;e3eS§) _SZzZ[ L] (t]176_Tj _kqg<l SPECI FI CATION , 19 May 2004 REVERSE FLOW
PREVENTI ON APPARATUS 5 BACKGROUND OF THE I NVENTION 1. Field of the

I nventi on The present invention relates to a reverse flow prevention
apparatus for use mainly in a directly-connected waterdistribution system
10 2. Description of the Related Art As a conventional apparatus of this
type, there is cited a pressure-reduction type reverse flow prevemhproo4

apparatus a as shown in Fig. 10 %E@H" AT EONgduction type reverse flow
prevention apparatus a is provided wth first and second cheek 15 val ves d,

e, which are installed upstream and downstream respectively, in a flow
path ¢ forned inside a casing b thereof and which operate independently
from each ot her REWERSE urFhiddVWr oPREVBNTION nadP RedRAEUSanber g
equi pped with a pressure regul ator nmechanismf between the first and 20
second check valves d, e. The pressure regul ator nechanismf is provided

wth a bypass inking the internedi ate_chanber with a portion of the
fl owfpat h gAGE(&}I&O DeakEi d@HEerdNVEN(TI@&apabI e of adjusting a

pressure insi %e lge 'r]_ger medi ate chanber g so as to 25 be always | ower than
a pressurel-onttlf L@éjsﬁ RdMVERHEOENd hi gher than that on the downstream side

by bl ocking u he bypass h with.a di hragmi, and |ipking an escape val ve
tor Comening” RS SRt nvenbos halBtes 15ra med dve et el ST EOTS hay

2004 cha i tde di.aphr k..t hrough i.nte i of al ve bar
o Howewer PRALAENE 407 88 aRRThly ) 3°) 80 SR bR o BRE atue-a
descri bed emthat it 5 becones |large in size and heavy in
wei ght beggﬁéﬁ%ﬁ?g%&ﬁ)@?ﬁéd with the pressure reggl ator nmechani sm f \>//\hi ch

i's MchaniXcal Descritefiondefithet Relatéd APRe bypass h, the escape valve k, and

so forth. Further, the pressure-reduction type reverse flow 10 prevention
appar at us a hadsaotteveprtibhah appeiratugr ef shis tyqrs, thereiis ¢ditedeny | arge

because the sane is constructed such that a pressure inside the
i nt er nedi pressuapbeedyction syperravenseaflowprevewtiamappanatvs a As
upstream.sji de thereqf due to gnitude of a spring load of a firgt check
val ve spr#AgWiiom ?ﬁég-;@Q-ir 1€ HekSSIeree .,Uftthgfl ﬁypebé'@é(@é‘éea dition
oot P B b ELRRG e el RSB el dpelRenee,
YA 4 L ORI PPN, LSRR, B SHboiicgpy T rom
respectively, in a flow path ¢ formed inside a casing b thereof
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 c, 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



SUMVARY OF THE | NVENTION In order to solve these problens descri bed above,
a reverse flow prevention apparatus according to the invention conprises 25
an outer box provided with a flow paty forned coaxially therew th between
an inlet and an outlet, and also provided with a drain outlet in a
m dstream region of the flow path, a diaphragm provided on the inner
peri phery of the outer box 3 19 May 2004 for partitioning the liogmey2og4
thereof into an_upstreamregion of the flow path, and the downstream of the
ni dst r eam 8@ mberag wiktethey diaghiregmuiodyreughashe i tersneddanytafea
upstreamregi.on of the outer box, an escape valve provided on a face of an
open 5 end V&H VenRar dier cylindrical body, on the downstream side, so as to
be freely attachable to and detachable fr .valvg,seatcprovided round a
val ve port for mblPWENen Hhe rbHEsTSEINTCEH GHOBnLEPRoWREVEESR  B&MEn, and
I

energi zed n_the direction of val ye openi by. the_urgin an escape
vaive spri REeVERIIGRFpPaT et Sl EatRERL RIS Sad S ihibleRorBat e -
respedt | vePseolfs Bithd it o Rl T BT oRREvH Bl ol BHE I St e
can be pre sQ.itha s [ Y f di: aphr agm
and a di ané?@%&g?dt%é£q5wgyg%§§g%go?ggﬁg52§£a%ge% ggggjbgt‘glr???}zgl Fg at an
on The. esca R B S e e e
val ve for walwe koremtdng, fbitle setting a spring load of a first check valve
spring urging the first check valve in the 20 direction of valve closing
and that of thd'estlape, vdhe spréssnummabduction ptypeur aeofertdee ot ream
regiogn i s maintained always | ower by a predeterm ned val ye than a pressure
on 4Rk upfrexentione 2 PRI ptes surka s mn athar qaKe ngiTglﬁ’@dﬁ'ﬂﬁé?ure

controll e(i W thout.installi nlgi.an pndependent pressure 25 requl at or
mechani sm'8SS (LA SR ISSKEBY ‘A8 PEFBILbTR LSRRG 15 1IOR Rei SHeh

i het ool 1A GG Daeldi e e AR R iPel RS EPsr Rerto

conventi o £l y i S F
bescRl P11 BN TR TR fhAT 4 tRE g R | O e et of
a rever seppabhdvudesyfat sprirmphesdt of a8 esr dhegkt valhe dywient noof the a
condition whérein no water is flowmng; Fig. 2 is a sectional” view of the
enbbdi nenfirgt chiexk swdveadf thatdsebectiuse aprenditisnaiscsetisugh thata
invention, in a condition wherein water is flow nhg;

resistance at which the first check valve d is opened by flow of

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 ¢ 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

1D
(o]

an outer box provided with a flow path formed coaxially
therewith between an inlet and an outlet, and also provided
with a drain ocutlet in a midstream region of the flow path, a

diaphragm provided on the inner periphery of the outer box




10 Fig. 3 is a sectional view of the enbodi nent of the reverse flow
prevention apparatus according to the invention, in a condition wherein an
escape valve is open at the tinme of rgverse flow or never se siphonage,;
Fig. 4is aviewindicating a size of respective parts of the 15 enbodi nent
of the reverse flow prevention apparatus according to the invention; Fig. 5
is an enlarged sectional view of principal parts of the enbodi nestMaf 200w
reverse flow prevention apparatus, taken on line A - A of Fi gl 1, 20 Fig. 6
[

is a plan (PBPItITPRSN gatidesEtBiaok opa| W 8 HIRSTERBHYI TREHOTHOL he
Clovation She N Redd. R Oodee i Whetkeam vicis Saflstfering ¢ Efinan Fi g
Cespoct | velyneSnRunndiER UL Ly S B g Hhe Sl EeR e
Covent | on, of tHe/GuiRl BEE AbPeEASY VAN RERIdEH Gn e fReebRr DO
FeverZe 11800 EE e R e K R e

