIG. 21 (a) is a bottom view
illustrating a relationship between respective cylindrical valve
elements, and FIG. 21 (b) isabottomviewillustratinga relationship
between first regulating protruding portions and second handle
regulating protruding portions.

FIGS. 22 are views showing the switching valve element of
the flow passage switching means, in which FIG. 22 (a) 1is a side
view seen from the first handle regulating protruding portions,
and FIG. 22 (b) is a side view seen from the second handle regulating
protruding portions.

FIG. 23 is a sectional view taken along the arrows G-G of FIG.
20.

FIGS. 24 are views showing the switching valve element of the
flow passage switching means, in which FIG. 24 (a) is a sectional
view taken along the arrows H-H of FIG. 20, and FIG. 24(b) is a
sectional view taken along the arrows I-I of FIG. 20.

FIG. 25 is a sectional view taken along the arrows J-J of FIG.
22 (b) .

FIG. 26 is a top view showing a handle unit (including the
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switchinghandle and the switchingbase) of the flowpassage switching
means.

FIG. 27 is a bottom view showing the handle unit (including
the switching handle and the switching base) of the flow passage
switching means.

FIG. 28 is a side view showing the handle unit (including the
switchinghandle andthe switchingbase) of the flowpassage switching
means.

FIG. 29 is a sectional view taken along the arrows K-K of FIG.
26.

FIG. 30 is an enlarged sectional view illustrating a state
in which the handle unit (including the switching handle and the
switching base) of the flow passage switching means is arranged
in the shower main body.

FIG. 31 is a view seen from a direction indicated by the arrows
L-L of FIG. 30.

FIG. 32 is a sectional view taken along the arrows M-M of FIG.
30.

FIG. 33 is an enlarged sectional view illustrating a state
in which the fixing screw bolt and the coil spring of the flow passage
switching means are arranged in the shower main body.

FIG. 34 is a view seen from a direction indicated by the arrows
N-N of FIG. 33.

FIG. 35 is an enlarged sectional view illustrating a state

inwhichtheswitchingvalve seatelement of the flowpassageswitching
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means is arranged in the switching base (or in the shower main body) .

FIG. 36 is a view seen from a direction indicated by the arrows
0-0 of FIG. 35.

FIG. 37 is a sectional view taken along the arrows P-P of FIG.
35.

FIG. 38 is an enlarged sectional view illustrating a state
in which the switching valve element of the flow passage switching
means is arranged in the switching handle (or in the shower main
body) .

FIG. 39 is a view seen froma direction indicated by the arrows
Q-Q of FIG. 38.

FIG. 40 is a sectional view taken along the arrows R-R of FIG.
38.

FIG. 41 is a sectional view taken along the arrows S-S of FIG.
38.

FIG. 42 (a) is a top perspective view showing the shower nozzle.

FIG. 42 (b) is a bottom perspective view showing the shower nozzle.

FIG. 43 (a) is a top view showing the shower nozzle. FIG. 43 (b)
is a partial enlarged view of FIG. 43 (a).

FIG. 44 (a) is a side view showing the shower nozzle. FIG.
44 (b) is a sectional view taken along the arrows T-T of FIG. 43 (a).

FIG. 45 is a bottom view showing the shower nozzle.

FIGS. 46 are views for illustrating the flow-adjustment piece

of the air bubble-liquid mixture generating means, in which
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FIG. 46 (a) is a top perspective view showing the
flow-adjustment piece of the air bubble-liquid mixture generating
means. FIG. 46(b) is a bottom perspective view showing the
flow-adjustment piece of the air bubble-liquid mixture generating
means.

FIG. 47 (a) is a top view showing the flow-adjustment piece
of the air bubble-liquid mixture generating means. FIG. 47 (b) is
a partial enlarged view of FIG. 46 (a).

FIGs. 48 are views showing the flow-adjustment piece of the
air bubble-liquid mixture generating means, in which FIG. 48 (a)
is a top perspective view showing flow-adjustment-piece plates and
flow inclined surfaces, FIG. 48 (b) is a side view, and FIG. 48 (c)
is a partial enlarged view of FIG. 48 (b).

FIG. 49 (a) is a bottom view showing the flow-adjustment piece
of the air bubble-ligquid mixture generating means. FIG. 49(b) is
a sectional view taken along the arrows U-U of FIG. 47 (a).

FIGS. 50 are views 1illustrating a state in which the
flow-adjustment piece is incorporated in the shower nozzle, in which
FIG. 50(a) 1s a top view, and FIG. 50(b) is a bottom view.

FIGS. 51 are sectional views taken along the arrows V-V of
FIG. 50(a), inwhich FIG. 51 (a) isaviewillustratinga relationship
between the flow-adjustment piece and a shower cylindrical portion,
and FIG. 51 (b) is a view illustrating a relationship between the

flow-adjustment-piece plates and a shower nozzle plate.
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FIG. 52(a) is a top perspective view showing a mist ring body
(including the guide ring and the mist guides) of the mist generating
means. FIG. 52(b) is a partial enlarged view of FIG. 52 (a).

FIG. 53 is a bottom perspective view showing the mist ring
body (including the guide ring and the mist guides) of the mist
generating means.

FIG. 54 (a) is a top view showing the mist ring body (including
the guide ring and the mist guides) of the mist generating means.
FIG. 54(b) is a side view showing the mist ring body (including
the guide ring and the mist guides) of the mist generating means.

FIG. 55(a) isabottomviewshowingthemist ringbody (including
the guide ring and the mist guides) of the mist generating means.
FIG. 55(b) is a sectional view taken along the arrows W-W of FIG.
54 (a) .

FIGS. 56 are views illustrating a state in which the mist ring
body (including the guide ring and the mist guides) is incorporated
in the shower nozzle, in which FIG. 56(a) is a top view, and FIG.
56(b) is a bottom view.

FIGS. 57 are views illustrating a state in which the mist ring
body (including the guide ring and the mist guides) is incorporated
in the shower nozzle, in which FIG. 57(a) is a sectional view taken
along the arrows X-X of FIG. 56(a), and FIG. 57(b) is a partial
enlarged view of FIG. 57(a).

FIG. 58 is a partial enlarged view of FIG. 2 (at the shower
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position P1).

FIG. 59 is a partial enlarged view of FIG. 2 (at the shower
position P1).

FIG. 60 is a partial enlarged view of FIG. 59 (at the shower
position P1).

FIG. 61 is a perspective view showing the shower head(at a
mist position P2).

FIG. 62 is a partial enlarged sectional view taken along the
arrows a-a of FIG. 61 (at the mist position P2).

FIG. 63 is a sectional view taken along the arrows b-b of FIG.
62 (at the mist position P2).

FIG. 64 is a sectional view taken along the arrows c-c of FIG.
62 (at the mist position P2).

FIG. 65 is a sectional view taken along the arrows d-d of FIG.
62 (at the mist position P2).

FIG. 66 is a partial enlarged view of FIG. 62 for illustrating
a relationship between a mist throttle hole and the mist guide (at
the mist position P2).

FIGS. 67 are views showing a flow-adjustment piece in Example
1 for a "shower test", in which FIG. 67(a) is a top view, and FIG.
67 (b) 1s a bottom view.

FIGS. 68 are views showing a flow-adjustment piece in Example
2 for the "shower test", in which FIG. 68(a) is a top view, and
FIG. 68(b) is a bottom view.

FIGS. 69 are views showing a flow-adjustment piece in Example
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3 for the "shower test", in which FIG. 69(a) is a top view, and

FIG. 69(b) is a bottom view.

Description of Embodiments

[0033] A shower head according to the present invention is
described with reference to FIG. 1 to FIGS. 609.

[0034] A shower head X 1is configured to generate an air
bubble-liquid mixture by mixing the air (air bubbles) into a liquid,
or forma liquid intomist-1like liquid droplets in which air bubbles
are mixed, and jet the air bubble-liquid mixture or the mist-like
(atomized) liquid droplets.

The liquid is water or hot water (the same applies in the
following description). The air bubble-liquid mixture is air
bubble-water mixture or air bubble-hot water mixture generated by
mixing the air into water or hot water, or water or hot water in
which microbubbles or ultrafine bubbles are mixed (the same applies
in the following description).

[0035] As shown in FIG. 1 to FIG. 65, the shower head X includes
a shower main body 1, flow passage switching means 2, a shower nozzle
3, air bubble-liquidmixture generating means 4, andmist generating
means 5.

[0036] As shown in FIG. 1, FIG. 2, and FIG. 4 to FIG. 8, the
shower main body 1 is made of a synthetic resin. The shower main
body 1 includes a handle portion 6 and a head portion 7, and the

handle portion 6 and the head portion 7 are formed integrally with
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each other. The handle portion 6 is formed into a cylindrical shape,
and the head portion 7 is formed into a dome shape.
[0037] As shown in FIG. 5toFIG. 8, the headportion7 isarranged
so that a dome top 7A side thereof is located at the other end 6B
of the handle portion 6. The head portion 7 is fixed to the other
end 6B of the handle portion 6 so as to be inclined toward the handle
portion 6 side.

As shown in FIG. 5 and FIG. 8, the head portion 7 includes
a shower space 7C and a shower cylindrical portion 8.
[0038] As shown in FIG. 5 and FIG. 8, the shower space 7C is
arranged concentrically with the head portion 7, and is opened to
a circular end 7B of the head portion 7 (or the other end 1B of
the shower main body 1). The shower space 7C is formed to extend
from the circular end 7B toward the dome top 7A side in a direction
of a center 1line of the head portion 7. The shower space 7C is closed
by the dome top 7A of the head portion 7.
[0039] As shown in FIG. 5 and FIG. 8, the shower cylindrical
portion 8 is arranged in the shower space 7C. The shower cylindrical
portion 8 is arranged concentrically with the shower space 7C. The
shower cylindrical portion 8 is fixed on the dome top 7A side of
the head portion 7 in the shower space 7C, and is formed integrally
with the head portion 7. The shower cylindrical portion 8 is formed
to extend from the dome top 7A side toward the circular end 7B side
of the head portion 7. One cylinder end 8A of the shower cylindrical

portion 8 is opened in the shower space 7C (toward the other end
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1B of the shower main body 1). The other cylinder end 8B of the
shower cylindrical portion 8 is closed by the dome top 7A of the
head portion 7.

[0040] As shown in FIG. 5 and FIG. 8, the shower main body 1
includes an inflow passage 9, an outflow passage 10, a plurality
of (three) fixingprotruding portions 11, a guide protruding portion
12, a base protruding portion 13, and a reference protruding portion
14.

[0041] As shown in FIG. 5 and FIG. 8, the inflow passage 9 is
a flow passage being a circular hole, and is formed in the handle
portion 6. The inflow passage 9 is opened on one end 1A of the shower
main body 1 (or one end 6A of the handle portion). The inflow passage
9 is formed to pass through the handle portion 6 in a direction
of a cylinder center line of the handle portion 6, and is opened
on the other end 6B of the handle portion 6.

The inflow passage 9 is opened in the outflow passage 10 on
the dome top 7A side of the head portion 7.

The one end 6A of the handle portion 6 (or the one end 1A of
the shower main body 1) is connected to a water supply hose (not
shown), and the liquid is caused to flow through the water supply
hose into the inflow passage 9.

[0042] As shown in FIG. 5 and FIG. 8, the outflow passage 10
is a flow passage being a circular hole, and is formed in the shower
cylindrical portion 8 of the head portion 7. The outflow passage

10 is opened on the other end 1B of the shower main body 1 (or on
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the one cylinder end 8A of the shower cylindrical portion 8). The
outflow passage 10 is arranged concentrically with the shower
cylindrical portion 8, and is formed to extend toward the dome top
7A side of the head portion 7. The outflow passage 10 is closed
by the dome top 7A of the head portion 7. The outflow passage 10
communicates with the inflow passage 9 on the dome top 7A side of
the head portion 7. As shown in FIG. 5 and FIG. 8, on the other
end 1B side of the shower main body 1 with respect to the inflow
passage 9 (or on the one cylinder end 8A side of the shower cylindrical
portion 8), the outflow passage 10 is reduced in diameter at a hole
step portion 10A thereof, and is formed to extend toward the dome
top 7A side of the head portion 7.

This configurationallows the liquidto flow throughthe inflow
passage 9 into the outflow passage 10+ and the liquid is caused
to flow out from the other end 1B of the shower main body 1 (or
from the circular end 7B of the head portion 7).

[0043] As shown in FIG. 5 and FIG. 8, the plurality of fixing
protruding portions 11 are arranged in the outflow passage 10. Each
of the fixing protruding portions 11 is formed to protrude from
an inner peripheral surface (of the shower cylindrical portion 8)
in the outflow passage 10 toward a center line A of the outflow
passage 10, and to extend toward the dome top 7A side of the head
portion 7. Each of the fixing protruding portions 11 is formed
integrally with the inner peripheral surface of the shower

cylindrical portion 8.

31



Oneof the fixingprotrudingportionsll isarrangedatahighest
point 7a of the head portion 7. The other two fixing protruding
portions 11 are arranged with angular intervals of 90 degrees on
bothsidepositionsof thehighestpoint 7aintheperipheral direction
(circumferential direction) of the outflow passage 10.

[0044] As shown in FIG. 5 to FIG. 8, the guide protrudingportion
12 is formed into a cylindrical shape, and is formed integrally
with the other end 1B of the shower main body 1 (or the other end
7Bof theheadportion7). Theguideprotrudingportionl2isarranged
concentricallywith the outflowpassage 10, and is formed to protrude
from the other end 1B of the shower main body 1 (or the other end
7B of the head portion 7).

[0045] As shown in FIG. 5and FIG. 8, thebaseprotrudingportion
13 is a column having a circular cross section, and is arranged
in the outflow passage 10 of the head portion 7. The base protruding
portion 13 is arranged concentrically with the outflow passage 10,
and is supported so that one end of the base protruding portion
13 is fixed on the dome top 7A side of the head portion 7. The base
protruding portion 13 is formed to protrude from the dome top 7A
side of the head portion 7 toward the other end 1B of the shower
main body 1 (or to the circular end 7B of the head portion 7) in
the outflow passage 10.

The base protruding portion 13 has a screw hole 15. As shown
in FIG. 2, FIG. 5, and FIG. 8, the screw hole 15 is arranged

concentrically with the outflow passage 10, and is formed in the
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base protruding portion 13. The screw hole 15 is formed to extend
in a direction of the center line A of the outflow passage 10, and
is opened in the outflow passage 10.

[0046] As shown in FIG. 5 to FIG. 8, the reference protruding
portion 14 is formed integrally with the head portion 7. The
reference protruding portion 14 is arranged at the highest point
7a of the head portion 7. The reference protruding portion 14 is
formed to protrude froma surface of the head portion 7 in a direction
orthogonal to the center line A of the outflow passage 10.
[0047] As shown in FIG. 1 to FIG. 4 and FIGS. 9 to FIG. 25,
the flow passage switching means 2 (flow passage switching unit)
includes a switching handle 21, a switchingbase 22, a sealing gasket
23, a sealing ring 24, a switching valve seat element 25 (switching
valveseat), asealingring26, aswitchingvalveelement 27 (switching
valve), a plurality of (a pair of) sealing rings 28, a fixing screw
bolt 29, and a coil spring 30.

[0048] As shown in FIGS. 9 to FIG. 12, the switching handle
21 is made of a synthetic resin and formed into a cylindrical shape.
The switching handle 21 includes a first handle cylindrical portion
31, a second handle cylindrical portion 32, a handle hole 33, a
threaded portion 34, a plurality of (a pair of) first retaining
grooves 35, a plurality of (a pair of) second retaining grooves
36, and a handle protrusion 37.

[0049] The first handle cylindrical portion 31 (small-diameter

cylindrical portion) and the second handle cylindrical portion 32
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(large-diameter cylindrical portion) are arranged concentrically
with each other with a cylinder center line B (a center line) of
the switching handle 21 being a center, and are formed integrally
with each other.
[0050] The first handle cylindrical portion 31 is reduced in
diameter, and extends from one cylinder end 32A of the second handle
cylindrical portion 32 in a direction of the cylinder center line
B of the switching handle 21.
[0051] As shown in FIGS. 9 to FIG. 12, the second handle
cylindrical portion 32 includes a shower protruding portion 38
configuredtoindicateashowerpositionPl, amist protrudingportion
39 configured to indicate a mist position P2, and a handle groove
40.

As shown in FIGS. 9 to FIG. 12, the shower protruding portion
38 and the mist protruding portion 39 are arranged with an angular
interval of 90 degrees in the peripheral direction of the switching
handle 21 (or the second handle cylindrical portion 32). The shower
protruding portion 38 and the mist protruding portion 39 are formed
to protrude from an outer peripheral surface of the second handle
cylindrical portion 32 in a direction orthogonal to the cylinder
center line B of the switching handle 21.

As shown in FIG. 9 (b) and FIG. 11 (b), the handle groove 40
is an annular groove, and is formed in the second handle cylindrical
portion 32. The handle groove 40 is arranged concentrically with

the second handle cylindrical portion 32 with the cylinder center
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line B of the switching handle 21 being a center. The handle groove
40 is arranged on an outer side of the first handle cylindrical
portion 31 in the direction orthogonal to the cylinder center line
B of the switching handle 21. The handle groove 40 is formed so
as to be opened to the one cylinder end 32A of the second handle
cylindrical portion 32.

The handle groove 40 is formed to extend from the one cylinder

end 32A to the other cylinder end 32B of the second handle cylindrical
portion 32, and has a groove depth in the direction of the cylinder
center line B of the switching handle 21.
[0052] As shown in FIGS. 9, FIG. 10, FIG. 11 (b), and FIG. 12,
the handle hole 33 is formed into a circular hole. The handle hole
33 is arranged concentrically with the handle cylindrical portions
31 and 32 with the cylinder center line B of the switching handle
21 (including the first handle cylindrical portion 31 and the second
handle cylindrical portion 32) being a center.

The handle hole 33 is formed to pass through the first handle
cylindrical portion 31 and the second handle cylindrical portion
32 in the direction of the cylinder center line B of the switching
handle 21. The handle hole 33 is opened to one cylinder end 31A
of the first handle cylindrical portion 31 and the other cylinder
end 32B of the second handle cylindrical portion 32.

[0053] As shown in FIGS. 9, FIG. 10, FIG. 11 (b), and FIG. 12,
the handle hole 33 includes a large-diameter hole portion 33A, a

medium-diameter hole portion 33B, and a small-diameter hole portion
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33C.

The large-diameter hole portion 33A is opened to the other
cylinder end 32B of the second handle cylindrical portion 32. The
medium-diameter hole portion 33B is formed Dbetween the
large-diameter hole portion 33A and the small-diameter hole portion
33C. The medium-diameter hole portion 33B is reduced in diameter
at a first hole step portion 33D as compared to the large-diameter
hole portion 33A, and is continuous with the small-diameter hole
portion 33C.

The small-diameter hole portion 33C is reduced in diameter
at a second hole step portion 33E as compared to the medium-diameter
hole portion 33B, and is opened to the one cylinder end 31A of the
first handle cylindrical portion 31.

[0054] As shown in FIGS. 9, FIG. 10, and FIG. 11 (b), the threaded
portion 34 is formed in the large-diameter hole portion 33A of the
handle hole 33. The threaded portion 34 is arranged in a range from
the first hole step portion 33D to the other cylinder end 32B side
of the second handle cylindrical portion 32 in the direction of
the cylinder center line B of the switching handle 21.

[0055] As shown in FIGS. 9, FIG. 10, and FIG. 11(b), the first
retaining grooves 35 are formed in the medium-diameter hole portion
33Bof thehandlehole 33. Thefirstretaininggrooves 35arearranged
with an angular interval of 180 degrees in the peripheral direction
of the switching handle 21 (or of the second handle cylindrical

portion 32).
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One of the first retaining grooves 35 is arranged at a position
corresponding to the shower protruding portion 38 in the peripheral
direction of the switching handle 21.

The first retaining grooves 35 are formed to extend between

the first hole step portion 33D and the second hole step portion
33E in the direction of the cylinder center line B of the switching
handle 21. The first retaining grooves 35 each have a groove width
Hl in the peripheral direction (circumferential direction) of the
switching handle 21, and are each opened in an inner peripheral
surface of the medium-diameter hole portion 33B.
[0056] As shown in FIGS. 9, FIG. 10, and FIG. 11 (b), the second
retaining grooves 36 are formed in the medium-diameter hole portion
33B of the handle hole 33. The second retaining grooves 36 are
arranged with an angular interval of 180 degrees in the peripheral
directionof theswitchinghandle 2l (or the secondhandlecylindrical
portion 32).

One of the second retaininggrooves 36 is arrangedat a position
corresponding to the mist protruding portion 39 in the peripheral
direction of the switching handle 21. The second retaining grooves
36 are each located at a center between the first retaining grooves
35 in the peripheral direction of the switching handle 21, and are
arranged with angular intervals of 90 degrees between the first
retaining grooves 35.

The second retaining grooves 36 are formed to extend from the

first hole step portion 33D toward the second hole step portion
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33Esideinthedirectionof thecylindercenter lineBof theswitching
handle 21. The second retaining grooves 36 each have a groove width
H2 in the peripheral direction of the switching handle 21, and are
each opened in the inner peripheral surface of the medium-diameter
hole portion 33B. The groovewidth H2 of each of the second retaining
grooves 36 is smaller than the groove width H1 of each of the first
retaining grooves 35 (groove width H2<groove width HI1).

[0057] As shown in FIG. 9(b), FIGS. 11, and FIG. 12, the handle
protrusion 37 is arranged on the outer side of the first handle
cylindrical portion 31 in the direction orthogonal to the cylinder
center line B of the switching handle 21. The handle protrusion
37 is arranged at a position corresponding to the shower protruding
portion 38 in the peripheral direction of the switching handle 21.

