SPECI FhGATLON WATER AERATOR _ [ TECHNI CAL FI ELD] The present invention
Felates to a vvater aerator used in a hand 5 washi ng apparatus, water
faucet, etc. ﬂmmm ] Awater aerator provided with an inlet for
mwash wat er, bubbly stream and an air m xi ng mechani sm

di sposed in a wash wabier passage extendi ng between the inlet for wash

wat er and the outlet for the 10 bubbly streamis disclosed in United States
Patent No. 5,114,072. In the water @gEf@ipicatitenai r m Xi ng mechani sm has a
pressure reducing disk provided with a pl urallty of pores t he
wash wat er passage, air inlets fornggdriek AE@A@@gum‘ er ent| gmmmlmmlm m1
wash wat er passage downstream of the pressure reducing d 00g2

rectifying magivghseaserigdp)downstream of the air inl ets I n the wat er
aerator of United States Patent No. 5,114,072, a shower of wash water

di scharges from tg, gl dcahd tl}{vQﬁtlQ{?rPe'iakék %hea p&rﬁ?e%“ %ra{o‘?d‘dgéé‘gl I Skrankne

shower of wash water ‘entrains air | owm ng into the wash water passage

t hrough 4 he @Hhﬂng :]p rngs g&tfeglfgﬁéeqn wor ki ng between them 20 and col | i des
agai nst the recti g nesh. The air &nt rai ned by the shower of wash water

becomes an alunsR ‘?)I?NDaA Thubbl es when the shower of wash water passes
t hr ough theqrectlg?}l ng mesﬁ ?o be broken up. The air bubbles disperse in

t he wash water to I I t m of
wash wat er di scha%é‘%stg%ro%l{tgﬁg)é%i{dlegav% anrﬁﬁp%ﬁ%bfgs}iglgﬁ te)aqppll?ﬁﬁfg%ﬁ&URE
OF | NVENTI r f argin
from the poraltfsEtET il s AA5P LAY nfbdfha i BigK ﬁ?gﬁgspﬁggﬁ&ﬁég Lo

prevent a ]passage extending between the inlet for wash water and the outlet for the

10 bubbly stream is disclosed in United States Patent No. 5,114,072. In the
water aerator, the air mixing mechanism has a pressure reducing disk
provided with a plurality of pores and blocking the wash water passage, air
inlets formed in the circumferential wall of the wash water passage
downstream of the pressure reducing disk, and a rectifying mesh disposed

15 downstream of the air inlets.

In the water aerator of United States Patent No. 5,114,072, a shower
of wash water discharges from the plurality of pores in the pressure
reducing disk. The shower of wash water entrains air flowing into the wash
water passage through the air inlets due to friction working between them

20 and collides against the rectifying mesh. The air entrained by the shower of
wash water becomes an abundance of air bubbles when the shower of wash
water passes through the rectifying mesh to be broken up. The air bubbles
disperse in the wash water to form a bubbly stream of wash water. The
bubbly stream of wash water discharges from the outlet for the bubbly

25 stream.

[DISCLOSURE OF INVENTION]

The shower of wash water must be prevented from discharging from

the pores of the pressure reducing disk at a high speed so as to prevent a
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backfl ow of the wash water toward the air inlets. This is because the wash
wat er cannot pass through the rectifying nesh at a high speed due to the

| arge flow resistance of the rectifying nesh. Therefore, the water aerator
of United States Patent No. 5,114,072 has a disadvantage in that it cannot
5 di scharge the shower of wash water at a high speed fromthe pores of the
pressure reducing disk, suck a large quantity of air entrained by the

hi gh- speed $ReWELWOSf MaSHayRLALer RIOPER tiH£irNhBisSPIRds sdpvelueitheashsh
water against the rectifying mesh to break it up, and mx a large quantity

of air wtRydike cahavepasf tRsBhWRkelectitBnENBEaf aF . hi2h PRe@Gufo the

present invention is to provided a water aerator which can discharge a

shover of wagfyerabRIredlst@ndd BNt IRPRRDifl M eBR €FhkPe Br oI BISHE & rf £AUEI NGF
di sk, suck a large quantity of air, and mx a large quantity of air with

the vash watigfited B1ONS BSREENo. 5061 DD S AL o DAL A R R QVIHIRS t Ba WAL ET
aerator 15 conprising an inlet for wash water, an outlet for a bubbly

stream sfi r%tlschm@@@%hz%omeiﬂopgva%rwmetrmtvg@ﬁw@g@erd faPosedotdt & MRSH
wat er passage extending between the inlet for wash water and the outl et

for the bUb%&Msmﬁ%H%éﬂbuﬂP@m§e§989aqgﬁﬂ§q59ﬁmﬁﬁgﬁhﬁ%hﬂgahhﬁlM@%He“ﬂter
di sposed downstream of the first neans, wherein the first neans conprises

a pressure 2Q0-% 84Utk egoab%fwangdmr%memm WE S - swe@%he%ﬁ%f%%hbl ocki ng
the wash water passage, air inlets forned in a circunferential wall of the

wash water oDAssageid@Wslean)iak hbé BJ S?é‘él{ﬁ J?dalvlfd BAx G Blge YA ndidhyater €d

zone of the wash water passage with conically di'm ni shing dianeter

di sposed downstieam Ofiod NEPHESEW R €duci ng di sk, wherein the second
means 25 conprises a rectifying zone of the wash water passage extending

bet weeR ot he  downsfr.eam epd oejeck *ae tL@B@éseqltzlqognﬁag ik *es eubieh 4 Watwe

bubbly stream and a honeyconb di sposed in the rectifying zone, and

wherei n the,ppres mchtm BEERAHCE, CEOWEL BOwALE Ky ALE 2l BRHEG ded fom

circunferential wal
pores in a pressure reducing disk, suck a large quantity of air, and mix a

large quantity of air with the wash water.
In one aspect, the present invention provides a water aerator
15 comprising an inlet for wash water, an outlet for a bubbly stream, first
means for mixing air with wash water disposed in a wash water passage
extending between the inlet for wash water and the outlet for the bubbly
stream, and second means for rectifying the wash water disposed
downstream of the first means, wherein the first means comprises a pressure
20 reducing disk provided with a plurality of pores and blocking the wash water
passage, air inlets formed in a circumferential wall of the wash water
passage dawnstream of the pressure reducing disk, and a tapered zone of
the wash water passage with conically diminishing diameter disposed
downstream of the pressure reducing disk, wherein the second means
25 comprises a rectifying zone of the wash water passage extending between the
downstream end of the tapered zone and the outlet for the bubbly stream,
and a honeycomb disposed in the rectifying zone, and wherein the pores in

the pressure reducing disk are directed to a circumferential wall of the
2



tapered zone. In the water aerator of the present invention, a shower of
wash water discharges fromthe plurality of pores in the pressure reducing
di sk. The shower of wash water entrains air flowing into the wash water
passage 5 through the air inlets due to friction working between them and
collides against the tapered zone of the wash water passage to be broken
up. Wien the shower of wash water is broken up, the air entrained by the
shower of wasi.walsl. becones an abundance of air bubbles to disperse in
the wash water, thereby form ng a bubbly stream of the wash water. The

bubbly 10 streamyfinthea Mash MakeSr (RaSHese AR hNG JRRRIGE ¢RNEwWalkL the
rectifying zone to be rectified bypassing through the rectifying zone and

al so by paa%'amr%@g %%twslmrm%q%e{ hetﬁeemsfsh@g rf)ﬁﬁ’aln)é Hkkeamye

di scharges fromthe outlet for the bubbly stream | e water aerator

di t t, ' - |, t hr ough
accordi ng tQnLHer BE ﬁ%gﬂ wét@f%’ﬁtﬁﬁ%’s atlp OBHPP ifto tire &5%@%&@;};21?%%?% 9

t he honeyconb at a speed because t oW resistance o oneyconb

is |essst ha\?\ﬂh%cﬂ@thhﬁie QHem'i&%.theylo”ﬂi&%bww%{h‘;‘ggtﬁét%%n 16 %’gﬁ%lﬁg&%or in

accordance e present I nvention can arge the shower o sh

nater at a HESMhREEIabLAN LI BPAESh 0y WRer BLESIATS LBNSINGL! Snauck

| ar ge quanti air, mXx a l[arge quanti of arr wth the wash

vater. |n agfOLARIEE oWbhnay el bl bR LAROMMIEAL. A aldle BT EREThoLEYGRL! ON.

