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'REVERSE FLOW PREVENTI ON APPARATUS 5 BACKGROUND OF THE | NVENTION 1. Field of

the Invention The present invention rglates to a rever %J: Bygntion
apparatus for use mainly in a di rectl@-connect ed wat ergi stri @uﬁqi on system

10 2. Description of the Related Art As a conventional apparatus of this

type, there is cited a pressure-reduction type reverse flo ity |l o
apparatus a as shown in Fig. 10. -reduction ty%m@mq@mwm‘m ow
prevention apparatus a i s provi o%égmmféﬁifoﬁd second ¢ val'ves d,
e, which are installed upstream and downstream respectively, i'H'%4f] ow
path ¢ fornmed inside a casing b thereof and which operate independently

from each ot her, i rt oit i i nt hat anber g
equi pped with a %gejggﬁ%g]eﬁg)t\g{ \r?égmﬁn@}l%lt \Ae‘%lp?’#é‘%flﬁrjgtﬂl and 20

second check valves d, e. The pressure regul ator nechanismf is provided
with a bypass h linking the internediate chanber g with a portion of the

flow pgth cBACKGROBNBanOR deTHEr eBNVENTIONapabl e of adj usting a

pressure inside the internediate chanber g so as to 25 be always | ower than

a pressure dn Fieldwftthadnsiedetiond hi gher than that on the downstream side

by bl ocking up the bypass h with a diaphragmi, and |inking an escape val ve

k for opening anﬂhelws@hlmanﬁlmtre&tqsmatwévemea ipgevention

da~inoamw imm 27, Decenber ZOO&)chan’oer [‘ﬁgwi th the di ra\gm i _through
ct

2
the int er redPRAFaGH S, 1041 VdS@aMAInIYdlerd eﬁﬂé(é%%@-erc Bkerype
reverse flo ravent o ratus a descri bed above has a problemthat it 5
becones Iar@fes%rﬁj@ﬂgb gx%%?ﬁavy in weight because it is provided with the
pressyufe regul I f J I chanically i ndependent, that is,
t he b%ass % g?}%écelg@g@\?g{fbg g,@lgﬂeddso ¥orth. Further, the

pressure-reductiAg 4 voavavebpall appalatnseyfhiotyprpahainesiacitad anot her
problemin that pressure loss therein is very |arge because the sane is

const r uct edpsessurtéraedacticas type resexse flooviprevention appaats g a4
| essened to a |l evel | ower than that on the upstream side thereof due to
magni t ude oshewaprinndigeatOof Thei presserrdrdudtien shypagreversa feows fir st

RN N M N T R
2199200 Gaaesyr e, kil WU BeSEalcer stickan URg muse ey
[ peth Sdslea:en o sasar Toree inSA4ATIAGmE'S MG O I
and which operate independently from each other, and is
further provided with an intermediate chamber g equipped
with a pressure regulator mechanism f between the first and
20 second check valves d, e. |
The pressure regulator mechanism f is provided with a
bypass h linking the intermediate chamber g with a portion of
the flow path ¢, on the upstream side thereof, and is capable of
adjusting a pressure inside the intermediate chamber g so as to
25 be always lower than a pressure on the upstream side and
higher than that on the downstream side by blocking up the
bypass h with a diaphragm i, and linking an escape valve k for

opening and closing a drain outlet j of the intermediate

~ NGO
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fl ow prevention apparatus according to the invention conprises 25 an outer
box provided with a flow path fornmed coaxially therewith between an inl et
and an outlet, and also provided with_ a drain outl et Ieé]’ m Str%ﬁﬂ] regi on
of the flow path, a di aphragm providefl on the inner p igﬁ‘éq’&’%fz e outer
box 3 27 Decenber 2003 for partitioning the interior thereof into an
upstreamregion of the flow path, and the downstream of the m dstream
region, an inner cylindrical body slidably fitted into the upstreamregion
of the out eéhb@ﬁbeﬁfg esitApth ¥ diuprapmdieth poug i she iofteamendirybo€nd of
the inner cylindrical body, on the downstreamside, so as to be freely
attachabl e valwaedaierachabl e from a val ve seat provided around a val ve poet
formed between the midstreamregion and a downstream regi on, and gnergi zed
in the directi onEWeHEVe dpéni RyeSFUrBradgcignor tiRCestaBBr Rl v§0§‘bri ng,

SRS e I e
S R
valve seal ot IS GaRs, RbLBraMRHE It ARRRtEnY S ENihaR L0,

for valve C#rfe&}f@n?é}ﬂlﬁ‘ ﬁ{&éﬁgﬁﬁlgg@, 'Ol'f‘}gat)’lsE %egmﬁsgah}/et}féﬂes{:%?@régi g

openi ng whi setting ‘a spri a first val ve spring

the first chabie kalaedi so fietl20 direction of valve closing and that of the
escape val ve spring such that a pressure of the mdstreamregion is

mai nt ai ned al wayBulrther, bythe prepresseme-neduckione ttype a Yeesrsa e fdowt he
upstream side, the pressure in the mdstreamregion can he controlled

wi t hol® i nspEeven§icin appepatidet hasaneter Drogiert dn FRERITETRHE in the

he. pr obl eriDSRIR 1§ CRbolAa B PEEPH e AT (e cORPHg et SuE | ooc
i erdSget 2 f
2005 pr venti3hoapparat e thaldE ARTEER B e R AR e RGeS 5T

sectional vjepuyw] Rwepdgdaerha?f of tﬁéeﬁﬁﬁﬁ@éﬁp\@i@éew?@té@maﬂoﬂ us-

according to the invention, in a condition erein no water is fl ow ng;

Fig. 2 is apsgenitendd ofiewpringteadnbhdi fiest checkheahey spsinglmwfheyent i on
apparatus according to the invention, in a condition wherein &Et ris
flowihd; 10fimstychacksvalwed,ithat is,hegasrsa pecam@dondst self sy se

fl ow preventiqQn apparatus accordi to the inventjon, in a conditio
wherei n an %ﬁ@%l%wiﬁcgp&heaﬁgﬁh&?&ﬁev%}vﬁ 1 bpenesly rﬁ%\?éﬁse

si phonage; water is rendered large, and a pressure inside the pressure-

reduction type reverse flow prevention apparatus a is caused to
fall gradually from the upstream of the flow path c towards the

20 downstream thereof.

SUMMARY OF THE INVENTION
In order to solve these problems described above, a reverse
flow prevention apparatus according to the invention comprises
25 an outer box provided with a flow path formed coaxially
therewith between an inlet and an outlet, and also provided
with a drain outlet in a midstream region of the flow path, a

diaphragm provided on the inner periphery of the outer box



Frg. 4is a viewindicating a size of respective parts of the 15 enbodi nent

of the reverse flow prevention apparatus according to the invention;

is an enl arged sectional view of pringipal parts of t nbodi of the
g P tafen on JFcaraper 2003

reverse flow prevention apparatus,

en on line A - 0

Fig. 5
Fig. 6

Is a plan view of first and second check val ves of the enbodi nrent of the
reverse fl ow prevention apparatus, respectively; Fig. 7 is a front
el evation of the first and second check val ves, respectively, shown

6; 25 Fig.
respectivel
enbodi nent
i nvention,
Fig. 10 is

fori pa@tll@n:tﬁml”__g rhaninteniopfthicreofiingd andupstieain hegiow i/

y, shown in 6, Fig, 9 is a sectional, K view of another

in Fig.
es,
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IS a sectlon

view of the sane |n

a condi ti ng i aﬁhﬁﬁdl & Thive @oxﬂh’@rﬁ@&&ﬁv&ém theveidstreappar at us
mai n

1 conprise

y 15 an outer box an inner cylindrical body 3, a

n

escape val weegioreadd ar dowarstream e gibes land|emargized imtheodiraction 2 is

provi ded w
and an out |

th a flow path 9 coaxially fornmed therew th bet ween an i

ef valveiopeningthy the snging pﬁgam\mswp@ Maﬂa‘ge OTPHIAE, BB

let 7
eam

side and the 20 sane on the downstream si de, ctivel y nd i.s_further
provi@d witksty an&enswmét C%Eﬁqiﬁ a:ﬂ/%t r@'é)rﬁ a§§1 Y€1 MG IRASKH pat h

