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A"HYDRAULI C VALVE=The present invention relates to a pressure ar‘ro(‘lfq&QIO']é/‘F
Bal anced’ hydraul i c val ve which finds particular application as arz;Lo 0

val ve for c¢cisterns (or flush tanks as they are known in the.USA) wever; p%
the valve of the present invention is not limted to this particular
application.- The invention also relates tg.cistern inlet valves and

cisterns. Prior art valves for cisterns may be conveniently divided into

two broad categories. ﬂ;@sreédnf fbverftioh egAs\o b preSRE @R R balaBts hp@Bulé RS
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Such an arrangemem is relatively sxmple very relxable and bas béen in use for many -
years. -
However, in recent times the average width of cisterns has been reduced
_ ‘because of a reduction in the volume of water used to flush_lavatory pams. Since
16. smaller volumes of water are required, corresponding reductions in the size of the .
cisterns used to hold the flushing water have also been achieved. As a consequence,
-the length of the float arm previously able to be used, cannot now be used for such
cisterns. As-a result, the closing force of the mechanical inlet valve referred to above
is reduced. This renders this type of valve unsuitable for use in those areas having high
20  water pressures. , i i
As a consequence of this development, hydrauhc inlet valves are mcreasmgly
utilised in cisterns. A hydraulic inlet valve utilises-the inlet pressure to assist in closing
the valve by applying inlet pressure to a relanvely large opposite face of the valve
member so that a net closing force is achieved. However, hydraulic inlet valves suffer
25 from several disadvantages. One disadvantage is that in the event of a failure of one of
- the valve components, the hydraulic inlet valve aiways fails open, That is to say, the
valve failure results in flow of water being unable to be stopped. Since the
consequence is a flooded bathroom and a substantial loss of water, by far the better
arrangement is that the valve, if it were to fail at all, should fail closed. Then the
30 consequence would be that no flow of water could be initiated. n
In relation to cistern inlet valves, in addition to failing closed, another desired
feature is quiet operation. Traditionally, inlet valves have been a source of surprisingly
~ substantial noise volumes during their operation. Since the flushing operation is of a
~Telatively short duration, but the re-filling of the cistern with the next flushing water
35  volume takes a substantial time, the noise generated by the inlet valve is present during
the entire cistern filling period. This noise is generated by cavitation, turbulence and
water free__.Sﬁrfa'ce noises (the latter being due. to water-air-water. interfaces). A
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ctsterns. As a result, the closing force of the mechanical inlet valve
veferred to above is reduced This renders this type of valve unsuitable
for use in those areas having high water pressures. As a consequence of
this devel opnent, hydraulic inlet valves are increasingly utilised in
cisterns. A hydraulic inlet valve utilises;fhe inlet pressure to assist in
closing the valve by applying inlet pressure to a relatively large opposite

face of the valvg W Qritte 8dvaritagaCh AvhiRBik NE of QlidiCcidiéin aMEH @iRAcanHpyEVeET
hydraulic inlet va ves suffer. fromseveral disadvantages. One disadvantage

is that in the 38§ edof a failure of gne of the valve conponents, the
hydraulic inlet val veTm \RESPent f iYentiony grises framy, wesparch garged outy il A, VieY 0 | i o

results in flow aefoptig to amkl@irasgthe Akuyéracntioned disadvaptagescind atdiastpartialipachieve

consequence is agl h%%&ﬁ@édhamﬁg@nmraugﬁ i8R thebbjdcD6the presvt @ventiby f ar-
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present during - outlet being sized to permit said outlet to be occluded by said valve body; _charactensed.
' m that the interior surface of said cavxty and the exterior surface of said valve body are
shaped and arranged to reduce the cross-sectional area available for flow towards said
15 outlet and between said valve body and cavity, and simuitaneously increase the cross-. ..
sectional area available for flow from said inlet and between said valve body and
cav1ty, as said valve body moves towards said outlet and vice versa as said valve body
moves away from said outlet, to thereby alter the balance of the flow velocity induced
pressure forces acting on said valve body.
i 20 ' Preferably, the bulbous valve body is an ovoid, ellipsoid or a Rankine ovu_loid.
In accordance with a second aspect of the present invention there is disclosed a
. -method of controlhng flow through a pressure and flow balanced valve.comprising a
valve housing which has an inlet leading into, and an outlet leading from, an interior
cavity, with said inlet and outlet being substantially opposed, and a generally bulbous
25 valve body located within said cavity, said method comprising the steps of:
moving said valve body away from said outlet to increase the cross-sectional
area available for flow between said body and said cavity adjacent said outlet and to
simultaneously reduce the cross-sectional area available for flow between said body and
said cavity adjacent said inlet, to thereby apply a net flow induced pressure force to
30  said body acting to continue said valve body motion away from said outlet and open
said valve, and .
moving said valve body towards said outlet to rednce the cross-sectional area
available for flow between said body and said cavity adjacent said outlet and to
~Simultaneously increase the cross-sectional .area available for flow between said body
35  and said cavity-adjacent said inlet, to thereby apply a net flow induced pressure force to
said body acting to continue said valve body motion towards said outlet and close said
valve.
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the entire cistern filling period. This noise is generated by cavitation,
t'urbul ence and water free surface noises (the latter being due to
water-air-water interfaces). A 2 substantial marketing advantage is
available if a quiet cistern inlet valve can be achi eved. The present
invention arises fromresearch carried ot3-with a view to attenpting to
anel i orate the abovenentioned di sadvant ages and at | east partially achieve .
t he above described dleegordageeswith'g third abneefiof theipresens invimtiop Ithesecis distlogaden
present inventi QienPhdving\icit@rbinlet vavedn ertlicly e vave ifofhe sbovgryped a first aspect

of Lhe present |nventjgq t&ﬁ%&%ﬁmk@&#&ﬁeﬂeﬁ Hﬁ’ﬂﬁrthe?éﬂ%scloi’ed"aa” ve.

h whi ch 'h
mter o cavi ty AP ding 1 FRER G It BTeuRrary o oereli 19 el osed:

general |y bulsbowslve.al ve body | ocated within said cavity and nounted for
novenent towards and TFhaey embodimentsi of tetprestnt isventbny eill eow dgydeacribed wwithet -

bei ng sized to RgLEhde 15 Ml draMitlet & whicn: be occl uded by sai d vai ve body; and

means for reciproca vin sal bod erd1u m | ve
body, wherein the i nt%? n};}s cg?siséceoné?lngglﬂﬁw g\?l fish and’ t- ’éven iy
inlet valve;
10 Fig. 2 is an equ_ivalent cr_oss-sectional view through an inlet valve of a first
embodiment;

F1g 3 is an-equivalent cross-sectional view through an inlet valve of a second
embodiment;
~ Fig. 4 is a an enlarged cross-sectional view through the siphon breaking poppet
15 mcluded in the valve of Fig. 3;
) Fig. 5 is an exploded persPecnve view. of the poppet of Fig.: 4 prior to
assembly;
Fig.6isa side elevatxon of an inlet valve of a third émbodiment;
Fig. 7 is a longitudinal cross-sectional view through the valve of Fig. 6;
20 Fig. 8 is an exploded perspective view of the v_aiv,e of Fig. 7;
“Figs. 9 to- 12 are respectively perspective, sicie elevational, plan and inverted
plan views of the valve body of Figs. 6 to 8, and
Fig. 13 is a sectional view through a valve body and cavity of the first
embodiment which is utilised in explaining the operational principle of the present
25  invention. :