a circunferenti e rect yi ng zone contl nuously connec

the cir Cu%rsﬁ%jﬁ@elr B’@Hne %I{)%%b @B?creeoq a%?rﬂ)ggbie@ ttohd1§pg{g§g1{§ {lﬁeggvagfl the

wat er aerator, a part of t y Stream runni ng a

circunter enwa"illar,vmlel‘eb fo%ﬁngn%aapﬁﬁlﬁggés(%? axLloif%E%e Jsht‘bg'lcefrdp%%tl; end of

t he tapered zone toward adi a nter o rectifying zone to gather
and f Ohg a g%\ﬁﬁ{ gpﬂlesgv%?ﬁ@z}tlgf}r %‘ssérﬁhﬁnroggmihgitggepeadr éonoef i&t%q:h%ur%mi)fyﬁltgr eam
running along the circu erentt &l wa
zone to be rectified by passing through the rectifying zone and also by
passing through the honeycomb. The rectified bubbly stream discharges
from the outlet for the bubbly stream.
In the water aerator according to the present invention, the bubbly
15 stream can pass through the honeycomb at a high speed because the flow
resistance of the honeycomb is less than that of the rectifying mesh.
Therefore, the water aerator in accordance with the present invention can
discharge the shower of wash water at a high speed from the pores in the
pressure reducing disk, suck a large quantity of air, and mix a large quantity
20 of air with the wash water.

In accordance wi_tlla preferred embodiment of the present invention, a
circumferential wall of the rectifying zone continuously connects with the
circumferential wall of the tapered zone.

In this embodiment of the water aerator, a part of the bubbly stream

25 running along the éircumferential wall of the tapered zone flies off the
downstream end of the tapered zone toward the radial center of the

rectifying zone to gather and form a converged stream there. The

remaining part of the bubbly stream running along the circumferential wall
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of the tapered zone passes by the downstream end of the tapered zone into
the rectifying zone to run along the circunferential wall of the rectifying
zone without flying out the downstream end of the tapered zone, thereby
formng a cylindrical filmof water. The converged bubbly stream passes 5

t hrough the central portion of the honeyconb. The cylindrical filmof the
bubbly streamis divided i nto an abundance of fine converged fl ows

di spersed i,p t&l@teth:pe;&ﬁ%ﬁg (ool bgn{)heecﬁhx%s?r@gmi Bn h)ebfu h%dkfderghrzeo%“ Alto

when it passes oug oneyc e converge |y stream
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for the bubbly stream other than the central portion. The central converged
bubbly stream and an abundance of the fine converged bubbly streams
uniformly dispersed around the central converged bubbly stream are united

15 to form a stable, thick converged bubbly stream. The stable, thick
converged bubbly stream is visually satisfying to the user of a hand washing
apparatus equipped with the water aerator.

In accordance with a preferred embodiment of the present invention,
the pores in the pressure reducing disk are disposed at a constant pitch

20 along a circle with a diameter larger than that of the downstream end of the
tapered zone of the wash water passage.

In this embodiment of the water aerator, it 1s possible to direct the
pores at right angles to end faces of the pressure reducing disk, and
discharge the wash water from the pores without deflecting stream lines of

25 the wash water directed at right angles to the end faces of the pressure
reducing disk because the pores in the pressure reducing disk are disposed

along a circle with a diameter larger than that of the downstream end of the

tapered zone of the wash water passage. Pressure loss due to deflections of
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the streamlines of the wash water is not generated. Therefore, the shower
of wash water discharges at a high speed fromthe pores in the pressure
reduci ng disk. In accordance with a preferred enbodi mrent of the present
invention, 5 inlet side corners of the pores in the pressure reducing disk
are rounded. In this enbodi nent of the water aerator, it is possible to
prevent contraction of the flows of the wash water passing through the

pores and r@duatéon 9fed bovhspesd Rhtde SHOYEIe At aShhYRIET. BECAUREver
inlet side corners of the pores in the pressure reducing di sk are rounded.

10 I'n accordangesmiwiced Bfsehefdda enboghmente0f rrbhe tRE ep%%& ihNYROLI @Bsy ret NE
air inlets are disposed upstreamof the tapered zone. I'n this embodi ment of

the water aekahbing 4. quantity of sucked air increases and the quantity
of air mxed with the wash water increases because the air inlets are

di sposed cl ose t qpt hgohli FReSRAEH aSPRVRErRff MBS Hiton VBt §he Q?rfegéﬁt t1J1Q'€ent10n
col lision against the tapered zone of the wash water passage.

accordance Whidi s@dpccsi@re% tﬁgtm@bm&hgfprémrp @é@&%g'ﬂ‘éﬁ@rbqgundgﬁ'e
corner at the connection of the circunferential wal tapered zone

with the circunfqpeptisab M8uim@ht tdret ke ey Ma%@xnelt' §s %‘ggﬁi,?g t02 ré\perIthl S

enbodi nent of the water aerator, flow resistance at the connectlo

tapered zong Wi ttiReof €hb Iﬁawq)fzt%evaa%hr@m&ega@m t&%ougﬂe@}&h%g&%&ﬁn

of the bubbly stream at the connection of the tapere zone~ Wt
rectifying zQRgcdisn péte\f}%'&l %‘E Pecaus e t N F O %?rw%h tvbgteqoﬂggé:&éeOanéf Fldr%e

circunferential wall of the tapered zone wth the circunferenti al

25 the rectifyild ARE ﬂ&eg@y@fi.@%remr@%ﬁwﬁ@c sWatrQ r%uﬂﬁs§erred

enbodi ment of the present Invention, he rectifying zone of the wash water

passage OI ncr easeﬁn' &CGEméeegvlhpwaﬁpefe;&% 98%§§I£Mf %he present invention,

the air inlets are disposed upstream of the tapered zone.

In this embodiment of the water aerator, the quantity of sucked air
increases and the quantity of air mixed with the wash water increases
because the air inlets are disposed close to the high-speed shower of wash

15 water before the collision against the tapered zone of the wash water
passage.

In accordance with a preferred embodiment of the present invention,
the corner at the connection of the circumferential wall of the tapered zone
with the circumferential wall of the rectifying zone is rounded.

20 In this embodiment of the water aerator, flow resistance at the
connection of the tapered zoiwith the rectifying zone is reduced and the
speed reduction of the bubbly stream at the connection of the tapered zone
with the rectifying zone is prevented because the corner at the connection of
the circumferential wall of the tapered zone with the circumferential wall of

25 the rectifying zone is rounded.

In accordance with a preferred embodiment of the present invention,
the rectifying zone of the wash water passage increases in diameter toward

the downstream.