The handle protrusion 37 is formed integrally on an outer
peripheral surface of the first handle cylindrical portion 31. The
handle protrusion 37 is formed to protrude from the outer peripheral
surface of the first handle cylindrical portion 31 to the handle
groove 40 in the direction orthogonal to the cylinder center line
B of the switching handle 21.

The handle protrusion 37 is formed to extend between the one
cylinder end 31A of the first handle cylindrical portion 31 and
the one cylinder end 32A of the second handle cylindrical portion
32 in the direction of the cylinder center line B of the switching
handle2l. Thehandleprotrusion37includesaprotrusionendsurface

37A (a flat end surface) that is flush with the one cylinder end
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31A of the first handle cylindrical portion 31.

[0058] As shown in FIGS. 13 to FIGS. 15, the switching base
22 is made of a synthetic resin and formed into a cylindrical shape.
The switching base 22 includes a first base cylindrical portion
45 (a large-diameter cylindrical portion), a secondbase cylindrical
portion 46 (a small-diameter cylindrical portion), a base annular
plate 47, abase hole 48, a fixingcylindrical portion 49, aplurality
of (a pair of) first rib portions 50, a plurality of (a pair of)
secondribportions 51, andapluralityof (apairof) baseprotrusions
59 and 60.

[0059] The first base cylindrical portion 45 and the second
base cylindrical portion 46 are arranged concentrically with each
other with a cylinder center line C (a center line) of the switching
base 22 being a center. The first base cylindrical portion 45 and
the second base cylindrical portion 46 are formed integrally with
each other.

[0060] As shown in FIGS. 13 and FIGS. 15, the first base
cylindrical portion 45 has a plurality of sealing grooves 53 and
54.

[0061] As shown in FIGS. 13 and FIGS. 15, the sealing groove
53 is formed into an annular groove, and is arranged on one cylinder
end 45A side of the first base cylindrical portion 45. The sealing
groove 53 is arranged concentrically with the first base cylindrical
portion 45 with the cylinder center line C (the center line) of

the switching base 22 (or the first base cylindrical portion 45)
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being a center. The sealing groove 53 is formed along an entire
outer peripheral surface of the first base cylindrical portion 45.
The sealing groove 53 has a groove depth in a direction orthogonal
to the cylinder center line C of the switching base 22, and is opened
in the outer peripheral surface of the first base cylindrical portion
45.

[0062] As shown in FIGS. 13 and FIGS. 15, the sealing groove
54 is formed into an annular groove, and is arranged on the other
cylinder end 45B side of the first base cylindrical portion 45.
The sealing groove 54 is arranged between the other cylinder end
45B of the first base cylindrical portion 45 and the sealing groove
53 in the direction of the cylinder center line C of the switching
base 22.

The sealinggroove 54 is arranged concentricallywith the first
base cylindrical portion 45 with the cylinder center line C of the
switching base 22 being a center. The sealing groove 54 is formed
along the entire outer peripheral surface of the first base
cylindrical portion 45. The sealing groove 54 has a groove depth
in the direction orthogonal to the cylinder center line C of the
switching base 22, and is opened in the outer peripheral surface
of the first base cylindrical portion 45.

[0063] As shown in FIG. 13(b), FIG. 14(b), and FIGS. 15, the
second base cylindrical portion 46 is reduced in diameter at the
one cylinder end 45A of the first base cylindrical portion 45, and

is formed to protrude from the first base cylindrical portion 45
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in the direction of the cylinder center line C of the switching
base 22.

The second base cylindrical portion 46 has a plurality of

(three) base regulating grooves 55, 56, and 57.
[0064] As shown in FIGS. 13, FIG. 14 (b), and FIGS. 15, the base
regulating grooves 55 to 57 are arranged with angular intervals
of 90 degrees in the peripheral direction of the switching base
22.

With regard to the base regulating grooves 55 to 57, on both
sides of one base regulating groove 55 in the peripheral direction
of the switching base 22, the other two base regulating grooves
56 and 57 are arranged. Each of the base regulating grooves 56 and
57 is arranged with an angular interval of 90 degrees between the
base regulating groove 55 and each of the base regulating grooves
56 and 57 in the peripheral direction of the switching base 22.

The base regulating grooves 55, 56, and 57 are each formed
to extend between the one cylinder end 45A of the first base
cylindrical portion 45 and one cylinder end 46A of the second base
cylindrical portion 46 in the direction of the cylinder center line
C of the switching base 22, and are each opened to the one cylinder
end 46A of the second base cylindrical portion 46.

The base regulating grooves 55 to 57 each have a groove depth
in the direction orthogonal to the cylinder center line C of the
switching base 22, and are each opened in an outer peripheral surface

of the second base cylindrical portion 46.
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[0065] As shown in FIGS. 13 to FIGS. 15, the base annular plate
47 isarrangedconcentricallywiththe firstbasecylindrical portion
45 with the cylinder center line C of the switching base 22 (or
the first base cylindrical portion 45) being a center. The base
annular plate 47 is fixed to the other cylinder end 45B of the first
base cylindrical portion 45, and is formed integrally with the first
base cylindrical portion 45. The base annular plate 47 is formed
to protrude from the outer peripheral surface of the first base
cylindrical portion 45 in the direction orthogonal to the cylinder
center line C of the switching base 22.
[00606] As shown in FIG. 13(a), FIGS. 14, and FIG. 15(b), the
base hole 48 is formed into a circular hole. The base hole 48 is
formed to pass through the first base cylindrical portion 45 and
the secondbasecylindricalportion46inthedirectionof thecylinder
center line C of the switching base 22. The base hole 48 is arranged
concentrically with the base cylindrical portions 45 and 46 with
the cylinder center line C of the switching base 22 being a center.
The base hole 48 includes a small-diameter hole portion 48A
and a large-diameter hole portion 48B. The small-diameter hole
portion 48A is formed to pass through the first base cylindrical
portion 45, and is opened to the base annular plate 47. The
large-diameter hole portion 48B is increased in diameter at a hole
step portion 48C as compared to the small-diameter hole portion
48A, and is opened to the one cylinder end 46A of the second base

cylindrical portion 46.
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[0067] As shown in FIGS. 13 to FIGS. 15, the fixing cylindrical
portion 49 is arranged in the base cylindrical portions 45 and 46.
The fixing cylindrical portion 49 is arranged concentrically with
the second base cylindrical portion 46 with the cylinder center
line C of the switching base 22 (including the base cylindrical
portions 45 and 46) being a center.

The fixing cylindrical portion 49 is arranged in the base
cylindrical portions 45 and 46 with an annular space Y between the
fixing cylindrical portion 49 and inner peripheral surfaces of the
base cylindrical portions 45 and 46 in the direction orthogonal
to the cylinder center line C of the switching base 22. The fixing
cylindrical portion 49 is formed to extend from the hole step portion
48C of the base hole 48 toward the one cylinder end 46A side of
the secondbasecylindricalportion46inthedirectionof thecylinder
center line C of the switching base 22, and protrudes from the one
cylinder end 46A of the second base cylindrical portion 46. The
fixing cylindrical portion 49 includes a cylinder end surface 49A
(a flat end surface) that is flush with the hole step portion 48C
of the base hole 48.

[0068] As shown in FIG. 13(b), FIGS. 14, and FIG. 15(b), the
fixing cylindrical portion 49 has a bolt receiving hole 58. The
bolt receiving hole 58 is arranged concentrically with the fixing
cylindricalportion49withthecylindercenterlineCof theswitching
base 22 being a center. The bolt receiving hole 58 is formed to

pass through the fixing cylindrical portion 49 in the direction
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of the cylinder center line C of the switching base 22.

As shown in FIG. 13(b), FIGS. 14, and FIG. 15(b), the bolt
receiving hole 58 includes a large-diameter hole portion 58A, a
small-diameter hole portion 58B, and a medium-diameter hole portion
58C.

With regard to the bolt receiving hole 58, the large-diameter
hole portion 58A is opened to the one cylinder end surface 49A of
the fixing cylindrical portion 49, and communicates with the
small-diameter hole portion 48A of the Dbase hole 48. The
small-diameter hole portion 58B is arranged Dbetween the
large-diameter hole portion 58A and the medium-diameter hole portion
58C. The small-diameter hole portion 58B is formed to be reduced
in diameter as compared to the large-diameter hole portion 58A.
The medium-diameter hole portion 58C is increased in diameter as
compared to the small-diameter hole portion 58B, and is opened to
the other cylinder end 49B of the fixing cylindrical portion 49.
[0069] As shown in FIGS. 13, FIGS. 14, and FIG. 15(b), the first
rib portions 50 are each arranged in the large-diameter hole portion
48B of the base hole 48 between each of the base cylindrical portions
45 and 46 and the fixing cylindrical portion 49 (in the annular
space Y) .

The first ribportions 50 are arranged with an angular interval
of 180 degrees in the peripheral direction of the switching base
22 (including the base cylindrical portions 45 and 46) . With regard

to the first rib portions 50, one of the first rib portions 50 is
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arranged at a position corresponding to the base regulating groove
55 (one of the base regulating grooves).

The first rib portions 50 are each formed to extend between
the hole step portion 48C of the base hole 48 and the one cylinder
end 46A of the second base cylindrical portion 46 in the direction
of the cylinder center line C of the switching base 22. The first
rib portions 50 are fixed to the base cylindrical portions 45 and
46 and the fixing cylindrical portion 49, and are formed integrally
withthebasecylindricalportions45and46andthe fixingcylindrical
portion 49. The first rib portions 50 each have a rib width hA in
the peripheral direction of the switching base 22.

The first rib portions 50 each include a rib flat surface 50A

that is flush with the cylinder end surface 49A of the fixing
cylindrical portion 49 (or the hole step portion 48C).
[0070] As shown in FIGS. 13, FIGS. 14 and FIG. 15 (b), the second
rib portions 51 are each arranged in the large-diameter hole portion
48B of the base hole 48 between each of the base cylindrical portions
45 and 46 and the fixing cylindrical portion 49 (in the annular
space Y).

The secondribportions 51 arearrangedwithanangular interval
of 180 degrees in the peripheral direction of the switching base
22 (including the base cylindrical portions 45 and 46). The second
rib portions 51 are each located at a center between the first rib
portions 50 in the peripheral direction of the switching base 22,

and are arranged at positions respectively corresponding to the
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base regulating grooves 56 and 57 (the other two base regulating
grooves) .

The second rib portions 51 are each formed to extend between
the hole step portion 48C of the base hole 48 and the one cylinder
end 46A of the second base cylindrical portion 46 in the direction
of the cylinder center line C of the switching base 22. The second
rib portions 51 are fixed to the base cylindrical portions 45 and
46 and the fixing cylindrical portion 49, and are formed integrally
withthebasecylindricalportions45and46andthe fixingcylindrical
portion 49. The second rib portions 51 each have a rib width hB
in the peripheral direction of the switching base 22. The rib width
hB of each of the second rib portions 51 is larger than the rib
width hA of each of the first rib portions 50 (rib width hB>rib
width hA).

The second rib portions 51 each include a rib flat surface
51A that is flush with the cylinder end surface 49A of the fixing
cylindrical portion 49 (or the hole step portion 48C).

This configuration, as shown in FIG. 13(b) and FIG. 14 (b),
in the annular space Y, allows a plurality of (four) base inflow
passages Z to be defined between the first rib portions 50 and the
second rib portions 51 in the peripheral direction. The base inflow
passages Z are each formed to extend in the direction of the cylinder
center line C of the switching base 22, and are each opened to the
large-diameter hole portion 48B of the base hole 48 and the one

cylinder end 46A of the second base cylindrical portion 46.
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[0071] As shown in FIG. 13(a), FIG. 14(a), and FIG. 15(b), the
base protrusions 59 and 60 are fixed to the other cylinder end 45B
side of the first base cylindrical portion 45 and the base annular
plate 47, and are formed integrally with the first base cylindrical
portion 45 and the base annular plate 47.

The base protrusions 59 and 60 are arranged between the base
hole 48 (or the small-diameter hole portion 48A) and the outer
peripheral surface of the base annular plate 47 in the direction
orthogonal to the cylinder center line C of the switching base 22.

The base protrusions 59 are arranged with an angular interval
of 180 degrees in the peripheral direction of the switching base
22. The base protrusions 59 and 60 are arranged (in a concyclic
manner) on a circle that has a center along the cylinder center
line C of the switching base 22 and is located on an outer side
of the base hole 48.

The base protrusions 59 and 60 are each formed to protrude
from the other cylinder end 45B of the first base cylindrical portion
45 and the base annular plate 47 in the direction of the cylinder
center line C of the switching base 22.

[0072] As shown inFIG. 14 (a), onebaseprotrusion 59 isarranged
between the base regulating grooves 55 and 56 in the peripheral
direction (circumferential direction) of the switching base 22.

The base protrusion 59 includes a first base regulating flat

surface 59A located at a base distance HA from a base longitudinal

straight line LX that is orthogonal to the cylinder center line
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C of the switching base 22 and passes a center of the base regulating
groove 55. The first base regulating flat surface 59A is formed
in parallel to the base longitudinal straight line LX.

The base protrusion 59 includes a second base regulating flat

surface 59B located at the base distance HA from a base transverse
straight line LY that is orthogonal to the cylinder center line
C of the switching base (or the base longitudinal straight line
LX) and passes a center of each of the base regulating grooves 56
and 57. The second base regulating flat surface 59B is formed in
parallel to the base transverse straight line LY.
[0073] As shown in FIG. 14 (a), the other one base protrusion
60 is arranged between the base regulating grooves 56 and 57 in
the peripheral direction (circumferential direction) of the
switching base 22.

The base protrusion 60 includes a third base regulating flat
surface 60A located at a base distance HB from the base transverse
straight line LY. The third base regulating flat surface 60A is
formed in parallel to the base transverse straight line LY.

The base protrusion 60 includes a fourth base regulating flat
surface 60B located at the basedistance HB from the base longitudinal
straight line LX. The fourth base regulating flat surface 60B is
formed in parallel to the base longitudinal straight line LX. The
base distance HB is a dimension (distance) equal to the base distance
HA (base distance HA = base distance HB).

[0074] As shown in FIG. 4 and FIGS. 15, the sealing gasket 23
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is made of an elastic material such as synthetic rubber, and is
formed into an annular shape. The sealing gasket 23 is externally
fitted to the first base cylindrical portion 45 of the switching
base 22, and is fitted in the sealing groove 54. The sealing gasket
23 is arranged in the sealing groove 54 so as to protrude from the
outer peripheral surface of the first base cylindrical portion 45.
[0075] As shown in FIG. 4 and FIGS. 15, the sealing ring 24
is made of an elastic material such as synthetic rubber, and is
formed into an annular shape. The sealing ring 24 is externally
fitted to the first base cylindrical portion 45 of the switching
base 22, and is fitted in the sealing groove 53. The sealing ring
24 is arranged in the sealing groove 53 so as to protrude from the
outer peripheral surface of the first base cylindrical portion 45.
[0076] As shown in FIGS. 16 to FIGS. 18, the switching valve
seat element 25 (the switching valve seat) is made of a synthetic
resin and formed into a cylindrical shape. The switching valve seat
element 25 includes a valve seat cylindrical portion 62, a valve
seat disk 63, a plurality of (a pair of) valve seat holes 64 and
65, a plurality of (a pair of) first regulating protrusions 66,
a plurality of (a pair of) second regulating protrusions 67, and
a plurality of (a pair of) spring receiving protruding portions
68.

[0077] As shown in FIGS. 16, FIG. 17(b), and FIGS. 18, the valve
seat cylindrical portion 62 is formed into a cylindrical shape.

As shown in FIG. 15(b) and FIG. 17(a), an outer diameter D1 of the
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valve seat cylindrical portion 62 is smaller than a hole diameter
dl of the small-diameter hole portion 68A of the base hole 48 (or
the switching base 22) (outer diameter D1 < hole diameter dl).
As shown in FIGS. 16 to FIGS. 18, the valve seat cylindrical
portion 62 has a sealing groove 69. The sealing groove 69 is formed
into an annular groove, and is arranged concentrically with the
valve seat cylindrical portion 62 with a cylinder center line D
(a center line) of the switching valve seat element 25 (or the valve
seat cylindrical portion 62) being a center. The sealing groove
69 is formed along an entire outer peripheral surface of the valve
seat cylindrical portion 62. The sealing groove 69 has a groove
depth in a direction orthogonal to the cylinder center line D of
the switching valve seat element 25 (or the valve seat cylindrical
portion 62), and is opened in the outer peripheral surface of the
valve seat cylindrical portion 62.
[0078] As shown in FIG. 17 (a), the valve seat disk 63 has a
plate diameter equal to the outer diameter D1 of the valve seat
cylindrical portion 62, and is formed into a circular shape. The
valve seat disk 63 is arranged concentrically with the valve seat
cylindricalportion62withthecylindercenterlineDoftheswitching
valve seat element 25 (or the valve seat cylindrical portion 62)
being a center. The valve seat disk 63 is formed integrally with
the valve seat cylindrical portion 62 so as to close one cylinder
end 62A of the valve seat cylindrical portion 62.

[0079] As shown in FIG. 17 (a), the valve seat holes 64 and 65
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are each a circular hole having a hole diameter d4, and are formed
in the valve seat disk 63. As shown in FIG. 17 (a), the valve seat
holes 64 and 65 are arranged (in a concyclic manner) on a circle
CA having a circle diameter D5 and a center along the cylinder center
line D of the switching valve seat element 25. Each of the valve
seat holes 64 and 65 is arranged so that a hole center line E thereof
is located on the circle CA.

As shown in FIG. 16(a) and FIGS. 17, the valve seat holes 64
and 65 are arranged with an angular interval of 180 degrees in the
peripheral direction of the switching valve seat element 25 (or
the valve seat cylindrical portion 62).

The valve seat holes 64 and 65 are each formed to pass through
the valve seat disk 63 in a direction of the cylinder center line
D of the switching valve seat element 25, and are each opened in
a disk front flat surface 63A and a disk back flat surface 63B of
the valve seat disk 63. The valve seat holes 64 and 65 communicate
with an inside of the valve seat cylindrical portion 62.

[0080] As shown in FIGS. 16, FIG. 17(b), and FIG. 18(b), the
first regulating protrusions 66 are arranged (in a concyclic manner)
on a circle that has a center along the cylinder center line D of
the switching valve seat element 25 (or the valve seat cylindrical
portion 62) and is located between the valve seat hole 64 and the
outer peripheral surface of the valve seat cylindrical portion 62.
The first regulating protrusions 66 are formed integrally with the

other cylinder end 62B of the valve seat cylindrical portion 62
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so as to be located on the valve seat hole 64 side.

The first regulating protrusions 66 are arranged on both sides
of a valve seat straight line LB that is orthogonal to the cylinder
center line D of the switching valve seat element 25 and passes
the hole center line E of each of the valve seat holes 64 and 65.
As shown in FIG. 17 (b), each of the first regulating protrusions
66 is arranged at a distance HC/2 from the valve seat straight line
LB.

This configuration, as shown in FIG. 17 (b), allows the first
regulating protrusions 66 to be arranged with an insertion interval
HC in the peripheral direction of the switching valve seat element
25. The insertion interval HC is larger than the rib width hA of
each of the first rib portions 50 (of the switching base 22) and
smaller than the rib width hB of each of the second rib portions
51 (the rib width hA < the insertion interval HC < the rib width
hB) .

In thedirection of the cylinder center 1line D of the switching
valve seat element 25, the first regulating protrusions 66 are each
formed to protrude from the other cylinder end 62B of the valve
seat cylindrical portion 62 and extend away from the valve seat
disk 63.

[0081] As shown in FIG. 17(b) and FIG. 18(a), the second
regulating protrusions 67 are arranged on the same circle on which
the first regulatingprotrusions 66 are arranged. Eachof the second

regulating protrusions 67 is arranged with an angular interval of
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180 degrees in the peripheral direction of the switching valve seat
element 25 with respect to one of the first regulating protrusions
66, and are located on the valve seat hole 65 side.

The second regulating protrusions 67 are arranged on the both
sides of the valve seat straight line LB. Each of the second
regulating protrusions 67 is arranged at the distance HC/2 from
the valve seat straight line.

This configuration allows the second regulating protrusions
67 to be arranged with the insertion interval HC in the peripheral
direction of the switching valve seat element 25.

In thedirection of the cylinder center 1line D of the switching

valve seat element 25, the second regulating protrusions 67 are
each formed to protrude from the other cylinder end 62B of the valve
seat cylindrical portion 62 and extend away from the valve seat
disk 63.
[0082] As shown in FIG. 16(b), FIG. 17 (b), and FIG. 18(b), the
spring receiving protruding portions 68 are located in the valve
seat cylindrical portion 62, and are arranged between the wvalve
seat holes 64 and 65. The spring receiving protruding portions 68
are arrangedwith an angular interval of 180 degrees in the peripheral
direction of the switching valve seat element 25.

The spring receiving protruding portions 68 are arranged
concentrically with the valve seat cylindrical portion 62 with the
cylinder center line D of the switching valve seat element 25 being

a center. As shown in FIG. 17(b), the spring receiving protruding
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portions 68 are each formed into an arc shape so as to have a radius
r2 from the cylinder center 1ine D (the center line) of the switching
valve seat element 25. The radius r2 of each of the spring receiving
protruding portions 68 is smaller than a distance (length) between
the cylinder center line D of the switching valve seat element 25
and the valve seat hole 64.

The spring receiving protruding portions 68 are formed
integrally with the wvalve seat disk 63. The spring receiving
protruding portions 68 are formed to protrude from the disk back
flat surface 63B of the valve seat disk 63 into the valve seat
cylindrical portion 62 in the direction of the cylinder center line
D of the switching valve seat element 25.