EMBODI MENTE, Bgbogi gt é.tgé%ﬁ‘ﬁb?é%éeaﬁHO\Cie%%h%IieO@“r@ﬁ?aa avadvecsonting to
e er

the invention are descri einafter with reference to the acconpanyi ng

drawi ngs. pRovided laisuadectiang porgwWeimad bejeciernthefntitstresm se

fl ow prevention apparatus according to the invention, in a conditiaon

wher ei n noregicar ared f4 deivwmstreaimFregion| and eaengized in dhedireetienne in
a condition wherein water js flow ng, The,r ever se flow prevention

appar at us df valpei apenimgnby e aargingrohan 2SCaRei KLY e SPYIRE:i amd body
3, an escape valve 4, and first and second chec (\jal.ves 5, ﬁ'b The _out er box
2 i dQr ovitiest Wbk aSeeomdpaeheckcasalves yPevidad: HosEide: nttig dBSFLN

upst 1 eam SoAPARIFALBOSY A B e RErradhbh, O e Rt K. 1d | ¢
F1ow pat h 18 TEC Sy o e FFY nFavarse ool B8 LANTIARY, TroftP, Rhet G
Cpace (cl G B o Ry oTa o T ace a drarn di teh. (ot
shown) , sefféetiviendisesttadr apfh the odfaguhrdgmdancha vdimdten of Gheer .
15 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
20 | 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
25 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




Fm her, the outer box 2 is provided with openings for 6 19 May 2004

external linking, 11, 1la ... at positions corresponding to an upstream
region 9a, the mdstreamregi on 9b, aAd a downstream regi on 9c,
respectively, and the openings for external linking 11, 11la ... are |linked
with ball valves 12. 12a 5 ... which are normally (except at tinmes for

i nspection) closed and for use in checking pressure. A valve porltY M3y 26804
provi ded b en. {: p.dstr region 9b, and the downstreamregi on 9¢, and
a val ve seﬁilﬁéfﬁ?égg}r gb‘%%‘é@e@i%und the valve port 13. 10 Further, the
upstreamregion 9a of the outer 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 i's PRREE WIHSCRIPFION OF cEbFed DRAMINGS16a . ..

notched at equal intervals in a circunferential direction on an inner
surface of 15 t B4g0qt ¢5-a kextibngl vdekarof an sesbodimémt ofhaerevgisedri cal
body 3 is fornmed Substantially in the shape of a cylinder, and is slidably
fitted intflgwepupstraionr egpparfusfatterdingrthobhe. invendiony e ot t he
outer box 2, in contact with the inner 20 cylindrical body 3, is decreased
owi ng to thenditiomyherémraadsvatern igyflovweingcessed grooves 16, 16a ...

not ched thereon,_so _that sliding resistgangce of .the, inner indrical body 3
is reduced. In Bige? isca segtica ahelew a?ﬁéer%m@fiﬁy@nﬁ Of&e‘l hRgEIse

cylindrical, body 3, the inner surface (the.slidi ng,surfac %5 of. 25 the
streamr "%nﬁ@%"%ﬂq% BRRATHIIS 26'%01%?&3%%}5% {ﬂeggp' 63&& dlove
:Jlr[])stead of wlorki.ng QR t he out { PR i Q lfé surface of the ilnner cylindrical
body 3 becﬁ%glﬁlp, nge%%ﬁé,ea%pﬁrﬁ Y of recessed grooves are forned
in i rcunfer j o - . i B Hhdi t ry :
surfalaéce of theelllﬂ}igfg‘ir3 lgya} %’%ﬁ?{?’éha ged‘g ‘?SPE%P t he |4112§reﬁ§yﬁﬁlgfgi j(-:égt‘Ihél[:)%édy 3is

formed so fgw oRVen i b Bl AP @ RO ingaltol rireeii em tidn binoes
I C

necessary to I ncrease wall kness of the rnner cylindrical body 3 for 5

mai nt ai ni nebred#ioaneHetdier aof esdape,vahisiswipen atuwhe itimenof revease in a
wei ght of the inner cylindrical body 3, and in the |last analysis, reduction
in the sliflowyorasversecel plaonage;be achi eved.

Fig. 4 is a view indicating a size of respective parts of the

15 embodiment of the reverse flow prevention apparatus

according to the invention; :
Fig. 5 is an enlarged sectional view of principal parts of
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;
Fig. 8 is a bottom plan view of the first and second check

b
(@3]

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,




In this connection, according to the invention, since the 10 sliding
surface 15 of the upstreamregion 9a is worked on as above, and at the sane
time, the inner cylindrical body 3 i% forned to have the outside shape
circular in section so as to be capable of w thstanding a high external
pressure, the inner cylindrical body 3 can be rendered relatively thin in
wal | 15 thickness and light in weight. Furthernore, by applyi ngl¥é&fiy2004

coating to the e L pher, t e, 4gnner cylindrical body 3,

the slidi n}j‘l’ﬂgéﬁ) Ztog‘{ﬁ&écggi%’ﬁ%t”tgk%ﬁgégﬁ%%gﬁf 2};% 15 is further reduced,

thereby achi evipg r aqyciton | fediénslli dijesyr ehivivhnge.a 2Coh véniumgin 17
€

for partitioning®h | ow path 9 into the upstreamr tegion 9a, and the

downstrea sdibe Fodsidtea tve pevebseé flpwoprdedndioneppatatuger i phery of
t he inner r%ﬁ*i r}}cfi%cal body 3,)?.!(% t he downstr}gam side. And the escape val ve
4 made of a synthetic robber is 25 provided on a face at an open end of the
i nner cylindrical body 3, on the downstream side. The es e valve 4 is

di spgsed opposite t DETAILEDeaDESCRIPTEOMst @b edTi uch a way as W
be freely attachable to and 8 ' 19 May. 2004 &Ecﬁ%bée fromthe val ve
seat 14 depending on diERBEGERRED: t deMBApR: OFurther, an escape
valve spring 19 is installed getween an inper end face.18 of the escape

(&

val ve 4, on th&mdexdionetite oped FevRSt HRY | RREV AP RAr*ERA] 3, and
a recess 18a provided between the.m dstrea [ 9 do ream

regi on 9c,2OTEHARE (e %ab@"@élﬁ%“4 q1& e&éééﬁ?@@ tg\ﬁggggh\lgg?lve\e%%}elni ng by
the urging _of the escape val i 4 . irst and second check val ves
5, 6 are nggﬂ’é%npﬁeﬁgnﬂg% qqygﬁﬁp@ﬁ{ﬂg’%%@fi%gg-re provi ded inside the inner

| kpdrical b 3 t 03 G F; ' t ;i
oyt o2 o3 120 ot BecloHad Vi deghoBnodinidiet oftdre rew dise

respectively, reverse flow of a fluid fromthe downstream side

can be pr t?j-ev‘glﬁeﬁ@hr Hppaestuyaheeordirsgi tot theednyerdsono e fireely
15 attachabl e to and detachable froma first check_val ve, seat 21 prqvided

around an copelitiens whetrbin imoexratst iisdiowdhghoan BFign Z Heaupeereadlsi de,
serving as a first check valve port 20. Further) the figst .check valve 5 is
suppor t ed vbgwaof tihdesaime in2a giossbidien o eilﬁn‘éﬁatﬁé'rlispﬂgwncg- t he open end