) Fig. 1 1llustrates a prior art hydraulically operated cistern inlet valve. The
valve is substantially as described in Australian Patént Application No. 81732/91 in the
name of the present applicant. As seen in Fig. 1, the hydraulic inlet valve 1 has an

. inlet 2 which leads to a valve seat 3 and an outlet 4. The valve seat 3 is closed by a
30  valve member 5 carried on a rubber diaphtagm 6. A by-pass channel 7 allows water
from the inlet 2 to be directed to the downstream side of the diaphragm 6. A secondary
valve 8 operated by a float arm 9 and float 10, controls the pressure applied to the
downstream side of the diaphragm 6. ' )

- In operation, with the secondary valve 8 open as illustrated in Fig. 1, water is

35  able to pass from the inlet 2 to the downstream side of the diaphragm and thence out
the secondary valve 8. Accordingly, there is no substantial pressure aﬁplied to- the
downstream side of the diaphragm 6 and therefore the valve member S is moved away
ﬁ_'om the valve seat 3 by the pressure of water in the inlet 2. This enables the hydraulic

L
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eiterior surface of said valve body are adapted to provide a pressure and
¥l ow balance in said valve so as to reduce the cross-sectional area
avai l able for flow towards said outlet and bétween said val ve body and
cavity, and sinul taneously- i ncreas¥’ the cross-sectional area available for
flow fromsaid inlet and between said val v& body and cavity, as said valve
body noves towards said outlet, and vice versa as sajid val ve bod
away from said oiplet ¥alve Lto;qpen.afidithe water fo pass fom the jnlet 3 Sarpushiths YA S éﬁyt3 ng t he
bal ance of the fobwwhewstlddity i nduced pressure forces acting on sai-d val ve
body. Preferably, 1 herﬂ)mblawsmw&wastaady ﬁuswmwﬁmoimd fload 10i fixe0ird the Fleat
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i nvention there I8

_ f con‘trof)l t hr
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whi ch has an i nl pesshredsiappijed tattes TeHHYfIYanBm of| thexvalve gnember Which disecly i or
cavity, w th.saigiedsitheini@ntowrvér, ehe differegpe $n)bred anhlisain ay net phsing dorca bgiegier al |y

bul bous val ve bogx. LOGR bR Giaphoafth 8 18 e daiv@inbrdibr 5.2 ALooRdifghA e JafVe niciibes OCal | y
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conprising the sfbé‘ﬁ said from said outl et to
i ncrease theeross- seévqhmbxdmaﬁ%gﬂ%%m Lsble to “H’B bspofuewts: Qaedvaddly and
said cavity adj apenhe Sipbragmté et tenperforatedi thertliya nilewingl yatere thidekt figm  the
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-S:mﬂarly, the by-pass channel 7 can become blocked. This again reduces the pressure
15 aﬁplied to the downstream side of the diaphragm 6 and again causes the valve to fail
' open. Further, an impurity cin become lodged in the secondary valve 8 which
therefore prevents it closmg completely. Again this reduces the pressure apphed to the
downstream side of the dlaphragm 6 and results in the hydraulic inlet valve failing in an

open condition.

20 : Turning now to Fig. 2, a préssure and flow balanced valve 11 of the first
einbodnnent of the present invention is illustrated. The valve 11 has an inlet 12, a
valve seat 13 and a substantially cylindrical outlet 14. Located between the inlet 12 and.
the outlet 14 is a cavity 15 within which is located a generally bulbous valve body 16.
The valve body 16 is supported by a spindle 17 which is slidingly retained in a bush 18.

25 As a matter of construction, the valve 11 is formed from an inner body 20
which contains the inlet 12 and to which is secured a shaped anpulus 21 which together
with the inner bddy 20 forms the cavity 15. A cjrlindrical outer body 22 is located
around the inner body 20 and the passage between tﬁesq two defines the outlet 14. A
crown piece 23 completes the outlet 14 and provides a support for the bush 18.

30 It will be apparent that if the spindle 17°is move upwardly, then. the valve body:
16 occludes the valve seat 13 thereby preventing any flow from the inlet 12 to the outlet
14. Conversely, if the spindle 17 is pushed downwardly, then the valve seat is opened
and water is able to flow through the inlet 12, between the cavity 15 and valve body 16,
past the valve seat 13 and into the outlet 14. '

s T Since the interior surfaces of the inlet 12, cavity 15, valve body 16 and outlet
14 are smooth and include gentle curves which define a flow path that mum_cks
theoretical streamlines, the flow of water exhibits substantially' streamlined behaviour.

Wy
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b«obly acting to continue said valve body notion away fromsaid outlet and
open said val ve, and noving said val ve body towards said outlet to reduce
the cross-sectional area available for flow between said body and said
cavity adjacent said outlet and to sinultaneously increase the
cross-sectional area available for flow betmween said body and said cavity
adj acent said inlet, to thereby apply a net flow-induced pressure force to

close sad val ve Tl SR o, 43 e AN, YRR, bl 11O
a third aspect oﬂ“l‘?h@"’{)}séglgﬁvfd‘i nvention there is disclosed a cistern having
a cistern inlet valve A mingnidispivaniagephho aringeragnt offiig. 2o that the graulay utlet 14
accordance w th gnch@es & Bulsmpta tvolinet df cairpwhiste piusti bevedmipiealy teheved beforelitiec| osed
a method of fill iq{\;ﬂ?g gsgs%iéﬁsw 14t dchibla oot die et Q\eBeohPERRinfRht 43 Ustritbd NI
{1 ow through a5 o/alte, vdd)iceied M98 bAER S how BE.REFARR' 1] BYER' S Bl | noW
' - an inlet 112, a valve seat 113, and a single tubular outlet 114. As before the valve 111 - -
also includes a cavity 115 and a valve body 116 mounted on a spindle 117. The spindle
-117 is pivotally connected to a float arm 109 which is movable in an arc by a float 110.
10 ‘The inlet 112 and outlet 114 are formed together in a main body 120 into
which an anmulus 121 is positioned and held in place by a crown 123 which is
threadably engaged with the main body 120. The anmilus 121 and main body 120
. together define the cavity 115. The crown 123 also includes a supporting bush 118 for
. the spindle 117. It will be appreciated in this connection'that sealing between the bush
15 118and spindle 117 is not critical since water is only present in the outlet 114 when the

valve 11 is open. ~ . -

Also included in the annulus 121 is a siphon breaking poppet 125 which, as
best seen in Figs. 4 and 5, is formed from a finned T-shaped valve 126 and an
apermared disc 127. After the disc 127 has been located on the stem 128 of the valve

