;e3eTQLLMQ( dOF P6QTTQeK; 2003 SPECI FI CATION - - REVERSE FLOW
_PREVENTI ON Ammmm\m\ CKGROUND OF THE I NVENTION 1. Field of the

| nvention Th ention relates to a reverse flow prevention
apparatus fox use;mknly in a directly-connected waterdistribu ij) s%((ﬁéem
10 2. Description of the Related Art A3 a conventional apparat 8s’9¥ 3
type, there is cited a pressure-reduction type reverse flow prevention
apparatus a as shown in Fig. 10. The pressure-reduction type reverse flow
preventio is provided with first and second check 15 val ves d,
e, which mmnmmmwmnmm upst reaRECIHOMDAITEAIN respectively, in a flow
path c forned jggide a casing b thereof and which operate independently
fromeach other, and is further provided with an internedi ate chanber g
equi pped with requ or i et st and 20
second check vgﬁiﬁé\gﬁﬁgﬁ %%ebg&es Lﬁ%m{)&? mmwés provi ded
with a bypass h linking the internediate chanber g with a portion of the
flow path ¢, on the upstream side thereof, and is capable of adjusting a

pressgire ipga R G-ROTUNE MeYiRat TH?WmI?t 0 25 be always | ower than

a pressure on the upstream side an at on the downstream si de

by bl ocki ng ufriehe ofvdas Enfrewitidbna di aphragmi, and |inking an escape val ve
k for 2 8 Julg 2003 chanber g with the diaphragmi through the
e

i nternedi ary oflaevpitesentaim ven tionevelatesho priesmnse-flodupreventyge rever se
flow preventi 8gﬁggpar tus a descried, above ,has problemthat it 5 becones

large in s$RRB Redfy iPSheladtneclsé | f:liq’esct?y-connecte water-
distribution system.

10 2. Description of the Related Art

As a conventional apparatus of this type, there is cited a

pressure-reduction type reverse flow prevention apparatus a as
shown in Fig. 10. The pressure-reduction type reverse flow
prevention apparatus a is provided with first and second check
15 valves d, e, which are installed upstream and downstream,
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 ¢, 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



provided with the pressure regul ator nmechanismf which is nechanically

i ndependent, that is) the bypass h, the escape valve k, and so forth.
Further, the pressure-reduction type reverse flow 10 prevention apparatus a
has another- problemin that pressure loss therein is very Ia;ge because
the same is constructed such that a prgssure inside the internBdiuye2003
chanber g is lessened to a level lower than that on the upstream side

t hereof due to nmagnitude of a spring load of a first check valve spring n
of the 15 first check valve d) that is, because a condition is set such

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

wter i o FoRBEET Eaviih SHectB nhidenr b thioldl Eh melBR Eadletion type
reverse flv?a"l’v@ﬁ%frﬂli on apparatus a is caused to fall gradually fromthe
upstream of "t he ow path ¢ towards the 20 downstream t hereof. SUMVARY OF

THE | NVENTI ON Hlo @/cdRdr, t alsol yerddiese-padhlkeirs degeel bedvabaye, flgy ever se
fl ow prevention apparatus according to the invention conprises 25 an outer

box provi gedwarition dpparpatls 4adestibedxabbly hherawidbleeh wdext an inl et
and an outlet, and also provided with a drain outlet in a m dstreamregion
of the fl bwooanas)large s gizey 20d3 heavyadni twetghy breaiiseent ois t her eof

into an upstreamipregion of the flow path, and the downstr an}l_of t he
m dst r camBPEgRaRA AWLAn G REERHAF Ees ety SPEERGH T tk o8 iShotthe
open 5 end BrEeraCr el TEF B r BB, oHEE T RBRR b cai 28850 as (o

be freelyafi{,;achaghe &8 fgpgt%det achable froma val ve seat provided around a
val ve port forned between the midstreamregion and a downstream region, and

energi zed in tBeudhreact i thie of pressierepediuntidry t tyepar giregerde arflescape
val ve spring, and 10 first and second check val ves provjded inside the
i nndi0 cyl ipiévesHiloBoappaTatiliea doaARRether ayiddiest Inhshattpresske

ow_of fluid fromthe d tream si de

respectivel uch. that reverse fl o)
can be pr QYSHERATSLD 15 HATIHIARES R ISR IRrctA R FANSERICtSA. SHERG aphr agm
and a di aRRLer Ofr e 19 ARNA1ReRl e AmLRG, £CARE AL eI SHANAA gl Y at an

equal val ue“so aln a pressure balance n a pressure acting

on the esegapevehllywdrothva WL 68 theathreaassdide desredf duéd hg escape
val ve for valve opening while setting a spring |oad of a first check val ve

spring ur gnagnihedeiofsa spricg ledd of ianfirsté checi vebre sprongualofethe osi ng
and _t hat he escape valve spri such that g.pressure of +t m dstream
ogicn i et e A 2T heke b ahat. BRCAiRE GUCPRAHIABI S S S hEnaL Br eseur ¢
on the upsLr j.d eSS i e, mdst i e
controll ezte\%fsﬁ%xﬁﬂte ?F\SYPQ‘F?}?%g%aﬁ}%gggg%dg%‘d%r&eggu ee?%d’r'?)géu a}'tpo?f
nmechani smypgtém it heertdepedflargeonyadt kopalessayer sssibothar pyesii e
apparatus, thereby solving thé problens as described above while
drasti cal Ingdustéenitypeprevarsefloss prievention 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