9, leading

i ai n-out I v HBCREalo PRl ebd Ehie, AP EBRRSCH Blorl o e GRIETX, > TN

(cl earance)

so that i n(ﬂ

fected r natural | ow of water. Furt

the outer bgywhdtpeBhRViihd wahhbwepregented, s@7thiecebpesetting an

15

20

25

effective diameter of the diaphragm and a diameter of the
valve seat of the escape valve substantially at an equal value
so as to maintain a pressure balance between a pressure acting
on the escape valve for valve closing and a pressure acting on
the escape valve for valve opening while setting a spring load
of a first check valve spring urging the first check valve in the
direction of valve closing and that of the escape valve spring
such that a pressure of the midstream region is maintained
always lower by a predetermined value than a pressure on the
upstream side, the pressure in the midstream region can be
controlled without installing an independent pressure
regulator mechanism as in the case of a conventional reverse
flow prevention apparatus, thereby solving the problems as
described above while drastically lessening pressure loss in

comparison with that for the conventional reverse flow
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external linking, 11, 1l1a ... at positions corresponding to an upstream
region 9a, the m dstreamregion 9b, and a downstreamregi on 9c,
respectively, and the openings for exjernal linking 1 la ... .are |inked
with ball valves 12, 12a 5 ... which are normally (exé@bbe%ﬁ“qqngéggfor

i nspection) closed and for use in checking pressure. A valve port 13 is
provi ded between the m dstreamregi on 9b, and the downstreamregi on 9¢c, and
a valve seat 14 is provided around the valve port 13. 10 Further, the
upstream r eprevefidicri appamates. box 2 has a sliding surface 15 slidable
agai nst the inner cylindrical body 3, and as shown in Fig. 5, the sliding
surface 15 is provided with a plurality of recessed grooves 16, 1l6a ...

ESE?QES of i%“?Léﬁ%ﬁﬂam:%bﬁéﬂﬂéfﬁﬁi G AT DRAWINGE, it ca
sfiéﬁbl;sfi?:gngﬁﬁo Eﬁggh %Qd@éﬁi58%?%ﬁﬁgg?ﬁﬁgéhédg%#%?yggkag&iﬁ? eén ar ea

Lo : . 5 . . . 3.
decr eaed oy PERYHBEDR (Fhbalbls. dfsarfile ofb e TEveAlR ITa 5
16a ... not@(glggatti ﬁf@“l’férgﬁﬁ hBajatbt 95 fhwhegst ance of the inner

cylindrical is reduced. In order to reduce the sliding resistance of
the inner cylindFiga i®edyedionhd viemenf thid eneb¢dimesiti of tiyesreverse 15) of
25 the upstreamregion 9a of the outer box 2 is worked on as, desc¢ribed
above i nst efldvofprexdn tigrora pparatiusr apeerdms ato sthe anwentions iAnér
cylindrical body .3 because if, for, exanple, a plurality of recessed grooves
are forned ¢ondldpncwineniednt water 13 8enber 2003 direction on the outer

ol =g 4 e Logst APl Wl B v o
sect on | RSCES ASEET S kphaHly SRERIRY M cleoT b, e
result in l;ﬂflﬁSﬁS\% &e@n"‘ﬁh%%c@ﬁe VagveriRaspen!atnehe tindoflyedersad in

the |l ast analysis, reduction I1nt sliding resistance can not be achi eved.

In this conflee oprrevanse siplgonagehe invention, since the 10 sliding
surface 15 of the upstreamregion 9a_is worked pn as ahove, and gt.the sane

time, the inner Fig.i4dsixaiepoilyd®atingonmigetd hespeetigedertisie $hépe

circular in section so as.to,be capabl e of, wi t hst andi a hi.gh ext.ernal
presslie, tﬁ@eb enj i afir i the r5ec a bl 8 rBﬁ@XPQE%JQ%I a?%‘P@ry? nin

wal I 15 thickness._and |ight_ in i.ght. Furthernore, by applying Teflon
coating to #HE° go tb%ri%ﬂgpﬁfd surface of the inner cylindrical body 3,

the sliding resipiangesagal RellalrBedsbbeting a3 Wildf cofl priscipdlt parrts estuced,
the embodiment of the reverse flow prevention apparatus,

taken on line A - A of Fig. 1;
20 Fig. 6 is a plan view of first and second check valves of the

embodiment of the reverse flow prevention apparatus,
respectively;
Fig. 7 is a front elevation of the first and second check

valves, respectively, shown in Fig. 6;
25 Fig. 8 is a bottom plan view of the first and second check

valves, respectively, shown in Fig. 6;
| Fig, 9 is a sectional view of another embodiment of the

reverse flow prevention apparatus according to the invention,



t hereby achi eving reduction in the sliding resistance. 20 A di aphragm 17
for partitioning the flow path 9 into the upstreamregion 9a, and the

downstream of the m dstreamregion 9b_is provided on t out er riphery of
the inner cylindrical body 3, on the Bownstream si de. &ﬁeewﬁbe&@gbe val ve
4 made of a synthetic rubber is 25 provided on a face at an open end of the
i nner cylindrical body 3, on the downstream side. The escape valve 4 is

di sposed opposite to a valve seat 14, and is installed in such a way as to

be freely awibhraflevtrectifier agsemlpecetivereizuoendet achabl e from the val ve

seat 14 dependi ng, on di spl acenent. of fhe,di aphragm 17. Further, _.an escape
val ve spring 19nﬁg-i ndd all$ ed b‘@magnvil@ﬁ‘(ersr}é‘ﬁg’mgcealéz%v?hél%% pe

valve 4, on the face of the qpen 5 end of the | eyl Lndri body 3, and
a recess 18BI'HFHN %I'é@ab’éﬂ@é% el Sy esiS g&ﬁ?ﬁ@%@@ﬁhﬁ%ﬁéﬂéma ream

region 9c¢, so that the escape valve 4 is energized towards val ve openi ng by
the urging of the escape valve spring 19. The first and second check val ves

5. 6 age foamed in ampepAfERDCADBRURIPITOR ¢ GFOVTHE [ nsi de the inner

cylindrical body 3 and thé downstreamregion 9c of the outer box 2,

respectively, such that PREFERRED of BMBORIMENTSe downstream si de

can be prevented. The first check valve 5 is installed so as to be freely
15 attachabl e t dEamldodizhatiiablof fr areveerfser flowheapke weh tiwrseappalrgtusi ded
around an open end of the inner cylindrical_ body 3, qn the stream si de,
serving as actording htaktheal veveatioroareurderaribede herainaffesk Withve 5 i s
supported by guide rihg 22 di sposed on, _an inner periphery of the open end
of the 20 .reigrencetq ﬁgﬁiwo@@@ﬂp%ar@wrﬁmstream side. The guide

19, 28,°00P1£2 s 3 SUBPBERGHAATS Bl O A U iRE et o0
body 5. o0 1S URLARRT SBarhys, KEbaRIa v et gevedtion,cul o ca

plurality ofosHPREA! wHid®iRSnoARater is fAovrings paeti Fip.c2 derameesicrealeen
the support rods 25, 25a .... ,adjacent to each other, forns openings 26,
26a . ... foviewoPRihEOszenbdn aaamditidm nyhtereinnvatends dlowhagi nner
cylindrical body 3 with the m dstreamregion 9b. A valve spindle 27
proj ected from tRhemevense flaw preyendheri@ppayatys;k comphisey MAIPLY | n

the Vfgve Sgi‘lnglllgelg Lf)io%e2?4dn inner cylindrical body 3, an escape valve 4,
and first and second check valves 5, 6.

The outer box 2 is provided with a flow path 9 coaxially
formed therewith between an inlet 7 and an outlet 8, linked
with a distributing water piping on the upstream side and the

20 same on the downstream side, respectively, and is further
provided with a drain outlet 10 in a midstream region 9b of the
flow path 9, leading externally in a direction perpendicular to
the flow path 9.

The drain outlet 10 is formed so as to secure a

25 predetermined space (clearance) for a discharge spout, and to
face a drain ditch (not shown), so that indirect drain is effected
under natural flow of water.