20 126, a disc retaining head 129 is formed on the stem 128. Because there are five
apertures 130 and four fins 131, it is always possible for air to pass through the disc
127 and 'into_ the outlet 114 provided the valve 126 does not abut the annulus 121. The
purpose of the poppet 125 is to ensure that when the valve 111 closes, and the pressure
is thereby reduced in the outlet 114, air enters into the outlet 114 so that water is not
25 ' retained in the outlet 114 ‘above the level of water'in the cistern. As a consequence,
should a negative pressure be inadvertently applied to the inlet 112, it is not possible
for water to flow in a siphonic fashion out of the cistern and into the inlet.
. As seen in Fig. 6, the inlet valve 211 of the third embodiment sits at the top of
) a stem 228 on which a float 210 rises or falls in accordance with the level of water
30  within the cistern 19. The float 210 is connected to the inlet valve 211 By means of a
float arm 209. A rack and pinion mechanism 240 interconnects the float arm 209 and
“the inlet valve 211. . |
As 'seen_- in Fig. 7, the stem 228 is formed from two concentric cylindrical
~ members, the innér one of which is the inlet 212 which is surrounded By the outlet 214.
35  Adjacent the base of the outlet are one or more openings 241 which restrict the outlet
flow as will be explained hereafter. - The entire arrangement (Fig. 6) is able to be
mounted in known fashion in an opening in the base of the cistern 19 (illustrated in
phantom) and sealingly clamped in position by means of a nut 242,

LT
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réference to the drawings in which: Fig. 1 is a cross-sectional view

t hrough a substantially conventi.onal hydraulic inlet valve; 10

Fig. 2 is an equival ent cross-sectional view through an inlet valve of a

first enmbodinent; Fig. 3 is an equival ent cross- sectional vieéw through an’

inl et val ve of a second enbodi nent; Fig. 46+s a an enl arged cross-secti onal

view t hrough the siphon br eaki ng poppet 15 included in the valve of Fig.

3; Fig. 5is an expl odascbegtesesp gt Figy 8 thic dinleto12 tdpenspiotopre valvef camityy 215 Whichor t o

assenmbly; Fig..6yl.Ra& al éég-nﬁé Qa8 body 206 which ispceitionedlay GeObweér dolliofd valve

embodi ment; Fi 9. fdidaf ’Eﬂag{éai\}é dpfak 25 psagxegs%'ra&a'oﬂa&w@rawome val ve

of Fig..6; 20 Fi e 2 E’F%@%I é%gw of ..t he val ve
i et iy 206, B Gt ©© St B,

of Fig. 7; Figs. ragktagi R’?‘
pl an and invest edpqnlthawaweélb &he Y‘W@ 03‘&!3’\%5 chelyneéfromutge piegps e BPeRARf afj .
13 is a secti onalpih Gaistitieothe valde seai 248. BAndyring 246 dpalimped bétwednahd valwtséat

enbodi ment whi. Chzrlssanﬂttﬂ Iljeﬁﬁgde}gngg(pﬂ@lcg‘h@glghe operational principle of the
present Three generally U—shaped passages 248 of restricted cross-secnonal size lead
from the valve seat 245 into an anmular chamber 249 which in tum opens into the outlet
10 214. The U-shaped passages 248 are formed by grooves posmoned in the underside of
a cap 250. The cap 250 is able to be secured to a bell 251 formed at the upper end of
the stem 228 by means of bayonet fittings 253, 254. In this way the cap 250 can be
secured to the bell 251 so as to clamp the valve seat 245 into position,
o A number of small openings 255 extend through the bell 251 and thus permit
15 " air to be communicated from the atmosphere, via the annular space between the skirt of
" the cap 250 and the bell 251, and thence into the annular chamber 249. Positioned
between the cap 250 and bell 251 is a frusto-conical rubber sleeve 256. The upper end
of the sleeve 256 is formed with a rim 257 which functions as an O-ring and provides a
seal between the.'bell 250 and cap 251. The sleeve 256 is provided with a central
20 aperture 258 (Fig. 8) which, in the rest position illustrated in Fig. 7, presses against the
exterior of the valve cavity 215.
When the valve spindle 217 is Iowered by the float arm 209 plvotmg in the
. 'arllti-clockwme direction as seen in Fig. 7, then water is able to flow from the inlet 212,
through the valve cavity 215, past the valve seat 245 and into the U-shaped passages
25 248. Since the passages 248 follow a smooth curve, this flow exhibits substantially
. streamlined behaviour thereby avoiding turbulence and cavitation.

In addition, the rubber sleeve 256 which initially blocks the flow of water from
the U-shaped péssages 248 into the annular chamber 249 is deformed outwardly by the
water pressure now applied to the inner surface of the sleeve 256 via the open valve

30 seat 245. The consequence of-this pressure and. the resulting water flow is that the
rubber sleeve 256 expands outwardly so as to increase the effective diameter of its
central aperture 258.

This movement of the rubber sleeve 256 prov1des two simultaneous effects.

Firstly, the central aperture 258 of the rubber -sleeve 256 eff_ecuvely constitutes a

35  variable aperture orifice which increases with increasing flow and/or pressure. This
has the very desirable advantage of providing a pressure drop close to the valve seat
245.

ty
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25 invention. Fig. 1l illustrates a prior art hydraulically operated
cistern inlet valve. The valve is substantially as described in Australian
Pat ent Application No. 81732/91 in the name of the present applicant. As-
seen in Fig:. 1, the hydraulic inlet valve 1 has an inlet 2 which leads to a
val ve seat 3 and an outlet 4. The valve-deat 3 is closed by a 30 valve
menber 5 carried on a rubber di aphragm 6. A by-pass channel 7 allows water

fromthe inlet 2 tobbaddifioneesAPangion Aithe SRR sleaven o8 raiallys ourwazdly WSt , agm 6.
A secondary vagny gnfiuengpesfathecvaley passingohrougly tie dnletrdive | 1o aesult) in thereepisils t he

pr eﬁsu[]e appf '%&;&Pﬁ*@f dﬁ%ﬁﬁe&%&%eﬁ&u&b%eﬁiﬁ@ﬂﬁé amm@s 255 Omel’agtSI on,
with the secon val v | %ﬁ%h

able to pass f?%#?eﬁlge glagtcg‘g&{go&&ﬁa g?gg r.e m'gf Sbglgm and
t hence out Eheel@é@%éf’fp ??ésf% Z |aI

pressure appl-i ¢wmber Maendi&mmfeéhﬁ @!4“6«3116# @W&f?ﬁ#é’gﬁﬁ bsiangial noiseef or e
the val ve menbghycaoh mediéed avay fromthe valve seat 3 by-the pressure of