In this enbodi ment of the water aerator, the outlet for bubbly stream

i ncreases in dianeter, the bubbly stream discharging fromthe outlet for
bubbly streamincreases in dianmeter, and the user of a hand washi ng
apparatus is nore visually satisfied because the rectifying zone of the
wash 5 water passage increases in dianeter toward the downstream In
accordance with a preferred enbodi nent of the present invention, the
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increase in
without becoming turbulent. The cylindrical curtain of the bubbly stream
running along the circumferential wall of the rectifying zone passes through
the plurality of peripheral holes disposed radially around the central hole to
15 form an abundance of fine converged bubbly streams uniformly dispersed in
the circumferential direction and in the radial direction around the
converged bubbly stream passed through the central hole. The central
converged bubbly stream without turbulence and an abundance of the
peripheral fine converged bubbly streams uniformly dispersed in the
20 circumferential direction and in the radial direction around the central
converged bubb13; stream are uni_ixz:l to form a stable, thick converged bubbly
stream. The user of a hand washing apparatus is visually satisfied by the
stable, thick converged bubbly stream.
In accordance with a preferred embodiment of the present invention,
25 the holes of the honeycomb increase in diameter toward the downstream.
In this embodiment of the water aerator, the converged bubbly

streams discharging from the holes of the honeycomb come close to each

other and unite easily because the holes of the honeycomb increase in
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di aneter toward the downstream In accordance with a preferred enbodi nent
of the present invention, the rectifying zone extends downstream beyond

t he honeyconb. In this enbodi nent of the water aerator, the central
converged bubbly 5 stream and an abundance of the fine converged bubbly
streans unite easily because the rectifying zone extends downstream beyond
t he honeyconb. In accordance with a preferred enbodi nent of the present

i nvention, it t rat.0 conpri ses neans for preventing
backf | ow of dg%[% %@h wgttglr ({06{’/\%%%@% air inlets. 10 In this enbodi nent of

the water aerator, &&‘89&%&‘& Qe Qe I%'férﬂeﬁ'eemoé% h(?f Y\ﬁésrﬂrg\@énecriri\ierntion,

prevented and stoppage of air suction 1's prevented nmeans
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he air inlets by
the wash water is prevented and stoppage of air suction is prevented by.the
means for preventing backflow.
In accordance with a preferred embodiment of the present invention,
the water aerator comprises an internal cylinder provided with the air inlets,
15 the tapered zone, the rectifying zone and the honeycomb and receiving the
pressure reducing disk, and an external cylinder receiving the internal
cylinder and forming an air passage communicating with the air inlets
between itself and the internal cylinder.
The provision of the internal cylinder and the external cylinder
20 reduces the number of elements of the water aerator and facilitates the work
of assembling the water aerator. L
In accordance with a preferred embodiment of the present invention,
the water aerator comprises an internal cylinder provided with the air inlets,
the tapered zone, the rectifying zone and the honeycomb and receiving the
25 pressure reducing disk united with the means for preventing backflow, and
an external cylinder receiving the internal cylinder and forming an air

passage communicating with the air inlets between itself and the internal

cylinder.



The provision of the internal cylinder and the external cylinder reduces

t he nunber of elenents of the water aerator, facilitates the work of
assenbling the water aerator, and prevents backfl ow of the wash water
toward the air inlets. 5 In accordance with a preferred enbodi nent of the
present invention, the water aerator conprises a flow regulating val ve

di sposed upstream of the pressure reducing disk. The provision of the flow

regul ating val veq§yp ‘8§§,‘?§nf$f“%'éa§ﬁt%9n§?f fytlbxﬁe];l War ehé Oftelhg eylinder

di schargi ng wash wat due to fluctuation o e supply 10 pressure
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wth a preferre I ment of e present 1 nvention t he wat er aerator

di schar ges g% S & RuRRLY 18d Jsmat tttowa {eev%t,twattk%wff at%gdﬁ%mmmg & and

100 vol une airomxed Wth the wash water he user o I ng

appar at us e?H&ﬁRP@h&htﬁlﬁQEs“ater 15 aerator is tactually satisfied by the
flowrate o water onto the palnms and visually satisfied by the

pubbl y. st ream i 4 g hdf0 dut e ogtefta 8 etgoa@?gttetéf @é{ﬁ%sem fr RSN
i nventi on provi des a apparatus equi one of tHe
aforenentlon erat n [..a t, the sent inv ion
provi des a E%jw\%%guce tor résecf V\I?IIO%’ 9 qatm% ;ﬁ %dlsaﬁogtg%% Sttf%an% ?\r}/ater
aerators. The ter erato kn accordance mnth the present invention can be

used for a Rahd was |Hm'§ aratus a wat er faucet etc. [ BRI EF DESCRI PTI ON
g app

OF DRAW NGS] 25 hn %pcﬁwg{ﬁ)%woPQﬁ ureu} tmg v 9('; tsI (r%)a SeCt hoﬁguat\{cln?vgfm

a water aerator for an I decordance >

ng" appar at us®in
preferred ergpg%orgveggteogf Ehe dlgchea%gpr}g I nvﬁnt -9 8:3 to fluctuation of the supply

10 pressure of the wash water and stabilizes the discharging of the wash water.
In accordance with a preferred embodiment of the present invention,
the water aerator discharges the bubbly stream at a flow rate of wash water
of 2L/minute and 100 volume % of air mixed with the wash water.
The user of a hand washing apparatus equipped with the water
15 aerator is tactually satisfied by the flow rate of the wash water onto the
palms and visually satisfied by the bubbly stream with ; 4L/minute flow
rate.
In another aspect, the present invention provides a hand washing
apparatus equipped with any one of the aforementioned water aerators.
20 In another aspect, the present invention provides a water faucet
provided with any one of the aforementigd water aerators.
The water aerator in accordance with the present invention can be
used for a hand washing apparatus, a water faucet, etc.
[BRIEF DESCRIPTION OF DRAWINGS]
25 In the drawings:
Figure 1 is a vertical sectional view of a water aerator for a hand
washing apparatus in accordance with a preferred embodiment of the

present invention.



Figure 2 is a perspective view of a half portion of a water aerator for a
hand washi ng apparatus in accordance with a preferred enbodi nent of the
present invention. Figure 3 is an expl oded perspective view of a water
aerator for a hand 5 washing apparatus in accordance with a preferred
enbodi nent of the present invention. Figure 4 is a vertical sectional view
of a variation of the water aerator in Figure 1. Figure 5 is a perspective

view of a manual FQQ‘QIC!? %? Qi p&égg%‘{;@k%\' o}'gf}pﬁ?#ogﬁgnngtahwgtélvagg{atg?rf@{ Qr

in accordance with a preferre odi nent e present invention. Figure

6 is a perspegh Mssmn%wag;alaaqag%oyzaéoirﬁamendvipg%hbf&enaerap%%yﬁnp#;pt\shgﬁg

wth a water aerator i'’n accordance wth a preferred enbodi nent o
pr esent inv?gg%ggjn@gnﬁggure 7 is a vertical sectional view of an automatic
wat er faucet of an autonatic hand washi ng apparatus provided with a water
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a water aerator 1.for a hand washing apparatus is provided with a pressure

reduci ng digﬁéﬁi an rnternal cylinder 3, and a honeyconb disk 4. These
menbers are di sposed, | E'riggr\lreergic![a es%gk%‘o%d%’éw é}fsa 3{&%&2&?%#’{& EV%SQP'aQ %tg'rSk

2, the internal c§¥|nde an oneyconb S rom upstream
domnstrean1re%qt&¥§ to the wash water flow. The water aerator 1 is further
provi ded wi th'ah ex%érnal cylinder 5 for receiving the aforenentioned
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cylinder 5 arendlsposed

10 provided with a water aerator in accordance with a preferred embodiment of
the present invention.

Figure 6 1s a perspective view of an automatic hand washing
apparatus provided with a water aerator in accordance with a preferred
embodiment of the present invention.

15 Figure 7 is a vertical sectional view of an automatic water faucet of an
automatic hand washing apparatus provided with a water aerator in
accordance with a preferred embodiment (_)f the present invention.