Further, the outer box 2 is provided with openings for



5*anda first check valve spring 30 is installed between an annul ar recess
28 provided around the val ve spindle 27 and a spring bearing 29 in collar

shape, projected fromthe periphery of the base end of e valv i ndl e
guide 24, so that the first check valVe 5 is energi ze&ﬁ'ﬂe?q@%iipégtion of

val ve closure by 10 the urging of the first check valve spring 30. The
second check valve 6 is installed so as to be freely attachable to and
detachabl e froma second check val ve seat 32 provided around a second check

val ve port Zitaroyl dadkheswadn Lhe . dsitr pasiticys aror¥espoa ding dowast r eam
region I5 9c. As with the case of the first check valve 5, the second check
valve 6 i s apspreard bggionui8a, rithe 22nidstream antegionst iyt i 8ndhs a

descri bed ahove, disposed mdway in the dowgstreamregi on 9c¢,. and at the
same tine, downstFeadcregioro el vESpertivensy gai)g'li Hhet RPENINES | of

Egi \\//\/Ee(r:ll |t° ﬁié:?aé’%m&éfgnié%fgz&ﬂel ﬁaiﬁéc’a[‘rd@eflga?&@ﬂtﬁb%@f vadvEs 145 %k cond
6 ' ' 2 "
Eﬁ??es§§n§?ng §8ichoasd Borssalli (Prddt e@#ewﬁggl f?é”?’gﬁ?ﬁﬁ@%gﬁ!%% ing 22
. , ‘gutdeTing 2:
< ot od. 2RBuOY Bedir RBeRBTRe B S M " Rape Of the Tirst and v 10
27 Decerber 200%ASesRUIBHRIS 18Y85 edhetiveprctiie shidstrsateacsgibed

hereinafter. Fig. 6 15s an vi the first and second check val ves 5,

6, respectighlyanfi ¢he? dowhetteshevaigion tdgrand andalve. séat bbtiom plan
vi ew t her eof : 5_ The first and second check valves 5, 6 are forned
subst ant i al pyovidedarshapd tife watvetpadnl 3and a butting surface 34, facing

rospeldi vel y. 1 SHBrEvehothei RS AAT ICKIOPROS 08 A PHSCH P TES dml | er
port 31 r oRiAENE seiyacgnib alidebfe prala i tht TRsh BEIMABEES 42 1T,
shape, at the CE0LHowh I'Fild ¥, tHE bA%ng surface 15 is provided with a
plurality of recessed grooves 16, 16a ... notched at equal
intervals in a circumferential direction on an inner surface of
15 the outer box 2, circular in section.
The inner cylindrical body 3 is formed substantially in the
shape of a cylinder, and is slidably fitted into the upstream
region 9a of the outer box 2.
And an area of the outer box 2, in contact with the inner
20 cylindrical body 3, is decreased owing to the sliding surface 15
having the recessed grooves 16, 16a ... notched thereon, so
that sliding resistance of the inner cylindrical body 3 is reduced.
In order to reduce the sliding resistance of the inner
cylindrical body 3, the inner surface (the sliding surface 15) of
25 the upstream region 9a of the outer box 2 is worked on as
described above instead of working on the outer peripheral
surface of the inner cylindrical body 3 because if, for example, a

plurality of recessed grooves are formed in a circumferential



Furthér, the first and second check valves 5, 6 are provided, respectively,
with tilted grooves 38) 38a ... . forned 15 such that a wdth thereof is

gradual |y decreased fromthe peripheral region of a Sﬁbﬁ&g@?&r?pﬁ% for
nd check valv

fitting to the first check valve seat 21 and the seco seat
32, respectively, provided on the outer periphery of the flat surface 35,
towards the center of the back of the first and second check 20 val ves 5,
6, respectively (that is, towards the valve spindle 2?). The tilted grooves
38, 38a ...dimwction ot dhe cutenperipheeal slsf{caofthe meevalydisdrial. . . .)
along the circular periphery of the first and second check val ves 5, 6,
respect i vel bodss3sovvth ¢ inEeys cylindrigal hdidyaS iy formecbepi aadio hiaste 25
respectively, the b tthfgg}surface 34 of the first, and second check val ves

5, 6, respedhi outsida shepeRelygon Uhaestian ddshecpResBOFesiRTY
coating of a synthetic,rybber forme her eon. 1,.1 27 Dec er £0p3 Wth
the use of ’cr}@yeﬁttestwéyd%gé &3enh& k&\}ﬁl wRaes cg}lcht;lﬁgDﬁ Eﬁgtyhéées e as
descri ped apove, t hesge. i e ndi:¥7i 0] in
Fro 2 v Bt D, oSG e Mo ThPRIMARIAA, REsa: ivdR, 0,
part 36 of . 3N 03 ymgqm t
upstream side iegéaépp Faeg‘]@gmﬁgfftﬁétugwu%g e c%gﬁdrgf%uéﬁggﬁ ﬁg%apex
part 36, thkysbunfalhisys opediietidr eiry ahesslidirgs stedbtanybepahh@otalbess are
fully opened and an”anpbunt of water passing therethrough increases,
passages of aghiered.l ow from 10 the outer periphery of the first and second

check val ves 5, 6, respectively, towards the downstream side are restrained
by the tilted grisowbds3gnaestion,. aceordiag tonthead1vention,omngs ¢t y, and

checld 0o vediGing sudhed: 1AopT 10¢ HBSHEARSEEIRRW ST ANt BACRBBReR us 1
such that 1RBAVEr BOF AF dioviager Finer b sEBen ey BRdEERL ARy (f e *°
downstream f,dgei%d BGVd tRE SQtditld Shhpe! BRtuTht if2& bR 0% {Pb%
capable of withstanding a high external pressure, the inner
cylindrical body 3 can be rendered relatively thin in wall
15 thickness and light in weight. |
Furthermore, by applying Teflon coating to the outer
peripheral surface of the inner cylindrical body 3, the sliding
resistance against the sliding surface 15 is further reduced,

thereby achieving reduction in the sliding resistance.

20 A diaphragm 17 for partitioning the flow path 9 into the
upstream region 9a, and the downstream of the midstream
region 9b is provided on the outer periphery of the inner
cylindrical body 3, on the downstream side.

And the escape valve 4 made of a synthetic rubber is

25 provided on a face at an open end of the inner cylindrical body
3, on the downstream side.

The escape valve 4 is disposed opposite to a valve seat 14,

and is installed in such a way as to be freely attachable to and



20 The flow rectifier 39 is made up of a flow passage 39a continuing from
the open end of the inner cylindrical body 3, on the downstream side, which

is formed in tapered shape with a di ter thereof gr |1y .co cted
fromthe upstream side towards the dggﬁstream si de, aﬁlﬁ??ﬁ%&ﬁf%@mo t he
m dstream 25 region 9b, and a port 39b of the flow passage 39a, on the

downstream side, is forned to face the second check valve port 31, an inlet
to the downstreamregion 9¢c, so as to be |inked thereto. 12 27 Decenber

2003 Since dégadhableofsernehddaatie tftatf landepenidings 020 displacdrimer anet er

gradual ly contracted fromthe upstream side towards the downstream side,

gui des wat emft]hewhaq[ﬂﬂta%m a7y continuously fromthe upstreamregion 9a to
t he downstream 5 region 9¢c, it is possible to render extreme variation in

water flow | ess Fuathehaanoestape valve spiing &9 isirstalled beswesn mzam
region 9a to the doywstreamregion 9c in the case o ;&ere %seflow
preventi on AIper & aeerld af the escappanlygdaon thedgcer 8, OPBBr eby

oressipe QS0 e HhE et A AT s RO e o
. . . . . : ¢

el evant pareeveen; Fad TpSuBHAL LR AT A e, ity hisfredm JeBPnte

hereinaft erg, aigg %B%Vﬁntp'en éc%pde‘kvénee Oyt £ &ggrgiieﬂ 't!dvb'ﬁkﬂ%t ohlbe

partitioning’the same at the nrdstream region or the sake of

conveni encepdiing HPthieh@rpbapsofitse dseape vAbvesganagvidve 4 is

controlled so as %o be opened always at a pressure of the 20 m dstream
regi on 9b, |owelTlhy farst eded ecconell chalicke vialuasab pBeasar formmedhin uprt r eam
side within a scope of pressure applied on the upstream side. Mre

speci¥0 cal lidentical shaps aodd eredprovidedi imside thecsnner cafléraz/am-alof t he

o0 150, e U5 o, Sk SR thE oS TEET Bk 2 ¢
palance bOLARGD G UAICCIARY HIRETRARe JET e " RRRY PRI L o
tsﬁrei Pigrst 1%@@%@%@3@(&%{ B%dppévéﬁlge&scape val ve spring 19 and that of

The first check valve 5 is installed so as to be freely

15 attachable to and detachable from a first check valve seat 21
provided around an open end of the inner cylindrical body 3,
on the upstream side, serving as a first check valve port 20.