[0083] As shown in FIG. 4 and FIGS. 18, the sealing ring 26
is made of an elastic material such as synthetic rubber, and is
formed into an annular shape. The sealing ring 26 is externally
fitted to the valve seat cylindrical portion 62 of the switching
valve seat element 25, and is fitted in the sealing groove 69. The
sealing ring 26 is arranged in the sealing groove 69 so as to protrude
from the outer peripheral surface of the valve seat cylindrical
portion 62.

[0084] As shown in FIGS. 19 to FIG. 25, the switching valve
element 27 is made of a synthetic resin and formed into a cylindrical
shape. The switchingvalveelement 27 includesa firstvalveelement
cylindrical portion 71 (a large-diameter cylindrical portion), a

valve element annular plate 72, a second valve element cylindrical
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portion 73 (a small-diameter cylindrical portion), a valve element
disk 74, a central cylindrical portion 75, a plurality of (a pair
of) cylindrical valve elements 76 and 77, a plurality of (a pair
of) valve element flow passages 78 and 79, a plurality of (a pair
of) first valve element protruding portions 80, a plurality of (a
pair of) second valve element protruding portions 81, a plurality
of outer outflow holes 82, a plurality of (a pair of) first handle
regulating protruding portions 83, and a plurality of (a pair of)
second handle regulating protruding portions 85.

[0085] As shown in FIGS. 19 to FIG. 25, the first valve element
cylindrical portion 71 is formed into a cylindrical shape. As shown
in FIG. 10 and FIG. 20, an outer diameter D2 of the first valve
element cylindrical portion 71 is smaller than a hole diameter d2
of the medium-diameter hole portion 33B of the handle hole 33 (of
the switching handle 21) (the outer diameter D2 < the hole diameter
d2). As shown in FIG. 17(a) and FIG. 23, an inner diameter d3 of
the first valve element cylindrical portion 71 is larger than the
outer diameter D1 of the valve seat cylindrical portion 62 and the
valve seat disk 63 (of the switching valve seat element 25) (inner
diameter d3>outer diameter D1).

[0086] As shown in FIGS. 19 to FIG. 25, thevalve element annular
plate 72 is formed into an annular shape. The valve element annular
plate 72 has the outer diameter D2 equal to the outer diameter of
the first valve element cylindrical portion 71.

The valve element annular plate 72 is arranged concentrically
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with the first valve element cylindrical portion 71 with a cylinder
center line F (a center line) of the switching valve element 27
(or the first valve element cylindrical portion 71) being a center.
The valve element annular plate 72 is formed integrally with the
first valveelement cylindrical portion 71 soas tocloseonecylinder
end 71A of the first valve element cylindrical portion 71.
[0087] As shown in FIGS. 19 to FIGS. 24, the secondvalve element
cylindrical portion 73 is arranged concentrically with the first
valve element cylindrical portion 71 with the cylinder center line
F of the switching valve element 27 (or the first valve element
cylindrical portion 71) being a center. The second valve element
cylindrical portion 73 is arranged along an inner periphery of the
valve element annular plate 72, and is formed integrally with the
valve element annular plate 72.

The second valve element cylindrical portion 73 is formed to
protrude from the valve element annular plate 72 in a direction
of the cylinder center line F of the switching valve element 27.
An outer diameter D3 of the second valve element cylindrical portion
73 is smaller than the inner diameter d3 of the first valve element
cylindrical portion 71 (the outer diameter D3 < the inner diameter
d3).

The second valve element cylindrical portion 73 has a shower
outflow hole 87. The shower outflow hole 87 1is arranged
concentrically with the second valve element cylindrical portion

73 with the cylinder center line F of the switching valve element
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27 being a center. The shower outflow hole 87 is formed to pass
through the second valve element cylindrical portion 73 in the
directionof thecylinder center line Fof the switchingvalve element
27 (or the first valve element cylindrical portion 71). The shower
outflow hole 87 is opened to one cylinder end 73A and the other
cylinder end 73B of the second valve element cylindrical portion
73.

[0088] As shown in FIG. 19(a), FIG. 20, FIG. 23, and FIGS. 24,
the shower outflow hole 87 includes a large-diameter hole portion
87A and a small-diameter hole portion 87B. The large-diameter hole
portion 87A is opened to the protruding-side cylinder end 73A (one
cylinder end) of the second valve element cylindrical portion 73.
The small-diameter hole portion 87B is reduced in diameter at a
hole step portion 87C as compared to the large-diameter hole portion
87A, and is opened to the other cylinder end 73B of the second valve
element cylindrical portion 73.

[0089] As shown in FIGS. 19 to FIGS. 21 and FIG. 23 to FIG.
25, the valve element disk 74 is formed into a circular shape. The
valve element disk 74 is arranged concentrically with the second
valve element cylindrical portion 73 with the cylinder center line
Fof the switchingvalve element 27 being a center. Thevalve element
disk 74 is arranged in the small-diameter hole portion 83B of the
second valve element cylindrical portion 73 to close the other
cylinder end 73B of the second valve element cylindrical portion

73. The valve element disk 74 is formed integrally with the second
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valve element cylindrical portion 73.
[0090] As shown in FIG. 19(b), FIG. 20, and FIG. 23 to FIG.
25, the central cylindrical portion 75 is arranged concentrically
withthevalveelementcylindricalportions 71 and73withthecylinder
center line F of the switching valve element 27 being a center.
The central cylindrical portion 75 is arranged in the second valve
element cylindrical portion 73 (or in the shower outflow hole 87).
In a direction orthogonal to the cylinder center line F of the
switching valve element 27, the central cylindrical portion 75 is
arrangedat a center of each of thevalveelement cylindrical portions
71 and 73 with an annular space between an inner peripheral surface
of the second valve element cylindrical portion 73 and the central
cylindrical portion 75.

Asshown in FIG. 23andFIGS. 24, thecentral cylindrical portion
75 is formed integrally with the valve element disk 74 so that one
cylinder end 75A of the central cylindrical portion 75 is fixed
to a disk back flat surface 74B of the valve element disk 74. The
central cylindrical portion 75 is formed to extend from the disk
back flat surface 74B of the valve element disk 74 into the first
valve element cylindrical portion 71 in the direction of the cylinder
center line F of the switching valve element 27. The central
cylindrical portion 75 is formed to protrude from the first valve
element cylindrical portion 71 in the direction of the cylinder
center line F of the switching valve element 27.

[0091] As shown in FIG. 19(b) and FIGS. 21 to FIGS. 24, the
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cylindricalvalveelements76and77areeachformedintoacylindrical
shape. The cylindrical valve elements 76 and 77 are arranged in
the second valve element cylindrical portion 73 (or in the first
valve element cylindrical portion 71).

As shown in FIG. 21 (a), the cylindrical valve elements 76 and
77 are arranged (in a concyclic manner) on a circle CB that has
a circle diameter D6 and a center along the cylinder center line
F of the switching valve element 27 (or the first valve element
cylindrical portion 71), and is located between the central
cylindrical portion 75 and the second valve element cylindrical
portion 73. The cylindrical valve elements 76 and 77 are arranged
adjacent to the central cylindrical portion 75 so that a cylinder
center line G of each of the cylindrical valve elements 76 and 77
is located on the circle CB. The circle diameter D6 of the circle
CB, on which the cylindrical valve elements 76 and 77 are arranged,
is equal to the circle diameter D5 of the circle CA, on which the
valve seat holes 64 and 65 are arranged (the circle diameter D6
= the circle diameter D5).

The cylindrical valve elements 76 and 77 are formed integrally
with the central cylindrical portion 75.

The cylindrical valve elements 76 and 77 are formed integrally
with the valve element disk 74 so as to be fixed to the disk back
flat surface 74B of thevalve element disk 74. The cylindrical valve
elements 76 and 77 are each formed to extend from the disk back

flat surface 74B of the valve element disk 74 into the first valve
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element cylindrical portion 71 in the direction of the cylinder
center line F of the switching valve element 27 (or the first valve
element cylindrical portion 71). The cylindrical valve elements
76 and 77 are each formed to protrude from the first valve element
cylindrical portion 71 in the direction of the cylinder center line
F of the switching valve element 27.

Cylinder ends 76A and 77A of the cylindrical valve elements
76 and 77 and a cylinder end 75A of the central cylindrical portion
75, which protrude from the first valve element cylindrical portion
71, are formed into flat end surfaces that are flush with each other.
[0092] As shown in FIG. 19(b), FIG. 20, FIG. 21(a), and FIGS.
24, the cylindrical valve element 76 has a valve element hole 88
and a sealing groove 89.
[0093] As shown in FIG. 19(b), FIG. 20, FIG. 21(a), FIGS. 24,
and FIG. 25, the valve element hole 88 is formed into a circular
hole havinga holediameter d5. Thevalveelement hole 88 is arranged
concentrically with the cylindrical valve element 76 with the
cylinder center line G of the cylindrical valve element 76 being
a center. The valve element hole 88 is formed to extend from one
cylinder end 76A of the cylindrical valve element 76 to the valve
element disk 74 in a direction of the cylinder center line G (the
center line) of the cylindrical valve element 76, and is opened
to the one cylinder end 76A of the cylindrical valve element 76.
The valve element hole 88 is closed by the valve element disk 84

in the direction of the cylinder center line G of the cylindrical
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valve element 76.

The hole diameter d5 of the valve element hole 88 is larger
than the hole diameter d4 of each of the valve seat holes 64 and
65 (the hole diameter d5 < the hole diameter d4).

[0094] As shown in FIG. 19(b) and FIG. 21 (a), the sealinggroove
89 is an annular groove, and is formed on the one cylinder end 76A
side of the cylindrical valve element 76. The sealing groove 89
is arranged concentrically with the cylindrical valve element 76
with the cylinder center line G of the cylindrical valve element
76 being a center. The sealing groove 89 is arranged on an outer
side of the valve element hole 88 in a direction orthogonal to the
cylinder center line G of the cylindrical valve element 76. The
sealing groove 89 has a groove depth in the direction of the cylinder
center line G of the cylindrical valve element 76, and is opened
to—the one cylinder end 76A of the cylindrical valve element 76.
[0095] As shown in FIG. 19(b), FIG. 20, FIG. 21 (a), FIGS. 24,
and FIG. 25, the cylindrical valve element 77 has a valve element
hole 90 and a sealing groove 91.

[0096] As shown in FIG. 19(b), FIG. 20, FIG. 21 (a), FIGS. 24 ,
and FIG. 25, the valve element hole 90 is formed into a circular
hole having the hole diameter d5. The valve element hole 90 is
arranged concentrically with the cylindrical valve element 77 with
the cylinder center line G of the cylindrical valve element 77 being
a center. The valve element hole 90 is formed to extend from one

cylinder end 77A of the cylindrical valve element 77 to the valve
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element disk 74 in a direction of the cylinder center line G (the
center line) of the cylindrical valve element 77, and is opened
to the one cylinder end 77A of the cylindrical valve element 77.
The valve element hole 90 is closed by the valve element disk 74
in the direction of the cylinder center line G of the cylindrical
valve element 77.

[0097] As shown in FIG. 19 (a) and FIG. 21 (a), the sealinggroove
91 is an annular groove, and is formed on the one cylinder end 77A
side of the cylindrical valve element 77. The sealing groove 91
is arranged concentrically with the cylindrical valve element 77
with the cylinder center line G of the cylindrical valve element
77 being a center. The sealing groove 91 is arranged on an outer
side of the valve element hole 90 in the direction orthogonal to
the cylinder center line G of the cylindrical valve element 77.
The sealing groove 91 has a groove depth in the direction of the
cylinder center line G of the cylindrical valve element 77, and
is opened to the one cylinder end 77A of the cylindrical valve element
77.

[0098] As shown in FIG. 19(a), FIG. 20, FIG. 21 (a), and FIGS.
22 to FIG. 25, the valve element flow passage 78 is formed in the
valve element disk 74 within the small-diameter hole portion 87B
of the shower outflowhole 87. As shown in FIG. 20, onavalve element
transverse straight 1line LC that is orthogonal to the cylinder center
line F of the switching valve element 27 and passes the cylinder

center line G of each of the cylindrical valve elements 76 and 77,
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the valve element flow passage 78 is formed in one of halves of
the valve element disk 74 (the upper half of the valve element disk
74) divided by the valve element transverse straight line LC.

The valve element flow passage 78 is opened inside of the valve
element hole 88 on the one cylinder end 76A side of the cylindrical
valve element 76. The valve element flow passage 78 is formed to
extend helically along an outer peripheral surface of the central
cylindrical portion 75 while inclining toward a disk front flat
surface 74A of the valve element disk 74 from a portion on the one
cylinder end 76A side of the cylindrical valve element 76 on which
the valve element flow passage 78 is opened inside of the valve
element hole 88.

The valve element flow passage 78 is formed to extend to a
position above the cylindrical valve element 77 (or above the valve
element hole 90) and with an angular interval of 90 degrees from
the portion on the one cylinder end 76A side of the cylindrical
valve element 76, on which the valve element flow passage 78 is
openedinsideofthevalveelement hole 88, intheperipheraldirection
of the switching valve element 27. The valve element flow passage
78 is located at the position above the cylindrical valve element
77 in the disk front flat surface 74A of the valve element disk
74.

The valve element flow passage 78 is opened in the disk front
flat surface 74A of the valve element disk 74 between the portion

on the one cylinder end 76A side of the cylindrical valve element
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76 and the cylindrical valve element 77, and communicates with the
small-diameter hole portion 87B of the shower outflow hole 87.

Intheupperhalf of thevalveelementdisk 74, thevalve element
flow passage 78 is formed by recessing (or protruding) a portion
of the valve element disk 74 adjacent to the central cylindrical
portion 75 into a helical shape toward the one cylinder end 76A
side of the cylindrical valve element 76 along the outer peripheral
surface of the central cylindrical portion 75.

Thus, thevalveelement flowpassage 78 is formed intoa helical

flow passage extending from the portion on the one cylinder end
76A side of the cylindrical valve element 76 to the position above
the cylindrical valve element 77 (or above the valve element hole
90) along the outer peripheral surface of the central cylindrical
portion 75.
[0099] As shown in FIG. 19(a), FIG. 20, FIG. 21(a), and FIGS.
22 to FIG. 25, the valve element flow passage 79 is formed in the
valve element disk 74 within the small-diameter hole portion 87B
of the shower outflow hole 87. As shown in FIG. 20, the valve element
flow passage 79 is formed in the other one of halves of the valve
element disk 74 (the lower half of the valve element disk 74) divided
by the valve element transverse straight line LC.

The valve element flow passage 79 is opened inside of the valve
element hole 90 on the one cylinder end 77A side of the cylindrical
valve element 77. The valve element flow passage 79 is formed to

extend helically along the outer peripheral surface of the central
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cylindrical portion 75 while inclining toward the disk front flat
surface 74A of the valve element disk 74 from a portion on the one
cylinder end 77A side of the cylindrical valve element 77 on which
the valve element flow passage 79 is opened inside of the valve
element hole 90.

The valve element flow passage 79 is formed to extend to a
position above the cylindrical valve element 76 (or above the valve
element hole 88) and with an angular interval of 90 degrees from
the portion on the one cylinder end 77A side of the cylindrical
valve element 77, on which the valve element flow passage 79 is
openedinsideof thevalveelement hole 90, intheperipheraldirection
of the switching valve element 27. The valve element flow passage
79 is located at the position above the cylindrical valve element
76 in the disk front flat surface 74A of the valve element disk
74.

The valve element flow passage 79 is opened in the disk front
flat surface 74A of the valve element disk 74 between the portion
on the one cylinder end 77A side of the cylindrical valve element
77 and the cylindrical valve element 76, and communicates with the
small-diameter hole portion 87B of the shower outflow hole 87.

Inthe lowerhalf of thevalveelement disk 74, thevalve element
flow passage 79 is formed by recessing (or protruding) a portion
of the valve element disk 74 adjacent to the central cylindrical
portion 75 into a helical shape toward the one cylinder end 77A

side of the cylindrical valve element 77 along the outer peripheral

65



surface of the central cylindrical portion 75.

Thus, thevalveelement flowpassage 79 is formed intoa helical

flow passage extending from the portion on the one cylinder end
77A side of the cylindrical valve element 77 to the position above
the cylindrical valve element 76 (or above the valve element hole
88) along the outer peripheral surface of the central cylindrical
portion 75.
[0100] As shown in FIGS. 19 to FIGS. 22, FIGS. 24, and FIG.
25, the first valve element protruding portions 80 are formed on
the first valve element cylindrical portion 71. The valve element
protruding portions 80 are arranged with an angular interval of
180 degrees intheperipheral directionof the switchingvalveelement
27 on the valve element transverse straight 1ine LC. The first valve
element protruding portions 80 are each formed to protrude from
an outer peripheral surface of the first valve element cylindrical
portion 71 in a direction orthogonal to the cylinder center line
F (the center line) of the switching valve element 27 (or in the
direction of the valve element transverse straight line LC). A
protruding amount of each of the first valve element protruding
portions 80 is set smaller than the groove depth of each of the
first retaining grooves 35 (of the switching handle 21).

The first valve element protruding portions 80 are each formed
to have a width hC/2 on each side thereof with respect to the valve
element longitudinal straight line LC, and have a protruding width

hC in the peripheral direction of the switching valve element 27.
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The protruding width hC of each of the first valve element protruding
portions 80 is set smaller than the groove width hA of each of the
first retaining grooves 35 (of the switching handle 21).

As shown in FIGS. 19, FIGS. 22, and FIGS. 24, the first valve
element protruding portions 80 are each formed to extend from the
first valve element cylindrical portion 71 to the one cylinder end
76A side of the cylindrical valve element 76 and the one cylinder
end 77A side of the cylindrical valve element 77 in the direction
of the cylinder center line F of the switching valve element 27.
[0101] As shown in FIGS. 19 to FIG. 23 and FIG. 25, the second
valve element protruding portions 81 are formed on the first valve
element cylindrical portion71. The secondvalveelement protruding
portions 81 are arranged with an angular interval of 180 degrees
in the peripheral direction of the switching valve element 27. The
second valve element protruding portions 81 are arranged on a valve
element longitudinal straight line LD that is orthogonal to the
cylinder center line F of the switching valve element 27 and the
valve element transverse straight 1ine LC. The secondvalve element
protruding portions 81 are each formed to protrude from the outer
peripheral surface of the first valve element cylindrical portion
71 in the direction orthogonal to the cylinder center line F of
the switchingvalve element 27 (or inadirection of the valve element
longitudinal straight line LD). A protruding amount of each of the
second valve element protruding portions 81 is set smaller than

the groove depth of each of the second retaining grooves 36 (of

67



the switching handle 21).

The secondvalve element protruding portions 81 are each formed

to have a width hD/2 on each side thereof with respect to the valve
element longitudinal straight line LD, and have a protruding width
hD in the peripheral direction of the switching valve element 27.
The protrudingwidth hDof each of the secondvalve element protruding
portions 81 is set smaller than the groove width hB of each of the
second retaining grooves 36 (of the switching handle 21).
[0102] As shown in FIGS. 19 to FIGS. 21 and FIG. 23 to FIG.
25, the plurality of outer outflow holes 82 are composed by, for
example, forming twelve holes in the valve element annular plate
72. The outer outflow holes 82 are arranged (in a concyclic manner)
on a circle having a center along the cylinder center line F (the
center line) of the switching valve element 27. The outer outflow
holes 82 are arranged at equal angular intervals (equal pitches),
for example, with angular intervals of 30 degrees in the peripheral
direction of the switching valve element 27.

The outer outflowholes 82 are formed to pass through the valve
element annular plate 72 in the direction of the cylinder center
line F of the switching valve element 27, and are opened in a disk
front flat surface 72A and a disk back flat surface 72B of the valve
element annular plate 72.

This configuration allows the outer outflow holes 82 to
communicate with an inside of the first valve element cylindrical

portion 71 on an outer side of each of the cylindrical valve elements
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76 and 77.

[0103] As shown in FIG. 19(b), FIG. 21 (b), FIGS. 22, FIG. 24 (b),
and FIG. 25, the first handle regulating protruding portions 83
are formed on the disk back flat surface 72B of the valve element
annular plate 72 and the disk back flat surface 74B of the valve
element disk 74.

The first handle regulating protruding portions 83 are formed
to extend between the outer peripheral surface of the cylindrical
valve element 76 and the inner peripheral surface of the first valve
element cylindrical portion 71, and are formed integrally with the
cylindrical valve element 76 and the first valve element cylindrical
portion 71.

The first handleregulatingprotrudingportions 83 arearranged
on both sides of the valve element transverse straight line LC in
the peripheral direction of the switching valve element 27. The
first handle regulating protruding portions 83 each include a valve
element regulating flat surface 83A located at a valve element
distance HD from the valve element transverse straight line LC.
The valve element regulating flat surface 83A is formed in parallel
to the valve element transverse straight 1ine LC. The valve element
distance HD is equal to the base distance HA of the base protrusion
59 and the base distance HBof the base protrusion 60 (of the switching
base 22).

The first handle regulating protruding portions 83 are each

formed to protrude from the disk back flat surface 72B of the valve
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element annular plate 72 and the disk back flat surface 74B of the
valve element disk 74 toward the one cylinder end 76A side of the
cylindrical valve element 76 in the direction of the cylinder center
line F of the switching valve element 27.

[0104] As shown in FIG. 19(b), FIG. 21 (b), FIG. 22 (b), and FIG.
25, the second handle regulating protruding portions 85 are formed
on the disk back flat surface 72B of the valve element annular plate
72 and the disk back flat surface 74B of the valve element disk
74.