22 coupl 65 up T e FEYPTSe MY DILY AHNE APPERALES DagupBiTss Righiye "' "
bod}53) oAT: RETEEWRSE Lamrb HaBeT oy IHGUFEET bE P S Mt e
o urai |ty SsForal A SE MBCIE VAl VR SPBE L T EVE G ar ances. between
the support rogth 23k R¥%box- 2 i*fraveded! wiehca: Abberpatiorreamerilips 26,
formed therewith between an inlet 7 and an outlet 8, linked
with a distributing water piping on the upstream side and the
90  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
predetermined space (clearance) for a discharge spout, and to

face a drain ditch (not shown), so that indirect drain is effected

%]
n

under natural flow of water.
Further, the outer box 2 is provided with openings for



9 19 May 2004 linking the interior- of the inner cylindrical body 3 with
the mdstreamregion 9b. A valve spindle 27 projected fromthe back of the
first check valve 5 is slidably fitté&d in the valve spindle guide 24, 5 and
a first 'check valve spring 30 is installed between an annul ar recess 28
provi ded around the val ve spindle 27 and a spring bearing 29 in collar
shape, projected fromthe periphery of the base end of the val vé9 3pyizllod

i de 24, so_that,the first check val | | 7ed bR rtdig &l ge G on of
Val ve ol bsaneeByal gl hant ol ho Tofa tne F R SERER ST EePBR RS PR C" ©

second check valve 6 is.instal]led, 1104 eglagiaht adinbl arid and
detachableuEFﬁh?%n%eé@ﬁaoghe?ﬁhvang 2§%pg§§§%é%v?é§%@around a second check

val ve portgg%&éﬂ_ﬁﬁqﬁdtlﬁgi@eng&helt.%%ﬁ(%ﬁ@@w,r eghdn e anpdrin giswist r eam

region 15 se” of rst ‘check valve 5, the second check

val ve 6 i s suprot ol 2 vl d9 4 i noap Ipaketevsatebadhalvesi b2, d2a

descri bed di spos mdway 1 n the downstreamregion 9c, ang at_the

same gine, thg15ep0ngehaamally (eklceptbatstiames dorein spectiondi c&a3adn of

val ve  cl oslifre by the urging of “a second check val ve spring 33 installed

bet ween t hgngefand sehiat khedldey S pragdstbe. gui de ring 22. As for the second
check vale a 6 and the guide ring 22 thereof, the sane.ﬁarts as_or. parts

cor respondi ng tA vabse dout 23 isheravided beswiearm the HERENJHEIET i ng 22
t hereof are denoted by the sane reference puneral,s, and desgéégtignaéhereof
i s omitteddbNandr¢her dognsireage . 1e3idl 8/Cq %Qp@ ¥ al¥e §59% 14, 10
19 May 2004 second check v§%ves 5, 6)r{iipectively, I s descri bed
her ei naf t eprovided around the valve po .

10 Further, the upstream region 9a of the outer box 2 has a
sliding surface 15 slidable against the inner cylindrical body 3,
and as shown in Fig. 5, the sliding 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
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

o
T



Fig. 6 is a plan view of the first and second check valves 5, 6.
respectively, Fig. 7 a front elevation thereof, and. Fig. 8 a bottom pl an
view thereof. 5 The first and second-xcheck valves 5, 6 are forned
substantially in the shape of a nushroom and a butting surface 34, facing
the first check valve port 20 and the second check val ve port 31)
.respectively, is provided with a flat surface 35 having a di anmt9 Mays206M| er
than that of the first_check valve 10 port ZfO and Ee second glheaﬁ.(yégl ve
port 31, reumetiovaly thendusesPGRpicdad SHE ﬁlcgnO%% £ PHrET 5718 Ghi in

hae ol vbeds S b e e indpeaI Ry Su AflmetDSo s Sh. Bk o5 on
e w1
?Etee;.i ngg}{gﬁ?%’f ‘Yﬁg E?ﬁﬁh&?%faﬁof%‘g gov%rds‘?ﬁ%? ce‘r.1ter of jthe backrgfs
the vl ve SBHRIREAN e ATRe T et e fr L s Th e Eh I ol Lol o it

equal i nt GiNALS LIRT HOWfRIEE ¥E!thSinSler eylin daieulobbldy 8; ramtain péxs phery
an

of the firs second cfreck valves 5, 6, respectively. As shown in Figs.

1 to 3 indiagat ARG1VREs spetiuetiin viewha5shdspgeresitan aeecdiut Niotg DSur f ace
34 of the fai rst and second check valves 5, 6, respectively, is fornmed in

t he shape mshidasatl.i bed above with a coating of a synthetic rubber formed

t her eon. 11 19 May 2004 Wth the use  of thet%if?;st and .second chigllé val ves
5: 6, formed ifdn HAishegrenestivascicsetdEpg w0 AVEILOR, | FDCE, n an

diti h in Fig., 2, flow b hes. i _Ladj.al
by KD agealiding g oggel onaf i the WPereas BeevRc aur sarsha GR.ARnon
t t t i i P L -

Gont i nui g iaee ARAPELIHAERE CORE AE I & é%?ﬁé‘%%ﬁé%jﬁ a

t roke. i i t i

f h(ra?ete hr %E#%ﬁr@gbé&se gégséglgéwo%)gl\}/a er %qu: cl)%@fl?%%?g%%@gufggfmgeﬁ Bﬁer y
of the firy a}% %@%@p%‘ﬂ&ﬁ‘&&ﬁ%\éﬁshﬁrh%xt@ambtpmssara,omhedmnm

1 dé a

downst ream re restraine the tilted grooves 38, 38a ,... hhereby

i ncreasi n@%@iﬁapﬂ@a\leb@@jy y3 amch abkowenglewedr relatively atloiy ihe Waksi de

shape of the first and second check valves 5, 6.
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



15 Further, with a reverse flow prevention apparatus 1 shown in Fig. 9, a

flowrectifier is installed in the mdstreamregion 9b such that flow of a

fluid nmoving fromthe upstream side8towards the downstreamside is

rectified so as to further mtigate pressure a |loss. 20 The flow rectifier
39 is made up of a flow passage 39a continuing fromthe open end of the