Further, the first check valve 5 is supported by a guide

ring 22 disposed on an inner periphery of the open end of the
20. inner cylindrical body 3, on the downstream side.

The guide ring 22 couples up a support frame 23 in
annular shape, engaged with and disposed on the inner
periphery of the open end of the inner cylindrical body 3, on
the downstream side, to a valve spindle guide 24 in cylindrical

25 shape, disposed at the center of the support frame 23, by means
of a plurality of support rods 25, 25a ....

And respective clearances between the support rods 25,

25a .... ,adjacent to each other, forms openings 26, 26a .... for



val ve''spring 30 such that a pressure of the nidstreamregion 9b is
mai nt ai ned al ways | ower by a predeterm ned val ue than a pressure on the
upstream side (condition 2). 5 The copdition 1 is giv t he f oW ng
_ A-B-C=D+a (1) where A = aélf orce for closi %ﬁ%ﬁ?”@?&gﬁégval ve,
acting thereon due to a pressure on the upstream side being received by an
10I effective area of the diaphragm B = a force for opening the escape
val ve,
recei ved byliakiageshw imtdribheof nhey inerdipkslindfichbebydiyve segh ahe he
escape 15 valve, "C = a force for opening the escape valve, acting the
]py thfa urglngr(]ietream esgipe 9l ve spring, D = a pressing (sealing) force
or closing the escape valve, acting 20 then, eon (syntheiic_.rybber),
i elsi Of e irsho

expr essi on:

- a frictional r&svele@csp

InBeR e 5 3n ekl IR B Salvi: SHaGl oD L

the tinme of
assunption €

acting thereon due to a pressure of the m dstream regi on being

lee 20c quircdeeked drome thaeba S

0 TELST S o i ek PRLEE SR B S0 g ReaPe o

out si

10

15

20

annular recess 28 provided around the valve spindle 27 and a
spring bearing 29 in collar shape, projected from the periphery
of the base end of the valve spindle guide 24, so that the first
check valve 5 is energized in the direction of valve closure by
the urging of the first check valve spring 30.

The second check valve 6 is installed so as to be freely
attachable to and detachable from a second check valve seat 32
provided around a second check valve port 31 provided

between the midstream region 9b and the downstream region

9c. .
As with the case of the first check valve 5, the second

check valve 6 is supported by a guide ring 22 of the same
constitution as described above, disposed midway in the
downstream region 9c¢, and at the same time, the second check
valve 6 is energized in the direction of valve closure by the
urging of a second check valve spring 33 installed between the
second check valve 6 and the guide ring 22.

As for the second check valve 6 and the guide ring 22
thereof, the same parts as or parts corresponding to those for
the first check valve 5 and the guide ring 22 thereof are
denoted by the same reference vnumerals, and description

thereof is omitted.
Now, referring to Figs. 6 to 8, a shape of the first and

reon

and a
dy at
n
a
= an



14 27 ‘Decenber 2003 d~= an inside dianeter of the valve seat of the escape
val ve, Pl= a pressure on the upstream side, P~= a pressure of the m dstream

region, E = a factor for opening the cape valve in osed c jtion 5
(Eis assuned at less than 1 as it ig%:rraiol er than a ?%Tg'{)%?e'?d%f%ﬁ%si ng the
escape valve in an open condition), aP = a differential pressure between
the pressure on the upstream side and the pressure of the m dstreamregion
when the escape valve is caused to open, 10 F = a spring | oad of the escape
val ve spri ngecand cheekwahlvedishessspectivel walsvdbesaabedf heheirexftape val ve,

expression (1) can be replaced by the following: ~ (Dl 2)2 P1L - n (D~/
2)2P2 - F _Ig‘rgl 6ds/aplan wiew-ofphe fhat &ndechndld'(lﬁckt\r%}V,e$5ncﬁs § her e

exists the foll ow at i hip: PZ= P1- eP, d|l= D~ , d~= -t
S:J}DS'[ ituti n‘@c—‘&Pﬁégb‘?@gléﬂr,ﬁkgg!r %Z&L?’é@%to e(valt%)n ﬂ"@l@@h?\%ﬂ gﬁ“llgw%gg 25 (n
Pl/ 4) ~Dl'- D~(D-,+ 4t)} =a- ~(n=PD~/4) (D~+4t)-F} (1)" Accordingly,

expr essi on pago Rlag B%é)‘()’l @é@lécpfat Dl' = D~(D~ + 4t§,)and (2) a g {~ d PDT/

the préssure P1 &) (o cliid o seebRe Beka VAl B Rty oadnpdroe '
openi n . .
cecape val VADSRTT n Scie DEMRIR UG AL IR0l g e IR p et e

mei nt ai ned. g pefiddaeRd, Thepeg Rhe firsPllisclapnilod paiel20 equdlthieoséeohdom DL’

~ D~ (D~ + 4t). The conditton (2) neans that the escape valve 4 is to
check valve port 31, respectively, is provided with a flat surface

35 having a diameter smaller than that of the first check valve

10 port 20 and the second check valve port 31, respectively, and
also provided with an apex part 36, conical in shape, at the

center of the flat surface 35.

Further, the first and second check valves 5, 6 are

provided, respectively, with tilted grooves 38, 38a .... formed

15 such that a width thereof is gradually decreased from the
peripheral region of a seating part 37 for fitting to the first
check valve seat 21 and the second check valve seat 32,
respectively, provided on the outer periphery of the flat surface

35, towards the center of the back of the first and second check

20 valves 5, 6, respectively (that is, towards the valve spindle 27).
The tilted grooves 38, 38a .... are provided at equal

intervals (narrow intervals S, S1 ....) along the circular
periphery of the first and second check valves 5, 6, respectively.

As shown in Figs. 1 to 3 indicating the sectional view,

25 respectively, the butting surface 34 of the first and second
check valves 5, 6, respectively, is formed in the shape as
described above with a coating of a synthetic rubber formed

thereon.



5" mai ntain a cl osed condition normally (at both a time of water flow ng and
atime of no water flowng), and for this reason, it is required that a

pressure of a fluid flowing after the,pressure thereof,i s | ower t he
agency of the first check valve spri ﬁé 30 is higher tﬁzﬁ?%@%égg%ye of
the mdstreamregion 9b. 10 The condition (2) is represented by the

follow ng expression: ePl > aP + Pa + Pb (4) where OPl= a differenti al
pressure between a pressure on the 15 upstream side and a pressure of the

m dst ream r egi onyieleveh angde byf the firsit aplesecyaldvehseld valvieR 5, %,
differential pressure between a pressure on the upstream side and a

pressure Offdxﬁﬁeﬂii@lxsth@asha?gi@@deéevﬂjetbabwmnvwhmékmeevahw@ are caused

to open, 20 Pa = a differential pressure between a pressure on fhe upstream
side and a juir essoperotondetiondasrsrownein dhig. davwenterdlay brane @&piélpval ve

spring, and Pb = the m ni mum pressure required for closin e val ve

EEP f ~P![ )?] IZdeal:' manrnﬂlé,b&')aé’é@ agenlYa ugbﬁi aﬁetxhzﬁax% g& ﬁfiﬁ& er of
e first check valve seat (the center th = '

t he vabve s]@u{;tmgu@ga.egﬁ aw elﬁuﬁmp\?z%er perreesg];.l)r’e oDﬁ thtehﬁp%'tfq‘e ool of

side is applied to the flat surface 35 continuing from the apex
part 36, thereby fully opening the valves in a stroke.

When the valves are fully opened and an amount of water
passing therethrough increases, passages of water flow from

10 the outer periphery of the first and second check valves 5, 6,
respectively, towards the downstream side are restrained by
the tilted grooves 38, 38a ...., thereby increasing a flow velocity,
and allowing water to flow along the outside shape of the first
and second check valves 5, 6.