water in the inlet %ina.lﬂ.”t& ﬁ%&é@&pehﬁfs Y I tBdbds€ of the Gifffet 114 mean that the
outlet 114 is quickly completely filled with water during operation of the valve. As a
10 consequence, a substantial amount of splashing and bubbling noise is eliminated.
Furthermore, the openings 241 are preferably of a restricted size so as to constitute a
fuither pressure drop gemerating device. As a-comsequence the mains pressure is -
dropped in stages between the inlet and outlet thereby reducing the chance for the
pressure within the water to drop below the water vapour pressure. It is the water
15  pressure dropping below the water vapour pressure whxch gzves rise to cavitation, and
hence cavitation noise.
In Figs. 9 to 12 the preferred form of the valve body 216 is illustrated. From
these drawings it will be apparent that the valve body is not spherical. )
It will be apparent to those skilled in the art that the above described
i 20  arrangement provides a number of advantages. Firstly, the smallest passage in the inlet
valve which is likely to be clogged by any grit or debris carried in the inlet water, is
Jocated at the valve seat 245. As a consequence, should any material be lodged at this
position, it is hkely to be dislodged at the next operation of the valve. Furthermore,
any such material is able to be easily carried through the passages 248, past the central
25  aperture 258 of the rubber sleeve 256 and into the annular chimber 249. From there
any such debris is able to pass harmlessly into the interior of the cistern 19.
In addition, should there happen to be a partial vacuum applied to the inlet 212
whilst the inlet valve 211 is open, then the rubber sleeve 256 will be sucked inwardly
' thereby clamping the central aperture 258 against the exterior of the valve cavity 215.
30 Fﬁrtherfnore the céntral portion 259 of the rubber sleeve 256 will move inwardly
' thereby freeing the openings 255 and allowing atmosphenc air into the outlet 214. Asa
consequence, any water in the outlet 214 will drop to the level of water within the
cistern 19. In this way the prevention of any reverse siphoning is ensured.
- Furthermore, in the event of a catastrophic failure, such as the valve stem 217,
35 breaking, then the valve body 216 is forced upwardly by the inlet water pressure so as
to close the valve seat 245. Thus in this regard the valve is "fail close" rather than "faxl
open" as for other hydrauhc valves.
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|nI et valve 1 to open and the water to pass fromthe inlet 2 through the

- valve seat 3 and out the outlet 4. In the event that the cistern 19 fills
with water, the float 10 rises and the float arm9 therefore-cl oses the
secondary valve 8. As a consequence, the inlet pressure is applied to the

| arge surface area of the downstream side -@f- t he di aphragm 6. The sane
pressure is applied to the relatively small surface of the valve nenber 5
which directly faces tThe printiple of bpevationof the vatve df Figeréoamdd will nowrbedescebadl t s i n

g nit cl SSI n? f Otvﬁ@l rDeleR@ 3B 12shd\ttRsidgtRe &s@a&a&me@s $f®igd. e Padfy mtrrtr)]er
hydr ;ﬁlolr cI Pgl gt \?B\‘fa\‘}en? v Osgﬁaﬁ&rm ﬁe%ﬁﬂ%&fﬁ.ﬁ%& au%ﬁnﬁ&a‘fmﬁalg;%gve abl eet 0
fail in a nunber i 1\%&9’@“ the faftuznce of Sravisy B%‘jryf%lrsat ed
t her eby al | owisng andispindle 217] i edunteragied melamemby @arbu@m Oéﬂlechh!e godyptbagm 6
into the outlet 4m& mai Q@ysﬂbeﬁmal gent, MR secdppainlg dipscRs Sdides cabel ! ITRnmepselye ifmember
5 and causing th t&r&&iﬂly'tﬁl:nﬂﬂes@@&ﬂesca?@%ﬁﬂw% the AudbdoR! &Y, -the
by- pass channel can reduces the pressure 15
applied to the dd&ReR gg g‘ﬁf?lg Ve}f’éd'}r]i g‘?ﬁﬁ‘b‘ ge F% causes the -
valve to fail open. Fulesyated bhﬁlelmfﬁﬂjrdpt Jask lines [ Bignd3 lsaagewqon of the wbgondar y
val ve 8 whi chiot heb®f 2réewhencthe vhise iist subdtamiallygfulty bjnet ke lwill bAgpprecididdi i hisduces
the pressure appl b&gcdoﬂtﬂa e SN LIoRA Thed kbR fof Hits Hip e B4y B150ack S Ul 1 S
'n the hydrauli c Ie inlet 21¥a &ll?etween thcquﬁog surﬂces of the cavity 215 and the exterior surface
of the valve body 216, is substantially reduced. Conversely, the cross-sectional area
‘available for flow between the exterior surface of the valve body 216 and the interior .
16 surface of the cavity 215 adjacent the outlet 214 is substantially increased.
The position in which the valve body 216 nearly occludes the valve seat 245
and outlet 214 is illustrated by dashed lines in Fig. 13. It ‘will be apparent to those
skilled in the art that the converse of the flow areas referred to above applies.
The valve body 216 is generally ovoid or ellipsoid. Preferably the valve body
20 216 is a Rankine ovuloid and thus in cross-section constitutes a Rankine oval for which
the streamlined flow about the solid body can be calculated.
Because the flow within the -cavity 215 about the valve body 216 is
. substantially _streamlmed and substantially without turbulence, the total energy in the
liquid flow can be presumed to be a constant with substantially negligible energy losses.
25  As a consequence, the energy at all points in the flow path is.the saf_ne. The total
energy per unit mass E at any given point is given by the following eqliation '
' =12 + 4 ¢)]
[ 2
in which V is the velocity of the flow, P is the pressure at the pomt in question is p is
the density of the liquid. .
30 Since there is an assumption of no emergy loss, the energy in the region
adjacent the inlet i is the same as the energy in the region adjacent the outlet 0. Thus,

the following equauon -which expresses Bernoulli's theory, applies
Pi Vz Po - Vo

- + = + : 2
st Tt )

In addition, for flow the following relationship
35 V = Q/A s 3)

Ya
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open condition. 20 Turning now to Fig. 2, a pressure and flow

bal anced val ve 11 of the first enbodi nent of the present I nvention is
illustrated. The valve 11 has an inlet 12, a valve seat 13 and a
substantially cylindrical outlet 14. Located between the inlet 12 and. the
outlet 14 is a cavity 15 within which is |lo ated a generally bul bous val ve

body 16. The val ve ?Odv\élf%gvlﬁ tﬁeupg&kg%g ﬂRy [ el &m {s S|c]!_°dl ngI y

retained in a busffP f co stru Fon,
11 is fornmed fromeatFPnFlri‘H%PfHE(ﬂ?W?O whi ch cont a| ns the intet 12 and to Whl ch
I s secured a shapéd anhdomwsztsom/chwons)g@nmarabwetmdtlhausmﬂnrhqmddy f20 all or s

the cavity 15 A gﬁ.;(%w Phtposts indbrhpressibid Yo B¢ dénfityl iemaihednai® Und if hieabwaRs body
20 and t he passage t&eh@@%efo\@@ygﬁf&&%e tﬁ&,{eg%'é %%eh&%veﬁ%&gge |ece