The second handle regulatingprotruding portions 85 are formed
to extend between the outer peripheral surface of the cylindrical
valve element 77 and the inner peripheral surface of the first valve
element cylindrical portion 71, and are formed integrally with the
cylindrical valve element 77 and the first valve element cylindrical
portion 71.

The second handle regulating protruding portions 85 are
arranged on the both sides of the valve element transverse straight
line LC in the peripheral direction of the switching valve element
27. Thesecondhandleregulatingprotrudingportions 85eachinclude
a valve element regulating flat surface 85A located at the valve
element distance HD from the valve element transverse straight line
LC. The valve element regulating flat surface 85A is formed in
parallel to the valve element transverse straight line LC.

The second handle regulating protruding portions 85 are formed

to protrude from the disk back flat surface 72B of the valve element
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annular plate 72 and the disk back flat surface 74B of the valve
element disk 74 towardtheonecylinderend 77Aside of thecylindrical
valve element 77 in the direction of the cylinder center line F
of the switching valve element 27.

[0105] As shown in FIG. 4 and FIGS. 24, the sealing rings 28
are each made of an elastic material such as synthetic rubber, and
are each formed into an annular shape.

The sealing rings 28 are fitted in the sealing groove 89 of
the cylindrical valve element 76 and the sealing groove 91 of the
cylindrical valve element 77, respectively. The sealing rings 28
are arranged in the sealing grooves 89 and 91 so as to protrude
from the cylinder end 76A of the cylindrical valve element 76 and
the cylinder end 77A of the cylindrical valve element 77.

[0106] As shown in FIG. 30 to FIG. 41, the flowpassage switching
means 2 is accommodated (arranged) in the shower space 7C and the
outflow passage 10 (or the shower cylindrical portion 8) of the
shower main body 1.

[0107] In the flow passage switching means 2, as shown in FIG.
26 to FIG. 29, the switching base 22 is inserted into the switching
handle 21 so that a handle unit HU is assembled.

As shown in FIG. 26, FIG. 27, and FIG. 29, the switching base
22 is inserted from the one cylinder end 46A of the second base
cylindrical portion 46 into the handle hole 33 (or into the
large-diameter hole portion 33A) of the switching handle 21.

The switching base 22 is arranged so that the base annular
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plate 47 is inserted in the medium-diameter hole portion 33B of
the switching handle 21, and that the first base cylindrical portion
45 and the sealing gasket 23 are inserted in the small-diameter
hole portion 33C of the switching handle 21. As shown in FIG. 26
to FIG. 29, the switching base 22 is inserted in the handle hole
33 so that one of the first rib portions 50 and the base regulating
groove 55 are arranged at positions corresponding to the first
retaining groove 35 which is formed on the handle protrusion 37
of the switching handle 21, to the handle protrusion 37, and to
the shower protruding portion 38.

The base annular plate 47 is brought into abutment against
the second hole step portion 33E of the switching handle 21 in the
medium-diameter hole portion 33B of the handle hole 33, thereby
placing the switching base 22 concentrically with the switching
handle 21.

When the switching base 22 is placed in the switching handle
21, the one cylinder end 46A of the second base cylindrical portion
46 of the switching base 22 and the sealing ring 24 (or the sealing
groove 54) are arranged to protrude from the one cylinder end 31A
of the first handle cylindrical portion 31 of the switching handle
21, and extend in the direction of the cylinder center line B of
the switching handle 21.

Further, when the switching base 22 is placed in the switching
handle 21, as shown in FIG. 29, the sealing gasket 23 is brought

into press-contact with the inner peripheral surface of the
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small-diameter hole portion 33C (or the handle hole 33) of the
switchinghandle 21, thereby sealing the small-diameter hole portion
33C of the handle hole 33 ina liquid-tight manner. Due toanelastic
force of the sealing gasket 23, a gap is defined between the outer
peripheral surface of the base annular plate 47 of the switching
base 22 and the medium-diameter hole portion 33B of the switching
handle 21.

Thus, the switching handle 21 is freely turn around the
switching base 22.

The switching handle 21 is turned under a state in which the
small-diameter hole portion 33C of the handle hole 33 is in sliding
contact with the sealing gasket 23 in the switching base 22.

As shown in FIG. 29, the large-diameter hole portion 33A (or
the handle hole 33) of the switching handle 21 communicates with
the base inflow passages Z through the small-diameter hole portion
48A (or the base hole 48) of the switching base 22.

As shown in FIG. 26 and FIG. 29, the base protrusions 59 and
60 of the switching base 22 are arranged to protrude in the
medium-diameter hole portion 33B (or in the handle hole 33) of the
switching handle 21.

Thus, in the flow passage switching means 2, the switching
base 22 is placed in the switching handle 21 so that the handle
unit HU is assembled.

[0108] In the flow passage switching means 2, as shown in FIG.

30 to FIG. 32, the handle unit HU (including the switching handle
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21 and the switching base 22) is arranged in the shower space 7C
and the outflow passage 10 (or in the shower cylindrical portion
8) of the shower main body 1.

As shown in FIG. 30, the handle unit HU is inserted from the
second base cylindrical portion 46 of the switching base 22 into
the shower space 7C and the outflow passage 10 of the shower main
body 1 (or the head portion 7). The handle unit HU is arranged
concentrically with the center line A of the outflow passage 10
(or the shower cylindrical portion 8).

As shown in FIG. 30 to FIG. 32, the handle unit HU is inserted
in the shower main body 1 so that the shower protruding portion
38, the handle protrusion 37, one of first retaining grooves 35
of the switching handle 21 and the base regulating groove 55 of
the switching base 22 are arranged at positions corresponding to
the reference protruding portion 14 (or the highest point 7a) of
the head portion 7.

[0109] With regard to the handle unit HU, the second base
cylindrical portion 46 of the switching base 22 is inserted into
the shower cylindrical portion 8 (or into the outflow passage 10)
from the cylinder end 46A, and the first handle cylindrical portion
31 of the switching handle 21 is inserted into the guide protruding
portion 12 and the shower space 7C.

[0110] In the handle unit HU, as shown in FIG. 32, the second
base cylindrical portion 46 of the switching base 22 is accommodated

in the shower cylindrical portion 8 (or in the outflow passage 10)
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so that the fixing protruding portions 11 of the shower main body
1 are inserted in the base regulating grooves 55, 56, and 57,
respectively.

Thus, the switching base 22 is mounted to the head portion
7 of the shower main body 1 so as to be unturnable.

As shown in FIG. 30 to FIG. 32, the first rib portions 50 of

the switching base 22 are arranged at positions corresponding to
the reference protruding portion 14 of the shower main body 1.
[0111] In the handle unit HU, the second base cylindrical
portion 46 of the switchingbase 22 is inserted in the outflow passage
10 under a state in which the sealing ring 24 is held in press-contact
with the inner peripheral surface of the shower cylindrical portion
8 (or the outflow passage 10). The handle unit HU is placed on the
handle portion 6 under a state in which the one cylinder end 46A
of the second base cylindrical portion 46 is held in abutment against
the hole step portion 10C of the outflow passage 10.
[0112] In the handle unit HU, as shown in FIG. 30, the fixing
cylindrical portion 49 of the switching base 22 is inserted in the
outflow passage 10 (or in the shower cylindrical portion 8), and
is arranged under a state in which the base protruding portion 13
of the shower main body 1 is press-fitted in the medium-diameter
hole portion 58C of the bolt receiving hole 58.

Thus, the bolt receiving hole 58 of the switching base 22
communicates with the screw hole 15 of the base protruding portion

13.
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[0113] In the handle unit HU, as shown in FIG. 30, the first
handle cylindrical portion 31 of the switching handle 21 is inserted
in the guide protrusion 12 and the shower space 7C of the shower
main body 1. The switching handle 21 is arranged under a state in
which the guide protruding portion 12 of the shower main body 1
is inserted in the handle groove 40. The guide protrusion 12 of
the shower main body 1 is inserted into the handle groove 40 without
contact with the switching handle 21. The switching handle 21 is
arranged under a state in which the protrusion end surface 37A of
the handle protrusion 37 is held in abutment against the one cylinder
end 8A of the shower cylindrical portion 8.

[0114] When the handle unit HU is thus arranged in the shower
space 7C and the outflow passage 10 of the shower main body 1, as
shown in FIG. 30 to FIG. 32, thebase inflowpassages Z of the switching
base 22 communicate with the outflow passage 10 on the dome top
7A side of the head portion 7, and communicate with the inflow passage
9 of the handle portion 6 through the outflow passage 10.

In the handle unit HU, as shown in FIG. 30 to FIG. 32, the
medium-diameter hole portion 33B of the switching handle 21
communicates with the outflow passage 10 through the base inflow
passages Z and the small-diameter hole portion 48A (or the base
hole 48) of the switching base 22.

[0115] In the flow passage switching means 2, as shown in FIG.
33 and FIG. 34, when the handle unit HU (including the switching

handle 21 and the switching base 22) is arranged in the shower main
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body 1 (or in the shower space 7C and the outflow passage 10), the
switching base 22 is fixed to the shower main body 1 (or the head
portion 7) with the fixing screw bolt 29.

As shown in FIG. 33 and FIG. 34, the fixing screw bolt 29 is
inserted in the fixing cylindrical portion 49 of the switching base
22.

A bolt shank 29A is inserted into the large-diameter hole
portion 58A and the small-diameter hole portion 58B (or the bolt
receiving hole 58) of the fixing cylindrical portion 49 so that
the fixing screw bolt 29 is screwed into the screw hole 15 of the
base protruding portion 13 (or the shower main body 1). A bolt head
29B is inserted into the large-diameter hole portion 58A of the
fixing cylindrical portion 49 so that the fixing screw bolt 29 is
arranged to be held in abutment against the hole step portion 58D.

Through turning of the fixing screw bolt 29, the second base
cylindrical portion 46 of the switching base 22 is fastened to the
base protruding portion 13.

Thus, as shown in FIG. 33, the switching base 22 of the handle
unit HU is fixed to the shower main body 1 (or the head portion
7) with the fixing screw bolt 29.

The switching handle 21 of the handle unit HU is mounted to
the shower main body so as to be freely turnable.

In the switching base 22 of the handle unit HU, as shown in
FIG. 34, the first base regulating flat surface 59A of the base

protrusion 59 is arranged at the base distance HA from the shower
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protruding portion 38 of the shower main body 1.

[0116] As shown in FIG. 33 and FIG. 34, when the switching base
22 of the handle unit HU of the flow passage switching means 2 is
fixed to the shower main body 1 with the fixing screw bolt 29, the
coil spring 30 is arranged in the switching base 22.

As shown in FIG. 33 and FIG. 34, the coil spring 30 is arranged
concentrically with the center line A of the outflow passage 10,
and is inserted in the switching base 22. The coil spring 30 is
inserted in the large-diameter hole portion 58A of the bolt receiving
hole 58 of the fixing cylindrical portion 49 (of the switching base
22) . The coil spring 30 is externally fitted to the bolt head 29B
of the fixing screw bolt 29, and is inserted in the large-diameter
hole portion 58A of the bolt receiving hole 58. The coil spring
30 is arranged so that one spring end thereof is held in abutment
against the hole step portion 58D of the bolt receiving hole 58.

Thus, as shown in FIG. 33 and FIG. 34, in the direction of
the center line A of the outflow passage 10 (or the cylinder center
line B of the switching handle 21), the coil spring 30 is arranged
to protrude from the hole step portion 58D of the fixing cylindrical
portion 49 into the small-diameter hole portion 48A (or into the
base hole 48) of the switching base 22.

[0117] In the flow passage switching means 2, as shown in FIG.
35 to FIG. 37, the switching valve seat element 25 is accommodated
(arranged) in the handle unit HU (or the switching base 22) arranged

in the shower main body 1.
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As shown in FIG. 35 to FIG. 37, the switchingvalve seat element
25 is arranged concentrically with the cylinder center line C of
the switching base 22, and is inserted into the small-diameter hole
portion 48A (or into the base hole 48) of the switching base 22
from the first regulating protrusions 66 and the second regulating
protrusions 67.

The switching valve seat element 25 1is inserted in the
small-diameter hole portion 48A of the switching base 22 under a
state in which the first rib portions 50 of the switching base are
located between the first regulating protrusions 66 (within the
base distance HA) and between the second regulating protrusions
67 (within the base distance HA).

As shown in FIG. 35 to FIG. 37, the switchingvalve seat element
25 is arranged in the switching base 22 under a state in which the
valve seat disk 63 and the valve seat cylindrical portion 61 are
inserted in the small-diameter hole portion 48A (or in the base
hole 48) of the switching base 22. At this time, the sealing ring
26 on the switching valve seat element 25 (or the valve seat
cylindrical portion 62) is held in press-contact with the inner
peripheral surface of the small-diameter hole portion 48A of the
base hole 48, thereby sealing the small-diameter hole portion 48A
in a liquid-tight manner.

[0118] As shown in FIG. 35 and FIG. 36, the switching valve
seat element 25 is inserted in the small-diameter hole portion 48A

of the switching base 22 under a state in which the other spring
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end side of the coil spring 30 is receivedwithin the spring receiving
protruding portions 68 and the other spring end of the coil spring
30 is held in abutment against the disk back flat surface 63B of
the valve seat disk 63.

The switching valve seat element 25 is inserted in the
small-diameter hole portion 48A of the switching base 22 while
compressing the coil spring 30, which is received within the spring
receiving protruding portions 68, toward the switching base 22 side.
[0119] As shown in FIG. 35 and FIG. 37, the switching valve
seat element 25 is arranged in the small-diameter hole portion 48A
of the switching base 22 under a state in which the first rib portion
50 of the switching base 22 is press-fitted between the first
regulatingprotrusions66andthe firstribportion50o0ftheswitching
base 22 is press-fitted between the second regulating protrusions
67.

Thus, the switching valve seat element 25 is arranged in the
switching base 22 and the shower main body 1 (or the head portion
7) so as to be unturnable. The switching valve seat element 25 is
freely movable in the direction of the cylinder center C of the
switching base 22.

As shown in FIG. 5 to FIG. 37, the valve seat holes 64 and
65 of the switching valve seat element 25 are arranged at positions
corresponding to the reference protruding portion 14 of the shower
main body 1 and the shower protruding portion 38 of the switching

handle 21, and communicate with the small-diameter hole portion
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48A of the switching base 22.

As shown in FIG. 36 and FIG. 37, the valve seat holes 64 and
65 0of the switchingvalve seat element 25 communicatewith the outflow
passage 10 and the inflow passage 9 through the base inflow passages
Z of the switching base 22.
[0120] In the flow passage switching means 2, as shown in FIG.
38 to FIG. 41, the switching valve element 27 (switching valve)
is arranged in the handle unit HU (or in the switching handle 21)
mounted to the shower main body 1.

As shown in FIG. 38 to FIG. 41, the switching valve element
27 is arranged concentrically with the cylinder center line B of
the switching handle 21, and is inserted into the large-diameter
hole portion 33A and the medium-diameter hole portion 33B (or into
the handle hole 33) of the switching handle 21 from the cylindrical
valve elements 76 and 77 (or from the first handle regulating
protruding portions 83 and the second handle regulating protruding
portions 85).

As shown in FIG. 38 and FIG. 39, the switching valve element
27 is arranged in the switching handle 21 of the handle unit HU
under a state in which the first valve element cylindrical portion
71 is inserted in the medium-diameter hole portion 33B (or in the
handle hole 33) of the switching handle 21.
[0121] As shown in FIG. 38, FIG. 39, and FIG. 41, the switching
valve element 27 is arranged in the switching handle 21 of the handle

unit HU under a state in which the first valve element protruding

81



portions 80 are respectively inserted in the first retaining grooves
35 of the switching handle 21 and the second valve element protruding
portions 81 are respectivelyinsertedin the second retaininggrooves
36 of the switching handle 21.

Thus, the switchingvalveelement 27 ismountedtothe switching
handle 21 so as to be unturnable, and is turned together with the
switching handle 21.

As shown in FIG. 38 and FIG. 40, the switching valve element

27 is arranged in the switching handle 21 under a state in which
the cylindrical valve elements 76 and 77 are held in abutment against
the disk front flat surface 63A of the valve seat disk 63 of the
switching valve seat element 25. Each of the cylindrical valve
elements 76 and 77 is held in abutment against the disk front flat
surface 63A of the valve seat disk 63 through intermediation of
the sealing ring 28. As shown in FIG. 68, the valve seat disk 63
of the switching valve seat element 25 is urged by a spring force
of the coil spring 30 toward the sealing rings 28 in the cylindrical
valve elements 76 and 77.
[0122] As shown in FIG. 38 to FIG. 40, the first valve element
protruding portions 80 are respectively inserted in the first
retaininggrooves 350f theswitchinghandle 21 sothat thecylindrical
valveelements 76 and 77 of the switchingvalveelement 27 are arranged
at positions corresponding to the valve seat holes 64 and 65 of
the switching valve seat element 25, respectively.

Thus, as shown in FIG. 68 and FIG. 70, the valve element holes
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88 and 90 of the cylindrical valve elements 76 and 77 of the switching
valve element 27 are opened in the valve seat holes 64 and 65,
respectively.

The cylindrical valve elements 76 and 77 (or the valve element

holes 88 and 90) communicate with the outflow passage 10 and the
inflowpassage 9 through thevalve seat holes 64 and 65 of theswitching
valve seat element 25 and the base flow passages Z of the switching
base 22.
[0123] As shown in FIG. 38, FIG. 39, and FIG. 41, when the first
valve element protruding portions 80 are inserted in the first
retaining grooves 35 of the switching handle 21, respectively, the
switching valve element 27 is arranged so that the valve element
regulating flat surface 83A of one of the first handle regulating
protrudingportions 83isheldinabutment against thebaseprotrusion
59 (or the first base regulating flat surface 59A) of the switching
base 22, and that the valve element regulating flat surface 85A
of one of the second handle regulating protruding portions 85 is
held in abutment against the base protrusion 60 (or the fourth base
regulating flat surface 60B) of the switching base 22.

Thus, as shown in FIG. 41, the switching handle 21 and the
switching valve element 27 are freely turnable between the base
protrusions 59 and 60 of the switching base 22 within an angular
range of 90 degrees.

[0124] As shown in FIG. 38 and FIG. 39, the second valve element

cylindrical portion 73 of the switching valve element 27 is opened

83



in the large-diameter hole portion 33A of the switching handle 21,
and allows the valve element flow passages 78 and 79 (in the disk
front flat surface 74A of the valve element disk 74) to communicate
with an inside of the large-diameter hole portion 33A (or an inside
of the handle hole 33) of the switching handle 21.

The valve element flow passages 78 and 79 of the switching
valve element 27 communicate with the outflow passage 10 and the
inflow passage 9 through the valve element holes 88 and 90, the
valve seat holes 64 and 65 of the switching valve seat element 25,
and the base flow passages Z of the switching base 22.

The valve element flow passages 78 and 79 communicate with

the large-diameter hole portion 33A (or the handle hole 33) of the
switching handle 21 through the shower outflow hole 87 of the second
valve element cylindrical portion 73.
[0125] As shown in FIG. 38 and FIG. 39, the outer outflow holes
82 of the switching valve element 27 are opened between the valve
element annularplate 72 and thevalveelement disk 74 of the switching
valve seat element 25, and opened in the large-diameter hole portion
33A (or in the handle hole 33) of the switching handle 21.

Withthisconfiguration, theouteroutflowholes 82 communicate
with the outflow passage 10 and the inflow passage 9 through the
valve seat holes 64 and 65 of the switching valve element 27 and
the base inflow passages Z of the switching base 22.

[0126] Thus, as shown in FIG. 30 to FIG. 41, the flow passage

switching means 2 are arranged in the shower main body 1 (or in
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the head portion 7), and is mounted to the shower main body 1.
[0127] In the shower head X, as shown in FIG. 1 to FIG. 4 and
FIGS. 42 to FIG. 45, the shower nozzle 3 (spray nozzle) is mounted
to the other end 1B of the shower main body 1 (or the circular end
7B of the head portion 7).

[0128] As shown in FIGS. 42 to FIG. 45, the shower nozzle 3
is made of a synthetic resin and formed into a cylindrical shape.

The showernozzle 3 includesanozzleouter cylindrical portion
95, a shower nozzle plate 96, a shower cylindrical portion 97 (nozzle
inner cylindrical portion), apluralityof airbubble-liquidmixture
jetting holes 98, and a sealing ring 103.

[0129] As shown in FIGS. 42, FIGS. 44, and FIG. 45, the nozzle
outer cylindrical portion 95 is formed into a cylindrical shape,
and includes a sealing groove 99 and a threaded portion 100.

As shown in FIGS. 42 and FIGS. 44, the sealing groove 99 is
formed into an annular groove, and is arranged on one cylinder end
95A side of the nozzle outer cylindrical portion 95 in a direction
of a cylinder center line H of the shower nozzle 3. The sealing
groove 99 1is arranged concentrically with the nozzle outer
cylindrical portion 95 with the cylinder center line H (the center
line) of the shower nozzle 3 (or the nozzle outer cylindrical portion
95) being a center. The sealing groove 99 is formed along an entire
outer peripheral surface of the nozzle outer cylindrical portion
95. Thesealinggroove 99hasagroovedepthinadirectionorthogonal

to the cylinder center line H of the shower nozzle 3, and is opened
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in the outer peripheral surface of the nozzle outer cylindrical
portion 95.

As shown in FIGS. 42, FIGS. 44, andFIG. 45, the threadedportion

100 is arranged on the other cylinder end 95B side of the nozzle
outer cylindrical portion 95 in the direction of the cylinder center
line H of the shower nozzle 3. The threaded portion 100 is arranged
between the sealing groove 99 and the other cylinder end 95B of
the nozzle outer cylindrical portion 95 in the direction of the
cylinder center line H of the shower nozzle 3. The threaded portion
100 is formed along the entire outer peripheral surface of the nozzle
outer cylindrical portion 95.
[0130] As shown in FIGS. 42 to FIG. 45, the shower nozzle plate
96 (spray nozzle plate) is formed into a circular plate. The shower
nozzle plate 96 is arranged concentrically with the nozzle outer
cylindrical portion 95 with the cylinder center line H of the shower
nozzle 3 being a center.