15 Further, with a reverse flow prevention apparatus 1
shown in Fig. 9, a flow rectifier is installed in the midstream
region 9b such that flow of a fluid moving from the upstream
side towards the downstream side is rectified so as to further
mitigate pressure loss.

20 The flow rectifier 39 is made up of a flow passage 39a
continuing from the open end of the inner cylindrical body 3,
on the downstream side, which is formed in tapered shape with
a diameter thereof gradually contracted from the upstream side
towards the downstream side, and projected into the midstream

25 region 9b, and a port 39b of the flow passage 39a, on the
downstream side, is formed to face the second check valve port

31, an inlet to the downstream region 9¢c, so as to be linked

thereto.



16 27 'Decenber 2003 escape valve, F = a spring |load of the escape val ve
spring, and f = a spring load of the first check valve spring, 5 expression
(4) can be replaced by the follow ng;,OP1L > ~P + Pa+ (55P: [ ~n(x /
2)'} > 20P + F/ ~n( D~/ 2)'-} (4)' ‘Accordingly, a o Ziiscefiiok 2803 | | -
spring load F of the escape valve spring 19 and the spring load f of the
first check 10 valve spring 30 is selected based on the above expression
satisfying the condition (2), thereby setting up the escape valve spring 19
and the first ch8pkcyahee fhpwi passgerd9aecf ithe flovinckatifiehe38asivithof t he
di aneter D2 of the val ve seat ?the center part) of the escape valve = 10.95
cm the di atietediamdéters gredtiallst ereniactatvéremnttiva pstream esidear t
thereof) = 5 cm the wall thickness t of the valve segat 14 of the cape
val ve 4 = Otawamdsatle dnwaistreanntside, guides wateratoyesiukstantiiadbeni ng

the escape valve 4 = 0.2 kqgf cm-, the effectivg diameter, DI of the
di aphr agm 190BTIMUQY SBMITEIE P&%ﬂe@%rﬁeﬁlﬁpeggi Bﬁ’ﬂ?‘ﬂ dﬁvﬁﬁ'g@?%ove.

Furt her, based. on expression (d4y' .given jabove, t al:yve _spring 19
and thé fi r @8I VH %R‘%ﬁﬁsﬁgﬂ render %%F‘é“dg?u?%ﬁ?ﬁﬁto r‘lé §%$ g | oad
F of the es Ve 1shri 9 = 00 _k t pEy I f 4f, t he
first checkﬂ\%%vle/eaéépﬁihrfgﬁSS :ch.{%a%lgéf QBBZQ{;% gﬁwzx ngsi on 3)&5 ven
above, the | §4d i I o B [ I ed. of\hen
the pr essurgﬂéﬁf%‘%ﬂ?k%égo%ﬁ%%%ﬁgmgssgﬁggegﬁn%c ge?ct?n%)grh 2003 from
1 to 10 kof thecheviersag flow rpreventidrowapraventionwipereiat ushe  flow
manuf act ured based on the above-nentioned values, the differential pressure
OP for Openi?agsage 89gape wet \formeds therebyadesreasing 2geyeraton

average. 5 Thus, with the reverse flow prevention paratus 1 described
above%Oit wiisruden biflow dnthet How tpﬁassﬁt%g 1% m%gﬁttp\@ﬁlﬂ'ﬁ QBT egi on
9b at the phgf ure OR whi.ch is always lower by a given v clue (0.2 kgf /
cmy~ than t ih%%&ﬁd@cp -on the upstream side. 10 Now, referring to Figs.

1 to 3 operatiog.gl UAGHEYF3e itfoRIR¥CRLECE PEPEr HIHE hiistrleed] | Ded

hereinafter. In erern no er r1s ow ng as shown 1n Fig.
L the firsteanh 90a0e dbeakbed!Nereinafberand the escape valve 4 are
cl osed, and}? spegﬁfve pressures Pl1, P~, P3 of the 15 upstream m dstream

and downstream rhyi Big, $a.sides efidrdlevaave parts ofelthe arevenseesdowed by
Pl > P2 > P3.
15 prevention apparatus 1, described hereinafter, are shown. In

Fig. 4, the outer box 2 is illustrated by partitioning the same at

the midstream region 9b for the sake of convenience.
By use of the means described, the escape valve 4 is
controlled so as to be opened always at a pressure of the
20 midstream region 9b, lower by a predetermined value than a
pressure on the upstream side within a scope of pressure
applied on the upstream side.
More specifically, this can be achieved by setting an
effective diameter of the diaphragm 17 and a diameter of the
25 valve seat of the escape valve 4 substantially at an equal value
(condition 1) in order to maintain a balance between a pressure
acting on the escape valve 4 for opening it and a pressure

acting on the escape valve 4 for closing it while setting a spring



I'n the condition wherein water is flowing as shown in Fig. 2, the first and
second check valves 5, 6 are open, the escape valve 4 is closed, and the
respective pressures Pl, P2, P3 of t 20 upstream m ream a
downstream regi ons, 9a, 9b, and 9c hgg% a correlationzgéé?%§&%¥gﬂoﬁy Pl >
P~ > P3. Further, in case of reverse flow occurring due to a reverse
pressure, the escape valve 4 is closed, and the first and second check
valves 5, 6 are clqgsed in the sane condition as shown in 25 Fig. |, .thereby
pi eventi ng lloaigro{ethe ®fcapa V@ venspuing ridmrdddiat wfi the Gask chenk

respective pressures Pl,. P~ P3.of the upstrea i dstream and downstream
regi ons, 9a‘,§)a > Sprangc30 §Bcg7ﬂb%ﬁéﬂfgres§l?§§ q&?a\Fg]ea fam JifEe p1 >

2 ailure a8 iedaiielned bRy IREr Th L RFERe R VAR thime o "
water into .8 r I A irection of the arrow

i ndi cat ed b%/ tr?e@sglitgkgﬁrﬁ}*é;gbggr%g?Sg&%%éﬁnpﬁébﬁg%glt that the pressure P2
of theym dstreamrhedidhiiton 11568 gl sfichylthd fAllewiher elpraksiypssur e ~P as
set between- the pressure Pz of the mi dstreamregion and the pressure Pl of
the upstreamreghonB th€ ed0ape; val ve 4 is ca@ied 10 to open as shown in
Fig. 3, and a specified quantity of water is giZcharged, t hereby preventing

reverse fl| omhteawar ds the upstream side fromoccurring. In a condition of
reverse siphonag pstream si de

sho in Fig. 3, if the pressure Pl on the
becones a HIGAS ﬁmqe }‘\Qn}'wéﬂ)slagpfr}&%ﬁépau%a{‘tﬁ,r%%ﬂﬂetbﬁﬁﬁgﬁi dyevia 8 t he
first and second check valyes 5, 6 in a.glesed condiit ie[%ﬂ the escape val ve
4 is caused tom}uten%eﬁiﬁ &R&Pﬁﬁ?&?ﬁg&@ 10 FeCelyathDYnfast r eam regi on
9b, acting -V AC, I . intaining the pressure P2 of the
m dst Itgellam regi oéﬁ?%&l\g% %’ﬁ%?ﬁﬁ?@l%ﬁ@g@ﬁ?ﬁ’ 20 so that reverse flowis
prevented. gur Eh%I’céfﬁn.O?eﬁﬁréefﬁﬁ%sog 19l Gl Y Ratp! de 1's
devel oped at this point intinge, there | "ari'§e no probl'em because
reverse flgw can be prevented by the second check valve 6. 25 Even if both
or one of the first and second check valves 5, 6 should be jammed with

rubbi sh or t he prdssuae ofitheimédstreamtregionr beingpreveiyed byaamaréag
surface 34 of the first and second check valves.5 6, regpectively,

"ncl uding the SEHhiRgthe 101er DREAREFY 2609 XAIVEEeatob the eARY Nt het | o
rubbﬁr, IS causeci to dig into the first check valve seat 21 and the second
chec Q/al ve sedt® gf,’ respectively, due to the relatively | ower pressure on

the upstregmshigrcb ety eBhB tHdelBapeVaRAY &AMt tRBrebn!B¢ the
urging of the escape valve spring,