[BEST MODE FOR CARRYING OUT THE INVENTION]

A water aerator in accordance with a preferred embodiment of the

20 present invention used for a hand washing apparatus will be described.

As shown in Figures_l to 3, a water aerator 1 for a hand washing
apparatus is provided with a pressure reducing disk 2, an internal cylinder 3,
and a honeycomb disk 4. These members are disposed in series in the order
of the pressure reducing disk 2, the internal cylinder 3 and the honeycomb

25 disk 4 from upstream to downstream relative to the wash water flow. The
water aerator 1 is further provided with an external cylinder 5 for receiving
the aforementioned members. The pressure reducing disk 2, the internal

cylinder 3, the honeycomb disk 4 and the external cylinder 5 are disposed
9 .



coaxially. The upstreamend of the external cylinder 5 forns a wash water
inlet 6 and the downstreamend of the internal cylinder 3 forns a bubbly
streamoutlet 7. The internal space of the external cylinder upstream of
the pressure reducing disk 2 forms a wash water passage 8 and the internal
5 space of the internal cylinder 3 forns a wash water passage 9. The
pressure reducing disk 2 is provided with a pIuraIity of pores 2a at its
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1
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09 the wash water passage 9.

An annulus ring 2b for preventing backflow is disposed close to the
pressure reducing disk 2, downstream of the pressure reducing disk 2
15 relative to the wash water flow and coaxially with the pressure reducing
disk 2. The annulus rﬁi.ng 2b has an inner diameter larger than D1. The
annulus ring 2b is provided with an annular step 2c at the outer periphery of
its downstream end. The annulus ring 2b is connected to the pressure
reducing disk 2 with a plurality of connecting columns 2d with arcuate cross
20 section disposed at a predetermined pitch in the circumferential direction.
The pressure reducing disk 2, the annulus rirﬁ}b for preventing backflow

and the connecting columns 2d are formed integrally with each other.
The internal cylinder 3 is provided with an outer flange 3a at its
upstream end relative to the wash water flow. The internal cylinder 3 is
25 provided with an annular step 3b at the inner circumferential surface of its
upstream portion. The internal cylinder 3 is provided with a plurality of air
inlets 3c at its circumferential wall extending between the outer flange 3a

and the annular step 3b. The air inlets 3¢ are spaced from each other in the
10



circunferential direction. The inner diameter of the internal cylinder 3
conically di m nishes downstream of the annular step 3b to becone the sane
as that of the downstream end of the internal cylinder 3 formng the
bubbly streamoutlet 5 7. Thereafter, the internal cylinder 3 extends
straight to the downstream end. Therefore, the wash water passage 9 is
provided with a tapered zone 9a conically dimnishing in diameter

downstream of, th&.alfi: hnhgLs:;3¢ and a rectifying zone 9b extending
strai ght between t he éomn%tréanlend of the tapered zone 9a and the bubbly

streamout| et 7. melﬁf?&t fi Y 1 Ge d;izglf‘eth%bilixt%rr]r% di, 5RQS P Cc%xéa"ﬁl!)}%c ydlﬁﬂexhgshtbbl y

bubbly streamoutlet 7 and its aneter 1st sane as that
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the tapered "Zonl%e%‘agt‘épt 9H§er¥a?%8p%8%§ 3 X‘Me@ldtsh&rglthccu{q]‘?ﬁgﬂfdmﬂlst‘{@&] of
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W

cylinder 5 i's provi an i nner aatits

The bregour . Ledus N0 AIRK A GSTELY Sagages. e 7ugs”3aralggl%ft§
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i nternal cyli i Hder e annu Anhul B8 rih
same as that of the bubbly stream outlet 7. . The diameter D

downstream end of the tapered zone 9a is set smaller than the diameter D1
of the circle along which the pores 2a are disposed. Therefore, the pores 2a
are directed to the circumferential wall of the tapered zone 9a.

15 The circumferential wall of the tapered zone 9a continuously connects
with the circumferential wall of the rectifying zone 9b. The corner of the
connection of the two circumferential walls is rounded.

The honeycomb 4 is provided with a large central hole 4a and
numerous small peripheral holes 4b disposed radially around the large

20 central hole 4a. The large central hole 4a and the small peripheral holes 4b

.jncrease in diameter from the l_lpst.ream towaithe downstream. The
internal cylinder 3 and the honeycomb 4 are formed integrally with each
other. The rectifying zone 9b of the wash water passage 9 extends
downstream beyond the honeycomb 4.

25 The external cylinder 5 is provided with an inner flange 5a at its
upstream portion.

The pressure reducing disk 2 internally engages the upstream end of

the internal cylinder 3. The annular step 2c¢ of the annulus ring 2b for
11



preventi ng backfl ow engages the annul ar step 3b of the internal cylinder 3
and the outer circunferential surfaces of the pressure reducing disk 2 and
t he connecting colunmms 2d are forced against the inner circunferenti al
surface of the upstream portion of the internal cylinder 3. Thus, the 5
pressure reducing disk 2 is fixed to internal cyIinder 3. The internal

cylinder 3 internally engages the external cylinder 5. The outer flange 3a
of the inter [ n f xLer
oyl i nder 5, PAEpaih o il SRRES RS ah0RY, HANGE AR inbbFaPHERES: 3,

and the ext & ’&alh ¥1H dg%rcﬁmfg en(%lizielm\grf??ensdo{" ?gn prg]; rev@etd%rm}cl u(fl%ﬂ éL%n’AOt

shown in Flgures fe™i nternal "'x&dl y engage
external cyli nder 5. Afgxk ndrlc é spaqe %tmeauw&hghouter C|rcunferngHaI

connect ner fére a
surface of the |nterna and 't i nAer circunferential surface of

t he external I nd r 5 fo n alr.passage 10 Th pressur e regucin dISk
2, the |nterna¥, ? r '8 gxﬁeﬁnf eor&tneroza fngerélyl r?c}er 5 %re gglsehb

as a unitar %ﬁfest%efcedufhreg&a e é/va gxe(ileﬁ\(rl(é’lrtltoerraaI H‘Elhedé)rgssure reduci ng di sk

2, the Air i I'r passage &"Ci'rdunferential wall of

the tapered zone,9a of, the h wat passage form air. mxj
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honeyconb 4 forma rectifyin chani s 0 Th wat er rat or structured
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large C_Ont a%gitesrlillrafl ?m\gle h5 IA cyhndrlca% space between the outer circumferential
surface of the internal cylinder 3 and the inner circumferential surface of
the external cylinder 5 forms an air passage 10.
The pressure reducing disk 2, the internal cylinder 3 and the external
15 cylinder 5 are assembled as a unitary body to form the water aerator 1.

The pressure reducing disk 2, the air inlets 3¢, the air passage 10 and
the circumferential wall of the tapered zone 9a of the wash water passage
form an air mixing mechanism. The rectifying zone 9b of the wash water
passage and the honeycomb 4 form a rectifying mechanism.

20 The water aerator 1 structured as aforementioned is connected with
th__e _hutlet of a water faucet to form a hand washing apparatus.

In the water aerator 1, wash water flows into the wash water passage
8 through the wash water inlet 6 as indicated by a void a-rrow in Figures 1
and 2, passes through the plurality of pores 2a, and discharges into the wash

25 water passage 9 as a high-speed shower of wash water as indicated by double
arrows in Figure 1.