As shown in FIGS. 43, the shower nozzle plate 96 has a plate
diameter D7 equal toanouter diameter of thenozzle outer cylindrical
portion 95, and closes the one cylinder end 95A of the nozzle outer
cylindrical portion 95.

The shower nozzle plate 96 is fixed to the one cylinder end
95A of the nozzle outer cylindrical portion 95, and is formed
integrally with the nozzle outer cylindrical portion 95.

[0131] As shown in FIG. 42(b), FIG. 44(b), and FIG. 45, the

shower cylindrical portion 97 is formed into a cylindrical shape.
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The shower cylindrical portion 97 (spray cylindrical portion)
is arrangedconcentricallywith thenozzle outercylindrical portion
95 and the shower nozzle plate 96 with the cylinder center line
H of the shower nozzle 3 being a center. The shower cylindrical
portion 97 is arranged in the nozzle outer cylindrical portion 95
with a mist annular space YM between an inner peripheral surface
of thenozzle outer cylindrical portion 95 and the shower cylindrical
portion 97 in the direction orthogonal to the cylinder center line
H of the shower nozzle 3.

One cylinder end 97A of the shower cylindrical portion 97 is

closed by the shower nozzle plate 96, and the shower cylindrical
portion 97 is formed integrally with the shower nozzle plate 96.
The shower cylindrical portion 97 is formed to protrude from a disk
back flat surface 96B of the shower nozzle plate 96 into the nozzle
outer cylindrical portion 95 in the direction of the cylinder center
line H of the shower nozzle 3.
[0132] As shown in FIG. 42 (b), FIG. 44(b), and FIG. 45, the
shower cylindrical portion 97 is formed to be increased in diameter
at a sealing step portion 101 on the shower nozzle plate 96 side.
The sealing step portion 101 is formed into a circular shape, and
is arranged concentrically with the shower cylindrical portion 97
with the cylinder center line H of the shower nozzle 3 being a center.
The sealingstepportionlOlis formedalonganentireouterperipheral
surface of the shower cylindrical portion 97.

[0133] As shown in FIG. 42 (b), FIG. 44(b), and FIG. 45, the
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shower cylindrical portion 97 has a nozzle hole 102.

As shown in FIG. 44 (b) and FIG. 45, the nozzle hole 102 is

formed into a circular hole. The nozzle hole 102 is arranged
concentrically with the shower cylindrical portion 97 with the
cylinder center line H (the center line) of the shower nozzle 3
being a center. The nozzle hole 102 is formed to extend from the
disk back flat surface 96B of the shower nozzle plate 96 to the
other cylinder end 97B of the shower cylindrical portion 97 in the
direction of the cylinder center line H of the shower nozzle 3,
and is opened to the other cylinder end 97B.
[0134] As shown in FIG. 42 (b), FIG. 44(b), and FIG. 45, the
nozzle hole 102 includes a large-diameter hole portion 10227, a
medium-diameter hole portion 102B, anda small-diameter hole portion
102C.

The large-diameter hole portion 102A is opened to the one
cylinder end 97B of the shower cylindrical portion 97. The
medium-diameter hole portion 102B 1is arranged between the
large-diameter hole portion 102A and the small-diameter hole portion
102C. The medium-diameter hole portion 102B is reduced in diameter
at a first hole step portion 102D as compared to the large-diameter
hole portion 102A, and is formed to extend toward the shower nozzle
plate 96 side. The small-diameter hole portion 102C is reduced in
diameter at a second hole step portion 102E as compared to the
medium-diameter hole portion 102B, and is formed to extend to the

shower nozzle plate 96 (or the disk back flat surface 96B).
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With this configuration, the shower cylindrical portion 97
defines an air bubble mixing space BR into which the liquid flows
from the other cylinder end 97B. The air bubble mixing space BR
is defined in the shower cylindrical portion 97 by the nozzle hole
102.

As shown in FIG. 44 (b), the shower cylindrical portion 97 has

the hole diameter d5 at the small-diameter hole portion 102C (or
the nozzle hole 102), and has a hole length L1 at the small-diameter
hole portion 102C in the direction of the cylinder center line H
of the shower nozzle 3.
[0135] As shown in FIGS. 42, FIGS. 43, FIG. 44(b), and FIG.
45, the plurality of air bubble-liquid mixture jetting holes 98
are formed into circular throttle holes (nozzle throttle holes).
Through the air bubble-liquid mixture jetting holes 98, the air
bubble-liquid mixture is jetted out of the air bubble mixing space
BR.

The air bubble-liquid mixture jetting holes 98 are formed in
the shower nozzle plate 96. The air bubble-liquid mixture jetting
holes 98 are formed to pass through the shower nozzle plate 96 in
the direction of the cylinder center line H of the shower nozzle
3, and are opened into the air bubble mixing space BR in the shower
cylindrical portion 97.

As shown in FIGS. 43, thepluralityofairbubble-liquidmixture
jetting holes 98 are arranged (in a concyclic manner) on each of

a plurality of circles CD, CE, and CF having different radii r3,
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r4, and r5 (r3<rd<r5) of the circles with the cylinder center line
H (the center line) of the shower nozzle 3 being a center. On each
of the circles CD, CE, and CF, the air bubble-liquid mixture jetting
holes 98 are arranged at equal intervals (equal pitches) in the
peripheral direction of the shower nozzle 3.

[0136] As shown in FIGS. 44 and FIG. 45, the sealing ring 103
is made of an elastic material such as synthetic rubber, and is
formed into an annular shape.

The sealing ring 103 is externally fitted to the nozzle outer

cylindrical portion 95, and is fitted in the sealing groove 99.
The sealing ring 103 is arranged in the sealing groove 99 so as
to protrude from the outer peripheral surface of the nozzle outer
cylindrical portion 95.
[0137] In the shower head X, the air bubble-liquid mixture
generating means 4 (the air bubble generating unit) is configured
to generate the air bubble-liquid mixture by mixing the air (air
bubbles) into the liquid.

As shown in FIG. 2, FIG. 4, and FIGS. 42 to FIGS. 49, the air
bubble-liquidmixture generatingmeans 4 includes a flow-adjustment
piece 111 and a plurality of (three) air introduction passages 112.
[0138] As shown in FIGS. 46 to FIGS. 49, the flow-adjustment
piece 111 is made of a synthetic resin and formed into a cylindrical
shape. The flow-adjustment piece 111 includes a flow-adjustment
cylindrical portion 113, a flow-adjustment nozzle disk 114, a

flow-adjustment annular plate 115, a plurality of (four)
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flow-adjustment-pieceplates 116, andapluralityof liquidthrottle
holes 117.

[0139] As shown in FIGS. 46 to FIG. 49, the flow-adjustment
cylindrical portion 113 is formed into a cylindrical shape.
[0140] As shown inFIG. 46 to FIG. 49, the flow-adjustment nozzle
disk 114 is a circular plate, and is formed to have a plate diameter
equal toanouterdiameter of the flow-adjustment cylindrical portion
113. The flow-adjustmentnozzledisk 114 isarrangedconcentrically
with the flow-adjustment cylindrical portion 113 with a cylinder
center line J (a center line) of the flow-adjustment piece 111 (or
the flow-adjustment cylindrical portion 113) being a center. The
flow-adjustment nozzle disk 114 closes one cylinder end 113A of
the flow-adjustment cylindrical portion 113, and is fixed to the
flow-adjustment cylindrical portion 113. The flow-adjustment
nozzle disk 114 is formed integrally with the flow-adjustment
cylindrical portion 113.

[0141] As shown in FIGS. 46 to FIGS. 49, the flow-adjustment
annular plate 115 is formed into an annular shape. The
flow-adjustment annular plate 115 is arranged concentrically with
the flow-adjustment cylindrical portion 113 and the flow-adjustment
nozzlediskll4withthecylinder center line Jof the flow-adjustment
piece 111 being a center. The flow-adjustment annular plate 115
isarrangedon theothercylinderend113B side of the flow-adjustment
cylindrical portion 113.

The flow-adjustment annular plate 115 is arranged at the other
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cylinder end 113B of the flow-adjustment cylindrical portion 113
along an entire outer peripheral surface of the flow-adjustment
cylindrical portion 113, and is formed integrally with the
flow-adjustment cylindrical portion 113. The flow-adjustment
annular plate 115 is formed to protrude from the outer peripheral
surface of the flow-adjustment cylindrical portionll3inadirection
orthogonal to the cylinder center line J of the flow-adjustment
piece 111 (or the flow-adjustment cylindrical portion 113).
[0142] As shown 1in FIGS. 46 to FIGS. 49, the four
flow-adjustment-piece plates 116 are formed on the flow-adjustment
nozzle disk 114.

The flow-adjustment-piece plates 116 are each formed into a
rectangular shape (rectangle). The flow-adjustment-piece plates
116 are arranged at equal angular intervals of 90 degrees in the
circumferential direction of the flow-adjustment nozzle disk 114
(or the flow-adjustment piece 111).

The flow-adjustment-piece plates 116 are formed to protrude
by a plate width HS from a disk front flat surface 114A of the
flow-adjustment nozzledisk 114 inadirection of the cylinder center
line J (the center line) of the flow-adjustment piece 111. The
flow-adjustment-piece plates 116 are each formed to protrude in
a direction orthogonal to the flow-adjustment nozzle disk 114 so
as to be away from the other cylinder end 113B of the flow-adjustment
cylindrical portion 113.

As shown in FIG. 46 (a) and FIGS. 47, the flow-adjustment-piece
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plates 116 are each formed to extend by a plate length LS from the
plate center line J of the flow-adjustment nozzle disk 114 (or the
cylinder center line of the flow-adjustment piece 111) toward the
outer peripheral surface side of the flow-adjustment nozzle disk
114 (or the outer peripheral surface side of the flow-adjustment
cylindrical portion113). The flow-adjustment-pieceplatesll6 are
formed to extend in the direction orthogonal to the plate center
line J of the flow-adjustment nozzle disk 114 with gaps along the
outer peripheral surface of the flow-adjustment nozzle disk 114.

The flow-adjustment-piece plates 116 each have a plate

thickness TS in the peripheral direction of the flow-adjustment
nozzle disk 114 (or the peripheral direction of the flow-adjustment
piece 111).
[0143] As shown in FIG. 46 (a), FIGS. 47, FIGS. 48, and FIG.
49(b), the flow-adjustment-piece plates 116 each include
flow-adjustment flat surfaces 116A and 116B, and a flow inclined
surface 118.

The flow-adjustment flat surfaces 1]16Aand 116Bareeach formed
into a rectangular shape so as to be parallel to each other with
aninterval equal totheplatethickness TS intheperipheraldirection
of the flow-adjustment nozzle disk 114.

As shown in FIG. 48 (b), in the direction of the cylinder center
line J of the flow-adjustment piece 111, the flow inclined surface
118 is formed to extend and incline from a protruding end 116D of

each of the flow-adjustment-piece plates 116 (or one of plate ends)
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towardone flow-adjustment flat surface 116A and the flow-adjustment
nozzle disk 114 (or the disk front flat surface 114A). For example,
the flow inclined surface 118 is formed into an arc shape to protrude
with a radius rX between the protruding end 116D of each of the
flow-adjustment-piece plates 116 and the one flow-adjustment flat
surface 116A.
[0144] As shown in FIGS. 46, FIGS. 47, and FIG. 49(a), the
plurality of 1liquid throttle holes 117 are formed in the
flow-adjustment nozzle disk 114 between the flow-adjustment-piece
plates 116. Each of the liquid throttle holes 117 is formed to pass
through the flow-adjustment nozzle disk 114 in the direction of
the cylinder center line J of the flow-adjustment piece 111 (or
the plate center line J of the flow-adjustment nozzle disk 114),
and is opened in the disk front flat surface 114A and a disk back
flat surface 114Bof the flow-adjustment nozzledisk114. The liquid
throttle holes 117 are formed to pass through the flow-adjustment
nozzle disk 114 so that a hole center line M of each of the liquid
throttle holes 117 is arranged in parallel to the plate center line
J of the flow-adjustment nozzle disk 114. The liquid throttle holes
117 are opened in the disk back flat surface 114B of the
flow-adjustment nozzle disk 114, and communicate with an inside
of the flow-adjustment cylindrical portion 113.

The liquid throttle holes 117 are each formed into a conical
hole having a diameter gradually reducing from the disk back flat

surface 114B toward the disk front flat surface 114A of the
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flow-adjustment nozzle disk 114 in the direction of the plate center
line Jof the flow-adjustment nozzle disk 114 (or the cylinder center
line of the flow-adjustment piece 111).

[0145] As shown in FIGS. 47, the plurality of liquid throttle
holes 117 are arranged on each of a plurality of circles CG, CH,
and CI having different radii, r6, r7, and r8 (r6 < r6 < r7), of
the circles with the plate center line J of the flow-adjustment
nozzle disk 114 being a center.

On each of the circles CG, CH, and CI, the plurality of liquid

throttle holes 117 are arranged at equal intervals (equal pitches)
in the peripheral direction (circumferential direction) of the
flow-adjustment nozzle disk 114 (or the flow-adjustment piece 111).
[0146] As shown in FIG. 48 (b), the flow-adjustment piece 111
has a piece height HP extending between the protruding end 116D
of eachof the flow-adjustment-pieceplatesll6andtheothercylinder
end 113B of the flow-adjustment cylindrical portion 113 in the
direction of the cylinder center line J of flow-adjustment piece
111. The piece height HP is set smaller than the hole length L1
of the small-diameter hole portion 102C of the shower cylindrical
portion 97.
[0147] In the air bubble-liquid mixture generating means 4,
as shown in FIGS. 42 to FIG. 45, the plurality of (three) air
introduction passages 112 are formed in the shower nozzle 3.

The air introduction passages 112 are arranged on a circle

CJ that has a center along the cylinder center line H (the center
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line) of the shower nozzle 3 and is located on an outer side of
theairbubble-ligquidmixture jettingholes 98. Theairintroduction
passages 112 are arranged at equal angular intervals of 120 degrees
in the peripheral direction of the shower nozzle 3 (or the shower
cylindrical portion 97).

[0148] The air introduction passages 112 are opened in a disk
front surface 96A of the shower nozzle plate 96. As shown in FIG.
44 (b), the air introduction passages 112 are formed to extend from
the disk front surface 96A of the shower nozzle plate 96 toward
the other cylinder end 97B side of the shower cylindrical portion
97 in the direction of the cylinder center line H of the shower
nozzle 3. The air introduction passages 112 are formed on the
cylinder end 97B side of the shower cylindrical portion 97 to pass
through the shower cylindrical portion 97 inthedirection orthogonal
to the cylinder center line H of the shower nozzle 3.

Theair introductionpassages 112 areopened intotheairbubble
mixing space BR in the shower cylindrical portion 97. The air
introductionpassages 112 areadjacent tothe secondhole stepportion
112E of the shower cylindrical portion 97, and are opened in the
medium-diameter hole portion 102B (or in the nozzle hole 102).
[0149] As shown in FIGS. 50 and FIGS. 51, the flow-adjustment
piece 111 of the air bubble-liquid mixture generating means 4 is
incorporated in the shower nozzle 3.

The flow-adjustment piece 111 is arranged concentrically with

the shower cylindrical portion 97 with the cylinder center line
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H of the shower nozzle 3 being a center. The flow-adjustment piece
111 is arranged in the air bubble mixing space BR in the shower
cylindrical portion 97. The flow-adjustment piece 111 1is
press-fitted (inserted) into the nozzle hole 102 (or into the
large-diameter hole portion 102A and the medium-diameter hole
portion 102B) of the shower cylindrical portion 97 from the
flow-adjustment-piece plates 116.

The flow-adjustment cylindrical ©portion 113 of the
flow-adjustment piece 111 is press-fitted (inserted) into the
medium-diameter hole portion 102B of the shower cylindrical portion
97. The flow-adjustment cylindrical portion 113 is press-fitted
(inserted) into the medium-diameter hole portion 102B (or the nozzle
hole 102) of the shower cylindrical portion 97 with a gap between
the disk back flat surface 114B of the flow-adjustment nozzle disk
114 and the second hole step portion 102E of the nozzle hole 102
in the cylinder center line H of the shower nozzle 3. At this time,
as shown in FIG. 50 (a), the flow-adjustment piece 11 is press-fitted
into the shower cylindrical portion 97 so that one of the
flow-adjustment-piece plates 116 is arranged at a center of one
of the air introduction passages 112 in the peripheral direction
of the shower nozzle 3.

The flow-adjustment annular plate 115 of the flow-adjustment
piece 111 is press-fitted (inserted) into the large-diameter hole
portion 102A of the shower cylindrical portion 97, and is brought

into abutment against the first hole step portion 102D.
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Thus, as shown in FIGS. 51, the flow-adjustment nozzle disk
114 of the flow-adjustment piece 111 is arranged in the air bubble
mixing space BR in the shower cylindrical portion 97 at a distance
from the disk back flat surface 96B of the shower nozzle plate 96
in the direction of the cylinder center line H of the shower nozzle
3. The flow-adjustment nozzle disk 114 and the flow-adjustment
annular plate 115 seal the other cylinder end 97B of the shower
cylindrical portion 97 in a liquid-tight manner, and are fixed to
the shower cylindrical portion 97.

As shown in FIG. 50(b), the flow-adjustment-piece plates 116
of the flow-adjustment piece 111 are arranged in the air bubble
mixing space BR between the shower nozzle plate 96 and the
flow-adjustment nozzle disk 114.

As shown in FIG. 51(b), the flow-adjustment-piece plates 116
are arranged to protrude from the flow-adjustment nozzle disk 114
toward the shower nozzle plate 96 in the direction of the cylinder
center line H of the shower nozzle 3 (or the cylinder center line
J of the flow-adjustment piece 111) with a mixing gap GP between
the disk back flat surface 96B of the shower nozzle plate 96 and
the protruding end 116D. As shown in FIG. 51 (b), the
flow-adjustment-piece plates 116 are arranged to extend from the
plate center line J of the flow-adjustment nozzle disk 114 (or the
cylinder center line H of the shower nozzle 3) toward the shower
cylindrical portion 97. The flow-adjustment-piece plates 116 are

arranged with a gap between the inner peripheral surface of the
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shower cylindrical portion 97 and the flow-adjustment-piece plates
116.
[0150] As shown in FIG. 50(a), the liquid throttle holes 117
of the flow-adjustment piece 111 are arranged so that the hole center
line M of each of the liquid throttle holes 117 is parallel to the
cylinder center line H (the center line) of the shower cylindrical
portion 97 (or the shower nozzle 3). The liquid throttle holes 117
are opened into the air bubble mixing space BR between the shower
nozzle plate 96 and the flow-adjustment nozzle disk 114.
[0151] As shown in FIG. 51 (b), in a space between the protruding
end 116D of each of the flow-adjustment-piece plates 116 and the
disk front flat surface 114A of the flow-adjustment nozzle disk
114 in the direction of the cylinder center line H of the shower
nozzle 3, the air introduction passages 112 are opened into the
air bubblemixing space BRin thedirection orthogonal to thecylinder
center line H of the shower cylindrical portion 97. As shown in
FIG. 50(b), the air introduction passages 112 are adjacent to the
disk front flat surface 114A of the flow-adjustment nozzle disk
114, and are opened into the air bubble mixing space BR.

Withthisconfiguration, throughtheairintroductionpassages
112, the air flows into the air bubble mixing space BR from the
direction orthogonal to the hole center line M of each of the liquid
throttle holes 117.

As shown in FIG. 44 (b) and FIG. 51(a), each of the air

introduction passages 112 is opened into the air bubble mixing space
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BR as a rectangular hole (an oblong hole) having an opening width
(aholewidth) AHintheperipheraldirectionof theshowercylindrical
portion 97 (or the shower nozzle 3) and an opening height (hole
height) AL in the direction H of the cylinder center line H of the
shower cylindrical portion 97 (or the shower nozzle 3). The opening
width AH of each of the air introduction passages 112 is larger
than the plate width HS of each of the flow-adjustment-piece plates
116.
[0152] Thus, as shown in FIGS. 50 and FIGS. 51, the air
bubble-liquid mixture generating means 4 is arranged so that the
flow-adjustment piece 111 is incorporated in the shower nozzle 3
(or in the shower cylindrical portion 97).
[0153] In the shower head X, the mist generating means 5 (the
mist generating unit) is configured to form the liquid into the
mist of liquid droplets in which the air bubbles are mixed.

As shown in FIG. 1 to FIG. 5, FIGS. 43 to FIG. 45, and FIGS.
52 to FIG. 55, the mist generating means 5 includes a plurality
of mist throttle holes 121, a mist ring body 122, and a sealing
ring 130.
[0154] As shown in FIG. 42 (a), FIGS. 43, FIG. 44 (b), and FIG.
45, the plurality of mist throttle holes 121 are formed in the shower
nozzle plate 96 (or the shower nozzle 3). The number of the mist
throttle holes 121 is, for example, twelve.

As shown in FIG. 43 (a), themist throttle holes 12 are arranged

inthe showernozzleplate 96ontheoutersideof theairbubble-liquid
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mixture jetting holes 98. The mist throttle holes 121 are arranged
(in a concyclic manner) on a circle CK that has a center along the
cylinder center line H (the center line) of the shower nozzle 3
(or the shower cylindrical portion 97) and is located on the outer
side of the air bubble-liquid mixture Jjetting holes 98.