" inner cylindrical body 3, on the downstream side, which is fornk@May2004

tapered s e W dianeter thereo r tr.ac r

upst r eam é%ech%hg' 3150%5?‘ ow-?i‘(ge%?ﬁ{%3&2%?@%?8?&@@%@?&%?%5% dstream
25 region el b of the flow passage 39a, on the downstream
side, is quaﬁ%gﬂgﬁ}r (?‘second check valve port 31, an inlet to the

downst ream r eghg gy,;gﬁt 88cd Pe Ralvienkpfin g9t oinstdledthdbwe2aparsi nce

t he fl ow passage ow rectitier 39, with the dianeter gradually

cont r act egh{ & PBYdEaHPSIE SATTH dech peavabve e siowhss freenaf thee apéles vat er

fl ow substantially continuously fromthe upstreamregion 9a to 'gggd
downst r easng gfedhenirdseridylindpinadi bodyt 8, mande recessnb8aapravi@edi n wat er
flow | ess than that occurring in the flow path fromthe upstreamregi on 9a
to the ddvetsveeanthegnedsfieam reglmﬂasﬁboandhéheﬁéwm?&mpmﬁﬁi‘ﬁi on

appar atus_whereipn the flow passage,39a,is not forned, .there degr easi ng
gener at i ddc,ofs01¢hatr shieeresaapsy Yali@eds P%V\ﬁﬁﬁg&%}%‘gﬁ%, %%?%/h‘(‘:l?f$ essure

| oss is further reduced. Next, ns for co | 1. ressure of the

m dst r earPPRBIRG 1 tREUIEIRE @ﬁ&%qpﬁ F%ﬁ{lgléré’g?g 1?,? ‘sizes of relevant
parts of the rgverse flowl ' = U . ' enei nafter,
are shown. Inﬁ?ﬁﬁﬁs,t %d%%bq%gg{wﬁl%fﬁﬁé%%?%%%m Eg t he
sang at .j4Lhe; Mdsy, ' idedeigside ehetnven extimdHyalse - of
th ansld%@%ggb,aﬁ%ehg&%}g?aﬁ% 4 1s controlled so ag to be_opened

al ways athadPrssayd dhet Hovlhsticiair avgiongidm ofb theovetery hox 2,
predeterm ned val ue than a pressure on the upstreamgid V\%thi n scope of
pressure lﬂasmiécehbeiy,tmdpstheé:mmmmvdﬂ@%p@ﬁifac Mla 8 cHHe be -
achieved by setting an _effective di agzt ar of the diaphragm 17 and a

di anet er @dwrissreghy side camboPrekenésdape val ve 4 substantially at an

acting on the Saeabeharbech Palvenoningistalled . 5f B8 EooBEITRRCR P ERa M @
esqape valne A Al £ WA%{adhble Tebhh W firdPeheek vadve seat 21
provided around an open end of the mner 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,

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



19 May 2004 | oad of the escape valve spring 19 and that of the first check;
val ve spring 30 such that a pressure of the mdstreamregion 9b is

mai nt ai ned al ways | ower by a predet & nined value than a pressure on the
upstream side (condition 2). 5 The condition 1 is given by the follow ng
expression: A-B-C=D+a (1) where A = a force for closing the escape val ve,

" acting thereon due to a pressure on the upstream side bei ng recé?May Hpdan

10 effe;tc lj%g%gjﬁraeih%f ihggrﬁiz‘a%rﬁg@)irﬁ@r%ﬂ?ﬁ%&ﬁi&@l Repi B vt abeape

val ve, tther eon "die to a pressure of” the m dstream regi on being

recei ved RyiRRtreiffrecifhobhe inner periphery of the valve seat of the
escape 15 valve, C = § force for opening the escape valve, acting thereon

by the urging Af vidiecespindlya@Vepsojeicted froma thedsacdy e5dae laystorce
for closing the escape valve, acting 20 thereon.(synthe jc r ubper and a
a frictiopheckesabrartdst shidabdy clittachgn: shen¥alvigesPEyR i & dy at

the time of opening or, closing the escape, yval ve. Furf her ased on_an
assudpt i oanthaa fFsbiehenkemvalve \S@l'éllilgne?tdrlﬁ)fmf’r?@ltﬁiph?g‘@ﬁ]e%:éna

out 51 do. dnmmt T ECes tprevedan Rouhd theapelvaipandle 47 4fd & = 20
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
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 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
15 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 9¢, and at the same time, the second check
20 ’ 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
25 the first check valve 5 and the guide ring 22 thereof are
denoted by the same reference numerals, and description

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



14 19 May 2004 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 thdOescape valve in a closed condition 5
(Eis assunmed at less than 1 as it is smaller than a factor for closing the
escape valve in an open condition), DP = a differential pressure between

" the pressure on the upstream side and the pressure of the midsti23arEMon

when t he | eg t : ez h of ot-he escape
Valve oo CREBRE CREVR VEIERBPE, b pRRtivel) Tsd bt e et et Talvn

expressi oRiflls ¢an peaneplagedf blid fiest dhdawnd R ech 2 #lves B, (B2/ 2) ZP-
- F{n (dl/72)z- ~ (d~/ 2)r} PZE + cc (1)' 15 Further, since there exists

the fol | opespectivalyoriSig.p7 RzZrent edpvditom-thereefid ahd Big.t8 a
substituting these values in expression (1)' yields the follow ng: 20 (n
Pi/ 4) {Dbottoy plan view thereof{~z a PD~14) (D~ + 4t) - F} (i)"

5 The first and second check valves 5, 6 are formed
substantially in the shape of a mushroom, and a butting
surface 34, facing the first check valve port 20 and the second
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 butﬁng 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.




Accordi ngly, expression (1)" holds provided that D,'= D: (D~ + 4t)) and (2)
a=(z aPD/ 4) (D~ + 4t) - .F (3) Thus, it is showIn that even if there
is a change in the pressure P, ont upstream si de, a bal ance between the
force for opening the escape valve, acting thereon, and the force for

. closing the escape valve, acting thereon) can be stably 15 19 May 2004
mai nt ai ned. Further, since D=t, D is approximtely equal to D Mayd(04==

et Farther ) k-
s oo MEGFC 38 gTemest g st o vapies 1 %

mai ntain a clo
ti me of
pressure 0o

atinme of water flowing and a

nﬁl‘f@&@{i&{ gﬁ}é’: éol’gméggaggtdéﬁcﬁbéé dlsgsenwhen shesquiales hae a

er the pressure - trereof is |qwered by the

agency ofid ey ogiegﬁaoﬁ@qgi@n/@dsvghewﬂ ip Big.i 2, wafesr flovabramclpesdBure of

the m _dstream r
fol | owi nggeppdislsmaanredt byathe Bgerrty (o) t

gion 9b. 10 The condition 2\)Neies repr esent by the
ApeXPPArk 561 P, hei a

pressure between a pressure qn the 15 upstream si de andFﬁ presgure of the
R 1 '

m ds§r eanbueting sudéaxet dbdwlyererponr viateekeSEHER 0Fp

10

15

o
1}

Jipsiream
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
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. |

Further, with a reverse flow prevention apparatus 1
shown in Fig. 9, a flow rectifier is installed in the midstream
region 8b such that flow of a fluid moving from the upstream
side towards the downstream side is rectified so as to further
mitigate pressure loss.