23 conpl et es t he BEEE rov por
It will be appar et Pieﬁ%!fe Y”f“ hail ?’emf“i‘mF‘@ pEsapfslly qopstant. (The
val ve body 16 .occdonekess also@ppligs, v@tﬁesftmﬂ@ﬁmmm dweﬂlewnlgclunpcmls@wmrom
the inlet 12 to t#epRiideciecrédes. Conversely, if the spindle-17 is pushed

downwar dly, then the v e gg%gds bl ey rough
the inlet 12, between ?%e caw X lg a va?’@g E@B&FR uggl” nhééil/ velpseat
13 and into the owppled; equally insall direc ¢ °%?fr‘P LY 55 t he

inlet 12, cavity 48, m\pan‘uwéarrgm};e %MWebmlﬂlﬁrMn@mﬁbamwme
gent | e curves- whigp, rbefitheheavalvk dudy 16 lin thia pésitioh iidk®d by dot dash lines in Fig. 13,

the flow area adjacent the inlet 212 is decreased and thus the veloclty of flow adjacent
the jnlet 212 is increased and the pressure applied to the free end of the valve body 216
15 is decreased. Conversely, adjacent the outlet, the flow area is increased and thus the
‘flow velocity decreases. Similarly, the pressure-applied to the valve Body 216 adjacent
the spindle 217 is increased. Since pressure represents a force divided by an area, and
the area of the "hemisphere" of the valve body 216 connected to the spindle 217 is
approximately equal to the area of the "hemisphere" of the free end of the valve body
20 216, the pet pressure difference nges rise to a net force which therefore moves the
valve body 216 away from the valve seat 245, against the direction of liquid flow, and
thus maintains the valve open.
Because the hqmd is flowing past the valve body 216, a drag force is generated
which urges the valve body 216 towards the outlet. This drag force can be
25  counteracted by making the surface area of the "hemisphere" of the valve body 216
connected to the spindle 217, greater than the surface area of the "hemisphere” of the
.. free end of the valve body 216. For example, the spindle "hemisphere” can be a quasi-
hemisphere whilst the other "hemisphere" can be a half elipsoid.
It follows from the above discussion that there is an equilibrium posmon in
30 which the flow of liquid past the valve body 216 produces no net axial force on the
spindle 217. However, small displacements of the valve body 216 in either direction -
away from the equilibrium position bring about an imbalance of forces which continues
the valve opening or valve closing movement. This means that the valve is able to be
easily controlled, even with the short float arm 209 as indicated in Figs. 6 and 7. It
35 7 will be apparent from Figs. 6 and 7 that the initial downward r'novement of the float
210 brought about by emptying of the cistern 19, moves the valve bedy 216
downwardly so as to partially open the valve seat 245. The abovementioned pressure
difference then cornes into play and continues to open the valve 211. The downward

L
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theoretical streamines, the flow of water exhibits substantially
Streanl i ned behavi our. -5 - Thus separation, turbulence and cavitation
are mnimsed. Accordingly, a substantially quiet flowis achieved. A mnor
di sadvant age of the arrangenent of Fig. 2 is that the annular outlet 14
i ncludes a substantial volume of air which Hust be conpletely renoved
before the 5 qui et est pPSSI‘{gIe ro s achi eved. To this end, a second
enbodi ment as il | mevemEob AT iy elvg bogy “HE@?F“Q!’( dmitgstiby Teswictingethe downwerd f1 ow
bal anced val ve 11moeémesi gf thg stemcAliidetermtivelyl @i valv@ body 216 leventubliatoniek 3ntoand a
singl e tubul ar oughict witithe Afleted.ore the valve 111 al so includes a cavity

115 and a val ve body 11§ ﬁb&%ﬁ%%s%ec%ﬂde%ﬁ'h@vA&Zmulﬁﬁeds R0l Sistdrh bid the
H s

pivotally connected to In_an arc by

float 110. 10 5. dinlet Val"’r O'ﬁ‘? g?at% “ﬁeﬁ‘é@eﬁeﬁ F’éstmgn;g‘zl o8t arp 4P9and oviug Wér in
a main body 120 i malee body 2H6 vRwagdiyeq sgen imFig. {7 Sownedsithe egnidibrivampositioh.d Onee e ace
by a crown 123 whigiflibriamt posisienl sbpaysed: nha gedureiditferdnbeeappRédnto REyale2bbdy P16 -
annul us 121 and nhud, Bdike E80ahve 84516 A8 St BPchRBN bif il Fsind HRal NN 123
al so includes ‘a S’%Ei'.«? qag'itnlgsngbo ¢ Slosmg of the valve during which the valve body 216 is urged
10 upwardly by both the action of the float 210 and the pressure difference applied to the
opposite "hemispheres” of the valve body 216. This results in a firm and quick closmg

action. .
It will be apparent to _those skilled in the art that the above described valve

arrangement give rise to a valve which is easily opened and closed. Once- the -valve .
. 15 commences to open or close and the bulbous body passes the - "equilibiium® position,
-,  thenthe valve opens or closes fully due to the imbalance of forcés. Thus the amount of -
" energy required to operate the valve is small compared with a conventional valve. This
feature makes. the valve suitable for use with very short float arms. |
In addition, the relative areas of the two "hemispheres" of the bulb 16/116/216

20  can be adjusted to ensure that during the entire "stroke" there is a net closing pressure.
This, even if there is a catastrophic failure such as the fractuie of the upper end of the
spmdle or of the float arm, the valve will always close after a limited amount of flow

" and then remam closed. Thus the fail open mechanisms of the conventional hydraulic
inlet valve are substantially avoided.

25 Furthermore, because substantially streamlined flow with substantially zero
audible cavitation and negligible turbulence takes place, ;a substantial reduction in noise
is able to be achieved.

The foregoing describes only three embodiments of the present invention and
. modification, obvious to those skilled in the art, can be made thereto without departing
30 from the scope of the present invention. Co

"y
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the spindle 117. It will be appreciated in this connection that sealing
bet ween t he bush 15 118 and spindle 117 is not critical since water is

only present in the outlet 114 when the valve 11 is n ded in
the annulus 121 is a siphon breaking poppet 125 Whl ﬂﬁm ll mmg& l‘

Figs. 4 and 5, is formed froma finned T-sh aped val ve 126 and* arf apertured
disc 127. After thewxusc 127 has -been | ocated on the stem 128 of the valve
Chere are 1ive apertyr ot 1o Bagor o fpy SUMRG ke 1511, ) WG le |
air to pass throudpusingavhichhas- fﬁ?“l%fr@i ]r#nﬁ?%ga%’l“@t ‘ﬁﬁf’ 8‘\/‘38@?}141 ﬁg“)val ve
126 does not abut ldaltieg dromy| apsintegior caviy (i Hoe 210 with saidoiplst nd, 2utiar eing

ensure that when: ’gmmﬂ@hyeppb?.eﬂ addosgeseralyrbdlbous eralpe Beelg (162 1165 216) dscaiey withiduced
in the outl et 114 gif k] T ok uredd o Haeenteht%m%éa%ey ﬁbﬁtsmmt@e’t daﬁme 25

retained in th

t
consequence, shoul Yaa”ﬂ %?NYEF&L ou?eg&(]géalfﬂ%@@é’e‘fee‘?‘fa}l g’ g‘["fé’"?’he :
intet 112, it is bdrageoiss) lblﬂ@t thsrintepigr sprface, of aidh gayify @5.s1) h@)‘ﬁ and the BYtefiorout

of the cistern anduﬂfda&eftahmalvarbeay (18S116£216) drersHapegi. and arrdriged fonrbdnte thalexss-211 -
of the third enbod]ne bnilatle tdaq]otvqewﬁés ﬁld%ﬁmﬁﬁcm&nwﬁuqmv@bédw&u 210

rises or falls in accor n

Cistern 10, The fc84e: ﬁ@@@m@sﬁr tnciEagt it Eonaeanitl e B lon il sbliae ¢ .
float arm 209. A iiulelendherwpinfaidrvaive PRENIIE FrvXY 0as saidcvlye badyomaves mévaquc}a'fi arm .