As shown in FIGS. 43, the mist throttle holes 121 are arranged
at equal angular intervals (equal pitches) of 30 degrees in the
peripheral directionof the showernozzle 3 (or the shower cylindrical
portion 97).

With this configuration, the plurality of mist throttle holes

121 are arranged in the shower nozzle 3 on the outer side of the
air bubble-liquidmixture jetting holes 98 (or the air bubble-liquid
mixture generating means 4).
[0155] As shown in FIGS. 42, FIGS. 43, FIG. 44 (b), and FIG.
45, the mist throttle holes 121 are each formed to pass through
the shower nozzle plate 96 in the direction of the cylinder center
line H of the shower nozzle 3, and are opened in the disk front
surface 96A and the disk back flat surface 96B of the shower nozzle
plate 96. The mist throttle holes 121 are arranged on the outer
side of the air introduction passages 112 (or the air bubble-liquid
mixture jetting holes 98) in a direction orthogonal to the cylinder
center direction H of the shower nozzle 3, and are opened into the
mist annular space YM.

As shown in FIG. 44 (b), the mist throttle holes 121 are each

formed into a conical hole having a diameter gradually reducing
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from the disk back flat surface 96B toward the disk front surface
96A of the shower nozzle plate 96 in the direction of the cylinder
center line H of the shower nozzle 3.

As shown in FIGS. 44, the mist throttle holes 121 each have
a hole length ML in the direction of the cylinder center line H
of the shower nozzle 3. As shown in FIG. 45, the mist throttle holes
121 each have a hole diameter dM at the disk front surface 96A of
the shower nozzle plate 96, and has a hole diameter dF at the disk
back flat surface 96B (hole diameter dM > hole diameter dF).
[0156] As shown in FIGS. 52 to FIG. 55, the mist ring body 122
includes a guide ring 123 and a plurality of mist guides 124.
[0157] As shown in FIGS. 52 to FIG. 55, the guide ring 123 is
made of a synthetic resin and formed into an annular shape. As shown
in FIGS. 43 and FIG. 54 (a), the guide ring 123 has a center circle
CL having a ring diameter D8 equal to the diameter of the circle
CK on which the mist throttle holes 121 are arranged.

As shown in FIGS. 52 to FIG. 55, the guide ring 123 includes
a plurality of guide protrusions 125. The number of the guide
protrusions 125 is, for example, twelve, the same as the number
of the mist throttle holes 121.

The guide protrusions 125 are arranged on the circle CL of
the guide ring 123. The guide protrusions 125 are arranged at equal
angular intervals of 30 degrees in the circumferential direction
of the guide ring 123. The guide protrusions 125 are formed to

protrude in a direction orthogonal to a center line K of the mist
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ring body 122 (or the guide ring 123), and are formed integrally
with the guide ring 123.

[0158] As shown in FIGS. 52 to FIG. 55, the plurality of mist
guides 124 are each made of a synthetic resin and formed into a
conical spiral (conical helix or spiral having a truncated cone
shape). As shown in FIG. 52 (b), the mist guides 124 each include
a cone upper surface 124A, a cone bottom flat surface 124B, a cone
side surface 124C, and a plurality of spiral surfaces, for example,
first and second spiral surfaces 127 and 128 (helical surfaces).
The number of the mist guides 124 is twelve, the same as the number
of the mist throttle holes 121.

[0159] The first and second spiral surfaces 127 and 128 are
each formed into the same spiral shape. The first and second spiral
surfaces 127 and 128 are arranged between the conebottom flat surface
124B and the cone upper surface 124A to cross the cone side surface
124cC.

The first and second spiral surfaces 127 and 128 are arranged
so as to be point symmetrical with respect to a cone center line
L. The second spiral surface 128 is arranged at a position turned
about the cone center line Lby an angle of 180 degrees froma position
of the first spiral surface 127.

The first and second spiral surfaces 127 and 128 are each formed
into a spiral shape having a diameter gradually reducing from the
cone bottom flat surface 124B toward the cone upper surface 124A,

and are formed to extend to the cone upper surface 124A.
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The first and second spiral surfaces 127 and 128 are arranged
so as to be opposed to each other at the cone upper surface 124A.
[0160] As shown in FIG. 54 (a), the mist guides 124 each have
a guide height GL in a direction of the cone center line L. The
guide height GL is set smaller than the hole length ML of each of
the mist throttle holes 121.

As shown in FIG. 55(a), themist guides 124 each have a maximum

bottom width GH at the cone bottom flat surface 124B. The maximum
bottom width GH is set smaller than the hole diameter dM of each
of the mist throttle holes 121.
[0161] As shown in FIGS. 52 to FIG. 55, the mist guides 124
are fixed to the guide ring 123, and are formed integrally with
the guide ring 123. As shown in FIG. 53(a), the mist guides 124
are arranged on the circle CL of the guide ring 123. Each of the
mist guides 124 is arranged so that the cone center line L (guide
center line) thereof is located on the circle CL of the guide ring
123. Themist guides 124 are arranged between the guide protrusions
125 at equal angular intervals of 30 degrees in the peripheral
direction of the guide ring 123. Each of the mist guides 124 is
arranged so that a surface end of the first spiral surface 127 and
a surface end of the second spiral surface 128 are respectively
located at (aligned with) an outer peripheral surface and an inner
peripheral surface of the guide ring 123 at the cone bottom flat
surface 124B.

As shown in FIGS. 52, FIG. 54 (b), and FIG. 55, each of the
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mist guides 124 is fixed (formed) integrally with the guide ring
123 so that the cone bottom flat surface 124B is held in abutment
against the guide ring 123. 1In each of themist guides 124, as shown
in FIG. 55, the cone bottom flat surface 124B is fixed to the guide
ring 123 so as to protrude from the inner peripheral surface and
the outer peripheral surface of the guide ring 123 in the direction
orthogonal to the center line K of the mist ring body 122 (or the
guide ring 123).

With this configuration, the mist guides 124 and the guide
ring 123 form themist ringbody 122. Themist ringbody 122 includes
the guide ring 123, the mist guides 124, and the guide protrusions
125 formed integrally with each other.

[0162] In the mist generating means 5, as shown in FIGS. 56
and FIGS. 57, the mist ring body 122 (including the guide ring 123
and the mist guides 124) is incorporated in the shower nozzle 3.

As shown in FIGS. 56 and FIGS. 57, the mist ring body 122 is
arranged concentrically with the shower cylindrical portion 97 with
the cylinder center line H (the center line) of the shower nozzle
3 (or the shower cylindrical portion 97) being a center. The mist
ring body 122 is arranged in the mist annular space YM so that the
guide ring 123 isexternally fitted to the shower cylindrical portion
97. Thus, the guide ring 123 is arranged on the outer side of the
air bubble-liquid mixture jetting holes 98.

[0163] As shown in FIGS. 56 and FIGS. 57, the mist ring body

122 is arranged so that the mist guides 124 are inserted in the
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mist throttle holes 121, respectively. The mist ring body 122 is
arranged so that the cone upper surface 124A of each of the mist
guides 124 is directed toward each of the mist throttle holes 121
in the mist annular space YM.

Each of the mist guides 124 is inserted into each of the mist
throttle holes 121 from the cone upper surface 124A. Each of the
mist guides 124 is arranged in each of the mist throttle holes 121
so that the cone center line L is aligned with a hole center line
N of each of the mist throttle holes 121. Each of the mist guides
124 is inserted into each of the mist throttle holes 121 from the
cone upper surface 124A with a gap between the cone side surface
124C and a conical inner peripheral surface 121A of each of the
mist throttle holes 121. Each of the mist guides 124 is fitted in
each of the mist throttle holes 121 so that the cone bottom flat
surface 124B side (or the cone side surface 124C on the cone bottom
flat surface 124B side) is held in abutment against the conical
inner peripheral surface 121A of each of the mist throttle holes
121.

Thus, each of the mist guides 124 is fitted in each of the
mist throttle holes 121 so as to define first and second mist flow
passages 01 and 32 each having a spiral shape between the first
andsecondspiral surfaces1l27and128 andtheconical inner peripheral
surface 121A of each of the mist throttle holes 121 and between
the cone side surface 124C and the conical inner peripheral surface

121A. Each of the mist guides 124 and each of the mist throttle
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holes 121 define the first and second mist flow passages 01 and
52 each having a spiral shape (helical shape) along the first and
second spiral surfaces 127 and 128. As shown in FIG. 57 (b), the
first and second mist flow passages 81 and 82 are each defined in
a spiral shape between the first and second spiral surfaces 127
and 128 and the conical inner peripheral surface 121A of each of
the mist throttle holes 121 and between the cone side surface 124C
of each of the mist guides 124 and the conical inner peripheral
surface 121A. The first and second mist flow passages &1 and 02
are each defined in a spiral shape to extend from the cone bottom
flat surface 124B to the cone upper surface 124A of the mist guide
124 in the direction of the cylinder center line H of the shower
nozzle 3, and are opened in each of the mist throttle holes 121
and in the disk back flat surface 96B of the shower nozzle plate
96.

[0164] As shown in FIGS. 56 and FIGS. 57, along with insertion
of the mist guides 124 into the mist throttle holes 121, the guide
ring 123 and the guide protrusions 125 are brought into abutment
against the disk back flat surface 126B of the shower nozzle plate
96 through the mist annular space YM.

[0165] As shown inFIG. 57 (a), thesealingring 130 isexternally
fitted to the shower cylindrical portion 97 of the shower nozzle
3, and is brought into abutment against the sealing step portion
101. The sealing ring 130 is externally fitted to the shower

cylindrical portion 97 so as to protrude from the outer peripheral
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surface of the shower cylindrical portion 97 into the mist annular
space YM in the direction orthogonal to the cylinder center line
H of the shower nozzle 3.

Thus, the sealing ring 130 is freely brought into abutment
against the guide protrusions 125 of the mist ring body 122, thereby
preventing the mist ring body 122 from slipping off.

[01l606] As shown in FIGS. 50, FIGS. 51, FIGS. 56, and FIGS. 57,
the flow-adjustment piece 111 and the mist ring body 122 (including
the guide ring 123 and the mist guides 124) are incorporated in
the shower nozzle 3. Thus, the showernozzle 3, theairbubble-liquid
mixture generating means 4, and the mist generating means 5 form
a nozzle unit NU.

[0167] As shown in FIG. 58 to FIG. 60, the nozzle unit NU
(including the shower nozzle 3, the air bubble-liquid mixture
generating means 4, and the mist generating means 5) is arranged
in the flow passage switching means 2 (or in the switching handle
21) fitted in the shower main body 1 (or the head portion 7).
[0168] As shown in FIG. 58, the nozzle unit NU is arranged so
that the flow-adjustment piece 111 (or the disk back flat surface
114B of the flow-adjustment nozzle disk 114) is directed toward
the large-diameter hole portion 33A (or the handle hole 33) of the
switching handle 21. The nozzle unit NU is arranged concentrically
with the switching handle 21 with the cylinder center line B of
the switching handle 21 being a center.

[0169] As shown in FIG. 58, the nozzle unit NU is inserted into
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the large-diameter hole portion 33A of the switching handle 21 from
the other cylinder end 95B of the nozzle outer cylindrical portion
95 of the shower nozzle 3.

The nozzle unit NU is arranged so that the threaded portion
100 of the shower nozzle 3 is screwed into the threaded portion
34 of the switching handle 21. Through turning of the nozzle unit
NU, the nozzle outer cylindrical portion 95 of the shower nozzle
3 is received in the large-diameter hole portion 33A (or in the
handle hole) of the switching handle 21. The shower nozzle 3 is
turneduntil theothercylinderend 95Bof thenozzleoutercylindrical
portion 95 is brought into abutment against the first valve element
protruding portions 80 of the switching valve element 27.

At this time, the sealing ring 103 of the shower nozzle 3 is
brought into in press-contact with the large-diameter hole portion
33A of the switching handle 21, thereby sealing the large-diameter
hole portion 33A in a liquid-tight manner.

Thus, the shower nozzle 3 of the nozzle unit NU is fixed to
the switching handle 21, and is fitted to the other end 1B of the
shower main body 1.

In the shower nozzle 3, the shower nozzle plate 96 defines
aliquidinflow space RP in the outflowpassage 10. The liquidinflow
space RP is a space sealed in a liquid-tight manner, and the liquid
is caused to flow into the liquid inflow space RP through the outflow
passage 10.

[0170] In the nozzle unit NU, as shown in FIG. 58, the shower
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cylindrical portion 97 of the shower nozzle 3 and the flow-adjustment
piece 111 are inserted into the large-diameter hole portion 87A
(or into the shower outflow hole 87/into the second valve element
cylindrical portion 73) of the switching valve element 27 within
the liquid inflow space RP. The shower cylindrical portion 97 and
the flow-adjustment piece 111 are arranged with a gap between the
other cylinder end 97B and the valve element disk 74 (or the disk
front flat surface 74A) in the direction of the cylinder center
line F of the switching valve element 27. Within the liquid inflow
space RP, the sealing ring 130 of the shower nozzle 3 is inserted
into the large-diameter hole portion 87A (or into the shower outflow
hole 87) of the switching valve element 27, and is brought into
abutment against the hole step portion 87C of the switching valve
element 27. In the large-diameter hole portion 87A, the sealing
ring 130 is brought into press-contact with the inner peripheral
surface of the second valve element cylindrical portion 73, thereby
sealing the large-diameter hole portion 87A of the switching valve
element 27 in a liquid-tight manner.

Thus, the shower cylindrical portion 97 of the shower nozzle
3 is inserted in the large-diameter hole portion 87A (or the shower
outflow hole 87) of the switching valve element 27 so as to protrude
toward the outflow passage 10 side (into the liquid inflow space
RP). The liquid (liquid in a liquid inflow space PR) having flowed
out through the outflow passage 10 and having flowed out through

the switching valve element 27 is caused to flow from the other
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cylinder end 97B (or the 1liquid throttle holes 117 of the
flow-adjustment piece 111) into the air bubble mixing space BR in
the shower cylindrical portion 97.

[0171] When the shower nozzle 3 of the nozzle unit NU is fixed
to the switching handle 21, the shower nozzle 3, the flow-adjustment
piece 111 (of the air bubble-liquid mixture generating means 4),
the mist ring body 122 (of the mist generating means 5), and the
switching valve element 27 are freely turnable together with the
switching handle 21 with respect to the switching valve seat element
25, the switching base 22, and the shower main body 1.

[0172] As shown in FIG. 58, the flow-adjustment piece 111 of
the air bubble-liquid mixture generating means 4 is arranged with
a gap between the valve element disk 74 (or the disk front flat
surface 74A) of theswitchingvalveelement 27 and the flow-adjustment
piece 111, and is inserted in the large-diameter hole portion 87A
(or in the second valve element cylindrical portion 73) of the
switching valve element 27.

Thus, as shown in FIG. 60, the liquid throttle holes 117 are
each opened to the outflow passage 10 side (in the liquid inflow
space RP), and are each opened in the large-diameter hole portion
87A of the switching valve element 27 and the air bubble mixing
space BR. The liquid (liquid in the ligquid inflow space RP) having
flowed out through the outflow passage 10 and having flowed out
through the switching valve element 27 is jetted into the air bubble

mixing space BR through the liquid throttle holes 117.
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[0173] As shown in FIG. 58, the flow passage switching means
2 1is arranged between the flow-adjustment piece 111 of the air
bubble-liquid mixture generating means 4 and the outflow passage
10 and in the outflow passage 10 of the shower main body 1.

In the flow passage switching means 2, the switching valve

seat element 25 and the switching valve element 27 are arranged
between the flow-adjustment piece 111 and the outflow passage 10
and within the liquid inflow space RP, and the switching base 22
is arranged in the outflow passage 10.
[0174] As shown in FIG. 59, the mist generating means 5 is
configured to form the liquid (liquid caused to flow out through
the outflow passage 10) caused to flow into the mist generating
means 5 through the flow passage switching means 2 (or the switching
valve element 27) into the mist of liquid droplets in which the
air bubbles are mixed.

In the mist generating means 5, the mist throttle holes 121
are each opened to the outflow passage 10 side and in the liquid
inflow space RP between the shower nozzle plate 96 and the flow
passage switching means 2 (or the switching valve element 27).

With this configuration, the mist throttle holes 121 are each
formed to pass through the shower nozzle plate 96 while gradually
reducing a diameter from the outflow passage 10 side (or the liquid
inflow space BR side).

The mist throttle holes 121 each communicate with the outflow

passage 10 through the outer outflow holes 82 of the switching valve
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element 27, the valve seat holes 64 and 65 of the switching valve
seat element 25, and the base inflow passages Z of the switching
base 22 (or the liquid inflow space PR).

[0175] In the mist generating means 5, as shown in FIG. 59,
the mist ring body 122 is arranged so that the guide ring 123 is
held in abutment against the one cylinder end 73A of the second
valve element cylindrical portion 73.

The guide ring 123 and the guide protrusions 125 are brought
into abutment against the disk back flat surface 96B of the shower
nozzle plate 96 from the outflow passage 10 side (or the liquid
inflow space PR side or the mist annular space YM side).

As shown in FIG. 59, the first and second mist flow passages

01 and 32 are opened between the flow passage switching means 2
and the shower nozzle 3, and communicate with the outflow passage
10.
[0176] When the shower nozzle 3 is turned, the switching valve
element 27 and the switching valve seat element 25 are pressed toward
the switching base 22 side, thereby compressing the coil spring
30. The compressed coil spring 30 urges the switching valve seat
element 25 to the switching valve element 27 by a spring force,
thereby bringing the valve seat disk 63 (or the disk front flat
surface 63A) into press-contact with the sealing rings 28 of the
cylindrical valve elements 76 and 77.

Thus, the sealing rings 28 connect the valve element hole 88

of the cylindrical valve element 76 and the valve element hole 90
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of the cylindrical valve element 77 to the valve seat holes 64 and
65 in a liquid-tight manner, respectively.

[0177] When the nozzle unit NU (including the shower nozzle
3, the air bubble-liquid mixture generating means 4, and the mist
generatingmeans 5) and the flow passage switchingmeans 2 (including
the switching handle 21, the switching base 22, the switching valve
seat element 25, and the switching valve element 27) are thus mounted
to the shower main body 1 (or the head portion 7), as shown in FIG.
1l to FIG. 3 and FIG. 58 to FIG. 60, the shower head X is at the
shower position P1.

[0178] At the shower position P1l, as shown in FIG. 1 to FIG.
3 and FIG. 58 to FIG. 60, the switching handle 21 is arranged so
that the shower protruding portion 38 overlaps the reference
protruding portion 14 (or the highest point 7a) of the shower main
body 1.

At the shower position P1, as shown in FIG. 40, the switching
valve element 27 is arranged so that the valve element hole 88 of
the cylindrical valve element 76 and the valve element hole 90 of
the cylindrical valve element 77 are opened (valve-opened) toward
the valve seat holes 64 and 65 of the switching valve seat element
25, respectively.

At the shower position P1l, the flow passage switching means
2 connects the liquid throttle holes 117 of the air bubble-liquid
mixture generating means 4 to the outflow passage 10. The liquid

throttle holes 117 of the flow-adjustment piece 111 each communicate
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with the outflow passage 10 of the shower main body 1 through the
valve element flow passages 78 and 79 and the valve element holes
88 and 90 of the switching valve element 27, the valve seat holes
64 and 65 of the switching valve seat element 25, and the base inflow
passages Z of the switching base 22.

[0179] At the shower position P1l, as shown in FIG. 41, the
switching valve element 27 is arranged so that the valve element
regulating flat surface 83A of one of the first handle regulating
protruding portions 83 and the valve element regulating flat surface
85A of one of the second handle regulating protruding portions 85
are held in abutment against the first base regulating flat surface
59A of the base protrusion 59 and the fourth base regulating flat
surface 60B of the base protrusion 60 of the switching base 22,
respectively.

[0180] As shown in FIG. 2, FIG. 58, and FIG. 59, the shower
head X at the shower position Pl causes the liquid to flow into
the inflow passage 9 of the shower main body 1 (or the handle portion
6) .

The liquid having flowed into the inflow passage 9 is caused
to flow into the outflow passage 10. Through the outflow passage
10, the liquid having flowed from the inflow passage 9 is caused
toflowout. AsshowninFIG. 37andFIG. 59, theliquid flows through
the outflowpassage 10 into thebase inflowpassages Z of the switching
base 22, and then flows into the valve seat holes 64 and 65 of the

switching valve seat element 25 in the liquid inflow space PR.
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As shown in FIG. 59, the liquid having flowed into the valve
seat holes 64 and 65 flows into the valve element hole 88 of the
cylindrical valve element 76 and the valve element hole 89 of the
cylindrical valve element 77 of the switching valve element 27.

In the switching valve element 27, as shown in FIG. 39, the
liquid flows from the valve element holes 88 and 89 through the
valve element flow passages 78 and 79 each having a helical shape
intotheshoweroutflowhole 87 inthe secondvalveelementcylindrical
portion 73.

At this time, as shown in FIG. 39, the liquid is caused to
helically flow through the valve element flow passages 78 and 79
each having a helical shape, and flow into the entire shower outflow
hole 87 of the second valve element cylindrical portion 73.
[0181] The liquid having flowed into the shower outflow hole
87 is jetted into the air bubble mixing space BR through the liquid
throttle holes 117 of the flow-adjustment piece 111 (or the air
bubble-liquidmixture generatingmeans 4). Thus, throughtheliquid
throttle holes 117, the liquid having flowed out through the outflow
passage 10 is jetted into the air bubble mixing space BR.