an outer box provided with a flow path formed coaxially

(W)
n

therewith between an inlet and an outlet, and also provided

with a drain outlet in a midstream region of the flow path, a



prevention apparatus. 8 July 2003 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1
is a sectional view of an enbodinent of a reverse 5 flow prevention
apparatus according to the invention, in a condition wherein no water is
flowwng; Fig. 2 is a sectional view of the enbodinent of the reverse flow
preventi on apparatus according to the gnvention, in a conditioB Jigr2003
water is flowing; 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 time of reverse flow or

reverse sigphonage;. Fi.gQ. LS vi ew.q ndi cat i a size of respectiv arts
of 'the. 15 Bivdoa ean 9e the Trlebideth PERFElebEah B Rardietiect ol ng to
t he i nvent ' [ e | | - pal rts of
t he errbodit#e@npoﬁ%t%tgl’razl\llgrtgg@blgg‘%v?%? event?gﬁhg\gggggﬁteggﬁtla Eﬁdn ine A -
A of Fig. _iﬂme?&()c?liﬁ-dz@cétlsb@d@i' aliddldy fifttdd riato atite aesomne aghecdoival ves of
the enbodi nent of the reverse flow prevention apparatus, respectively; Fig.
7 is a froftthe euder doxfanhesdapay adue providedbeck fadevef amr egpect i vel y,

sho in Fig ;. .25, Fig. 8.,is.a bottom plan.view of the first and second
checle val ] O%e@kﬁahlﬂl EICSV,h%@bW@?iLbQ%gQH@h@? WES}ETse%ms yPafSvi ew of

Cher oi n: “ARADE! §recly ditdchaBl? oithidndedRehbhakle ol Enrrbrg) sE2E°™ *
pr eSSUT e~ [SANGHEATRt AR o O R f oM PPYREN | BERBREY BhWS 3BT ED

DESCRI PTI REFERR
region and a downstream region, and energized in the direction

of valve opening by the urging of an escape valve spring, and
10 first and second check valves provided inside the inner
cylindrical body and the downstream region of the outer box,
respectively, such that reverse flow of a fluid from the
downstream side can be prevented, so that by setting an
effective diameter of the diaphragm and a diameter of the
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

)
O

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



Enbodi ments of a reverse flow prevention apparatus according to the
invention are described hereinafter with reference to the acconpanyi ng
drawings. ZO Fig. 1 is a sectional view of an enbodi mrent of the reverse

fl ow prevention apparatus actor ding to the invention, in a condition
wherein no water is flowing, and Fig. £ is a sectional view of 8thdy20R3in
a condition wherein water is flowi ng. The reverse fl ow prevention apparat us
1 conprises mainly 15 an outer box 2, an inner cylindrical body 3, an
escape valve 4, and first and second check valves 5, 6. The outer box 2 is
provided\Mtt1ébJIom1 ath E coaxially fornmed therewith between an inlet 7
and an outl& PR RBHOR RS A distributing water piping on the upstream
side and the 20 sane on the downstream side, respectively, and is further
provided with a drain outlet 10 in a mdstreamregion 9b of the flow path
9, leading ext BRINY iDESCRIETION peDPendIEE ar DEPAWENGSW path 9. The
drain outlet 10 is fornmed so as to secure a 25 predeterm ned space

(cl earance) foFig. di ssmasgetisnaltvieandfl arf ambaddmant dif't & hrgwatseshown) ,
so that indirect drain is effected under natural flow of water. 6 8 July
2003%ext efloaV PrAKERGION 1apPRAatus accouding ol 8w risspoRdiong io an

upstreamre idogir?Qa t he .m dst rez%m r.ggi on.9b, and a downstream regi on 9c,
respecti vgpa, 1O W}ée{')%léhﬂ?g‘élaf 6F 1Bxt®VHAB: | i nki ng 11, 1l1la ... are linked

with ball val Vﬁclé’is?%"g?tion'almiega R4 BB A YmESHS g}imétret\}éi%% for

i nspection) closed an use in ecking pressure. A valve port 13 is

provi ded bl@tweg@evmtiwsapmmmgi eocOkdirandtd hgh ¢loMnsén gam,r &gi an 9c, and
a valve seat 14 is provided around the valve port 13. 10 Further, the

upst r eam ceniddtioIa vdier¢ien water isdowings a sliding surface 15 slidable

against the inper cylindrical hody 3) .and as shown in Fi.g. 5 the sliding
surtfce 15 i s PRBvPISR WRCHOR 33IVIRNY |Olfyt?kﬁ ergle é@@%@%%@ reyerga . . .

not ched a ual_ interval s i cir erenti i recti .00 an_inner
surface ohol Pﬁ@vg&%L nb_%?p%,r%ggprscégg{)réﬁl%eﬂ |%’né th\gé)’{fﬂ%, g}’zl ?nd_ri cal
pody 3 1S chAHTERbS Witt bl 8l ¥sidbd HaI9BAR%G BEnaCHhe Nkl opfdvepse! | dably
fitted into the upstreamregi on a of the ter box 2. And an area of the
outer boxflhwior conersd siphbntlge;i nner 20 cylindrical body 3, is decreased

ow ng to the sliding surface 15 having the recessed grooves 16 6a ...
not ched t her eofigsé isnatview dndicatenEsaanze of reseectivedayts ofitheal body 3

5 SB0uced Lo o fehes Lhs ki o Coststoneof IBAONGEs
upst o RESLER A8 GIpTaM glofor 25 el ked on 3¢ coser bed above
body 3 becauseFlif, 5f o5 saxammplagged 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;

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



7 $ July 2003 direction on the outer peripheral surface of the inner
cylindrical body 3, or the inner cylindrical body 3 is forned so as to have
an out si de shape pol ygonal in section, it becomes necessary to increase
wal | thickness of the inner cylindrical body 3 for 5 maintaining a strength
thereof. Then, this will result in an ncrease in a weight of 8h&ulyn2RE3
cylindrical body 3, and in the last analysis, reduction in the sliding

resi stance can not be achieved. In this connection, according to the
invention, since the 10 sliding surface 15 of the upstreamregion 9a is

wor ked on V@&}gg Bw ?5&1?&1‘;’%&%@88%’%1‘8qu aipper cylindrical body 3 is

formed to have t e out si ape circular in section so as to be capabl e of

wi t hst andi ng aFlgghle)xtgr nal spetissidle, viehe lshr@;emrfql isndeonalenttdstlyaB can be
rendered relatively thin in wall 15 thickness and [ight in weight.