209" and outlet, and vice versa as said valve body moves away from said outlet, to thereby alter
the balance of the flow velocity induced pressure forces acting on said valve body.
2. A valve as claimed in claim 1 wherem said valve body is mounted on
15 a spindle (17, 117, 217) which passes through said outlet. '
3. - A valve as claimed in claim 2 wherein said spindle is mounted for
longirudinal reciprocal motion thereof.
4, A valve as claimed in any one of claims 1 to 3 wherein said outlet is
curved (21, 23) and extends around said interior cavity towards said inlet.
20 5. A valve body as claimed in claim 4 wherein said outlet comprises a
plurality of parallel connected passage ways (248). .
6. A valve body. as claimed ‘iri tlaim 4 or 5 wherein said valve outlet (14,
214) surrounds said valve inlet (12, 212). \
7: A valve as claimed in any one of claims 1 to 6 wherein said outlet
25 includes at least one opening (130, 255) connected to atmosphere.
8. A valve as claimed in claim 7 wherein said opening(s) (255) to
atmosphere is/are occluded (256) when said outlet (245) is-not pcchided. _
9. A valve as claimed in any one of claims 1 to 8 wherein said bulbous
body (16, 116, 216) is selected from the group consisting of an ovoid, an elhpsmd and
30 a Rankine ovulo1d '

10. A valve as claimed in any one of clalms 1to 9 and comprising a
cistern injet valve (11, 111, 211).
11, A cistern inlet valve as claimed in claim 10 and mounted at the upper
- end of a stem (128, 228) comprising an inlet for said cistern.
35 I 12. A cistern incorporating a cistern inlet valve (11 111 211) as claimed
in claim 10 or 11. . o
15. A method of contft_)llin‘g flow ‘through a pressure and flow balanced

valve (11, 111, 211) comprising a valve housing which has an inlet (12, 112, 212)
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the inlet valve 211. As seen in Fig. 7, the stem 228 is forned-fromtwo.

concentric cylindrical nenbers, the inner one of whic nlet 212
which is surrounded by the outlet 214. 35 Adj acent “mﬂa! H!ﬂutlet
are one or nore openings 241 which restrict the outlets

expl ai ned hereafter. The entire arrangemdéf" (Fig. 6) is able to e hount ed

I n known fashion in an Opening I n the base of the cistern 19 (|IIustrated

i n phant om and eal i ngly S apls 4

" a8 Dot seen i AR oy w8 *@ﬁﬁe@‘z‘?% *f‘*é%gdl.g%frgﬁa Dol (57315 O
i ncl udes an egg- Wﬂe%l%‘%‘&k&“ S@“‘BB%PE’R%‘?BB“%‘! g‘f“ﬁ‘@“?'gwg?“send of
a val ve spindl e Zile baaydmalllﬁ,eZlé)almdmlmaldsa‘aM gid wethnd comiprising the stepswer ed
by means of the rgack and pinion mechani sm 240 and fl oat . arm 209 in order to

respectively cl ose and 531[%0%%6‘;3% w %ﬁay?f}u}%faﬂt]u tl\étal!o EX:ogs]s@ctio f or med

fromtwo pieces, the up est evave seat 5. An
Oring 242 is.cl m@dalggle\ﬁereﬂw Rerveen spid b:‘,’g‘é’f‘“df&’é ayily adpeent sadhpyiigbandse ¢ he

val ve cavity 215, simultaneously reduce the cross-sectional area available for flow between said body and
said cavity adjacent said inlet, to thereby apply a net flow induced pressure force to
said body acting to continue sald valve body motion away from said outlet and open
v  said valve, and
moving saxd valve body towards said. outlet to reduce the cross-sectional area
available for flow between said body and szud cavxty_ad]a;ent said outlet and to
simultaneously increase the cross-sectional area available for flow between said body
and said cavity adjacent said inlet, to thereby apply a net flow induced pressure force to
15 - said body acting to continue said valx'le_ body motion towards said outlet and close said
valve, ' ) ' _

' 14. A method as claimed in claim 13 wherein said valve body is moved
through an equilibrium position at which said flow induced pressure force is
substantially zero.

20 15. A method as claimed in claun 13 or 14 including the step of llmmng _
the movement (109, 123) of said valve body (116) away from said outlet (114) to
prevent said valve body coming into contact with said inlet (112). - .

16.. A method as claimed in any one of claims 13 to 15 wherein said valve
is a cistern inlet valve (11, 111, 211) and $aid body (16, 116, 216) is moved in

25  response to the level of water within the cistern.

17. A method as claimed in claim 16 including the step of interconnecting
said body with a float (110, 210) in said cistern (19) via a float arm (109, 209).

18. A method of filling a cistern, said method iriciuding the method as
claimed in claim 16 or 17. ) '

y
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Jﬁree general ly U shaped passages 248 of restricted cross-sectional size
lTead fromthe valve seat 245 into an annul ar chanmber 249 which in turn
opens into the outlet. 10 214. The U shaped passages 248 are formed by
grooves positioned in the underside of a cap 250. The cap 250 is able to be
secured to a bell 251 formed at the uppef®end of the-stem 228 by nmeans of
bayonet fittings 253,.254. In this-way.the cap 250 can be secured to the

bell 251 so as to clanp the val ve sea to position. A nunber of small
openi ngs- 255 ext end Tharpoesgit inveatidnedifcl@Sla vale viichs utjlisesnant imb&lancaiof flow be
communi cat ed f iqafel satmwa%mpvmava apélagedsnﬁ@ealb@mr}nﬁeﬁ& skirt

.of the cap 250 Q&g (ﬁﬂ oSl ;’é %Hﬁ %dllgfep(?? {;ﬁ % 249.
sellee okt ok ottt SO
functions a anl70)WhJChga%¢$dhl}9uM¢jel§16h Movemensof the dodyt ibaredses|the fi50arenat cap

251. The sl eeven2bfi 6f5theHod ihﬂdidﬂteﬁshs the R 4réd atAfle otBtCnl WWE @he?Blly ( Fing.  8)

whi ch, th th
exlt gl‘l olr nof ?hé&éa ye%%b%ﬂgyw a&ef rém&rgc‘#%%%@g O\X/ergd by

en t e va S
the float arm EWQ‘gﬁfsWﬁ?PFé A iR ﬂmp%c?mﬁn%@sfg@éwl n Fig.
7, then wat pr ars alspidisclosedf | ow from . the inlet. 212 t hrough the val ve
cavity 215, past the valve seat 245 and into the U-shaped passages 25 248.
Since the passages 248 follow a snmooth curve, this flow exhibits
substantial ly : g