At this time, as shown in FIG. 60, through the 1liquid throttle
holes 117 of the flow-adjustment piece 111, the liquid in the shower
outflow hole 87 (or in the ligquid inflow space PR) is jetted into
the air bubble mixing space BR toward the air bubble-liquid mixture
Jjetting holes 98 of the shower nozzle plate 96. The liquid is jetted

between the flow-adjustment-pieceplates 116 intheairbubblemixing
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space BR. In the air bubble mixing space BR, the liquid is jetted
between the shower nozzle plate 96 and the flow-adjustment nozzle
disk 114 while flowing (being adjusted in flow) in parallel to the
cylinder center line H of the shower cylindrical portion 97 (or
the shower nozzle 3).

When the liquid is jetted into the air bubble mixing space
BR, due to the jet of the liquid, the air is introduced through
the air introduction passages 112 into the air bubble mixing space
BR. Through the air introduction passages 112, the air is caused
to flow between the flow-adjustment-piece plates 116 in the air
bubble mixing space BR.

As shown in FIG. 60, in the air bubble mixing space BR, the
air introduction passages 112 cause the air to flow toward the disk
front flat surface 74A of the valve element disk 74 that is adjacent
to the liquid throttle holes 117 of the flow-adjustment piece 111.
In the air bubble mixing space BR, the air is caused to flow (jet)
between the flow-adjustment-piece plates 116 of the flow-adjustment
piece 111 through the air introduction passages 112. The air is
caused to flow (jet) into the air bubble mixing space BR from the
direction orthogonal to the hole center line M of each of the liquid
throttle holes 117.

Thus, the air introduced into the air bubble mixing space BR
is mixed into the liquid at the same time as the liquid is jetted
through the liquid throttle holes 117.

[0182] In the air bubble mixing space BR, the liquid and the
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air flow turbulently by being introduced by the protruding ends
116D along the flow inclined surfaces 118 of the
flow-adjustment-piece plates 116, and then flow into the mixing
gap GP between the protruding ends 116D of the flow-adjustment-piece
plates 116 and the shower nozzle plate 96.

Thus, on the protruding end 116D side protruding toward the
shower nozzle 3 (or the shower nozzle plate 96), each of the
flow-adjustment-piece plates 116 causes the liquid jetted through
the ligquid throttle holes 117 to flow turbulently and flow into
the mixing gap GP.

In the mixing gap GP within the air bubble mixing space BR,
due to the turbulent flow, the air mixed into the liquid is broken
(divided) into micrometer-sized air bubbles (microbubbles) and
nanometer-sized air bubbles (ultrafine bubbles).

The micrometer-sized air bubbles (microbubbles) and the
nanometer-sized air Dbubbles (ultrafine bubbles) mix with and
dissolve in the liquid.

[0183] The liquid (air bubble-liquid mixture), in which the
micrometer-sized air bubbles and the nanometer-sized air bubbles
are mixed, is jetted to the outside through the air bubble-liquid
mixture jetting holes 98 of the shower nozzle plate 96. Through
theairbubble-liquidmixture jettingholes 98, theair bubble-liquid
mixture is jetted out of the air bubble mixing space BR.

[0184] As shown in FIG. 61, in the shower head X at the shower

position P1l, the switching handle 21 is turned by an angle of 90
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degrees with respect to the shower main body 1 (or the switching
base 22 and the switching valve seat element 25) so that the mist
protrudingportion 39 isarrangedat the referenceprotrudingportion
14 of the shower main body 1.

The switching valve element 27 (of the flow passage switching
means 2), the shower nozzle 3, the flow-adjustment piece 111 (of
the air bubble-liquid mixture generating means 4), and the mist
ring body 122 (of the mist generating means 5) are turned at the
same time as the switching handle 21 is turned.

Thus, the shower head X is turned from the shower position

Pl to the mist position P2.
[0185] At the mist position P2, as shown in FIG. 63 and FIG.
64, the valve element hole 88 of the cylindrical valve element 76
and the valve element hole 90 of the cylindrical valve element 77
of the switching valve element 27 are closed (valve-closed) by the
valve seat disk 63 (orthedisk front flat surface 63A) of theswitching
valve seat element 25.

At this time, alongwith turning of the switchingvalve element
27, the sealing rings 28 are brought into slide-contact with the
valve seat disk 63 (orthedisk front flat surface 63A) of theswitching
valve seat element 25 so that the cylindrical valve elements 76
and 77 are closed. Due to the spring force of the coil spring 30,
the valve seat disk 63 of the switching valve seat element 25 is
held in press-contact with the sealing rings 28 in the closed

cylindrical valve elements 76 and 77.
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Thus, the sealing rings 28 seal the valve element holes 88
and 90 in a liquid-tight manner, and block (close) the valve element
holes 88 and 90 from the valve seat holes 64 and 65 of the switching
valve seat element 25.

At the mist position P2, the flow passage switching means 2
connects the mist throttle holes 121 (of the mist ring body 122)
of the mist generating means 5 to the outflow passage 10. The mist
throttle holes 121 (of the mist ring body 122) communicate with
the outflow passage 10 of the shower main body 1 through the liquid
inflow space RP between the switchingvalve element 27 and the shower
nozzle 3, the outer outflow holes 82 of the switching valve element
27, the valve seat holes 64 and 65 of the switching valve seat element
25, and the base inflow passages Z of the switching base 22.
[0186] At themistpositionP2, asshowninFIG. 65, theswitching
valve element 27 is arranged so that the valve element regulating
flat surface 83A of one of the first handle regulating protruding
portions 83 and the valve element regulating flat surface 85A of
one of the second handle regulating protruding portions 85 are held
in abutment against the second base regulating flat surface 59B
of the base protrusion 59 and the third base regulating flat surface
60A of the base protrusion 60 of the switching base 22, respectively.
[0187] As shown in FIG. 62, the shower head Xat themist position
P2 causes the liquid to flow into the inflow passage 9 of the shower
main body 1 (or the handle portion 6).

The liquid having flowed into the inflow passage 9 is caused
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to flow into the outflow passage 10. Through the outflow passage
10, the liquid having flowed from the inflow passage 9 is caused
toflowout. AsshowninFIG. 37andFIG. 62, theliquid flows through
the outflowpassage 10 into thebase inflowpassages Z of the switching
base 22, and then flows into the valve seat holes 64 and 65 of the
switching valve seat element 25 in the liquid inflow space PR.

As shown in FIG. 62, the liquid having flowed into the valve
seat holes 64 and 65 flows through the outer outflow holes 82 of
the switching valve element 27 into the liquid inflow space PR in
the shower nozzle plate 96.

The liquid flows through the liquid inflow space PR into the

mist throttle holes 121.
[0188] As shown in FIG. 66, the liquid having flowed into the
mist throttle holes 121 flows through the first and second mist
flow passages 01 and 32 each having a spiral shape, and then flows
out of the mist throttle holes 121. Further, the mist of liquid
droplets is jetted to the outside through the mist throttle holes
121.

The liquid is increased in pressure by flowing through the
first and second mist flow passages 01 and 62 each having a spiral
shape, and is jetted into the mist throttle holes 121 through the
first and second mist flow passages 31 and 02.

Thus, theliquid jettedintothemist throttleholes 121 through
the first and second mist flow passages 81 and &2 flows turbulently

at highpressure. Further, whenthemistof liquiddropletsis jetted
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through the mist throttle holes 121, an outlet side of each of the
mist throttle holes 121 (side from which the mist of liquid droplets
is jetted) is brought into a negative pressure state.

With the outlet side of each of the mist throttle holes 121
brought into the negative pressure state, when the liquid, which
is jetted into the mist throttle holes 121 through the first and
second mist flow passages &1 and 02 and flows turbulently at high
pressure, passes through the outlet portion of each of the mist
throttle holes 121, the air bubbles are separated due to reduced
pressure, and the air that is taken in at the time of jetting is
broken (divided) by the turbulent flow. Thus, the liquid is formed
into the mist of liquid droplets in which the micrometer-sized air
bubbles (microbubbles) and the nanometer-sized air bubbles
(ultrafine bubbles) are mixed and dissolved.

Further, at the cone upper surface 124A of each of the mist
guides 124, the liquid is jetted into each of the mist throttle
holes 121 through the first and second mist flow passages 01 and
02 opposed to each other, and collides with the mist guide 124 and
the shower nozzle plate 96, thereby being formed into the mist of
ligquiddroplets inwhich a sufficient volume of air bubbles ismixed.
The mist of liquid droplets in which the air bubbles are mixed is
jetted through each of the mist throttle holes 121. Through each
of the mist throttle holes 121, the mist of liquid droplets in which
the air bubbles are mixed is jetted to the outside.

Thus, themist generatingmeans 5 forms the liquidhaving flowed
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out through the outflow passage 10 into the mist of liquid droplets
in which the air bubbles are mixed.

[0189] The shower head X is thus set to the shower position
Pl or the mist position P2 through forward and reverse turning of
the switching handle 21 within an angle range of 90 degrees.

At this time, as shown in FIG. 41 and FIG. 65, the base
protrusions 59 and 60 of the switching base 22 and the first and
second handle regulating protruding portions 83 and 85 of the
switching valve element 27 regulate the turning of the switching
handle 21 within the angle range of 90 degrees.

[0190] When the shower head X is switched to the shower position
Pl or the mist position P2, the shower head X can jet the air
bubble-liquid mixture at the shower position P1l, and can jet the
mist of liquid droplets, in which the air bubbles are mixed, at
the mist position P2.

[0191] In the shower head X, the number of the
flow-adjustment-piece plates 116 isnot limited to four. It isonly
required that the number of the flow-adjustment-piece plates 116
be plural, for example, three, five, or six and so on. The plurality
of flow-adjustment-piece ©plates 116 are formed on the
flow-adjustment nozzle disk 114 at equal intervals in the peripheral
direction of the flow-adjustment nozzle disk 114.

[0192] In the shower head X, the number of the spiral surfaces
of the mist guide 124 is not limited to two. It is only required

that the number of the spiral surfaces of the mist guide 124 be
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plural, for example, three, four, or five and so on. The plurality
of spiral surfaces are formed on the mist guide 124 (or the cone
side surface 124C) at equal intervals in the peripheral direction
with the cone center line L of the mist guide 124 being a center.
[Examples]

[0193] For the shower head X, a "shower test" of generating
the airbubble-liquidmixture (air bubble-water mixture) was carried
out under a condition in which the shower nozzle 3 and the liquid
generating means 4 (including the flow-adjustment piece 111 and
the air introduction passages 112) were used.

For the shower head X, a "mist test" of generating the mist
of liquid droplets (mist of water droplets) was carried out under
a condition in which the mist generating means 5 (including the
mist throttle holes 121 and the mist guides 124) was used.

In the "shower test" and the "mist test", similarly to the
description with reference to FIG. 26 to FIG. 41, the flow passage
switching means 2 (including the switching handle 21, the switching
base 22, the switching valve seat element 25, and the switching
valve element 27) was arranged in the shower main body 1.

[0194] <1> "Shower Test"

The "shower test" was carried out in Example 1, Example 2,

Example 3, and Comparative Example 1.
[0195] (1) Shower Nozzle
The "showernozzle 3" was common (the same) inExample 1, Example

2, Example 3, and Comparative Example 1.
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[0196] The "shower nozzle 3" in Example 1, Example 2, Example
3, and Comparative Example 1 is described with reference to FIGS.
43 to FIG. 45.

The "shower nozzle 3" in Example 1, Example 2, Example 3, and
Comparative Example 1 has the following configuration.

Total number of the air bubble-liquid mixture jetting holes
98: 36

Hole diameter of each of the air bubble-liquidmixture jetting
holes 98 (conical hole): 1.4 mm (opened in the disk front surface
96A)

Hole diameter of each of the air bubble-liquidmixture jetting
holes 98 (conical hole): 1.8 mm (opened in the disk back flat surface
96B.)

Radius r3 of the circle CD: 3.5 mm.

Radius r4 of the circle CE: 6.2 mm.

Radius r5 of the circle CF: 8.7 mm.

Number of the air bubble-liquid mixture Jjetting holes 98
arranged on the circle CD: 6 (arranged at equal pitches in the
peripheral direction of the shower cylindrical portion 97)

Number of the air bubble-liquid mixture jetting holes 98
arranged on the circle CE: 12 (arranged at equal pitches in the
peripheral direction of the shower cylindrical portion 97)

Number of the air bubble-liquid mixture Jjetting holes 98
arranged on the circle CF: 18 (arranged at equal pitches in the

peripheral direction of the shower cylindrical portion 97)
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Inner diameter d5 of the small-diameter hole portion of the
handle hole 33: 6.2 mm
[0197] (2) Flow—adjustment Piece

The "flow-adjustment piece 111" in Example 1 is described with
reference to FIGS. 47, FIGS. 48, and FIGS. 67.

The "flow-adjustment piece 111" in Example 1 has the following
configuration.

Total number of the liquid throttle holes 117: 40

Hole diameter da of each of the liquid throttle holes 117:
0.6 mm (opened in the disk front flat surface 114A)

Hole diameter db of each of the liquid throttle holes 117:
1.0 mm (opened in the disk back flat surface 114B)

Radius r6 of the circle CG: 4.0 mm

Radius r7 of the circle CH: 6.0 mm

Radius r8 of the circle CI: 9.0 mm

Number of the liquid throttle holes 117 arranged on the circle
CG: 8 (arranged at equal pitches in the peripheral direction of
the flow-adjustment nozzle disk 114 so that two holes are formed
in each region between the flow-adjustment-piece plates 116)

Number of the liquid throttle holes 117 arranged on the circle
CH: 12 (arranged at equal pitches in the peripheral direction of
the flow-adjustment nozzle disk 114 so that three holes are formed
in each region between the flow-adjustment-piece plates 116)

Number of the liquid throttle holes 117 arranged on the circle

CI: 20 (arranged at equal pitches in the peripheral direction of
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the flow-adjustment nozzle disk 114 so that five holes are formed
in each region between the flow-adjustment-piece plates 116)

Piece height of the flow-adjustment piece 111: 8.2 mm

Number of the flow-adjustment-piece plates 116: 4 (arranged
at equal angular intervals of 90 degrees in the peripheral direction
of the flow-adjustment nozzle disk 114)

Plate width HS of the flow-adjustment-piece plate 116: 4.0
mm

Plate length LS of the flow-adjustment-piece plate 116: 9.2
mm

Plate thickness TS of the flow-adjustment-piece plate 116:
1.4 mm

Radius rX (of the arc) of the flow inclined surface 118: 1.0
mm
[0198] The "flow-adjustmentpiecelll" inExample 2 isdescribed
with reference to FIGS. 47, FIGS. 48, and FIGS. 68.

The "flow-adjustment piece 111" in Example 2 has the following
configuration.

Total number of the liquid throttle holes 117: 48

Hole diameter da of each of the liquid throttle holes 117:
0.6 mm (opened in the disk front flat surface 114A)

Hole diameter db of each of the liquid throttle holes 117:
1.0 mm (opened in the disk back flat surface 114B)

Radius r6 of the circle CG: 2.0 mm

Radius r7 of the circle CH: 4.0 mm
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Radius r8 of the circle CI: 6.0 mm

Radius r9 of the circle CM: 9.0 mm

Number of the liquid throttle holes 117 arranged on the circle
CG: 4 (arranged at equal pitches in the peripheral direction of
the flow-adjustment nozzle disk 114 so that one hole is formed in
each region between the flow-adjustment-piece plates 116)

Number of the liquid throttle holes 117 arranged on the circle
CH: 8 (arranged at equal pitches in the peripheral direction of
the flow-adjustment nozzle disk 114 so that two holes are formed
in each region between the flow-adjustment-piece plates 116)

Number of the liquid throttle holes 117 arranged on the circle
CI: 16 (arranged at equal pitches in the peripheral direction of
the flow-adjustment nozzle disk 114 so that four holes are formed
in each region between the flow-adjustment-piece plates 116)

Number of the liquid throttle holes 117 arranged on the circle
CM: 20 (arranged at equal pitches in the peripheral direction of
the flow-adjustment nozzle disk 114 so that five holes are formed
in each region between the flow-adjustment-piece plates 116)

The "flow-adjustment piece 111" in Example 2 is the same as
the "flow-adjustment piece 111" in Example 1 with regard to the
piece height of the flow-adjustment piece 111, the number of the
flow-adjustment-piece plates 116, the plate width HS of each of
the flow-adjustment-piece plates 116, the plate length LS of each
of the flow-adjustment-piece plates 116, the plate thickness TS

of each of the flow-adjustment-piece plates 116, and the radius
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rX (of the arc) of the flow inclined surface 118.
[0199] The "flow-adjustmentpiecelll" inExample 3isdescribed
with reference to FIGS. 47, FIGS. 48, and FIGS. 69.

The "flow-adjustment piece 111" in Example 3 has the following
configuration.

Total number of the liquid throttle holes 117: 52

Hole diameter da of each of the liquid throttle holes 117:
0.6 mm (opened in the disk front flat surface 114A)

Hole diameter db of each of the liquid throttle holes 117:
1.0 mm (opened in the disk back flat surface 114B)

Radius r6 of the circle CG: 2.0 mm

Radius r7 of the circle CH: 4.0 mm

Radius r8 of the circle CI: 6.0 mm

Radius r9 of the circle CM: 9.0 mm

Number of the liquid throttle holes 117 arranged on the circle
CG: 4 (arranged at equal pitches in the peripheral direction of
the flow-adjustment nozzle disk 114 so that one hole is formed in
each region between the flow-adjustment-piece plates 116)

Number of the liquid throttle holes 117 arranged on the circle
CH: 8 (arranged at equal pitches in the peripheral direction of
the flow-adjustment nozzle disk 114 so that two holes are formed
in each region between the flow-adjustment-piece plates 116)

Number of the liquid throttle holes 117 arranged on the circle
CI: 16 (arranged at equal pitches in the peripheral direction of

the flow-adjustment nozzle disk 114 so that four holes are formed
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in each region between the flow-adjustment-piece plates 116)

Number of the liquid throttle holes 117 arranged on the circle
CM: 24 (arranged at equal pitches in the peripheral direction of
the flow-adjustment nozzle disk 114 so that six holes are formed
in each region between the flow-adjustment-piece plates 116)

The "flow-adjustment piece 111" in Example 3 is the same as

the "flow-adjustment piece 111" in Example 1 with regard to the
piece height of the flow-adjustment piece 111, the number of the
flow-adjustment-piece plates 116, the plate width HS of each of
the flow-adjustment-piece plates 116, the plate length LS of each
of the flow-adjustment-piece plates 116, the plate thickness TS
of each of the flow-adjustment-piece plates 116, and the radius
rX (of the arc) of the flow inclined surface 118.
[0200] Unlike the "flow-adjustment piece" inExample l, Example
1, and Example 3, the "flow-adjustment piece" in Comparative Example
lisa"flow-adjustment piecewithout a flow-adjustment-pieceplate",
in which the flow-adjustment-piece plates are not formed on the
flow-adjustment nozzle disk.

The "flow-adjustment piece" in Comparative Example 1 is the
same as that in Example 1 with regard to the number of the liquid
throttle holes, the hole diameter of each of the liquid throttle
holes, the radii r6 to r8 of the circles CG to CI, and the number
of the liquid throttle holes arranged on each of the circles CG
to CI.

[0201] (3) Air Introduction Passage
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The "air introduction passage 112" is common (the same) in
Example 1, Example 2, Example 3, and Comparative Example 1.

The "air introduction passage 112" in Example 1, Example 2,
Example 3, and Comparative Example 1 is described with reference
to FIGS. 43 and FIGS. 44.

The "air introduction passage 112" in Example 1, Example 2,
Example 3, and Comparative Example 1 has the followingconfiguration.

Number of the air introduction passages: 3

Radius of the circle CJ: 12.25 mm

The air introduction passages 112 were arranged on the circle
CJ, and were arranged at equal angular intervals (equal pitches)
of 120 degrees in the circumferential direction of the circle CJ
(or the shower nozzle 3).

[0202] (4) Air Bubble Mixing Space and Mixing Gap

Similarly to the description with reference to FIGS. 50 and
FIGS. 51, the"flow-adjustment piece" inExample 1, Example 2, Example
3, and Comparative Example 1 was inserted in the air bubble mixing
space BR (or in the shower cylindrical portion 97), and was fixed
to the shower nozzle 3.

[0203] The "air bubble mixing space BR" is common (the same)
in Example 1, Example 2, Example 3, and Comparative Example 1, and
has the following configuration.

Hole diameter d5 of the air bubble mixing space: 6.2 mm

Hole length LK of the air bubble mixing space: 7.0 mm

[0204] The "mixing gap GP" is common (the same) in Example 1,
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Example 2, and Example 3, and has the following configuration.

Mixing gap GP: 2.8 mm
[0205] (5) Arrangement and Opening Dimension of Air
Introduction Passage

Similarly to the description with reference to FIGS. 44 and
FIGS. 51, the "air introduction passage”" in Example 1, Example 2,
Example 3, and Comparative Example 1 was opened adjacent to the
flow-adjustment nozzle disk 114 (or the disk front flat surface
1143).

The "air introductionpassage" inExample 1, Example 2, Example
3, and Comparative Example 1 has the following configuration.

Opening width AH: 5.05 mm

Opening height AL: 0.8 mm

The opening width is a dimension in the peripheral direction
of the shower cylindrical portion. The openingheight isadimension
inthedirectionof thecylinder center line of the shower cylindrical
portion.
[0206] (6) Liquid, Static Liquid Pressure (Hydrostatic
Pressure) of Liquid, and Liquid Feeding Rate (Water Feeding Rate)

The "liquid", "static liquid pressure (hydrostatic pressure)
of the liquid"™, and a "liquid feeding rate (water feeding rate)"
are the same in Example 1, Example 2, Example 3, and Comparative
Example 1.