The shower of wash water forms a high-speed, finely-divided

cylindrical screen-like flow having a large contact surface with air. Air
12



flows into the wash water passage 9 through the air passage 10 and the air
inlets 3c. The hi gh-speed, finely-divided cylindrical screen-like flow
entrains air due to friction working between them and col | i des agai nst the
circunferential wall of the tapered zone 9a of the wash water passage, 5

t her eby being broken up. The air is sucked into the wash water passage 9
through the air inlets 3c as the high-speed, finely-divided cylindrical

screen-like dd“oyv”%t g @ ngsahea@rrp asigD o Ne- N AePesd, o dd.0€! My dhyi ﬁ,%dw
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becones an gbpndang GFRe A" wlapgm Fetwdd@ A dm UBPIEH; AL angh%@ tifet

and disperse into tﬁe wash water to form a bubb y stream of the mas
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20 di m ni sh aneter S nunerous |near orm ng

finely-divi dgﬁnamgmc%& Al ,ﬁgw SLRPD ool 67 PRLERD %I;ma@yg?!%e

stream The conical screen O ream runs into e rectl y| ng

zone 9b of tt,teger S8 £hs PROSALE: A§r'hglggggg%%9bbybf%@§nﬂhopm (hel Ry SRLLANS

in Figure 1 Re'sereen 0 Iy strea I'es o

end 25 .0f the ”}ere”td' 3 "Ya divile d”!:%ht fea dsczrogr?thga 0,93 NS, Ar gund
the radial tecti ylng Foné b ormng a converge ed
flow As i

n iC t sqjld ;glg ELALr o in Flgug ;thﬁ§% i mtﬂga%%rt
of the scrgeﬁngfnf%e bdbil Y frean1€ran2fers fronlﬁﬁs frowet end ‘of "t Aé
disperse 1nto the wash water to form a bubbly stream of the wash water.
A part of the wash water striking against the circumferential wall of
the tapered zone 9a of the wash water passage is reflected by the wall and
15 flows backward along the circumferential wall of the tapered zone 9a toward
the upstream. The backflow collides against the annulus ring 2b for
preventing backflow to be directed to the downstream.
The finely-divided cylindrical screen of the bubbly stream runs along
the circumferential wall of the tapered zone 9a of the wash water passage to
20 diminish in diameter. Thus, the numerous linear flows forming the
finelyr'_c_l_ivided screen are united to form a conical screen of the bubbly
stream. The conical screen of the bubbly stream runs into the rectifying
zone 9b of the wash water passage. As indicated by phantom triple arrows
in Figure 1, a part of the screen of the bubbly stream flies off the lower end
25 of the circumferential wall of the tapered zone 9a to gather around the
radial center of the rectifying zone 9b, thereby forming a converged flow.

As indicated by solid triple arrows in Figure 1, the remaining part of the

screen of the bubbly stream transfers from the lower end of the
13



circunferential wall of the tapered zone 9a to the circunferential wall of
the rectifying zone 9b to forma cylindrical screen of the bubbly stream
The cylindrical screen of the bubbly streamruns along the circunferenti al
wall of the rectifying zone 9b. Wile the wash water flows along the 5
circunferential wall of the rectifying zone 9b, turbul ence caused by the
collision of the shower of wash water against the circunferential wal | of
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bubbly streamrelieve tur bul ence rges romthe center
bubbl y stre I yngdance of fine 20 converged bubbly streans
uniformy d?sﬁggge neg%?ﬁf%ﬁ%cgnferentlal direction and in the radial
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disposed radially around the large central hole 4a. Thus, a central
converged flow and an abundance of fine converged flows wuniformly
dispersed in the circumferential direction and in the radial direction around
15 the central converged flow are formed downstream of the honeycomb 4.
When the bubbly stream passes through the honeycomb 4, its speed
diminishes slightly to relieve the turbulence remaining in the bubbly stream
still further. A converged bubbly stream relieved of turbulence discharges
from the center of the bubbly stream outlet 7. An abundance of fine
20 converged bubbly streams uniformly dispersed in the circumferential

direction and in the radial direction and relieved of turbulence discharges

—

from the whole of the bubbly stream outlet 7 except the central portion
thereof. The central converged bubbly stream and an abundance of the fine
converged bubbly streams uniformly dispersed in the circumferential
25 direction and in the radial direction around the central converged bubbly
stream are united just after they have discharged to fofm a stable, thick

converged bubbly stream relieved of turbulence.

The bubbly stream can pass through the honeycomb 4 at a high speed
14



because the size of the holes in the honeyconb 4 is far larger than that of
the pores in a rectifying nmesh and the flow resistance of the honeyconb is
far less than that of a rectifying mesh. Therefore, the water aerator 1 can
di scharge a shower of wash water at a high speed frompores 2a in the 5
pressure reducing disk 2, suck a large quantity of air into the wash water
passage 9, and mx a large quantity of air with the wash water. A part of

the wash wabefa e iHe N19e 30 OH1dsNG Qel KaMHRE B4 &) fanalahgof thdheniaper ed
zone 9a of the wash water passage is reflected by the wall and flows
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the rectifying zone 9b can run al ong tﬁe circunferential wall of the

rectifying 290g, bt oy d Qi aAargY lguddtitG ¥ MRGSIH B84 (AR Wadehout flying of f
the downstreamend of the tapered zone 9a because the circunferential wall

of the rectifying zope,fb, 20 LaNkLAMOUS, Y nGoRRaaES Wk thr diRreGh hGUTT NN al
wal | of the tapered zone 9a. The cylindrical water curtain of the bubbly

stream passeg. through, §Ne 9. PAT iIRh&hal POIdl 9N ake tibgMRRBYLCBYD A Lalf @hm an

abundance of fine converged flows uniform’y dispersed in the

circunfer emﬂié)@v]s lgigk%xc&xjdozploﬁgghier’ciréd}ﬁferr@gligll WQiilf @?Eﬁ@@apéme%_ Qﬁm letoward
converged bubbly stream passing through 25 the central portion of the

honeycopb 4 ,30d..3g, abiﬂgg GE ol Lh8iddsNgea GA0UREI8G RUGRLY: SLUCRIBR of the

uni form’y di Spersed around the central converged bubbly streamare united

to forma Stagglu?us tlhh k289%’xerp%9ePHHQ' ¥a§]_£ﬂﬁ@m})rojlbﬁn§t mgrd_lg'hiiﬁkradial
converged bubbly streamvisually satisfies the user of 'a 15
direction to be directed downstream.
Blocking of the air inlets 3c by the backflow of the wash water to the
air inlets 3c and stoppage of air suction by blocking of the air inlets 3c are
15 prevented by the annulus ring 2b for preventing backflow.
A part of the bubbly stream running into ’che—..rectifying zone 9b can
run along the circumferential wall of the rectifying zone 9b to form a
cylindrical water curtain without flying off the downstream end of the
tapered zone 9a because the circumferential wall of the rectifying zone 9b
20 continuously connects with the circumferential wall of the tapered zone 9a.
The cylindrical water curtain of the bubbly stream passes through the
peripheral portion of the honeycomb 4 to form an abundance of fine
converged flows uniformly dispersed in the circumferential direction and in
the radial direction. The central converged bubbly stream passing through
25 the central portion of the honeycomb 4 and an abundance of the fine
converged bubbly streams uniformly dispersed around the central converged

bubbly stream are united to form a stable, thick converged bubbly stream.