Fur t her norEressyirgppegilationetype revarisadlow pheventioon gopataiied. surface of
the inner cylindrical body 3, the sliding resistance agai nst the sliding
surface |5 is further reduced, thereby achieving reduction in the sliding

resi stance. 20 A di t ath 9 into the
upstr'eam regi on 9a, ﬁaﬁﬁ%&mﬁ@ﬁ%@?{@ff@@? @3 egi on 9b is
provi ded on the outer M[B?D‘I?l[ aI body 3, on the
downst ream si de. And t%gRescape va @ made a synt hetic rubber is 25
provi ded on a fEn@ﬁaoﬁn@@n@@e@fe@dr@iretrb@ tlover Q‘}ékﬂelm(ﬂi(bﬁmap?p)&ib’aﬁls on the
downstream si de. The escape valve 4 is di sposed opposite to v al oe seat

14, 8 8 andordings tdettﬁrﬁwahi‘eemtl@mtmse vdleee hereap@ft@.rngvmh
di spl acenent, of the dll_hghra gm 17. Furt .an escape valve spring 19 is
i nst al | ed 164EHERREAR hACCEORDARYANE; Wwﬂﬂgsescape val ve 4, on the face

o TS oCPEn, oo B i Sl RSP Y 0cE S, ciRBhpatEop R RRTERRE,

that the %@W?We\fﬁl&nl ﬁpﬁﬁ‘@f@d@%é&%ﬁﬂg Y8l YR OREDERGidY, tike gur gi ng of
the escape val Ve spring 19. The first and s&cond check valves 5, 6 are

formed i n condilionenhiecain shapeatanis oevinmgy adel Figs 2ois & heedtioreal
cylindrical, body, 3 and the downstream regi on 9c of the_outer box 2,

respect i verigw Sidie Bame éed €endibiRTro Rerein waﬁe@m&ﬂ@%a&nst ream si de

15 attachable (ehaAvACEaIaN BEFYSRFLT ARseAb LR My ou det

oL ou1s a1 SR 00ek A8y B A0 d10 SarBsbe ccar o 0.
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 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
annul ar- shape, engaged with and di sposed on the inner periphery of the
open end of the inner cylindrical bodyg3) on the downstream si 8eJulyad2@03
val ve spindle guide 24 in cylindrical 25 shape, disposed at the center of
the support franme 23, by nmean: of a plurality of support rods 25, 25a ..
And respective cl earances between the support rods 25, 9 8 July 2003

l'i nking t ' [ t [ r cyljndri 00V 3 W : 1 dstream
regi on 9bE§£b€g%\@eRé%){?ﬁngr (I;lelZ?Tg‘raoj'éctdédgplrsgt%)?Ee&%gﬁgﬁﬁgb@h@eg&g check
valve 5 i g ridti-dahbhy rfégtibﬁ_d 0n t hd valny R SReAdh e xgé-qi@ﬁ 245 5 and afirst
check valvé spring 3071s installed between an annul ar recess 28 provi ded
around t hdowahetremnndiegidh @] aespecty dgar angl 2th & nopenliarg s hfime,
projected fromthe, peri phery of the base end of the_valve spindle guide 24,

so that testerned lonkuxg val vils i.s asmetigileed witht hallivabees di,ol 2eal ve
closure by 10 the urging of the first check valye spring.30. The second
chec% val ve BV]PEC% rﬁlt%amg%n% YakeXeehk &t gBPﬁa?@ab‘E%E?&"@@aﬁ@% t achabl e
froma se I j ded around a second check val ve port
31 provi dg‘g{kggae%e:% %’rﬁgﬁ%cggﬁ%eéﬁ?% iéOn 9b and t he downstreamregi on 15
9c. As with thg Gﬁ%@egfoﬁthl% h§ gﬁgqu@ﬁakbé/ﬁwén%é heiReenth Geghnval ve 6

is supported by a guide ring 2 e same constitution as deScribed
above, di §hgsaddn thveyddwnisbeeatoywnsgioamIgoaanl 3¢, vahite afedthd Sarze ti e,

t he second check 20 valve 6 is_energized in the direction of valve closure
by the urproyidedarseenddthmwelvespars t8ring 33 install ed between the

d check 6 h ide ri 2 h d, check val 6
andtthe gui de FHighss: Eherdostiaaie Learoan OT4HopUlsr O hebndi ng (o
those 1o sARinbealifale PheakaNaly 8 chiand dheignid®ine. 221 areol are

denot ed by e®safne reference nune SCriptiron IS omtted.
10 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