In Example 1, Example 2, Example 3, and Comparative Example

1, the following is employed.
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Liquid: tap water (water),

Static liquid pressure (hydrostatic pressure) of the liquid
(water): 0.2 MPa (megapascals)

Liquid feedingrate (water feedingrate) of the liquid (water):
9.2 liters/minute (9.2 liters per minute)

In Example 1, Example 2, Example 3, and Comparative Example
1, under a condition in which the "hydrostatic pressure" was 0.2
MPa and the "water feeding rate" was 9.2 liters/minute, the tap
water was caused to flow into the inflow passage and jetted through
the air bubble-liquid mixture Jjetting holes.

[0207] (7) Measurement of Quantity of Air Bubbles

In the "shower test", the air bubble-water mixture was jetted
through the air bubble-liquid mixture jetting holes, and a quantity
of air bubbles mixed into the air bubble-water mixture was measured.
[0208] In Example 1, the quantity of air bubbles (bubble
quantity) including themicrometer-sizedair bubbles (microbubbles)
and the nanometer-sizedair bubbles (ultrafine bubbles) was measured
in a case in which the air bubble-water mixture was Jjetted at a
rate of 8 liters/minute and a rate of 10 liters/minute.

In Example 2, the quantity of air bubbles (bubble quantity)
including the microbubbles and the ultrafine bubbles was measured
in a case in which the air bubble-water mixture was Jjetted at a
rate of 10 liters/minute.

In Example 3, the quantity of air bubbles (bubble quantity)

including the microbubbles and the ultrafine bubbles was measured
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in a case in which the air bubble-water mixture was jetted at a
rate of 10 liters/minute.

In Comparative Example 1, the quantity of air bubbles (bubble
quantity) including the microbubbles and the ultrafine bubbles was
measured in a case in which the air bubble-water mixture was jetted
at a rate of 10 liters/minute.

[0209] In Example 1, Example 2, Example 3, and Comparative
Example 1, the quantity of air bubbles (bubble quantity) contained
per amilliliter (ml) of the air bubble-water mixture was measured.

In Example 1, Example 2, Example 3, and Comparative Example
1, a total quantity of microbubbles and a microbubble diameter of
the microbubbles largest in quantity were measured.

In Example 1, Example 2, Example 3, and Comparative Example
1, a total gquantity of ultrafine bubbles and an ultrafine bubble
diameter of ultrafine bubbles largest in quantity were measured.

In Example 1, a minimum microbubble diameter and a quantity
of microbubbles each having the minimum microbubble diameter were
measured.

[0210] Measurement results of the microbubbles in Example 1,
Example 2, Example 3, and Comparative Example 1 are shown in "Table
in.

[0211] Table 1

Measurement results of microbubbles in “shower test”

Diameter of the | Quantity of the | Total quantity
microbubbles microbubbles of microbubbles
largest in | largest in
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quantity quantity
Example 1 28.67 6,060 8,492
(10L/min.)
Example 1 29.12 3,918 4,634
(8L/min.)
Example 2 27.75 2,653 3,509
Example 3 27.92 4,707 6,023
Comparative 7.19 595 1,722
Example 1

Diameter of the microbubbles: micrometer

Quantity of the microbubbles largest in quantity: number of the
microbubbles/milliliter

Total quantity of microbubbles: total number of microbubbles

/milliliter

[0212] In Example 1, the minimum microbubble diameter was 4.44
micrometers (um), and a quantity of the microbubbles smallest in
quantity was 1,200/milliliter.

[0213] In Example 1, as shown in "Table 1", at the rate of 10
liters/minute, the diameter of the microbubbles largest in quantity
was 28.67 micrometers (um), the quantity of the microbubbles largest
in quantity was 6,060/milliliter, and the total quantity of

microbubbles was 8,492/milliliter.
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In Example 1, as shown in "Table 1", at the rate of 8
liters/minute, the diameter of the microbubbles largest in quantity
was 29.12 micrometers (um), the quantity of the microbubbles largest
in quantity was 3,918/milliliter, and the total quantity of
microbubbles was 4,634/milliliter.

In Example 2, as shown in "Table 1", the diameter of the
microbubbles largest in quantity was 27.92 micrometers (um), the
quantity of the microbubbles largest in quantity was
2,653/milliliter, and the total quantity of microbubbles was
3,509/milliliter.

In Example 3, as shown in "Table 1", the diameter of the
microbubbles largest in quantity was 27.92 micrometers (um), the
quantity of the microbubbles largest in quantity was
4,707/milliliter, and the total quantity of microbubbles was
6,023/milliliter.

In Comparative Example 1, as shown in "Table 1", the diameter
of the microbubbles largest in quantity was 7.19 micrometers (um),
the quantity of the microbubbles largest in quantity was
595/milliliter, and the total quantity of microbubbles was
1,722/milliliter.

In Example 1, Example 2, and Example 3, as compared to
Comparative Example 1, the diameter of the microbubbles largest
in quantity can be increased.

In Example 1, Example 2, and Example 3, as compared to

Comparative Example 1, a sufficient volume of the microbubbles
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largest inquantity canbemixed intowater (liquid). Inparticular,

in Example 1, at the rate of 10 liters/minute, the diameter of the

microbubbles largest in quantity was 28.67 micrometers (um), and
the quantity of the microbubbles largest in quantity was
6,060/milliliter. Thus, as compared to Example 2, Example 3, and

Comparative Example 1, the sufficient volume of the microbubbles

largest in quantity can be mixed into water (liquid), and hence

significant effects can be expected.
In Example 1, Example 2,

and Example 3, as compared to

Comparative Example 1, the sufficient volume of microbubbles can
be mixed into water (liquid).

Thus, when the plurality of flow-adjustment-piece plates 116
are formed on the flow-adjustment nozzle disk 114 as in the
"flow-adjustment piece" and Example 3,

in Example 1, Example 2,

the sufficient volume of microbubbles can be mixed into water

(liquid) .

[0214] Measurement results of the ultrafine bubbles in Example
1, Example 2, Example 3, and Comparative Example 1 are shown in
"Table 2".

[0215] Table 2

Measurement results of ultrafine bubbles in “shower test”

Diameter of the
ultrafine
bubbles largest
in quantity

Quantity of the
ultrafine
bubbles largest
in quantity

Total quantity
of ultrafine
bubbles

Example 1
(10L/min.)

98

1,400,000

27,000,000
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Example 1 136.9 730,000 13,000,000
(8L/min.)

Example 2 134.5 290,000 5,400,000
Example 3 128.8 1,600,000 3,800,000
Comparative 150.8 440,000 6,500,000
Example 1

Diameter of the ultrafine bubbles: nanometer

Quantity of the ultrafine bubbles largest in quantity: number of
the ultrafine bubbles/milliliter

Total quantity of wultrafine bubbles: total number of ultrafine

bubbles/milliliter

[0216] In Example 1, as shown in "Table 2", at the rate of 10
liters/minute, the diameter of ultrafine bubbles largest inquantity
was 98 nanometers (nm), the quantity of ultrafine bubbles largest
in quantity was 140,000/milliliter, and the total quantity of
ultrafine bubbles was 27,000,000/milliliter.

In Example 1, as shown in "Table 2", at the rate of 8
liters/minute, thediameter of ultrafine bubbles largest inquantity
was 136.9 nanometers (nm), the quantity of ultrafine bubbles largest
in quantity was 730,000/milliliter, and the total quantity of
ultrafine bubbles was 13,000,000/milliliter.

In Example 2, as shown in "Table 2", the diameter of ultrafine
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bubbles largest in quantity was 134.5 nanometers (nm), the quantity
of ultrafine bubbles largest in quantity was 290,000/milliliter,
and the total quantity of ultrafine bubbles was
5,400,000/milliliter.

In Example 3, as shown in "Table 2", the diameter of ultrafine
bubbles largest in quantity was 128.8 nanometers (nm), the quantity
of ultrafine bubbles largest in quantity was 160,000/milliliter,
and the total quantity of ultrafine bubbles was
3,800,000/milliliter.

In Comparative Example 1, as shown in "Table 2", the diameter
of ultrafine bubbles largest in quantity was 150.8 nanometers (nm),
the quantity of ultrafine bubbles largest in quantity was
440,000/milliliter, and the total quantity of ultrafine bubbles
was 6,500,000/milliliter.

InExample 1, Example 2, andExample 3, thediameterofultrafine
bubbles largest in quantity was 90 to 136.9 nanometers, and the
quantity of ultrafine bubbles largest in quantity was 140,000 to
730,000/milliliter. Thus, the sufficient volume of ultrafine
bubbles largest in quantity can be mixed into water (liquid).

In Example 1, Example 2, and Example 3, the total quantity
of ultrafine bubbles was 730,000 to 2,700,000/milliliter. Thus,
the sufficient volume of ultrafine bubbles can be mixed into water
(liquid) .

In particular, in Example 1, as compared to Example 2, Example

3, and Comparative Example 1, the sufficient volume of ultrafine
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bubbles largest in quantity can be mixed into water (liquid).

In Example 1, as compared to Example 2, Example 3, and
Comparative Example 1, the sufficient quantity of ultrafine bubbles
in total can be mixed into water (liquid).

[0217] <2> "Mist Test"

The mist test was carried out in Example 4 and Comparative
Example 2.

[0218] (1) Mist Throttle Hole

The "mist throttle hole" was common (the same) in Example 4
and Comparative Example 2.

The "mist throttle hole 121 (conical hole)" in Example 4 and
Comparative Example 2 is described with reference to FIGS. 43 and
FIGS. 44.

The "mist throttle hole 121" in Example 4 has the following
configuration.

Number of the mist throttle holes 121: 12

Radius of the circle CK: 18.4 mm

Hole diameter dM of each of the mist throttle holes 121: 0.96
mm (opened in the disk front surface 96A)

Hole diameter dF of each of the mist throttle holes 121: 4.0
mm (opened in the disk back flat surface 96B)

Hole length of each of the mist throttle holes 121: 5.8 mm

The mist throttle holes 121 were arranged on the circle CK,
and were arranged at equal angular intervals (equal pitches) of

30 degrees in the peripheral direction of the circle CK (or the
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shower nozzle 3).
[0219] (2) Mist Guide (Conical Spiral) and Guide Ring

The "mist guide 124" in Example 4 is described with reference
to FIGS. 52 to FIG. 55.

The "mist guide 124" 1in Example 4 has the following
configuration.

Number of the mist guides: 12

Number of the spiral surfaces: 2 (first and second spiral
surfaces)

Guide height GL: 3.5 mm

Maximum bottom width GH: 8.95 mm

Ring diameter D8 of the circle CL of the guide ring 123: 18.4
mm

FEach of the mist guides 124 was formed integrally with the
guide ring 123 so that the cone center line L thereof was located
on the circle CL. The mist guides 124 were arranged on the guide
ring 123 at equal angular intervals of 30 degrees in the peripheral
direction of the circle CL.

Each of the mist guides 124 was inserted into each of the mist
throttle holes 121 from the cone upper surface 124A, and was fitted
in each of the mist throttle holes 121 with the gap between the
cone side surface 124C and the conical inner peripheral surface
121A of each of the mist throttle holes 121.

Thus, each of the mist guides 124 was fitted to the shower

nozzle 3 (or the shower nozzle plate 96), thereby defining the first
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and second mist flow passages 01 and 82 between the first and second
spiral surfaces 127 and 128 and the conical inner peripheral surface
121A of each of the mist throttle holes 121.

[0220] In Comparative Example 2, there is employed mist
generating means "without a mist guide", in which the mist guides
are not inserted into the mist throttle holes, respectively.
[0221] (3) Liguid, Static Liquid Pressure (Hydrostatic
Pressure) of Liquid, and Liquid Feeding Rate (Water Feeding Rate)

In Example 4 and Comparative Example 2, the following is
employed.

Liquid: tap water (water)

Static liquid pressure (hydrostatic pressure) of the liquid
(water): 0.2 MPa (megapascals)

Liquid feedingrate (water feeding rate) of the liquid (water) :
7.4 liters/minute (7.4 liters per minute)

In Example 4 and Comparative Example 2, under a condition in
which the "hydrostatic pressure" was 0.2 MPa and the "water feeding
rate" was 7.4 liters/minute, the tap water was caused to flow into
the inflow passage and jetted through the mist throttle holes.
[0222] (4) Measurement of Quantity of Air Bubbles

In the "mist test", a quantity of air bubbles mixed into a
mist of water droplets (liquid droplets) jetted through the mist
throttle holes was measured.

[0223] In Example 4 and Comparative Example 2, a total quantity

of the micrometer-sized air bubbles (microbubbles) and a total
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quantity of the nanometer-sized air bubbles

(ultrafine bubbles)

were measured in a case in which the mist of water droplets was

jetted at a rate of 4 liters/minute.

In Example 4 and Comparative Example 2, the quantity of air

bubbles

(bubble quantity)

contained per a milliliter

mist of water droplets was measured.

(ml) of the

In Example 4 and Comparative Example 2, a total quantity of

ultrafine bubbles and an ultrafine bubble diameter of ultrafine

bubbles largest in quantity were measured.

[0224]

Measurement results of the microbubbles in Example 4

and Comparative Example 2 are shown in "Table 3".

[0225]

Measurement results of microbubbles in

Table 3

“mist test”

Diameter of the | Quantity of the | Total quantity
microbubbles microbubbles of microbubbles
largest in | largest in
quantity quantity
Example 4 11.52 21,079 27,022
Comparative 3.24 1,680 2,637
Example 2
Diameter of the microbubbles: micrometer

Quantity of the microbubbles largest in quantity:

microbubbles/milliliter

Total quantity of microbubbles:

/milliliter

number of the

total number of microbubbles
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[0226] In Example 4, as shown in "Table 3", the diameter of
microbubbles largest in quantity was 11.52 micrometers (um), the
quantity of the microbubbles largest in quantity was
21,079/milliliter, and the total quantity of microbubbles was
27,022/milliliter.

In Comparative Example 2, as shown in "Table 3", the diameter
of the microbubbles largest in quantity was 3.24 micrometers (um),
the quantity of the microbubbles largest 1in quantity was
1,680/milliliter, and the total quantity of microbubbles was
2,637/milliliter.

InExample 4, as comparedtoComparativeExample 2, asufficient
volume of the microbubbles largest in quantity can be mixed into
the mist of water droplets (the liquid droplets).

In Example 4, as compared to Comparative Example 2, the
sufficient quantity of microbubbles in total can be mixed into the
mist of water droplets (the liquid droplets).

Thus, in the "mist test", when the mist guides each having
a conical spiral shape (a truncated conical spiral shape) are fitted
in the mist throttle holes, respectively, the sufficient volume
of microbubbles can be mixed into the mist of water droplets (liquid
droplets) .

[0227] Measurement results of the ultrafine bubbles in Example
4 and Comparative Example 2 are shown in "Table 4".
[0228] Table 4

Measurement results of ultrafine bubbles in “mist test”
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Diameter of the
ultrafine
bubbles largest
in quantity

Quantity of the
ultrafine
bubbles largest
in quantity

Total quantity
of ultrafine
bubbles

Example 4 124.1 710,000 14,000,000
Comparative 128.1 360,000 6,600,000
Example 2

Diameter of the ultrafine bubbles: nanometer

Quantity of the ultrafine bubbles largest in quantity: number of

the ultrafine bubbles/milliliter

Total quantity of

bubbles/milliliter

[0229]

ultrafine bubbles largest in quantity was 124.1 nanometers
the quantity of ultrafine

710,000/milliliter,

In Example 4,

was 14,000,000/milliliter.

ultrafine bubbles:

bubbles

as shown in "Table 4",

largest in

total number of ultrafine

the diameter of
(nm) ,

quantity was

and the total quantity of ultrafine bubbles

In Comparative Example 2, as shown in "Table 4", the diameter

of ultrafine bubbles largest in quantity was 128.1 nanometers (nm),

the quantity of ultrafine

360,000/milliliter,

was 6,600,000/milliliter.

bubbles

largest in

quantity was

and the total quantity of ultrafine bubbles

InExample 4, as comparedtoComparative Example 2, asufficient
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volume of ultrafine bubbles largest in quantity can be mixed into
the mist of water droplets (liquid droplets).

In Example 4, as compared to Comparative Example 2, the
sufficient quantity of ultrafine bubbles in total can be mixed into

the mist of water droplets (liquid droplets).

Industrial Applicability

[0230] The present invention is most suitable for jetting the

air bubble-liquid mixture or the mist of liquid droplets.

Reference Signs List

[0231]
X shower head
1 shower main body
2 flow passage switching means
3 shower nozzle
4 air bubble-liquid mixture generating means
5 mist generating means
9 inflow passage
10 outflow passage
96 shower nozzle plate
97 shower cylindrical portion
98 air bubble-liquid mixture jetting hole

111 flow-adjustment piece

112 air introduction passage
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114

116

117

BR

GP

flow-adjustment nozzle disk
flow-adjustment-piece plate
liquid throttle hole

air bubble mixing space

mixing gap
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Claims
[Claim 1] A shower head, comprising:

a shower main body including an inflow passage into which a liquid is caused to
flow, and an outflow passage through which the liquid having flowed into the inflow passage
is caused to flow out, the inflow passage being opened to one end of the shower main body,
the outflow passage being opened to the other end of the shower main body;

a shower nozzle mounted to the other end of the shower main body; and

a mist generating unit arranged on the shower nozzle, and configured to form the
liquid, which is caused to flow out through the outflow passage, into a mist of liquid droplets,

the mist generating unit including:

a plurality of mist throttle holes, which are formed to pass through the
shower nozzle and communicate to the outflow passage; and

a plurality of mist guides, which are each formed into a conical spiral shape,
and each include a plurality of spiral surfaces each having the same spiral shape,

wherein the mist throttle holes are each formed into a conical hole passing through
the shower nozzle and having a diameter gradually reducing from the outflow passage side,

wherein the spiral surfaces are arranged between a cone bottom flat surface and a
cone upper surface of each of the mist guides to cross a cone side surface of each of the
mist guides, and are each formed into a spiral shape having a diameter gradually reducing
from the cone bottom flat surface toward the cone upper surface,

wherein each of the mist guides is inserted into each of the mist throttle holes from
the cone upper surface with a gap between the cone side surface and a conical inner
peripheral surface of each of the mist throttle holes,

wherein each of the mist guides is fitted in each of the mist throttle holes so as to
define a plurality of mist flow passages each having a spiral shape between the spiral
surfaces, the conical inner peripheral surface, and the cone side surface, and

wherein the mist flow passages are opened into each of the mist throttle holes and

communicate with the outflow passage.

[Claim 2] The shower head according to claim 1,

wherein the mist generating unit includes a plurality of mist guides, which are each
formed into a conical spiral shape, and each include first and second spiral surfaces each
having the same spiral shape,

wherein the first and second spiral surfaces are arranged between the cone bottom
flat surface and the cone upper surface to cross the cone side surface of each of the mist

guides,
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wherein the first and second spiral surfaces are arranged so as to be point
symmetrical with respect to a cone center line of each of the mist guides,

wherein the first and second spiral surfaces are each formed into a spiral shape
having a diameter gradually reducing from the cone bottom flat surface toward the cone
upper surface,

wherein each of the mist guides is inserted into each of the mist throttle holes from
the cone upper surface with the gap between the cone side surface and the conical inner
peripheral surface of each of the mist throttle holes,

wherein each of the mist guides defines first and second mist flow passages each
having a spiral shape between the first and second spiral surfaces, the conical inner
peripheral surface, and the cone side surface, and

wherein the first and second mist flow passages are opened into each of the mist

throttle holes and communicate with the outflow passage.

[Claim 3] A mist generating unit, comprising:

a shower nozzle; and

a mist generating unit arranged on the shower nozzle, and configured to form the
liquid having flowed out through the outflow passage into a mist of liquid droplets,

the mist generating unit including:

a mist throttle hole, which is formed to pass through the shower nozzle,
and communicates with the outflow passage; and
a mist guide, which is formed into a conical spiral shape, and includes a

plurality of spiral surfaces having the same spiral shape,

wherein the mist throttle hole is formed into a conical hole passing through the
shower nozzle and having a diameter gradually reducing from the outflow passage side,

wherein the spiral surfaces are arranged between a cone bottom flat surface and a
cone upper surface of the mist guide to cross a cone side surface of the mist guide, and are
each formed into a spiral shape having a diameter gradually reducing from the cone bottom
flat surface toward the cone upper surface,

wherein the mist guide is inserted into the mist throttle hole from the cone upper
surface with a gap between the cone side surface and a conical inner peripheral surface of
the mist throttle hole,

wherein the mist guide is fitted in the mist throttle hole so as to define a plurality of
mist flow passages each having a spiral shape between the spiral surfaces, the conical inner
peripheral surface, and the cone side surface, and

wherein the mist flow passages are opened into the mist throttle hole, and
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communicate with the outflow passage.

[Claim 4] The mist generating unit according to claim 3,

wherein the mist generating unit includes a mist guide, which is formed into a conical
spiral shape, and includes first and second spiral surfaces each having the same spiral shape,

wherein the first and second spiral surfaces are arranged between the cone bottom
flat surface and the cone upper surface to cross the cone side surface of the mist guide,

wherein the first and second spiral surfaces are arranged so as to be point
symmetrical with respect to a cone center line of the mist guide,

wherein the first and second spiral surfaces are each formed into a spiral shape
having a diameter gradually reducing from the cone bottom flat surface toward the cone
upper surface,

wherein the mist guide is inserted into the mist throttle hole from the cone upper
surface with the gap between the cone side surface and the conical inner peripheral surface
of the mist throttle hole,

wherein the mist guide defines first and second mist flow passages each having a
spiral shape between the first and second spiral surfaces, the conical inner peripheral surface,
and the cone side surface, and

wherein the first and second mist flow passages are opened into the mist throttle
hole and communicate with the outflow passage.
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