The stable, thick converged bubbly stream visually satisfies the user of a
15



hand washi ng appar atus equi pped with the water aerator. The pores 2a in the
pressure reducing disk 2 are disposed along a circle with a dianeter

| arger than that of the downstreamend of the tapered zone 9a to nmke it
possible to direct the pores 2a at right angles to the end 5 faces of the
pressure reducing disk 2 and also direct the pores 2a to the
circunferential wall of the tapered zone 9a. Therefore, is possible to
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at a high _speed from the pores 2a. )
The flows of the wash water passing through the pores 2a do not
contract because the corners of the pores 2a on the inlet side are rounded.
Therefore, a high-speed shower of wash water can discharge from the pores
15 2a because no pressure loss due to the contraction of the flow is generated.
Friction force acting between the shower of wash water and the air is
large because the air inlets 3¢ are disposed close to the high-speed shower of
wash water before the collision against the circumferential wall of the
tapered zone 9a. Therefore, it is possible to suck a large quantity of air into
20 the wash water passage 9 and mix a large quantity of air with the wash
water. -
Flow resistance at the connection of the tapered zone 9a with the
rectifying zone 9b is small because _the corner of connection of the
circumferential wall of the tapered zone with the circumferential wall of the
25 rectifying zone 1s rounded. Therefore, reduction of the speed of the bubbly
stream at the connection of the tapered zone with the rectifying zone is

prevented.

While the bubbly stream runs along the circumferential wall of the
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rectifying zone 9b, the turbulence in the bubbly streamis relieved.
Therefore, the bubbly stream becones stable, the air bubbles are prevented
fromuniting with each other, the air bubbles are prevented fromincreasing
in size, and gas-liquid separation is prevented. 5 The converged bubbly
stream runni ng through the radial center of the rectifying zone 9b passes
through the large central hole 4a of the honeycomb 4 wi thout interference
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streams uniformly dispersed in the circumferential direction and in the
radial direction around the converged bubbly stream passing through the
large central hole 4a. The central converged bubbly stream relieved of

15 turbulence and an ab}lnd_ance of the peripheral fine converged bubbly
streams uniformly dispersed around the central converged bubbly stream are
united to form a stable, thick converged bubbly stream. The user of a hand
washing apparatus equipped with the water aerator is visually satisfied by
the stable, thick converged bubbly stream.

20 The large central hole 4a and the small peripheral holes 4b of the
honeycomb 4 increase in diameter toward the downstream. Therefore, the
converged bubbly streams dischérging from the large central hole 4a and the
small peripheral holes 4b approach each other to be easily united. The flow
speeds of the converged bubbly streams diminish to relieve turbulence i1n the

25 converged bubbly streams because the sectional areas of the water passages
increase toward the downstream.

The central converged bubbly stream and an abundance of the fine

converged bubbly streams unite easily because the rectifying zone 9b extends
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downstream beyond t he honeyconb 4. The internal cylinder 3 provided with
the air inlets 3c, the internal space formng the tapered zone 9a and the
rectifying zone 9b, and the honeyconb 4 and receiving the pressure
reducing disk 2 forned integrally 5 with the annulus ring 2b for preventing
backflow, and the external cylinder 5 receiving the internal cylinder 3
and formng the air passage 10 connunicating with the air .inlets 3c

bet ween |tsq4;&yﬁ% |nt§rgalonglaﬂgﬁ 3, constitute the water aerator 1
so as to have a sma er o S, be easy to assenble, and prevent
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The rectifying zone 9b may be increased in diameter toward the
downstream as shown in Figure 4(a). The rectifying zone 9b may be
increased in diameter at its portion downstream of the honeycomb 4 as
shown in Figure 4(b). This increases the diameter of the bubbly stream

15 outlet 7, increases the diameter of the bubbly stream discharging from the
bubbly stream outlet 7, and enhances the visual satisfaction of the user of
the hand washing apparatus equipped with the water aerator.

A flow regulating valve 11 may be disposed in the wash water passage
8 upstream of the pressure reducing disk 2 as indicated by phantom lines in

20 Figure 1.

Provision of the flow regulating valve 11 suppresses fluctuation of the
flow rate of the discharging wash water due to fluctuation of the supply
pressure of the wash water and stabilizes the discharging of the wash water.

The apparent flow rate of the wash water increases due to

25 incorporation of the air. The flow rate of the bubbly stream discharging
from. the bubbly stream outlet 7 can be maintained at the same level as that
of the wash water discharging from a conventional hand washing apparatus,

e., 4 to 6 L/minute, even if the flow rate of the wash water contained in the
18



bubbly streamis reduced fromthat of the wash water discharging fromthe
conventional hand washing apparatus. The user of a hand washing apparatus
equi pped with tthe water aerator in accordance with the present preferred
enbodi ment experiences the sane tactual satisfaction through hi's 5 or her
pal ns owing to the volunme of the wash water and the same visual
satisfaction owwng to the thlckness of the streamline of the dlscharglng
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Conditions for mixing 100 volume % or more of air with wash water
having a flow rate of 2.0 to 3.0 L/minute will be discussed.
(1) Thickness of the pressure reducing disk 2 and shape of the inlets of the
pores 2a i
15 Considering pipe friction loss of the pores 2a, the thickness'ef the
pressure reducing disk 2 is desirably about 1 mm.
Considering the desirable thickness of the pressure reducing disk, the
radius of roundness of the inlets of the pores 2a is desirably about 0.5 mm.
(2) Total sectional area of the pores 2a
20 The flow speed of the shower of wash water discharging from the pores
2a must be 8 to 10 m/sec. in order to mix 100 volume % of the air with the
wash water. 3.3 to 4.2 mm? of total sectional area of the pores 2a can
achieve the aforementioned flow speed when the flow rate of the wash water
is 2L/min. 5 to 6.3 mm? of total sectional area of the pores 2a can achieve
25 the aforementioned flow speed when the flow rate of the wash water 1is
3L/min.
{3) Diameter and number of the pores 2a

Considering workability, machining accuracy and clogging with foreign
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matter, the dianmeter of the pores 2a is desirably 0.5 to 0.75 nm The
nunber of the pores 2a is desirably large in order to increase the contact
area of the shower of wash water with the air. The nunmber of the pores 2a
is desirably 14 to 20. 5 (4) D aneter D1 of the circle along which the
pores 2a are di sposed The dianeter of the external thread of a water faucet
on which the water aerator 1 is screwed is usually 22 nm Therefore, the
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to gener ate @itfe hh water inlet 6. On the other hand, the diameter D1 of the circle
along which the pores 2a are disposed must be larger than that of the
rectifying zone 9b. Therefore, D1 is desirably 15 to 16 mm.
(5) Total sectional area and breadth of the air inlets 3¢
15 The total sectional area of the air inlets 3¢ is desirably 36 to 90 mm?
in order to mix 100 volume % or more of the air with the wash water having
a flow rate of 2.0 to 3.0 L/min. The breadth of the air inlets 3¢ is desirably
1.0 to 1.5 mm.
(6) Inclination, length, etc. of the tapered zone 9a
20 When the inclination 0 of the tapered zone 9a is too large, the wash
water colliding against the circumferential wall of the tapered zone 9a flows
back to the air inlets 3¢ to reduce the volume of the air mixed with the wash
water. When the inclination 0 is too small, impact due to the collision of
the wash water against the circumferential wall of the tapered zone 9a
25 decreases to reduce the volume of the air mixed with the wash water.
Therefore, the inclination 8 of the tapered zone is desirably 35 to 45 degrees.
The distance from the outlets of the pores 2a to the circumferential