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, ¢



8 July 2003 second check valves 5, 6, respectively, is described
hereinafter. Fig. 6 is a plan view of the first and second check val ves 5,
6, respectively, Fig. 7 a front elevation thereof, and Fig. 8 a bottom pl an
view thereof. 5 The first and second check valves 5, 6 are forned
substantially in the shape of a nushrogm and a butting surfac® ddly 2808ng
the first check valve port 20 and the second check val ve port 31,
respéctively, is provided with a flat surface 35 having a dianeter snaller
than that of the first check valve 10 part 20 and the second check val ve

ort 31, r vel n L ded_ . a - . eonical in
ghape, at fﬁﬁ%ﬁ@rﬁ/@ﬂ B}fx%g%@%lfﬁp?@%g@es%ﬂ%u&f ﬁg?‘rﬁﬂé} F??lﬁ éﬁﬁf second
check val , 368l Falva ) ' i £ it 8, 38a
ek o mqe duoh ALY HRRRRE ORyY 8 M AT S ALV e
peri pher al anegiiesidef shagrapotggpard] 37 séetiohi tit iberdraetheetéssircheck val ve
seat 21 and the second check val ve seat 32, respectively, provided on the
out er periigtanepasef wal thacksestaof @35 tomardsyliheriemt dvody Bhdoback of
the first and second check 20 valyes 5, 6, respe t,ivel.ﬂ (that is, towards
the val ve BY#AdRENIYS. aThdengt d‘Xkﬁr@@%sT n3dals willay oM} R at

of the 11 8O ERIeRL B RN diodorier pylindufidl Potf s ASdiBLBR, Brge)

1 to 3 indigGat HRGIVEE SEERIPPRIn VirEWhH &2 REGhigh) ﬂ’ surface
34 of the aII’St ang sécon%hcgle(?k 1va\llt{\%/les%%i}'(ﬁzl," fr%'sspsgscﬁcvée:t% ?ltslb?g??red in

t he shape ashiesat.i bed above with a coating of a synthetic rubber forned
11 8 July 2003 Wth the use of the first and second check val ves 5, 6,

formed in the shaghiascarsectibag abowslinghén tiedavientien, siacenthe open
agent) of SATHpSLISAce 35 6F Uik LDHUCAIRG CEIPTa08 B9, AREFSLRBNARRL or -
pressire ohoh0E, WEALSeml dees PRAL! S mkie LU BISGP 00t T
the val vesfihefUWd NaORCERE GRtsidR SWBPBLCIPEUAL B section so asto be
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,



passi ng therethrough increases, passages of water flow from 10 the outer
periphery of the first and second check valves 5, 6, respectively, towards
t he downstream side are restrained by the tilted grooves 38, 38a ....,
thereby increasing a flow velocity. and allowi ng water to fl ow al ong the
out si de shape of the first and second gheck valves 5, 6. 15 FuftHdy,28@3h a
reverse flow prevention apparatus 1 shown in Fig. 9, a flowrectifier is
installed in the mdstreamregion 9b such that flow of a fluid noving from
t he upstream side towards the downstreamside is rectified so as to further

itigat 20 The | tifj 39.1 de. f fl

passage 30 A PR FEPPY hF (PR o SRt GHe RHRA MR CISHIAR PR body .

on the dom}{%@m?}%wi@h' is formed in tapered shape with a dianmeter
y

t her eof gradua ontracted fromthe upstream side towards the downstream

side, and proj gfethértn diRaedes vaagp2inged 95 196ta1d8d e tRpsén3@h of the
fl ow passage 39a, on the downsStreamside, s forned to face the second
check val innmr engiifacs 18nbPtheeschpedvalserdaonm tbg facdof the epeno be

| i nked 12 July 2003 Since the f|ow passage 39a of the flow rectifier
39, Wth t d?fahbeemrgehaugmcine@lnbodm 8d 3nam teseapstI2amasiided: owar ds

t he downst,ream sid ui des water f.low.subst iakly caontinuously fromthe
upst r eam %%e@a&%%%ngsqéﬁﬁ%trﬁgéﬂ?ﬁf’eﬁpﬁ%é,é@%’n %Tﬁé’é%iliﬁgéopo render
extreme vad ag)om,i er, . t han.t hat,.q¢ ri iyt ow path
fromthe Sjpdétrggarenhra gg:ﬂ%% 5%@@1 kgigl%v\%stq P eg%errgg;‘l’?%@\ B@\inanr@tshgze %lg)s?e O]E) t he
reverse flgvepirey &3t the @pgal@bfshehes@lpe thdvel gyripas3gge 39a i s not

g9

formed, théreby decreasin enheration of 10 turbulent flow in the flow

passage 39a, sdhéadirgir esslisecomdschack wahers bedlicas: foexied iraas far

ConterOI . Heh'tica ugﬁa%fe’tggdméggtélgo%r?dre%giiggi ep t reehggsé%r é:)tf) gdr}?éai nafter.
body 3 and the downstream region 9c¢ of the outer box 2,
respectively, such that reverse flow of a fluid from the
downstream side can be prevented.

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,



In Fig. 4, sizes of relevant parts of the reverse flow 15 prevention
apparatus 1, described hereinafter, are shown. In Fig. 4, the outer box 2
is illustrated by partitioning the same at the m dstreamregion 9b for the
sake of conveni ence. By use of the means described, the escape _valve 4 is
controlled so as to be opened always aP a pressure of the 20 mBadly 2093
region 9b, lower by a predetermined value than a pressure on the upstream
side'within a scope of pressure applied on the upstream side. Mre
specifically this can be achieved by setting an effective dianeter of the

di aphragmlﬁkﬁ@@} ! or Bf ttf(i% n% gﬁ@%ﬁ%é’f A%Jr@eﬁc%ﬁﬁqvﬁﬁé(e 4

substanti alTy ‘aP an equal "Val ue (conditio I'n or o maintaln a

bal ance bqh\i\&m@rgrle@gsi@ﬁ—pgbgti ng on the escape valve 4 for opening it and
a pressure 13 8 July 2003 |oad of the escape valve spring 19 and that of
the first checlAvabliee sgpindje3@7s priojedtad drpmedhuer daxtk tdfe thied§inseam

br ossur o GReNE e Bait S @ARlsoRgted g She Saie sl Hide 34g ven by
cocart valtRY Butirg chEdovale g cduis BietaledHrestmeate baing
el ved BANIR ALESSIAN At AR Rl kbR BB PO Tyl orp o {41, oPeni 0
e "0 cCSgHbante 0 WKl Bty gt rynntitpersliensect o
t her eon byoft tlee bgsagrd dfhthescalye spivadlesgriide, 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 9c¢, 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.