The flow rectifier 39 is made up of a flow passage 39a
continuing from the open end of the inner cylindrical bedy 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

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¢, so as to be linked

thereto.



DP = a differential pressure between a pressure on the upstream side and a
pressure of the m dstreamregi on, devel oped when the escape valve is caused
to open, 20 Pa= a differential prest@re between.a pressure on the upstream
side and a pressure of the m dstreamregion, devel oped by the escape val ve
spring, and Pb= the m ninmum pressure required for closing the escape valve’
" (~P - ~P, ). 25 Furthernore, based on an assunption that x = a a9 H04of

he fi hecl,.val v, .th f F '
the val itel ‘;egf flﬁ%ﬁ“@g%?@&végh%a%e”f in "% L hstifel A7 ¥ veffe_rp -
chook val VBE sPiarbPfer ERRAERNY ° Rtk BRted rdi 1R uPBLi R PRdCC. T b
> eP + Pet (P 4o ﬁgp dEWSﬁTP@Eﬁ/e sAlE} %gilaeg’ watef fiatv Bulbistantihliy)

Accordi ngly, @ conbination o Spri oad F of the escape val ve spring
19 and th%oﬁﬁiﬁﬂ%ds@z@rbrﬁftﬁ@ﬂj?éﬁ%tamh?é idn 9alteethpr dogvRstreamel ect ed

based on the above eXpression satisfying the condition (2), thereby setting
up tiie eseaponabreishsi possiblentd ttender sixtresné variatispr ingveater :
respectively. And on the basis of the dianeter DZ of the valve seat (the
center paflgwolleshetleanapthatl gecurninosinmthendlowanpath remishee first
check val ve seat 21 (the center_ part thereof) = 5 cnb t he |1 thickness t

of the valpstzeam regoont 8a s thpedownatreamoreglon 5 gafFfetenti al
pressure eP as desired,for opening.the escape. valvei4 =.0 ? f , the
- effect | vetBRaREVETSg QOW h@@i‘@&%ﬁgﬁm gpPATa{uss ‘é’JﬂEil?lgal %@ at@%&}fﬂrzom
expression (2) 20, ven abov ri e dolg | 01 N
above, th@aggégﬁea%a?r vé Qr? iﬁ%nﬁéda%?%éggfigg&%ﬁé&ﬁ%@grégﬂﬂﬁggo are
sel ge@t ed t It S Arenpskis= 10. 00
Ko 1ond tﬁé?gb‘rlugﬁté 4 BRI flR0 pas8akIBY &2 So0eh %g?i\tﬁggso 25 = 6. 00 kgf
Based on epfieesiredicdd.gi ven above, the frictional resistance force cc =
9.52 kgf 1s calculated. ) .
Next, means for controlling pressure of the midstream

region 9b are described hereinafter. ‘
In Fig. 4, sizes of relevant parts of the reverse flow

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
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
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




When the pressure Pl on the upstream side was varied 17 19 May 2004 from
1 to 10 kgf / cnF using the reverse flow prevention apparatus 1

manuf act ured based on the above-nentii@ned val ues, the differential pressure
~P for opening the escape valve 4 was found at about 0.2 kgf! cm on
average. 5 Thus, with the reverse flow prevention apparatus 1 descri bed
above, it was possible to maintain the pressure P=of the m dstré2Mavetilén

9b at th =V B al ' e (0,2 f/
crr)at hanet ﬁje@%?ggg}?e@ﬁ- %hy?ﬁ‘eéu%?t}hr% a%\%iraé}ea W}i{%fﬁ?# rﬁ’e( gFi gs.
L 1o 3, opeaivempiihd 8O st shad aVHPESYER! IoMRRNATiANPe An) S-dlA} B

hereinafter, In the condition wherein no water l'ow ng as showh F

1, the fir8b isnthaiedtann echedwaps lewdr b§, a apebddrerentapd vallue thawe

cl osed, and respective pressures Pl, P~, P3 of the 15 upstream m dstream
and downst & i 5584i€00B, tiva upitreand ddenmondition @) ation represented by Pl
> P~ P~. Int conditi.on ﬁhere,i n ter. is flowng as shown in Fig. 2,
the f?rst and &P RNVhI§E&E Ven eyathe fpowimg exprpssival:ve 4 is
closed, and the, respectd vepressures P1, P,, PS of the 20 upstream

m dst r eam and Wnst MeenTregh dhs, 9a, 9b, andldc have a correl ation

r epr esent G.ghléY' 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 chegk: % : AN i,hion as shown in 25
Fig. |, ther eb?dg?gv%rﬂ ?lrggglﬁgte}‘r?gg%fclﬁg’v% ?%\I,\géggcfﬁgg& TEAAUGEO 3 1y this
case, the respaessuecRseIhE efptrealt si j jdstream and
downst r eam reg?ons,_ 9a, 9b, gﬁ%ﬂ 5§a&fé&%§gﬁgﬁ§85§%é&%dﬁ
10 effective area of the diaphragm,
B = a force for opening the escape valve, acting thereon due to .
a
pressure of the midstream region being received by an area
within the inner periphery of the valve seat of the escape
15 valve,
C = a force for opening the escape valve, acting thereon by the
urging of the escape valve spring,

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

2

acting

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

body at the time of opening or Closing 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,




have a correlation P3> P. > P=. |If both or one of the first and second
check valves 5, 6 should develop a failure due to jamm ng thereof with
rubbi sh or the |ike) and | eakage ofldater into the nidstream region 9b 5
occurs in the direction of the arrow indicated by the broken line in Fig. 3
with the result that the pressure PZ of the mdstreamregion 9b rises

hi gher by the differential pressure DP as set between the pressdfMay2

the mdst i ad t h : | \ ogilep, th

varve 4 1% T an s CRamerobl BiEe e Bt HIRFBC TN, (Lot iy

f t ys_disch , i fl t ds th

pstr canind PREPOEE et Ry UP Ao Tever oe 51 phonage shown i

Fig. 3, iJ_f,q__;t gﬁ%lo‘%%% %fl%lhé)ﬁn}'t%ﬁqrggﬁi_ Al de beconmes a relatively | ower
re