D = a pressing (sealing) force for closing the escape valve,

acting

20 thereon (synthetic rubber), and
o = a frictional resistance force occurring to the inner
cylindrical

body at the time of opening or élosing the escape valve.
Further, based on an assumption that
25 D, = an effective diameter of the diaphragm,
D, = a diameter of the valve seat (the center part) of the escape
valve,

d, = an outside diameter of the valve seat of the escape valve,



5'first and second check valves 5, 6, so that the fluid in the m dstream
region 9b is discharged as descri bed above by the action of the vacuum
breaker, and reverse flowis preventgg. To sumup, in pth a
first aspect of the invention, ther ee'ig's provi ded the r%f/@%ée%?%&%
prevention 10 apparatus 1 wherein the flow path 9 running al ong a straight
line, provided in the outer box 2, is partitioned by the diaphragm 17 into
t he upstreamregi on 9a, and the downstream of the m dstreamregi on 9b, the

inner cyl i Qf%@' & ix'?%ﬁ’%ajéﬂ{éﬁ%? A thbe eet ssanbl tthe dseapeagivi,

integrally I5 ere I's provided to fit slidably into the upstream
region 9a @ LhepputSirdon 2het@psﬁm$ivl@,ve 4 is provided on the

downst ream si de of the inner cylindrical body 3 so as to be able to freely
open and clRgzeateessaireofthe niddtrgameregstiwveen t he ni dstream regi on 9b

and the downstream region 9c while 20 energizj ng.the escape \@. e 4 towards
val ve openilig Byfadteruiogi @gemngréieegé%aemziﬂee 534 ﬁgosﬁg) cq 1%/4%1 first
and second check, valves 5, .6 are provided inside t i o | iegcal bod
3 and & he dovvnéﬁ‘r i ASEEgned af Qﬁsptt}h%ngﬁta& ﬁ%ﬁ@,aqf@sﬁlagh é?la}‘f@gf' foF Y
Accordingly, the,esca alve 4 ¢ agse d. A : flow 25 path 9
runni nlg gl gng a CLOSID) \éﬁﬁ\?@% Y%E'ﬂgﬁﬁeég &g%ﬁl %‘%@Qﬁlbﬁg’ t hewescage val ve
k and the bygas . ) } ni cal |

i ndependen r%% ph@?gpg{ﬁggggisé{éggbgﬁygekr{@g?gtggé?%edogif-‘ ﬂ?ﬁ or der yt o]
control a press ﬂr@am%ng@,:mctq@pﬁ-eg@ﬁﬁetdfeth@midmd*eam refgacher g as

in the case of the conventional type pressure-reduction type reverse flow

prevention appanghes thelaepe valhads meersed pospane to provide the
reverse flow prevention apparatus 1 which is |lighter iT wei ght 5 and nore

conpd@ t hdn =t hesprimg hoad rof theeseapeev alstriSPrHAS) conmponent's t her eof .
Further, since the effective.djaneter D1 of e di_aphra 17 and the

di anet er M%Wﬂﬂetb’&l %ge@fthz@ \é@@’%éﬁag&fﬁ%{eﬁﬁgpﬁ ‘g‘{ﬂ\é% equal value in
order to maintain.a prassure bal ressure acting on the
escape val \%‘quooaqﬁec%pi‘?%SiTég%%Mgth% SII gphr agm 17, and the
pressure acti 2tihe _escaney wadwe 4@ or val ve opening, received by itself
whi |l e setti’%ﬂt@%?sgﬂi ng&I @2@{ 2?0?2”]? escape val ve spring 19 and the
spring load f of the &i {ﬁt(d:lﬂeg:)ﬂ_v,al(ﬂg/gc)?}ringm-such t hat (lhe 15 pressure
P~ of the m dstream region db i's mainfained at the pressure EéP which is

al waylss | ower by Riiethperdsiteenthere eaists thefollnwingselataonship: t he
upstream side, it has beconme possible to control the pressure in the

i ntermedi ate chdeP,e wil,hout the use of the pressure regul ator nmechani sm
f, 20 nmechani caH)y 'g?de%ende t fromthe first and second check val ves d and
e, or another tyhe &2 Hitt Bfl%bperated control mechanism Furthernore, with
t he neans of cor&?r_og;{ ng pressure according to the invention, only if a
conmbi nation of t1#é& SNy |load F of the escape valve spring 19 and the

spring 25 'ﬁf@sﬁgeﬁﬁﬁeh@sés&am@m@dp&mmmwg)Bwéldﬁﬂhedbﬂmmmzhe

basis of the conditi wherei n the pressure bal ance i s nmaintained between

the m@ssur(g ngmgibrllzt.hbzeﬁga;pét)/}al e a 4 for valve closing and the
pressure acting on the escape valve 4 for val ve 21 27 Decenber 2003

openi ng, precision cont pol it ArBEr4) By hdtpifE¢ted with EbEe such that
the pr ensure P~ of the mdstreamregion 9b is naintai ned al ways | ower by

the predet er ni nesica@tdinngliarxtpressics{1)2 ieldsprdwidedsthadm side. 5 Al so,

there is no need of increasing the spring |load of the first § eck val ve
spring n as in te’=ddydds i+odb), aade because of capability 6€)t he reverse
fl ow prevention apparatuys_1,6for_such contyol of pressure, -s hat pressure
| oss due to the diF 6L A:IPGBL;/ 4&@12 trﬂrtlsng 30 can be drastical ?§Sreduced,

reSUI2t5I "9 Thus, it is shown that even if there is a change in the
pressure P, on the upstream side, a balance between the force
for opening the escape valve, acting thereon, and the force for

closing the escape valve, acting thereon, can be stably



10 enhanced performance of punps for a water distribution system and thus
enabl i ng downsi zed punps to performsupply of water. Wth these features
descri bed above, since the inner cylindrical body 3 izggﬁrneg ngS shape
circular in section, and 15 the plurél ty of the rece e %6, 16a

. are notched on the sliding surface 15 of the inner surface of the outer
box 2, slidable against the inner cylindrical body 3, at equal intervals in
the circunferential direction thereof, the area of the outer box 2, sliding
agai nst t her4ipghigy¥di ndrical body 3, can be 20 decreased, and at the same
time, the inner cylindrical body 3 can be rendered thinner in wall

t hi ckness and | iBhieher nsineiedd), >wi t,Dyis apparixim atelyr equal tohBy,dvbm so
that sliding resistance of the inner cylindrical body 3 can be reduced as
far as the strerddth=dd, e+ 4tder cylindrical body 3 permits, thereby 25

enabling pressure | oss to be further |essened., Further, with sone qf the
feat ures descri bEaei eondetipsr éé imﬁalﬂﬁea?atc‘ih%nﬁwalé%i‘é@ja‘ﬁece‘?ds '(t%ﬁe i nner

cyLi nog ool bod 2 SgalnstqLie, SWSL Dot (RO doRHSRSNIPELY T
he i lindri I, b 3, A&h i j i I

Lhe 1o cabhasl Sila DRt o A6 SN GEhEY, Al TEEREIRALRSH |05

eat ures dosRGiAT e & presearh bF AN Mgt gkt {151

-second check, Malofesfe@bered H)E%B@Qi%éﬁby, of sherfivstdeHevktvalhe sprimgsur f ace
35 having a dianeter snaller "than that of the first check valve port 20 and
the second 30dskhigHerethant ti8é pressure of thepmidstismami regiomeObpex part 36,
conical in shape, at the center of the flat surfgce 35. Furtﬁﬁl, the first
and sH@ond checkThal veendition ar@)pr t5i depresenped: i bzl ythei (foliowing ¢ ed
grooves 38, 38a ..,.. forned such that the width thereof is gradually

decr eased feXpPre$OPeri pheral region of the seating 15 part 3? for fitting
to the first che vgéﬁp 3§QEI$1 and the second chec&4yalve seat 32 towards
the center of t b3cR of t4E M rst and second check valves 5, 6, and at
equal inter«ﬂgé}éﬂ ong the circul ar periphery of the first and second check
val ves 5, 6, ‘respectively. In consequence, a snooth water flow occurs 20
from t he upspr,eamdisidren tialpetssane dehvweehe pressuresimpheof the first
and second chéck val ves 5, 6 without a hindrance in_such a way as not to
causel & vortex uemmwmsidemdfatpmssmgoﬁhhemdaue@mdregmmes 5, 6,

t hereby enablin ressure. l oss resulting frqm presence of the first and
secondycheck va?d@?@elsped by tsl'helﬁi@tfqthﬁﬁq%é(ﬁiVQpﬂ?ﬂE’&I essened, and
exhibiting the sa dvant ageous effect as descr.i v I n accor dance
wi th anoth as i 1°0n, 4 ontinuing to
Db o R R rIEr SRRl ee T DoLRERT Gnb e Seurd 83t ihe
t he open end of j r: 7 l; j i-Gal 3, on the
downsfr eam Si de,dﬁﬁgjeggﬁr%geiz%naa%% ' sﬁa%@ggme%lggﬁ{ééﬁngt%%ﬁ? ér eof
gradual |y contr agdgel Joclvi henttisé eserpel valveuscdudatbtdapeni eam side, is
e

preferably project rnto the mdstreamregion 9b, and the port 5 39b of
the f2Qw paPsage differentidlhprdssumse bedwednia pressarewsm thef ace t he
downstream région 9c so as to be |inked therftﬁ. | n,consequence, since the
upst ream r egi on Wpstneamgideéoand: a grassagieodt theanddstnpatAREEHONy Li nked

with each other vyia the({tow passage 39a,in the n1dstéean1region 9b, and
t he eveloped by the escape valve spring, an
P, = the minimum pressure required for closing the escape

valve (AP - AP,).