D = a pressing (sealing) force for closing the escape val ve, acting 20
thereon (synthetic rubber), and a - a frictional resistance force occurring

to the inner cyli

ndrical body at the tine of opening or closing the escape

val ve. Further, based on an assunption that 25 Dl1= an effective dianeter of

t he di aphragm D2
éscape val ve,

t he escape val ve)
the m dstreamreg

= a dianeter of thetgal ve seat (the center p8rdulyZ0Q%e
14 8 July 2003 d2= an inside dianmeter of the valve seat of
P1= a pressure on the upstreamside, P;= a pressure of
ion, E = a factor for opening the escape valve in a cl osed

erenti al

condi tion sachBd ShRERUWEIEAR! 5! 85§eEB@Eti§ie??b% dieggﬁ;'!?ég lj\:'efrgaﬁ"f‘&ft%rf actor for

cl osing the escape val ve in ah bpen*con

pressure Hpweeiistdplanesiaweodnhbhfirspati®armcsnde chredkt helwsessuge of the

m dst ream r egi on

10

15

20

25

respectively, Fig. 7 a front elevation thereof, and Fig. 8 a
bottom plan view thereof.

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
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
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
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,
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



when the escape valve is caused to open, 10 F = a spring |oad of the escape
valve spring, and t = wall thickness of the valve seat of the escape valve,
expression (1) can be replaced by the following: n (D1/ 2)' P1 - n (D~/
2)~P~ - F _{rc (dl/ 2)'- rc (d~/ 2)'-} PEE + a (1)' 15 Further, since
there exists the following relationshift P2= PL- DP, dl = D-+ t 38 Jwy 2003
D~- t, substituting these values in expression ( 1 )' yields the follow ng:
20 (Jt P1/ 4) D12- Dz(Dz + 4t)} =a - ~(n ~ PDI/ 4) (D~ + 4t) - F} (1"
Accordingly, e:cpression (1)" holds provided that D1'= D~(D~ + 4t), and a.

— (= a PD-/ - 4) fipe, * i )uigl%of$]§%1ﬁ2?ir59%di Eeé%&héa’z‘{‘%%]{(hé‘élx?#% | g there is

a.change in the pressure e upstream si ance bet\Veenh the

force for fopeneddnt tiee @¥cape ateecripeld abolvkereben ehdst healh@sceréor 15
8 July 2003 nmi ntained. Further, since D~ t, Dl is approxinmately equal to

D~ from Dir-ap-ppznt+canilitidheas shdiwhom Fig. BearaterhBlow heassdmeival ve 4
is to 5 muintaiin.a closed condiiti on nor nal

flowing ard R diHe IANRGT rthyg AL A a%é%ﬁaxg%gpgééégg, gFtelﬁaéer _
e oo, Rt RPLSSRILesal Dbl WAne BELEr e LRSS LRk T2
ﬂ,gsfﬂ[ Fo\j'éiﬁﬂgehgsx%})ﬁfselrcgﬁa’ﬁheegm 20rfd& B oA {R8 fdin!thd GpP&sented by
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 9c, so as to be linked




~P1 > oP + Pa+ Pb (~) where ~P~= a differential pressure between a pressure
on the 15 upstream side and a pressure of the m dstream region, devel oped
by the first check vale a spring, aP = a differential pressure between a
pressure on the upstream side and a pressure of the m dstreamregion,

devel oped when the escape valve is cayged to open, 20 Pe= a di f dulgn20aB
pressure between a pressure on the upstream side and a pressure of the

m dstream regi on, devel oped by the escape val ve spring, and Pb = the

m ni mum pressure required for closing the escape valve (~P - ~P1 ). 25

e PSRRI 99 B phenmienial e gt e
opr1 10 | o o! cldimAgeape ey PRy from 1B WisshashoLADe (175!

dP + Pa+ (toRvar@Blthe@towihstredm2ide, glides wateVflgwDsubs@anially
Accordingly, a conbination of the spring |oad F of the escape val ve spring
19 and t he€apanapwslydfomf th aeupsiren mheegiord Saaltocthprdmgndireamsel ect ed

based. on t he .aboye expression.satisfyi the conditian (2),. thereby setting
p L1 o5 EREOM e ThpiS, RGSELants RAGEr SXZRER NN S GbringyBeT

(espect Vot Aioutie BRsksoghu bl ol APV, Bl A R S8 (U0,
check va epsauatliahn snignEsaintIBEgah ogiofmciepal peincss
pressure -thesrdesrsedffow qremdigidhe a?g)pg@atusl wehérei. 2hkgfflowen , the
effective diameter D1 of the diaphragm 1% 11.15 cmis calculated from
expr essi orP83age JPaeis amdveormed, thereby decreasing generation of
10 turbulent flow in the flow passage 39a, so that pressure loss is
further reduced.
Next, means for controlling pressure of the midstream
region 9b are described hereinafter.
In Fig. 4, sizes of relevant parts of the reverse flow
15 prevention apparatus 1, described hereinafter, are shown. In
Fig. 4, the outer box 2 is {llustrated 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