15 press 0 reverse siphoning wth the first and second check val ves
5 6 in gcl @}s]p&t@qngjﬁbgenih@eﬂe@mapawéve insaccosed eandpden t her eby
di scharging the fluid in the mdstreamregi on 9b, and,acti ng as a,vacuum
breaker by ngEigiavstantteaplessthanP? a$ it ie smaller shan &yiaaton feh

at nospheric pressure, 20 so that reverse flowis %gye ted. Further, even
if a reverse plesing ¢hereseape vadwesin eamofele CORMER bped at this poi nt
intime, there will arigse no probl embecausg reverse flo n be prevented
by the seABrd acHeferential BI'ESSIE%&tWe%t &PTEREVEF q])lﬁ/é?’% rst and second

check valves 5, 6 should be j d wth,. rubbj . -dd.ke dhe time of
such reverse QW@Q@B,Sldﬁea%atn{ﬁ?\én&?%fﬁ%eggiﬂgf lﬁgﬁf%#& réé%-ld&gecond -
check val ves 5,,6 p | T bNG! A t gat i ng 19 19 May 2004
part 37, nade Vgh%gﬁgyﬁéﬁﬁekl&rﬁgg&r%gggaﬂg% t0 gi g into the first

ch valwe. seat..: t Epapheskveaipdnggaind2, respectively, due
toeit(tte r a’t?v%%?ﬁ%ﬁ%g %lreglzgure n the u slitﬁrg?@;n si de, .thereby naintaining
a cl osed {CORghll @l@id}ﬁiéé@oﬁtHer'salmcisemcm)Eﬂher@ﬂap@V@ég%) 6, so that the
fluid in the mdstreamregion 9b is _disc ar%gﬂpas. descri bed above a by the
action ofe)qj;ms/sionu(rﬁhcankbe,replacedvby g Wihf-evented. To sumup, in

accordance with g first aépzébz ft invention, there is provided the
reverse f:té]DlpfrZ-)\/@ii-oﬂﬁ 2 afatoss 1 wherein the flow path 9 running

along a straight line, provigded i ter 2, isp y’'ti oned by the
di aphragm 17 into th-"e{ﬁpéflt/ "r@&‘:{?ze%gt} gﬁgp?ﬁ% downst ?{e%)m of the

m dst ream r egiyon. 9b, t T j: Lical i f i hidie center of

t hg"ﬂi aphr agmfgqﬁ'a?ﬁ{’e%%]ﬁégg%éhﬁe%wﬂﬁﬁ,foggﬂﬁ%lg%i%ge{bﬁi tphsl idably into
t he upstream rpegj,?ﬂ_Qgp)f the outer box 2, the escape valve 4 is provided
on the downstréeam side of the inner cylindrical body 3 so as to be able to
freely open a@ll__cuj)os.,etg Aeydal ve port 13 di sposed between the m dstream

regi on 9b and t'he downstreamregi on 9¢c while 20 energi zing the escape val ve
4 towards val \d=opephg by the urging of the escape valve spring 19, and

the first and second check valves 5, 6 are prows § NSt f i r

cyl i ndri carbstdtiutmgitaeseey doips i@@d@#%ﬁleﬁ @J gﬁ%@%’%&@#%@?
respectivel y. cordpn { he ape val ve 4 can be assenbled into the
fl 25 ;{ﬁézé%u nLng L?g)Pg'“'é‘qg?fai ght I'ine without need for installing

t he escape valve k and thg, byp rQssu r egul at oy chanismf),
mechani cal | y i ndeperi&nt ﬁr"b# m/ﬁigmaﬁﬁz&o d check vagll\?’gs d and e, in

order to cont rfgtlzcgr irrfgslgrlfre%r%ssion (1)” holds provided that
D,’=D,(D, +4t), and - (2)
a=(xAPD,/4)(D,+4t)-F (3)
25 “ 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




20 19 May 2004 the internedi ate chanber g as in the case of the
conventional type pressure-reduction type reverse flow prevention apparatus
a. Hence, it has become possible tolprovide the reverse flow prevention
apparatus 1 which is lighter in weight 5 and nore conpact than the
conventional one while requiring | ess conponents thereof. . Further, since
“the effective diameter- D of the diaphragm 17 and the di anet er 1HMayr2004e
val ve seat 14 are set substantially at an equal "value in order to maintain
a pressur EBEMEHECDO between the pressure acting on the escape valve 4 for

val ve cl osing, tecei ved-hy the di r . ~ I on the
escape val ve 4ﬁﬁH& ab \?énéﬁgﬂﬁﬁﬁéﬁgégg%#?gf}ﬁf%%% %ﬁﬁgﬁomﬁg?ﬁhe
spring load F 2 a 4al ve spring 19 and the spring load f of the
first check vaﬂ}e%%rgi%% gg}t}chh that the 15 pressure PZ of the m dstream
region 9b is mpn @ tP2) Hheasts eHa P tMe dsdspal walkse | owis foy the

pr edet er m ned va%?ogﬁgﬁﬂ%l%eb?r essure P, on the upsafgeam side, it has

becoge pogshinincacelvsed chieliBioss noEmially Nati both ediate ofhadser g
wi t hout the use of the pressure regul ator nmechanismf, 20 nmechanically

i ndependefloviirogand 4 itiiste sfithsecater flawin gl aexd donrthis reascanoither type
of pilot-operated control nmechanism Furthernore, with the neans of
control | i igyreqassed ¢hatcarpiressure ofi@ Fhuishflomingraitertthe pyessHae on of

the spring load.F of the escape vale a sprj,n 9 a the spring 25 |oad f
of the fi ghereaﬁt& evedspyi ke a@eRcy @?%ﬁl’bﬂ? @Cga%? eoﬁgmég

condi tion erein the,pressure bal ance 4.5 mai nyal Nafi.he pressure
acting ons h’@géé]l%b 193 Pb?s%'ér%’fc‘ﬁb%m@%@%ﬁ%g’sﬁh acting on
t he,gscape val 4 lye (21 :19 %Q‘%H ey pa, edidiRpigent rol of
pre @ure can b'gﬁgffé(g{xggﬁv%y’th(é‘ selésu%%‘]{ a Fﬁg ;I;Er’gsszl?% ggﬂof % g

m dst reanbgggbggiogg is mai ntained al ways | ower by the predeterm ned val ue
than the pressure Pl on the upstreamside. 5 Also, there is no need of

i ncreasi ng theAPpri AP HoRJ 40P, the first check valvé4pring n as in the

conventional case because of capability of the reverse flow prevention
appar at uswhéme such control of pressure, so that pressure | oss due to the

first checi> val ve, spri nlga:jo can be gé‘gsti cal Iig reduced Esul ting in 10
enhanced Pé&nfod U184 RIESS CDREVECTHAS F?WY%@%& Fem and thus
enablLing down Sized punps;to_perf ppl ' e features
desﬂsi bed abov‘éPS&q?E@ng]ﬁi@ gﬁ“ﬁ@ ﬁ{}%ﬁ%’r?@ﬁtﬂ?ﬁ?}f@?g%?ﬁg@&ﬁh a shape-
circular in segt] . -t ; essed grooves 16, l6a
... are notche@%‘%ﬁ%@éﬁﬁbﬁﬁ%%%ﬁk%&%ﬁe ?ﬁzu?ﬁ%er surface of the outer
box 2, sl jgahl a$it 4 fe Pdtwdehcalprlexdnrd oattlegual internals in
the ci rcuh ere%tcﬁgl@lgﬁr%%p éﬁgtgﬁereof, the ar%a of the outer box 2, sliding
agai nst the i ngpstiadrnsideahndadyrésswem ofehe midstream region,
developed when the escape valve is caused to open,
20 P, = a differential pressure between a pressure on the

upstream side and a pressure of the midstream region,

developed by the escape valve spring, and
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