LB
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_sﬁﬁeﬁh1ined behavi our thereby avoiding turbul ence and cavitation. In
dddition, the rubber sleeve 256 which initially blocks the flow of water
fromthe U shaped passages 248 into the annul ar chanber 249 is defornmed
outwardly by the water pressure now applied to the inner surface of the
sl eeve 256 via the pggen valve 30 seat 24@. The consequence of this
pressure and the fesulting water flow is that the rubber sleeve 256

expands outwardly as to increase the effective dianeter of its central
aperture 258. This vement of the rubber'@leeve 256 provid Qwo
si mul t aneous effects. \Fi rgthy\ Wi nyrat rture 258" of/t he rubber
sl eeve 256 effectiéély C ' 2_§peft uraorTree—wji ch
- increases with_increasin n . This has s\rabl e
advant age of iding a pr } rop clfg@ o the val ve seat  245. In
addition, th n t r e 256 radially outwardly jupder
the influenc hyo e inlet valve 1, resultfsfin
the central | 2 qef;yﬂe r b | 256 effectively sealing ffhe
openi ngs 255 '
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censehuence, no air can pass from atnosphere through the openings 255 and
fhereby be 6 entrained with the water passing fromthe U shaped passages
248 into the annul ar chamber 249 and thence into the outlet 114. This
constitutes a very substantial noise reduction neasure. Finally, the
restricted openings 241 at the base of thg outlet 114 nmean that the outl et
114 is quicldy conpletely filled with water during operation of the valve.
As a 10 consequence, a substantial anmount of splashing and bubbling noise

- is elimnated. Furthernore, the openings 241 are preferably of a restricted
size so as to constitute a further pressgyre ¢i/gb generating device. As a

consequence the nmains pressure is dropp M st between the inlet and
outl et thereby reducing the chance for tig pregsure within the water to

N
AN

drop bel ow the water vapour presHtHe- Re water is pressure
droppi ng bel owthe water vap r iep rise to cavitation,
and hence cavitation Gg?pe. I a : p&aferred formof the
val ve body 216 is illUSTyate F Sy - v t will be apparent that
t he val ve body is not sp i 1 [ to those skilled in
~the art that the above d&gCrijge al fdngeferfy” pr oV deffa nunber/of'
. advantages. Firstly, the I Ss it i val ve whi Xs
“ likely to be clogged by a ' [ } he inlet/water, is
- g _
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Locafed at the valve seat 245. As a consequence, should any material be
Yodged at this position, it is likely to be dislodged at the next operation

- .of the valve. Furthernore, any such nmaterial is able to be easily carried

t hrough t he passages 248, past the central 25 aperture 258 of the rubber
sl eeve 256 and into the annul ar chanber 32%49. From there any such debris is
able to pass harmessly into the interior of the cistern 19. In addition,

shoul d there happen to be a partial vacuumapplied to the inlet 212 whil st
the inlet valve 211 is open, then the rubber sleeve 256 will be sucked R

i nwardly thereby clanping the central aperture 258 st the exterior of
the valve cavity 215. 30 Furt her the centr ! ion 259 of the
rubber sl eeve 256 will nove inwardl ther fre |ng t he ope Ngs/2%85 and
al l owi ng atnospheric air into the utIe consequﬂnely/dﬁy meter
in the outlet 214 will drgdp to the Ieve of mater within t St
this way the prevention—gfany reverse Slphonlng |s ensalr eqd. Le,
in the event of a catast pefirtc—fatttre—sueh—as—the—wna

- breaking, then the val ve] bqdy 216 §s forced up ly b tdqr
pressure so as to close fhg val ve seat 245 g vyl ve
is "fail close" rather fhgn "fail open” % 322;
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-8 - The principle of operation of the valve of Figs. 6 and 7 will now be
described with reference to Fig. 13 and utilising the designated nunbers of
Fig. 7. Firstly, it will apparent to those skilled in the art that if the
valve is arranged vertically as illustrated in Fig. 13, then the influence
of gravity which acts downwardly on thegyal ve body 216 5 and spindle 217
is counteracted to a large part by the buoyancy of the valve body 216 and
thus, to a substantial extent; these oppositely directed forces cancel.
Conversely, if the valve is arr ed horizontally then tRese forces are

normal to the direction of not of the sp1 216 and
thus may be ignored. Illu €d by a dot Adash || 13 is
the position of the valve |l bo 216 en } 1y
fully open. It wl apreciat€d in pMis cofetNpn th
cross-sectional area awve]l{abl e/Tor flLOw wt h :g@@iy 215, adj adgnt the
inlet 212 and between t erior Agurfac of [t Re taviti 215 wnd tWeslD
exterior surface of the[val vy bo 216, A's sybghany] al |y
Conversely, the cross-sgct ' for gl ow py
exterior surface of the I e‘g dy 216 and _t he i ntefior of the
cavity 215 adj acent thefo 14 i's substant 'Y\ ncrlepsed. The position
in which the val ve bodyl21 _ - segL/2&§9
ol —— //
/ Z : \ /"'/30

125 —*%

FIG. 4
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and outlet 214 is illustrated by dashed I|ines
Apparent to those skilled in the art that the
referred to above applies. The val ve body 216
‘ellipsoid. Preferably the val ve body 20 216
in cross-section constitutes a Rankine gual

in Fig. 13. It wll be
converse of the flow areas

is generally ovoid or

is a Ranki ne ovul oid and thus

for which the streamlined fl ow

about the solid body can be cal cul ated. Because the flow within the cavity

215 about ‘the valve body 216 is substantially
wi t hout turbul ence, the total
be a constant with substanti al

s;;;aﬁr"ﬁéﬁqand substantially
: the | i qu¥d_f can be presuned to
, T As a

> s,

consequence, the energy at aII path is .the dajre. The
total energy per unit nas 2 5 given by the |[fbllow ng
equation [err] in which V us ¢ fflow, P is the |pfessure at
the point in question is nm;. &/ 11 quid. 30 Si nce
there is an assunption of n ;.u rgy in the regiioh adjacent
the inlet i is the sane a energyf in the regio~ adj acent thg putlet o.
Thus, the follow ng equatlo ".ch .upresseifﬁbrn I1i's theory,: applies
[err] In addition, for flo bl ati onghi p
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35 & V= QA (3) applies
#here Vis the velocity of the flow, Qis the flowrate and A is the cross-
. sectional area of the flow It follows fromequations 2 and 3 above and
“because the liquid is -for all practical purposes inconpressible, so the
density remains constant, that if the fd/ow area 5 increases, then the flow
velocity will decrease. However, if the flow velocity decreases the
pressure will increase in order to maintain the energy substantially
constant. The converse also applies, that is, if the flow area decreases,
then the velocity increases and the pressure decreases. As a consequence of

Pascal ' s prlnC|pIe the pre € ~a_t he |IQUIdé?2 0 applied "equally
in all directions" and ig“thus applied to of the cavity 215

and, in particular, tQ the surface of the val ve fbody . s, a4 | be
apparent from Fig13,J wifth th | ve body 216 in the positi di cat ed by

dot dash lines Fig.l 13\ theflow a jacent the inlet/212
decreased armd t “el Ogi 0 dj acen inl et/ 212 is Nncreased
and the preg plied\to the free end o | ve bogh~\216

<
45
Ve 217
' ' =2
21 / Nk - 257
/ ¥
207 | ',
243 T I
|
255 — ”
249 I‘ 253
= / 259
1 [ \
% N
Ze | 1 U0 \Mezs®2
N\ U0 N2z
N 1 L
‘i A N _zzs
214N : % \,///
N %
N j % N
N % N
N Y N
N % N
N 4 / \ _
F /6 . 7 N 4 K N\




15 i's decreased. Conversely, adjacent the outlet, the flow area is
i'ncreased and thus the flow velocity decreases. Similarly, the pressure
applied to the val ve body 216 adjacent the spindle 217 is increased. Since
pressure represents a force divided by an area, and the area of the

“hem sphere" of the valve body 216 connggded to the spindle 217 is

approxi mately equal to the area of the "hem sphere" of the free end of the
val ve body 20 216, the. net pressure difference gives rise to a net force
whi ch therefore noves the valve body 216 away|from.{_he val ve seat 245,

agai nst the direction of2gmuid flow, and thus maintai t he val ve open.