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 | oad
F of the escape valve spring 19 = 10.00 kgf and the spring load f of the
first check valve spring 3( 25 = 6.00 kgf. Based on expression (3) given
above, the frictional resistance forc = 9.52 kgf is cal cul aBeddly 20938
July 2003 fromJ. to 10 kgf / cm) using the reverse fl ow prevention
apparatus 1 nmanufactured based on the above-nentioned val ues, the
differential pressure OP for opening the escape valve 4 was found at about
0.2 kgf / _ cm.on_ayerage. 5 Thus, with the reverse fl ow prevention _apparatus
1 descri béaadpeldhe esoape poskidIspringnibneaidnth ab qfr\éfa@u spchsck he

Val ne (0. 2GE PoEME Ahamdth S caretButoal ThE FRLTsEaARe Radm now
ol ue (0. FHYE FREHS hes _ S |
appar at us P 1L THA AR R B e B R R e e i

flowi ng ag phewsure o thelupttiedhrsdeardnslciord2gheck valves 5, 6, and the
escape valve 4 are closed) ‘and respective pressures P~, P~, P3 of the Z5

upst feam ni dsflileaconddtiomwhsisrgiamarm dgi tihe folawislg eapaegsidrave a
correl ation repres§nted by PIl. > P~ > P3. In the condition wherein water is
fl owing as shofm—iB Fig=D + « (1)

where
A = a force for closing the escape valve, acting thereon due to a

pressure on the upstream side being received by an

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,

acting

20 thereon (synthetic rubber), and
o = 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,



2, the first and second check valves 5, 6 are open, the escape valve 4 is
closed, and the respective pressures P1, P~) P3 of the 20 upstream

m dst ream and downstream regi ons, 9a, 9b, and 9c have a correlation
represented by Pl > P~ > P3. Further, in case of reverse flow 8?*@{”” ng_due
to a reverse pressure, the escape valvuéd 4 is closed, and the f 'Va%?fg3
Second check valves 5, 6 are closed in the sane condition as shown in 25
Fig.” 1, thereby preventing reverse flow towards the upstreamside. In this
case. the respective pressures P,, P~, P3 of the ~8 8 July Z003 have a
correl ati gn_P3,> Rk 2 r | : d check

val ves 5, 8%3%%&@3&@@5%%&???:ﬂ}}(réevgﬁge ?%Eﬁ&gﬁ‘mﬁ}}]%%ﬁﬁg?gofg%%h r ubbi sh or
the |ike, Pandal gekadgobnveiegstr@aiheide dstream region 9b 5 occurs in the
direction of the arrow indicatéd by the broken line in Fig. 3 with the
resul t t hB,=tdhenassusrere the ohidsteeaimisegeam r egi on 9b rises higher by the
differentjgal pr ssurg dP as set petween the pressur? P2 of the. m dstream
regi on ané Fhe Ig€EQE 4Pk Operyng e%ﬁp@aﬁﬁa%@ilﬁn‘? qlaged£ORsEtiRdI ve 4 i s

Causgd 10,10, RC ASShoun ok 1Bl ok 1 0l e BBcL LedLaveRt Ly plpppater 1o
occurring. In g quﬁﬂé)@segigéﬁgaq%eiflawga)%gfgéﬁve oy Fig. 3, if the

pressure Pl on the Gpstream beconmes a y I"bwer 15 pressure due

to rever sasphadifferem fifl Presturebeancbogadimipebsskray anveke5, 6 in a

cl osed condition, the escape valve 4 is caused to open, thereby discharging
the fluid in tupstiesn skde aag the 3iressndrecaet the midstreacouraginaaker by

mai ntai ni ng the .pressure P2 of the m dstream region at an atnospheric
pressure, 20 swhemttheeseape Malweiis Cﬁ%@%&tt@d}pen,

10 F = a spring load of the escape valve spring, and
t = wall thickness of the valve seat of the escape valve,
expression (1) can be replaced by the following:
n(D,/ 2P, - n(D,/ 2P, - F

={n(d,/2Y-n(d,/ 2’} P,E +« 1y
15 Further, since there exists the following relationship:
P,=P,- AP,
d,=D,+t, and
d,=D,-t,

substituting these values in expression (1) yields the following:
20  (nP,/4){D,’~ D,(D, + 4t)}
=a - {(x APD,/4) (D, + 4t) - F} (n”
Accordingly, expression (1)” holds provided that
D,*=D,(D, + 4t), and (2)
a=(APD,/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 ovening the escape valve, acting thereon, and the force for



Further, even if a reverse pressure fromthe downstream side is devel oped
at this point in time, there will arise no probl em because reverse fl ow can
be prevented by the second check valve 6. 25 Even if both or one of the
first and second check vale es 5, 6 should be jamed with rubbish or the
like at the tinme of such reverse siphonage, the butting surfac® 34lyo2008e
first and 19 8 July 2003 part 37, nade of the synthetic rubber, is caused
to diginto the first check valve seat 21 and the second check val ve seat
32, respectively, due to the relatively | ower pressure on the upstream
side, thereby maintaining a closed condition of the 5 first and second
check vaIJ@§u9$aBQe§0 that the fluid in ~ the midstreamregion 9b is

di scharged as schi bed .aho by t action of the;vacuu r eaker, and
everoe Tl om i & BFCYEn HACOT: S 1§ APRL OO AT WA WAL P TP sl U pect o
the invention, hhereyi royiyded the reverse flow prevention 10 apparatus 1
wherein the flcgja\}paﬁlz@fﬁnélnq)hg al ong a straight Line) provided in the

outer box 2, id[lpar¢sndoied 02) tieadiapiiagmhl’ dehed Railviesdr egnd egi on
9a, and the downstream of the midstreamregion 9b, the inner cylindrical

body 8 fommadnasin e cesecreonfdition diamh (8%, botdt egrtamleyofi Svaber ewi t h,
is provided tqQ fit slidably into the upstreamregion 9a of the outer box 2,
the escapdl@@INg andsapipie GEdovaker éfmmgbaanﬁ 613 Feasemedt