wall of the tapered zone 9a is desirably 4 to 5 mm in order to generate air
20



entrai nment due to friction. Considering that the bubbly stream needs an
approach run before it reaches the rectifying zone 9b, the length L1 of
the tapered zone is desirably about 3 nm 5 (7) Inner dianmeter of the
annuls ring 2b for preventing backflow The inner dianeter of the annul us
ring 2b for preventing backflowis desirably about 17 mmin order to avoid
interference with the shower of wash water discharging fromthe pores 2a.
The outer di.apELighe@k dd2eo gl ar recess forned beneath the annulus ring
2b for preventing backflow 10 is desirably 18 to 20 mnmin order to achieve
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effect.
(8) Length, etc. of the rectifying zone 9b
When the radius of roundness of the connection of the circumferential
wall of the tapered zone 9a with the circumferential wall of the rectifying
15 zone 9b is too small, all of the bubbly streams running into the rectifying
zone 9b gather around the radial center of the rectifying zone 9b to form a
converged flow. Therefore, the diameter of the bubbly stream discharging
from the bubbly stream outlet 7 becomes small to reduce the user’s visual
satisfaction with the bubbly stream. When the radius of the
20 aforementioned roundness is too large, the tapered zone 9a cannot be formed.
Therefore, the radius of roundness of the connection of the circumferential
wall of the tapered zone 9a with the circumferential wall of the rectifying
zone 9b 1s desirably 3 to 7 mm.
When the rectifying zone 9b upstream of the honeycomb 4 is too short,
25 the bubbly stream is not rectified and the discharging bubbly stream is not
stabilized. When the rectifying zone 9b upstream of the honeycomb 4 is too
long, the water aerator 1 becomes too long. Therefore, the length L2 of the

rectifying zone 9b upstream of the honeycomb 4 is desirably about 4 mm.
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(9) Thickness, shape of holes, etc. of the honeyconb Wien the thickness of
t he honeyconb 4 is too small, flow resistance becones too small and no
rectification effect is obtained. When the thickness of the honeyconb 4 is
too large, flow resistance becones too large, 5 it becones hard to

di scharge the wash water at a high speed fromthe pores 2a, and the vol une
of the air mxed with the wash water di m nishes. Therefore, the thickness

of the honeysom;c4nkSs, d@sipk I Bb18s tle 4o MRe ot dbi@r gence angl e of the
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coaxially around the large central hole 4a.

The ratio of the hole area of the honeycomb 4 to the bubbly stream
outlet 7 is desirably 53 to 63% when providing 2 rows of the small peripheral
holes 4b and 45 to 55% when providing 3 rows of the small peripheral holes

15 4b. The sectional area of the small peripheral hole 4b is desirably 1.5 to 2.5
mm? when providing 2 rows of the small peripheral holes 4b and 0.5 to 2.0
mm?2 when providing 3 rows of the small peripheral holes 4b. The outermost
row desirably includes 20 small peripheral holes 4b disposed at a constant
pitch, while each of other rows desirably includes 10 small peripheral holes
20 4b disposed at a constant pitch.
(10 Diameter, etc. of the bubbly stream outlet

The length L3 of the rectifying zone 9b downstream of the honeycomb
4 1s desirably 1.5 mm or more in order to promote uniting of the central
converged flow with the abundance of the fine converged flows discharging

25 from the honeycomb 4.
The diameter of the bubbly stream outlet 7 is desirably about 12 mm

in order to discharge a bubbly stream with a diameter large enough to

visually satisfy the user of the hand washing apparatus equipped with the
22



wat er aerator. Wen the dianeter of the rectifying zone 9b is set the sane
as that of the bubbly streamoutlet 7, the dianmeter D2 of the rectifying
zone 9b is about 12 mm (l1) Relation between the flow rate of the wash
wat er and the volume of the 5 mxed air Wen the aforenentioned conditions
are net, it becones possible to mx 100 volune %of air wth the wash
water having a flowrate of 2 to 3 L/mn., thereby discharging a bubbly

stream wi th a, dirar®hedr. | 3096, @AOUGRmERer ¥ SHAKLYiBALE SToYiel LI LISE! thdQakhe
manual hand washi ng apparatus 20 equi pped with the water aerator 1 is

shown in Fi g @a2-of e seHalschand nasdt NocRPPaAdds 129 of 4hs GBANigRS ¢ one
bubbly stream Therefore, it can give anple visual and tactual

satisfacti oyt @ dhwitusesrof the hand washi ng apparatus even if the user
manual |y controls the flow rate of the wash water to reduce it to 2 to 15
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aerator 1 is shown in Figures 6 and 7. An autonmatic hand washi ng appar at us

30 is prsovi ggdcwi ;b an automatic water faucet 31 having the water aerator
1, an electromagnetic 20 valve 32, a stop valve 33, a hose 34 connecting
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in the figurgs iigodi-sPRzed oLeLVGeMh the w1 8L W.R0RMRLLE VAU 3% ﬁ«gfé the
stop valve 33. The automatic water faucet 31 is nounted on a washbasin 36
e
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his or her hand at the center of the washbasin 36, the sensor ects

his or her Randsi, sdhereliecidgmagnetic valve 32 opens. The flow rate of the
wash water is 23

10 A manual hand washing apparatus 20 equipped with the water
aerator 1 is shown in Figure 5. The manual hand washing apparatus 20
discharges a bubbly stream. Therefore, it can give ample visual and
tactual satisfaction to the user of the hand washing apparatus even if the
user manually controls the flow rate of the wash water to reduce it to 2 to

15 3 L/min.

An automatic hand washing apparatus equipped with the water
aerator 1 1s shown in Figures 6 and 7.

An automatic hand washing apparatus 30 is provided with an
automatic water faucet 31 having the water aerator 1, an electromagnetic

20 valve 32, a stop valve 33, a hose 34 connecting the automatic water faucet

ﬂ with the electromagnetic valve 32, and a sensor 35 for detecting a
user’s hands. A flow regulating valve not shown in the figures is disposed
between the electromagnetic valve 32 and the stop valve 33. The
automatic water faucet 31 1s mounted on a washbasin 36 made of

25 earthenware.

When a user of the hand washing apparatus holds his or her hand at
the center of the washbasin 36, the sensor 35 detects his or her hands.

The electromagnetic valve 32 opens. The flow rate of the wash water is
23



controlled to 2 to 3 L/mn. by the flow regulating valve. The wash wat er

ts then supplied to the water aerator 1 through the hose 34. A bubbly
stream di scharges fromthe water aerator 1. Wen the sensor 35 no | onger
detects the user's hands, the el ectromagnetic valve 32 closes and 5 the

di scharge of the bubbly stream stops. The automatic hand washi ng apparatus
30 di scharges a bubbly stream Therefore, it can give anple visual and
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it is pushed a user and cl ose ter predeternlned vo ume of wash

wat er passes Iﬁ&%?%tb&ts pnst.ad qta,me h3e0R0o 3 a0 Deel 99taaiRngh ©

val ve 32. The automatic hand was |ng 15 apparatus |sc arges a

stream _There Ve d t
5 lper %ﬁsc ngr])fgt!h bg gt str\é'aﬁlu’%l 0 a.sn Tt}%c%u%m§ﬁgl I?& \Avll{;lés)ﬂl Wgt er

t he user of t han shi ng appar even'if the flowrate o

is reduced to ﬁpﬁ%tﬁs%dﬂdlsm[alr %TBL%QAEE&LQABliL}LE}]f?rEh%tV@ er . ‘aehera%grg in

accor dance V\At resent ent| on C 20 use han

appar at uses, W%Rx%li fn?uga%tt\%a]hg&tq%fa%éo% | N@er A'f t}ﬁe \'P@tn%rwggﬂﬁl a%{)p?ratsuts

conprising an infet Tor was an outl et for a bubbly str

f d :
means for mxing, gkr g‘é’: ﬂpg‘t"’?‘f%r %ﬁ{] sk 'vﬁa‘l‘é’?‘%gdx‘t uded \BSB F‘% /Bﬁﬁsaqguxﬁ,bl y

ext endi ng between th wat er 5 out or t he

stream and sgeand, eans Q. 64T fiYiNg L ng@@%hawgarmg%se%g sty eam

of the first neans, erei means conprisSes a pressure re u0|ng
di sk pEIBVI dedtl‘l’g ltlperas QJS%%?'S i¥fa ftlop % &R te}lnddllglclg)é:!lg gvx;ah;gr.