20 decreased, and at the sane tine, the inner cylindrical body 3 can be
rendered thinner in wall thickness and |ighter in weight without |owering a
strength thereof, so that sliding ré8istance of the inner cylindrical body
3 can be reduced as far as the strength of the inner cylindrical body 3
permts, thereby 25 enabling pressure |loss to be further |essened. Further,
with sonme of the features described in the foregoing, .the fricti®hdy2004
resi stance of the inner cylindrical body 3 against the outer box 2 is
further d&8f@BSed by applying the 22 19 May 2004 Teflon coating to the
out er peripheg k éurface of the inner cylindrical body 3, thereby achieving
a decrease in %‘% sure loss simlarly to the case described as above. Stil

further, wthy §?’r§r§“§p°?hk"§°ﬁﬁtéjé§éa §Wliv@§ﬁﬂhg,h§n@ foregoi ng, the

butting surface irst and second check valves 5, 6, facing the

first chegk yabwemoldad dfothe thetsdeerld velleekspring, port 31, respectively,

is provided wth e flat surface 35 having a dianeter snmaller than that of

the &irstegpeeksionl (4) part b2Orepladad bgethedotheeingal ve port 31, and 10

al so provided with the apex part 36, conical in shape, at the center of the
flat surface 35. FurARes, Athe Pj+dARrdAddond check valves 5, 6 are

provi ded, respectively

that the widt h2f hdrdat/ 25\4};26{3331 ;Flyf’ E{Zg”ﬁgtgz%&? r}gﬁ{tﬁgapé@bhfe?;re?e;:lgﬂ of
Second chiook vAPGErdEIEhg,a shanbih oy Gl the,sB AL iR Bl thE, & “and
ber | pher yestaBRa v spainoLachnEiiie AR ad L SIS TR Ehetk |
Gonndtr eatily 8 SETRE B, iy SR e ot e ves 5,

6 wi t hout satiRfpIigndR éonditibra Ip\teerelsy seoticaysgp theceseapdatdlve t he
back of the firtst and second check valves 5, 6, thereby enabling pressure

| oss resukpiirgg 9 amat thenfiesbthenk valee sprdnged@niesheekiveayves 5, 6 25
Ci ot as. desohrisbanoiboRaTy Gl o dURBERPT Drfbthe: VAIRECRc Rt (HRE
2315 NayCeRbar BATENRH, AP SohPS VA R l0nstPe At e ke EAmaT o
Lgs ggmsﬂ??%g‘%?ggwtﬁ%gﬁésﬁ?g%ﬁ%%%@?g%ﬁ@@gﬁﬂ %ﬂgﬁ’i nto the
m dstreamp eqi a1 Hic éb@gﬁgfé v 198bscit 1heof the oasspgealve 4oa the

downstream side, 1S ¥orned ace the downstreamregion 9c so as to be
| inked thgrebm, hndoheediffocen tislnoreshraipd asadeshgidb fopapeninge

downstreamregion 9c are substantially linked with, each other yia the flow
passage 3he igscalpe viadver dam 0 &okgf /obm’ather affective diameter \ﬁl 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  =6.00kgf.

Based on expression (3) given above, the frictional

resistance force o = 9.52 kgf is calculated.

When the pressure P,on the upstream side was varied



10 fl ow passage 39a has the dianeter thereof gradually contracted fromthe
upstreamregi on 9a towards the downstreamregion 9¢. it is possible to
render flow of the liquid within the7fl ow passage 39a to becone a uniform
and rectified flow, and to | essen pressure loss in the fl ow passage 39a, so
that, for exanple, 15 performance of punps for a water distribution system
- can be enhanced, and supply of water can be perforned by domnsii%&ﬁﬁ' 4 as

descri bed ,above. Thus ragtjcal.nerits the invention will be,quite
O on L eagrom hotang Doleal LEMinarng the neyerss 1O rukayeg et

P LR SRS Y I S Rt B
orovtded VAR WAL TUBheh ) BuRISEONRT 1 Wpshinbe Hlonan a1
box; an e35108 4N HIMAIAIBET O TR @ oRpAVRRAA The [ nner

cylindric e downstream e, se as to be freely attachable

to apd detachaipys, &' difith Vehee reealrser Q‘Ibdedpﬁe@énctimvai&ypapatusf dr med

bet ween the m dstreamregi on and a downstream regi on, and energised in the

di rect i ondekcridlad alneré Nt ha s o ssilslengo ahadn tame atee varessuse iRgof and

first and second check val ves provided inside the inner cylindrical body

and 15 t heh domidstraiiy eepionSbtae thet prebourer £sPearhieh yis alwtayhat
reverse flow of a fluid fromthe downstream si de can be prevented, wherein

a di aphr afves yoxigiedonshee (O2kgRs iopher thah the puessubexPfon
partitioning the interior thereof into an upstreamregion of the flow path,
and the dthwestpstiearh side.mi dstream regi on, and wherein an effective 20

di aneter of thg diaphragm and g,.di aneter, of the.val ve ,seat of thg escape.
val ¥8 are set Bt éﬁf@ﬁflﬁgﬁ@%dgse&u@ 3v QRKY 60950fteBhﬁd'ieﬁ’teéisﬁ ﬁoﬁfessure

= pr esour BrEVEPHP R A BRET ebaspe 1y derrHord JHBInsRti ng wni Lo & spring.l oad
of ‘a first chegk yal W8 SRUMP wiheHoth W6 Whtst i§TRswiNg 48 dHowie ifli rection
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 9¢
have a correlation represented by P, > Py > P,.
In 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, P,, P,of the
20 upstream, midstream and downstream regions, 9a, 9b, and 9c¢
have a correlation represented by P, > P, > Ps.
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

Fig. 1, thereby preventing reverse flow towards the upstream

no
o

side.
In this case, the respective pressures P,, P,, P, of the

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




25 19 May 2004 that a pressure of the mdstreamregion is maintained al ways
| oner by a predeterm ned value than a pressure on the upstreamside. 2. A
reverse flow prevention apparatus at8ording to 5 claim 1, wherein the inner
cylindrical body is formed in a shape circular in section while a sliding
surface of an inner surface of the outer box, slidable against the inner