25 Furthermore, based on an assumption that
x = a diameter of the first check valve seat (the center part
thereof),

D, = the diameter of the valve seat (the center part) of the



10 fl ow passage 39a has the dianmeter thereof gradually contracted fromthe
upstreamregi on 9a towards the downstreamregion 9c. it is possible to
render flow of the liquid within the,fJd ow passage 39a becqne ni form
and rectified flow, and to |essen pradsure loss in thé %‘Eﬁ"ﬁ?%?g@ 39a, so
that, for exanple, 15 performance of punps fox a water distribution system
can be enhanced, and supply of water can be perforned by downsi zed punps as
descri bed above. Thus, practical nmerits of the invention will be quite
signifi Ca”tescaﬁ Decenber 2003 -24 What is clainmed is: 1. A reverse flow
prevention apparatus conprising: an outer box provided with a flow path
formed coaxial lyglherewi th between 5 an inlet and an outlet, and al so
provided with a %ral’n outlet in a mdstreamregion of the flow path; an

i nner cyl i nBr eabpbiy lshddebtlyeféscape valve apripgs @ewdn regi on of the outer
box; an escape véFye provi ded _on_a face pof open,end of the inner

cylindri calfyoammyngdmatd]@fdhmﬁrsbahﬁ@kd@ Vs SRELIRE, be freely attachable

to and_detachabl e froma valyve seat prqvided ground a valve port forned
bet weed theeﬁpagssw@n@)e@aanb@rr@pjaagm&MQ@%%HS- and energised in the
direction of valve opening t ur giong @an escape val ve spring; and
first and second checléﬂkaa:l’\/gg 'b:i(;;v"l' Kj&gnl—rfgiyd)g the inner cylindrical body
and 15 the down } of; e X pecti velmpy such t hat
reverse flow of???ﬁk%qﬁg%T rge&%o%?g}t? 3_@5?%(@2@3% be proe@v)ent ed, wherein
a diaphragm is paeuiidRd 1y, t Bechpitdhatesn P thofspiingoload Booff she

partitioning the interi hereof 1nto an upstreamregi on of the flow path,

and the dovwwsigp@mallet Bprin @st9 eand ridgs (spril?ﬁdlcdd’lfed)ﬁ‘ltha B¢t chieek 20

di aneter of the diaphragm and a di ameter of e val ve seat of the escape
val vel@re sealsabsprimg a30y iat selectediabaseduersothe abov& %pressiphessur e
bal ance between a pressure &,ct.i ng,_Qn scape.val ver‘é’ior val ve clpsing and

a pressure satisfgng thecaen liip@nv(éﬂ%vé Eg'ﬁ PCLIBEP IR WAPFRPS E3Viehg | oad
of a ‘fi st SCSFi%kgK | 42 Ph L et 358 ViV §1§}'incé1 %‘H(, rve%p%%tixpel he direction
- And on the basis of the diameter D, of the valve seat (the
center part) of the escape valve = 10.95 cm, the diameter x of
15 the first check valve seat 21 (the center part thereof) = 5 cm,
the wall thickness t of the valve seat 14 of the escape valve 4 =
0.1 cm, and the differential pressure AP as desired for opening
the escape valve 4 = 0.2 kgf / em®, the effective diameter D, of
the diaphragm 17 = 11.15 cm is calculated from expression (2)
20  given above. |
Further, based on expression (4)’ given above, the escape
valve spring 19 and the first check valve spring 30 are selected
such that the spring load F of the escape valve spring 19 =
10.00 kgf and the spring load f of the first check valve spring 30
25 = 6.00 kgf.
Based on expression (3) given above, the frictional
resistance force a = 9.52 kgf is calculated.

When the pressure P,on the upstream side was varied



25 27 Decenber 2003 that a pressure of the mdstreamregion is maintained
al ways | ower by a predeterm ned value than a pressure on the upstream side.

2. A never se flow prevention appara according to aim,l rein the
inner cylindrical body is formed in al‘}:hape circul ar F%?Cé%%%m%#{?mﬁ e a

sliding surface of an inner surface of the outer box, slidable against the
inner cylindrical body, is provided with a plurality of recessed grooves
notched at equal intervals in the direction of the circunference of the

sliding 10 gigrhage.to3- 100 kgfes sent! aingevdint ieveapparfisws mespedtion t o
claims 1 or 2, wherein a Teflon coating’is applied to an outer peripheral
surface of spparaters vl mgnufactiedd. basedl renethe fabovermemtioored
apparatus according to 15 claims 1, 2, or 3, wherein a butting surface of
thle first chaglkesalthe ahififaren 3ok opressusk AR| fer openiggt & iesnapdeck
val ve port and the secgnd check val ve rt,, respectively, is provided with
a flat surfuatveswas £ouna£@¢&b@%|q.§ﬁ<gﬂéﬁm‘pm ERAEE-f i rst check val ve

S AT L .
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Ut ting sur B aTGstERTD ool o A the BB 43k ThifH RoRlwdlys "
vaives. 5. lweldR e el vk 7 RESITGHIT R th Prepstrecponn check
the upstream side.
10 Now, referring to Figs. 1 to 3, operation of the reverse flow
prevention apparatus 1 is described hereinafter.

In the condition wherein no water is flowing as shown in
Fig. 1, the first and second check valves 5, 6, and the escape
valve 4 are closed, and respective pressures P, P,, P; of the

15 upstream, midstream and downstream regions, 9a, 9b, and 9c
have a correlation represented by P, > P, > Ps.

In the condition whereiri water is flowing as shown in Fig.

2, the first and second check valves 5, 6 are open, the escape
valve 4 is closed, and the respective pressures P,, P,, P;of the

20 upstream; midstream and downstream regions, 9a, 9b, and 9c¢
have a correlation represented by P, > P, > P..

Further, in case of reverse flow occurring due to a reverse
pressure, the escape valve 4 is closed, and the first and second
check valves 5, 6 are closed in the same condition as shown in

25 Fig. 1, thereby preventing reverse flow towards the upstream
side.

In this case, the respective pressures P;, P, P;of the

upstream, midstream and downstream regions, 9a, 9b, and 9c



28 27 Decenber 2003 clainms 1 to 4, wherein a fl ow passage continuing to the
1(:)pen egd ﬁf the i Rnerdcyl i ndrical body, on the downstream side, formed in
apered shape with a di aneter graduallyy contracted fr he S m si de
towards the downstreamside, is 5 prajsgct ed into the %?aé?cre r%ég?on, and
a port of the flow passage, on the downstreamside, is forned to face the
downstreamregion so as to be linked thereto. 1100
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()to30pehoad Hown indRig.)3, and a specified quantity of water is
discharged, thereby preventing reverse flow towards the
upstream side from occurring.

In a condition of reverse siphonage shown in Fig. 3, if the
pressure P, on the upstream side becomes a relatively lower

15 pressure due to reverse siphoning with the first and second
check valves 5, 6 in a closed condition, the escape valve 4 is
caused to open, thereby discharging the fluid in the midstream
region 9b, and acting as a vacuum breaker by maintaining the
pressure P, of the midstream region at an atmospheric pressure,

20 so that reverse flow is prevented.