The automatic hand washing apparatus 30 may be provided with a
self-closing cock adapted to open when it is pushed by a user and close after
a predetermined volume of wash water passes through it, instead of the
sensor 35 and the electromagnetip valve 32. The automatic hand washing
15 apparatus 30 discharges a bubbly stream. Therefore, it can give ample
visual and tactual satisfaction to the user of the hand washing apparatus
even if the flow rate of wash water 1s reduced to 2 to 3 L/min.
[INDUSTRIAL APPLICABILITY]
The water aerator in accordance with the present invention can be

20 used for hand washing apparatuses, water faucets, etc.
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wash water passage, air inlets disposed in a circunferential wall of the
wash water passage downstream of the pressure reducing disk, and a tapered
10 zone of the wash water passage with conically dimnishing dianeter

| ocated downstream . of the pressure reducing disk, wherein the second
means conprises a rectifying zone of the wash water passage extendi ng
between the downstream end of the tapered zone and the outlet for the
bubbly stream and a honeyconb di spo alfist he rectifying zone, and
wherein the pores in 15 the pressure re u0|ng disk are directed to a

circunferential wall pf, ﬁaefé‘tl%gr %)epzr‘?&%gta%} it V88 E1 3R A QL Of (ilefl Mot

wherein a C|rcunferent|a ylng zone contlnuousl

connects w Bhb&thﬁicét%%m %E‘“QA W%J nQkidd'Gir HARENED W2 Q08 ) %gs oseé‘ S{a%er

aerator of claim ereln e pores in'the pressure reduci n

are d sposeg 2h_B0003LA0 PILEN ALONG. Al ghe WMLN(d ATEL, ﬁr'aal{cp%e
than that o 3 f'réat end o ape © Zone o

passageg ; any one of |nB tQ. .3 mherel Iet si de
D corndr s SPFREFLAPEREbN, Ra-fRL B a4 b B
wat er aer at qr Qn cl l.to 4 wherein the |nIets ar e

di sposed upgf é’zﬁ?ﬁ?g "t S%r%aérﬁ)e?ghezbrﬁe o?'ffmtsheW wash’ \t/\}/éet glrr £pa 29 com%ns'fAS a
wat er aerator_ of _an 49ne | aims ,1.t0 ?, erei.n a.carne

connectton Brewhs cralimerih PEan T e iIST, B Pfé%seav’f‘ Rlzmkmg the
circunferential el ofLhe Lectifuing zone s rounded.. da fayper Acraor
of any one of °CI'at s PES°65%, nereirn th ec%|¥y|ng Zohe ot 2 fsh *Rat er
passage increases in di t owar ownstre A ter, aerator

of any one 9&f '€ Wémﬁﬁa?3%8“ SHHEP &5 @E prﬁ‘%%ﬁc%%%wam%ﬁgf ng gekinear
hol e amg nu%ﬁ&%? tgerlzpsqle terhglagesag%l vsttcfl comcally diminishing diameter located
downstream of the pressure reducing disk, wherein the second means
comprises a rectifying zone of the wash water passage extending between the
downstream end of the tapered zone and the outlet for the bubbly stream,
and a honeycomb disposed in the rectifying zone, and wherein the pores in
15 the pressure reducing disk are directed to a circumferential wall of the
tapered zone.

2. A water aerator of claim 1, wherein a circumferential wall of the
rectifying zone continuously connects with the circumferential wall of the
tapered zone.

20 3. A water aerator of claim 1 or 2, wherein the pores in the
pressure leﬁucing disk are disposed at a constant pitch along a circle with a

diameter larger than that of the downstream end of the tapered zone of the

wash water passage.

4. A water aerator of any one of claims 1 to 3, wherein inlet side
25 corners of the pores in the pressure reducing disk are rounded.
5. A water aerator of any one of claims 1 to 4, wherein the air

inlets are disposed upstream of the tapered zone of the wash water passage.

6. A water aerator of any one of claims 1 to 5, wherein a corner at
25



radially around the central hole. 9. A water aerator of any one of clains 1
to 8, wherein the holes of 10 the honeyconb increase in dianeter toward

t he downstream 10. A water aerator of any one of -clainms 1 to 9, wherein
the rectifying zone extends downstream beyond the honeyconb. 11. A water
aerator of any one of clains 1 to 10, further conprising neans for
preventing backflow of the wash water toward the air inlets. 15 12. A water
aer .at or of any. o9 %CRE1C|0 I {¥P. 1Ci5‘9l]\1‘?196’1‘e.;'1%|.rat1 hQJ’alfIOJﬁ)I’tlhgl 9p e 2 P\l _r\]@ilth a
cyl i nder provide with the air Inlets, { he tapered zone,” the rectifying
zone and t he, honaycant., ARdir §Gglvlng e ALeSIypaafeduci ng disk, — and an
external cylinder receiving the interhnal cflln er and formng an air
passage conmuni cating wi e, &1 et g, b n.jtsel f t he, J.0t.erpal
20 cylinder. 13. A vat \éMr R‘%et%gt%e?rla(g? :H a%rr?’ 1%?&/\?03%'}%?%%@@??%1 ﬁg eég
internal cyl] r_p [ LRyt i1, inl et t:aper &1
rectifying §8ﬁggggﬁdk%%égﬁgﬁﬁbggﬁﬁpgﬁa é%%%§§f§6r%ﬂgs6?6?5&%3%?3 gg&ﬁg i sk
united W th the  neans for preventing backflow, and an external cylinder
receiving the I Nt er nal cylinder and form ng an air passage communi cating
with the air inlets batuesn i 1Sl adabbeoLNtar palinVhi pger . wibeefh VBLer
aerator of any oné of clains 1 18 i%, fOrt her conprising a flow regulating
val ve di sposed upstyeam of the pressyre reducing disk, .26 15. t.er
nerator of dmebRenBRomdise 1 oPafl FfpaRa i PR Sy P Rem e Y et
t he bubbly fEQWlﬁ;?a fhpg%ratqmg{h§%§h wat er of 2L/ m nute and 100 vol une %

. . oun e Cce P
of air mxed V\Aat € Wa V\B.I% er. A wat er faucet conprising a water

aerator of any Or!)e of AC{vg'ithB]aéLratgr tooﬁiélgb n]é7?f éabr%%dlt %\(I)aggi_wr}]l%rg‘i%p%eahlélfes of

conprising a watéer aera of “any clai'fre
10 the honeycomb increase in diameter toward the downstream.
10. A water aerator of any one of claims 1 to 9, wherein the

rectifying zone extends downstream beyond the honeycomb.

11. A water aerator of any one of claims 1 to 10, further comprising
means for preventing backflow of the wash water toward the air inlets.

15 12. A water aerator of any one of claims 1 to 10, further comprising
an internal cylinder provided with the air inlets, the tapered zone, the
rectifying zone and the honeycomb and receiving the pressure reducing disk,
and an external cylinder receiving the internal cylinder and forming an air
passage communicating with the air inlets between itself and the internal

20 cylinder.

13. iwater aerator of claim 11, further comprising an internal
cylinder provided with the air inlets, the tapered zone, the rectifying zone
and the honevcomb and receiving the pressure reducing disk united with the
means for preventing backflow, and an external cylinder receiving the

25 internal cylinder and forming an air passage communicating with the air
inlets between itself and the internal cylinder.

14. A water aerator of any one of claims 1 to 13, further comprising

a flow regulating valve disposed upstream of the pressure reducing disk.
26
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15. A water aerator of any one of claims 1 to 14, wherein the water
aerator discharges the bubbly flow at a flow rate of wash water of 2L/minute
and 100 volume % of air mixed with the wash water.

16. A water faucet comprising a water aerator of any one of claims 1

5 to 15.

17. A hand washing apparatus comprising a water aerator of any

one of claims 1 to 15.
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