" cylindrical body, |s provi ded mnth a plurality of recessed grooV®MaciOhed

at equal intervals the q# q%gf the circunference of the -sliding 10
surf ace. a‘ﬁerﬁe(‘/@k i apparat us according to clains 1 or 2,

'oner oyt i nar i LIbag: oﬁ%&?@r& 3 %%ﬁﬁoﬂ‘fgﬁb%?ﬂégaiﬁﬂ. g to
and' 1 ﬁ'e”‘ée%&ﬁﬂ ﬂsx%wﬁ“%ﬁl?a??%%%gﬁsﬁﬁﬁﬁeﬂie f SviE i e

second Chgf 'lfkee g@f@e Age! of ﬁ%@ﬂ ol %h'edﬁﬁd’ﬂttéa@nfﬂ owgitﬁce

havi ng a er S aﬁ t a I rst check valve port and the

Secoﬁd chg i‘ui‘éfﬁﬁe%}ﬂ’@gn @@t:b af the @Pﬁ%wm‘fdwa@edl ¢l the bylvken lirse f or med

at the cen er o at su ace, and tilted grooves are fornmed at equal

i nter nal sin Fighe3 GMte}Pfth@ rééulﬁ@h@tﬁfhmﬁmssuwon tofeth erstidaticearecond
check val ves, Tespectively, such that a wwdth thereof is gradually

decreasedlégmtﬁb piseisphéghler yi theodiffevemtial prassuwe W as #ftting
surface for fitting to first and.second check val ve seats, resae&g vely,
Towar ds t hetwwarerthe pressure Jf. ohether gl €38 oA8EIABC 1ALy

reverse fia%vsg{l% (:Iplt c';P ?:haepgfa)rc%t'éja?ma?ehnm? ﬁlefescazp% valve 4 is caused
10 to open as shown in Fig. 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. o
Further, even if a reverse pressure from the downétreand
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. __
Even if both or one of the first and second check valves 5,
6 sho'uid 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

o
O



19 May 2004 clainms 1 to 4, wherein a flow passage continuing to the open
end of the inner cylindrical body, on the downstreamside, forned in

t apered shape with a diameter gradudPly contracted fromthe upstream side
towards the downstreamside, is 5 projected into the m dstreamregi on, and
a port of the flow passage, on the downstreamside, is forned to face the
" downstreamregion so as to be |inked thereto. 27 19 May 2004 MBSXRACT
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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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apparatus a. Hence, it has become possible to provide the
reverse flow prevention apparatus 1 which islighter in weight

5 and more compact than the conventional one while requiring

less components thereof.

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 diaphragrnl 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 intérmedi_ate 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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5 Also, theere 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

10 enhanced performanée of pumps for é 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

15  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 body 3, can be

20 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

25 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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10??! F1s$30hRdical 'BodsS30%8rsr by | aci¥dfinperatéiroase in pressure
| loss similarly to the case described as above.

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



| CA@BI$LOWR?E () -V

- WPZ2?2U@NABZ X6MA! | & 10%p+p& () - 4! > & 10%p& ()-4!1 7" & 100+& ()- 4! & 100R2&
" ()-41> & 10%& ()- 4| 10% () - BCDEEEEEE} oP10A0%& () - & 10%& ()- 10++ 10++
10++! | & 109%+& ()- 4! H & 109%+& () - 48H & 109%+& () - 4EFG H HHM wU3oP1! | |

1109 ()-2! THI " 109& ()-2! H 1 ' 109%6$& ()-2! |1 ' 109%8$& ()-2!>] |
'10% [, [& ()-2!|1 ' 10% b: b& ()-2m JtJ. KKKKKwi [ ML! |1 *10% 10 10 19HMay 2004
109& ()-2!>1 "10%& ()-2!|1 "109%& ()-2!E|l '10%& ()-2KK>LLLM MaBML! || 1

cylindrical body 3, on the downstream side, and formed in

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 39b of the flow passage 39a, on the downstream side, is formed

to face the downstream region 9¢ 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 392 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 9c.

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

30a 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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an escape valve provided on a face of an open end of the inner cylindrical
10 body, on the downstream side, sc as to be freely attachable to and
detachable from a valve seat provided around a valve port formed between
the midstréam 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 équai 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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provided with a plurality of recessed grooves notched at equal

intervals in the direction of the circumference of the sliding
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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, respectlvely, 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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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.

() - (d<$10%& (9- wl-l&lg W 38#10 & ‘.(1}.11 RIS %“%e(ﬁ

=10% & () -



-10V8109%&' () -Z6< 109%& ()-!uC@ $109%22& ()-%\=g!! ' vodO0%&' ()- 10%& ()- 10j 10j
10j :

10% & ()-! T&SHL0Y$S& () -' ! &SH10%&' () -' AH[ 9{\ gl ! XH\' "10% (& ()-*('gH\ ' " 10985
S& ()-*(!'nbH " " 10%& ()-*(!n\"'" 109%& 87 *(6109& (

MLOY&' ()-A: HSx}[9{\=g! I XH\' "' 10% ( & *(1gH "' 10°/<SS&'

\'M10% /& ()-* (T Tultt1098SE () -*(Tul't 1098S& ()-* (1| \' ' 10% D D81 May(2004
Normal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph

Font K=HP#) / 5V<BHVRW cj pgw} S, t NBSERMGPL S@ #"&* , j 023589<WPBEN K, MN) PYQRSTUq
VEYZW Q &b: ef ! KRt ez| FYASqr st uvwxyz{| } ~6Ti mnes New RomanAri al Couri er New'h

B B A T F OB PR VRS | APHABA T IS wyz(| ) -

A reverse flow prevention apparatus is provided so as to

drastically decrease pressure loss without installing an.
independent pressure regulator mechanism therein. With- fﬂe“

5 reverse flow prevention appai'atus, a flow iaath‘ running along
a straight line is prov-ided in'an outer brax;. and is partitioned by

a diaphragm inte an upstream feg‘io_n, and the downstream of a
midstream region. An inner cylindrical Body 1s provided at the
center of the diaphragm, integrally therewith, so as to fit
10 slidably into the upstream region of the outer box, an escape
valve is provided on the downsiream side of the inner
cylindrical body in such a way as to be able to freeB} open and
close a valve port provided between the midstream region and

the downstream region. while the escape valve is .energized

et
[ I

towards valve opening by theurging of an escape valve spring,
and first and second check valves are provided inside the '_inné"r
gy]indrical body and the downstream regiofi of lthe outer box,
respectively. An effactive diameter of the diaphragm and a
diameter of a valve seat of the escape valve are set
20 substantially at an equal value while a spring load of a first
chack valve spring and that of the escape valve spring are set
such that a pressure of the midstream region is maintained
always lower by a predetermined value than 2 pressure on the
upstream side.

(Figure 1)