Further, even if a reverse pressure from the downstream
side is developed at this point in time, there will arise no
problem because reverse flow can be prevented by the second
check valve 6.

25 Even if both or one of the first and second check valves 5,
6 should be jammed with rubbish or the like at the time of such
reverse siphonage, the butting surface 34 of the first and

second check valves 5, 6, respectively, including the seating
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5 first and second check valves 5, 6, so that the fluid in the

midstream region 9b is discharged as described above by the
action of the vacuum breaker, and reverse flow is prevented.

To sum up, in accordance with a first aspect of the

invention, there is provided the reverse flow prevention

10 apparatus 1 wherein the flow path 9 running along a straight

line, provided in the outer box 2, is partitioned by the

diaphragm 17 into the upstream region 9a, and the

downstream of the midstream region 9b, the inner cylindrical

body 3 formed at the center of the diaphragm 17, integrally

15 therewith, is provided to fit slidably into the upstream region

9a of the outer box 2, the escape valve 4 is provided on the

downstream side of the inner cylindrical body 3 so as to be able

to freely open and close the valve port 13 disposed between the

midstream region 9b and the downstream region 9c while

20 energizing the escape valve 4 towards valve opening by the

urging of the escape valve spring 19, and the first and second

check valves 5, 6 are provided inside the inner cylindrical body

3 and the downstream region 9c¢ of the outer box 2, respectively.

Accordingly, the escape valve 4 can be assembled into the flow

25 path 9 running along a straight line without need for installing

the escape valve k and the bypass h (the pressure regulator

mechanism f), mechanically independent from the first and

second check valves d and e, in order to control a pressure in
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Further, since the effective diameter D, of the diaphragm
17 and the diameter D,of the valve seat 14 are set substantially
at an equal value in order to maintain a pressure balance
10 between the pressure acting on the escape valve 4 for valve
closing, received by the diaphragm- 17, and the pressure acting
on the escape valve 4 for valve opening, received by itself while
setting the spring load F of the escape valve spring 19 and the
spring load f of the first check valve spring 30 such that the
15 pressure P, of the midstream region 9b is maintained at the
pressure AP which is always lower by the predetermined
value than the pressure P, on the upstream side, it has become
possible to control the pressure in the intermediate chamber g
without the use of the pressure regulator mechanism f,
20  mechanically independent from the first and second check
valves d and e, or another type of pilot-operated control
mechanism. Furthermore, with the means of controlling
pressure according to the invention, only if a combination of
the spring load F of the escape valve spring 19 and the spring
25 load f of the first check valve spfing 30 is selected on the basis
of the condition wherein the pressure balance is maintained
between the pressure acting on the escape valve 4 for valve

closing and the pressure acting on the escape valve 4 for valve
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pressure P, on the upstream side. |

Also, there is no need of increasing the spring load of the
first check valve spring n as in the conventional case because of
capability of the reverse flow prevention apparatus 1 for such
control of pressure, so that pressure loss due to the first check
valve spring 30 can be drastically reduced, resulting in
enhanced performance of pumps for a water distribution
system, and thus enabling downsized pumps to perform supply
of water.

With these features described above, since the inner
cylindrical body 3 is formed in a shape circular in section, and
the plurality of the recessed grooves 16, 16a ... are notched on
the sliding surface 15 of the inner surface of the outer box 2,
slidable against the inner cylindrical body 3, at equal intervals
in the circumferential direction thereof, the area of the outer
box 2, sliding against the inner cylindrical bedy 3, can be
decreased, and at the same time, the inner cylindrical body 3
can be rendered thinner in wall thickness and lighter in weight
without lowering a strength thereof, so that sliding resistance
of the inner cylindrical body 3 can be reduced as far as the
strength of the inner cylindrical body 3 permits, thereby
enabling pressure loss to be further lessened.

Further, with some of the features described in the
foregoing, the frictional resistance of the inner cylindrical body

3 against the outer box 2 is further decreased by applying the
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Still further, with some of the features described in the

5 foregoing, the butting surface 34 of the first and second check

valves 5, 6, facing the first check valve port 20 and the second

check valve port 31, respectively, is provided with the flat

surface 35 having a diameter smaller than that of the first

check valve port 20 and the second check valve port 31, and

10 also provided with the apex part 36, conical in shape, at the

center of the flat surface 35. Further, the first and second

check valves 5, 6 are provided, respectively, with the tilted

grooves 38, 38a .... formed such that the width thereof is

gradually decreased from the peripheral region of the seating

15 part 37 for fitting to the first check valve seat 21 and the second

check valve seat 32 towards the center of the back of the first

and second check valves 5, 6, and at equal intervals along the

circular periphery of the first and second check valves 5, 6,

respectively.  In consequence, a smooth water flow occurs

20 from the upstream to the downstream along the outside shape

of the first and second check valves 5, 6 without a hindrance in

such a way as not to cause a vortex behind the back of the first

and second check valves 5, 6, thereby enabling pressure loss

resulting from presence of the first and second check valves 5, 6

25 in the flow path 9 to be lessened, and exhibiting the same
advantageous effect as described above.

In accordance with another aspect of the invention, the

flow passage 39a continuing to the open end of the inner
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tapered shape with a diameter thereof gradually contracted
from the upstream side towards the downstream side, is
preferably projected into the midstream region 9b, and the port

5 39D of the flow passage 39a, on the downstream side, is formed
to face the downstream region 9c so as to be linked thereto. In
consequence, since the upstream region 9a and the
downstream region 9c are substantially linked with each other

| via the flow passage 39a in the midstream region 9b, and the
10 flow passage 39a has the diameter thereof gradually contracted
from the upstream region 9a towards the downstream region Sc,

it is possible to render flow of the liquid within the flow passage

| ~ 39a to become a uniform and rectified flow, and to lessen
pressure loss in the flow passage 39a, so that, for example,

15  performance of pumps for a water distribution system can be
enhanced, and supply of water can be performed by downsized

pumps as described above. Thus, practical merits of the

| invention will be quite significant.
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region of the flow path;
an inner cylindrical body slidably fitted into an upstream region of the outer
box;
an escape valve provided on a face of an open end of the inner cylindrical
10 body, on the downstream side, so as to be freely attachable to and
detachable from a valve seat provided around a valve port formed between
the midstream region and a downstream region, and energised in the
direction of valve opening by the urging of an escape valve spring; and
first and second check valves provided inside the inner cylindrical body and
15 the downstream region of the outer box, respectively, such that reverse flow
' of a fluid from the downstream side can be prevented,
wherein a diaphragm is provided on the inner periphery of the outer box for
partitioning the interior thereof into an upstream region of the flow path,
and the downstream of the midstream region, and wherein an effective
20 diameter of the diaphragm and a diameter of the valve seat of the escape
valve are set substantially at an equal value so as to maintain a pressure
balance between a pressure acting on the escape valve for valve closing and
a pressure acting on the escape valve for valve opening while a spring load

of a first check valve spring urging the first check valve in the direction
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the outer box, slidable against the inner cylindrical body, is

provided with a plurality of recessed grooves notched at equal

intervals in the direction of the circumference of the sliding
10 surface.

3. A reverse flow prevention apparatus according to
claims 1 or 2, wherein a Teflon coating is applied to an outer
peripheral surface of the inner cylindrical body.

4. A reverse flow prevention apparatus according to

15 claims 1, 2, or 3, wherein a butting surface of the first check
valve and the second check valve, facing the first check valve
port and the second check valve port, respectively, is provided
with a flat surface having a diameter smaller than that of the
first check valve port and the second check valve port while an

20 apex part, conical in shape, is formed at the center of the flat
surface, and tilted grooves are formed at equal intervalsin the
direction of the circumference of the first and second check
valves, respectively, such that a width thereof is gradually
decreased from the peripheral region of a seating part of the

25 butting surface for fitting to first and second check valve seats,
respectively, towards the center of the back of the first and
second check valves.

5. A reverse flow prevention apparatus as in one of
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claims 1 to 4, wherein a flow passage continuing to the open
end of the inner cylindrical body, on the downstream side,
formed in tapered shape with a diameter gradually contracted
from the upstream side towards the downstream side, is
projected into the midstream region, and a port of the flow
passage, on the downstream side, is formed to face the

downstream region so as to be linked thereto.