cylindrical body. 3,sq as to be able,tofre open d ose_t he val ve port
Y i sposds adied thiat A Sxerals BEgt SHEE MR i r bR Babasu on o
whil e 20 2 3 t I | : urgin
of the esabi SrLiSdo N St Ry | B O TR R ORI, b o 6°
are provi G0 is st tieahities preskudeioindodidstirenc vhgigagis! ream regi on
9c of the outer box 2, respectively. Accordingly, the escape valve 4 can be
asséeibl ed i nt o The fdoavdizborpat(l2)9 Imnnépgeaélmteﬁ/a sy r dilght fbllosvimigt hout

need for installing the escape valve k and the bypass h (the pressure
regul at or HEIMSHISH ), nmechanical |y i ndependent fromthe fir st and 20 8

July 2003 the inyer i atrg chanber g as in the cas f the conventi onal
type pressure- &r%h(?t %n'etlfyep*éﬁeverse fl ow preventi gr‘ﬁappar\at us a. Hence, it

has becomaypesel ble to provide the reverse flow prevention apparatus 1
which is lighter in weight 5 and nore conpact than the conventional one
whi | e requiPj s Idifferemitpainpne ssuhe bedtvediua beessuraon the ef fective
di aneter D1 ‘of the diaphragm 17 and the di ter D~ of the valve seat 14
are st subst ar\—ip%ﬂrleﬁl’%tmgﬂ Hyaa Nﬁﬁﬁﬁrﬁrpafg‘?‘ib%m%dﬁtﬁﬁﬁm APH1@pressure

bal ance developed by the first check valve spring,

AP = a differential pressure between a pressure on the
upstream side and a pressure of the 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),



10 between the pressure acting on the escape valve 4 for valve cl osing,
recei ved by the diaphragm 17, and the pressure acting on the escape valve 4
for val ve opening, received by itself while setting the spring | oad F of

t he escape valve spring 19 and the spring load f of the first check val ve
spring 30 such that the 15 pressure PA6f the mi dstream regi on89ulys2003
mai nt ai ned at the pressure D P which is always | ower by the predeterm ned
val ue than the pressure Pl on the upstreamside, it has becone possible to
control the pressure in the internedi ate chanber g without the use of the
pressure regdlt or nechani smf, 20 mechanical ly independent fromthe first
and second check valves d and e, or another type of pilot-operated control
mechani sm Furtdlarajore, with the neans of controlling pressure according to
the inventjion) only iLﬁf C i nation of the spring Iaad F of the escape

val ve sprithg &SRS i@%i escapRY AL Vef SPHAE, 38€ check val ve spring 30

i s select 3d_on t he bﬁsi @é thzipgn% on erein the pressure balance is
mai nt ai ned Bét RLEHE Qaar E}G? TRLG le{ KE %%réﬁl}ge valve 4 for valve 21
8 Jul zo%aﬂﬂ%’sﬁ ) ABr 6k 34 I f r-e can be effected with
ease E'}s/uch t Hat 1gﬁp(r s@?%eé%c@bﬁ&%@?%@é ‘on 9b is maintained

al ways |ower by the predenhg g ped (WgP ueAthan the pressure Pl on the
upstream side. 5 Also, there is*no need of increasing the spring |oad of

the first checRfva(nex é@)fhe DAFS -+ /t{re( qu{v%)?t}i onal calk)’ because of
capability of the reverse flow prevention apparatus 1 for ch, control of
pressure, so tKHsCOF ngea o binatien; pd E]ilf?sﬁpﬁlﬁ&kloﬁéjl \.'E prrﬂc')lﬁ?g 30 can

be d i call d d i in 10 h d f

be drast] i sdicet ey B pJO SRRaGE el Faumace, oL s for @
I f o\ f i bed i ‘l

cunhly O WL st PSR (eplabge eS| dnd oMo negotbsybner

plurality sefti$fidnicetles ot ditieey e3), ttherlsy settidgeupoticbescapetviglwd i di ng
surface 15 of the inner surface of the outer box 2, slidable against the
i nner cyl isphingal Svand the frstgheacki nabre apsing Iherespaiivelyent i al

Syl indrical  bodyd, OB GREBAZE dethe dbeanernt 1340F HoCsHALY € FREL WHE | nnor
CoL L0tV deorch o Bdshe Aol gnall ol BogRsEng by aner 1
the jisiner tbyd Fhdei dadclbedilvd saat 29 (elducech &g bartahdriefpi gght of the
inner cylindrical body 3 permts, thereby 25 enabling pressure |loss to be
further | déhsewall thickhess twift thevmdvefsdate] feafl thexstage vhbde dn=t he
foregoing,g |G "asa' (N aifferen il roisurt AP 5% dédred o Spendny 2
the escape valve 4 = 0.2 kgf / cm?, 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 3(
25 =6.00 kgf.
Based on expression (3) given above, the frictional

resistance force a = 9.52 kgf is calculated.



8 July 2003 Teflon coating to the outer peripheral surface of the inner
cylindrical body 3, thereby achieving a decrease in pressure loss simlarly
to the case described as above. Still further, with sone of the features
described in the 5 foregoing, the butting surface 34 of the first and
second check valves 5, 6, facing the fiyst check valve port 20 8adidlyt 2203
second check val ve port 31, respectively, is provided with the flat surface
35 having a dianmeter smaller than that of the first check valve port 20 and
t he second check valve port 31, and ~0 al so provided with the apex part 36,

ical in sh t.th t f the f]at f 5. Further,.the first
nd secondraHeck Al 406 55T Y G’ pr eeicte  ESBRRAS VY HFERORRION, 11 eq

decr oaged TRIATE RRS pdr ORG A YD b S o b i o BB s B BRAY, g
fo the fi raflieheckyyalivfepeatial pradsibe AEEdd ehRekingal tife Seadag@ {ovards

the center of the back of the fi alves 5, 6, and at

equal i nt eralalesd abasgondred citr abbart P kgfi¢romdbntaeefagst and second check
val ves 5, 6, respectively. In consequence, a snooth water flow occurs 20
from& he upstrddmisp Whil dthastieyensal dhywt eresartion sapparaftuishel fir st
and second checkg%%al ves 5, 6 without, a t to

i ndrance. i n,such a wa S po
cause. o voEeTTned BT RolbaeAS GroSeHA o SnRBATA LE dbR DRSS uaE 5, 6,
t her eby enabling, pressure l.oss.yesuliing from pr nce .of the,first and
second’ cheBe VARIBESSTY EegiORrobrEl thenPpat Rt 15 e s bet b e
exhi biting_the sane advant ageou fie as #fescri bgd above. | npaccordance
wi th anot ﬂ‘é}”%fs gct %kVQ%eVgﬁ%iP?%kgﬁégmﬂzﬁl%nJ ?/ %0%’“?@ tnd cal body
3, on thetﬂ%\/\ﬁ?tsrcg@gfﬁis% and formed in tapered shape with a dianeter
t hereof gradually contracted fromthe upstream si de towards the downstream

si dg,0 i s prefelabhy riferaeicedo iFige. Lhg 81 dpjereainm edithie foverswl fide port 5
39b of the flow passage 39a, on the downstreamside, is formed to face the
downst r eapnesimtioacappazatus bes deskeibadhéresetnafierconsequence, since the

upstreamregi on 9a and tél . downstreamre iog 9c are substaniially. |inked

W th each of hen™yHaS (GRRdIHAR SRESEEH 792 WALETES ML 48 FBGVER B, and
the 10 fl t [ t f I d f
the Upstr aaf e on BACF AR GECPRS dbis YERHER G Sh Bi0 HEEERR T 1o

render flowlele Whertd @lbsedy B Adwpddtive NEsREge39P | P, DELOHE theuni form

and rectified flow, and to | essen pressure loss in the flow passage 39a, so
t hatl,5 f or wgxstmelaen, Thigstréameme cgcbwmﬂtpeaﬁmxegimaseeadigbr amnd i%n system
can be enhanced, and supply of water (ﬁ;_](ﬁ)e rfqumed by downsi zed punps as
descri bed koo cortrlatinn represerded: 1 THe TAvention will be quite

significant. 18 JLY2Meisf Wwherein 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



What is clainmed is: 1. Areverse flow prevention apparatus conprising: an

outer box provided with a flow path forned coaxially therewith between 5 an
inlet and an outlet, and also provided with a drain outlet in a mdstream

region of the flow path; an inner cylindrical body slidably fitted into an
upstreamregi on of the outer box; an qgcape val ve provided on 8 Juge20®3an
open end of the inner cylindrical 10 body, on the downstream side, so as to
be freely attachable to and detachable froma val ve seat provided around a
val ve port formed between the mi dstreamregi on and a downstream regi on, and

ener gi sed ] i 0. on f | v, openi ng by the urging of an escape
val ve spri%‘,’éﬁcﬁ:%#ggqm‘g%cﬂs)e?gﬁd%’éheck val ves provi ded inside the inner
cylindrical bo ?8?‘? e i t e, ,
respectively, ggc f];l(?r tro@\e/eeﬁg‘éﬂﬁ ow of 55?1&1 %&thfitr g%egﬁe@&épv\gété’ee?m si de

can be preheniklldevdngi & fuithpokipothi Birahely ded crsof heithnerbipRh phery of
the outer box for partitioning the interior thereof into an upstreamregion
of the fl ow ee Hikepdndicakagstofewatetr irtto theshidstreasgi xegioan@boaher ei n
an effective 20 di ter of the_djiaphragmand a dj aneter of the_valve seat
of tHe es@gsBrSdm/gng reetionupktheEmrapw 1ad1<aanteéiqga’| thalhrokan dine o

For val ve B b n WAH 115 E2SSHoUktt TR BRCHTCS Louo thR) EORBeaM ve. -

open 0 vhsiaed 8 d sk By KEL v R 0 ppokgoudye 1

check val vé®in't irec 00S ressure

m dstreambetgredni shenipgreasned #,vel sthHovatidRyrenmr eegiiohmagd taleue than a
pressure on the upstreamside. 2° A reverse flow preventi on appar at us

accor di ng pressurieaPpof thehepstrearheragioer, thd eacape atalvedd iscdusedd in a
shape circular in seg\lti on whjile g sliding su_rfqa;ge of an ing;‘uer sur face of
t he 18ut er tAADCR|FHSHIOVRGR A58 ShaNich@ePPegifian Aan tisy a9t Watesr vi ded
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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



3. Areverse flow prevention apparatus according to clains 1 or 2, wherein
a Teflon coating is applied to an outer peripheral surface of the inner
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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
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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 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 spring 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
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opening, precision control of pressure can be effected with ease
such that the pressure P, of the midstream region 9b is
maintained always lower by the predetermined value than the
pressure P, on the upstream side.

5 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

10 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

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
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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, €
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
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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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an outer box provided with a flow path formed coaxially therewith between
5 an inlet and an outlet, and also provided with a drain outlet in a midstream

region of the tflow 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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2. A reverse flow prevention apparatus according to
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, is
provided with a plurality of recessed grooves notched at equal
intervals in the direction of the circumference of the sliding
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
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
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
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.
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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
5 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.
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