Because the liquid is ffow ng st~the val ve pbody 216, a diag force is
generated which urges the 216 towayds the outletf. This drag
force. can be 25 counterACt { Nng the gurface area of the
“hem sphere" of the val ody 21 nected fo the spindle 217, greater
than the surface are he "he ph " of the free g b ve it de body
216. For exanple, th idl e " hep sp e" cah be a g heDHspher e
whi | st the ot her "hej s C alf e]ipsoid. fromthe
above di scussion tha¥qt iflbri um position whi ch the
flow of |iquid past i e |body roducles no net axi force on the
spindl e 217. However, . SLTHS s of fthe valve body 216 in either
direction away from theZeddil}ijbri i on |bring aboyFanm~Rgbal ance of
- forces which continues 254 . @2 4o
248 Q\ |
217
2o
215
212

FIG. 8



t-he val ve opening or valve closing novenent. This means that the valve is
able to be easily controlled, even with the short float arm 209 as
indicated in Figs. 6 and 7. It 35 wll be apparent fromFigs. 6 and 7
that the initial downward novenent of the float 210 brought about by
enptying of the cistern 19, noves the vagl/ge body 216 downwardly so as to
partially open the valve seat 245. The aéovenentioned pressure difference
then conmes into play and continues to open the valve 211. The downward = -
10- novenent of the valve body 216 is preferably [imted by restricting the
downward novenent of the stem 217. Alternatively, the valye=be
o contact with the inlet 212. As g;‘/Eistern
R\ | ntroduced into the cistern viaffhe 5

% pses thereby raising the float
val.ve body 216 uPwg

Wy as seen in Fig.F/&r?s '
Once the equilibriym¥yasition is passed ré¥syre dif
the val ve body 216@FEN { A

because of the
111; the fl oat

Zio

217

4z
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This brings about closing of the valve during which the valve body 216 is
urged 10 upwardly by both the action of the float 210 and the pressure
difference applied to the opposite "hem spheres” of the val ve body 216.
This results in a firmand quick closing action. It will be apparent to
those skilled in the art that the aboveggtgscri bed val ve arrangenent give
rise to a valve which is easily opened and cl osed. Once the valve 15
commences to open or close and the bul bous body passes the "equilibriunt
position, then the valve opens or closes fully due to the inbal ance of
forces. Thus the anount of energy required to operate the valve is small

conpared with a conventional valvey This feg@ftFe ke?ébh val ve suitable
for use with very short float arns.] I n additjon, t ive areas of the
two "hem spheres” of the bulb 16/136/216; 20, e adjusted to ensure

“that during the entire "stroke" th
if there is a catastrophic failure
the spindle or of the float arm t ys close after a
limted amount of flow and then re |n Qlosed Thup t he 249 open
mechani snms of the conventional hydyaulic inle vallg/gfe substantially
avoi ded. 25 Fur t her nor je subgt ant&glly streanmined flow
with substantially zero audijt®e caq;paflon angd “megl i g'd turbul ence takes
pl ace, a substantial redyefion hp’h0|se, , N

. ' AN

can

re |sLa neJ ofi ng pressure. Thus, even

su h as thf ra ture of the upper end of
I

FG.13



. | s able to be achi eved. The foregm ng descri bes only threé enmbodi nénts of T

“the present invention and nodification, obvious to those skilled in the
art, can be nade thereto w thout departi ng 30 fromthe scope of the

pr esent invention. - CLAI M5 1. A pressure and fl ow bal anced val ve
‘conprising a val ve housing which has an inlet |eading into, and an outl et
| eading from an interior cavity, with said inlet and outlet being.

substantially opposed, and a generally_bul bou e body | ocated within
said cavity and nounted for m)vené is Hgiﬁi a[‘gvay fromsaid outlet,

sai d val ve body and outlet being sized to pernit said outlet to be occl uded

by said val ve body; characterised in that the interior surface of said

cavity and the exteri oThesprestmdsvenfions@iats tad pessipedid flowe bglrepd Hydamwdic arivanged

to reduce the crQggasSaet 'p%@tharad’pﬁﬁkaﬁoﬁads 28 vﬁlQé fdr leRwrisQUeels tsnih ds gy | et

and between said valve b
Cross- sectlona: af‘:r/% \65’\96{1? ab@fg?o\(’#&é{' th?an dﬁ %htyo %ﬁﬁgi%dtstp?

val ve body and catbis tpprticalar §Bﬂl’ﬁat’x?81 vgh%ﬂ’d?t‘%\?‘ég rflé'\?\iaf%l§ls‘§ﬁ} %u‘f 8? 229 nd

vi ce versa as c1stems
Prior art valves fo'r cisterns may be conveniently divided into two broad
categones The first category is mechanical leverage valves havmg a valve seat with a
“circular onﬁce therein, and a disc which is moved by a float arm to open or occlude the
circular orifice. A float attached to the float arm provides a buoyant force ‘which is
magnified by the mechanical advantage available because of the length of the float arm.
- Such an arrangement is relauvely s1mple very rehable and has been in use for many _
years .
However, in recent times the average width of cisterns has been reduced
“because of a reduc_tion in the volume of water used to flush lavatory pans. Since
smaller volumes of water are required, correspondiné reductions in the size of the .
cisterns used to hold the ﬂushmg water have also ‘been achieved. As a consequence,
the length of the float arm previously able to be used, cannot now beused for such
cisterns. As a result, the closing force of the mechanical inlet valve referred to above
is reduced. This renders this type of valve unsuitable for use in those areas havmg high
water pressures .

. Asa consequence of this development hydrauhc inlet valves are mcreasmgly
utilised in cisterns. A hydrauhc inlet valve utilises the inlet pressure to assist in closmg
the valve by applying inlet pressure o a relauveiy large oppos1te face of the valve

~ member so that a net closing force is achieved. However, hydrauhc inlet valves suffer

' from several disadvantages.  One disadvantage is that in the event of a failure of one of

the valve components, the hydraulic inlet valve always fails open, That is to say, the

) 'vélve, failure results in flow of water being unable to be stopped. Since the

consequence is a flooded ‘bathroom and a substantial loss of water, by far the better

-arrangement is that the valve, if it were to fail at all, should fail closed. Then the
consequence would be that no flow of water could be initiated. |

In relation to cistern inlet valves, in addition to failing closed, another desired

feature is quiet operatlon Traditionally, inlet valves have been a source of surprisingly

substantial noise volumes during their operation. Since the flushing operation is of a

relatively short duratlon, but the re-filling of the cistern with the next flushing water

volume takes a substantial time, the noise generated by the inlet valve is present during

" the entire cistern filling period. This.noise is generated by cavitation, turbulencé and

water free surface noises (the latter being due to water-air-water interfaces). A
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sai.d val ve body noves away fromsaid outlet, to thereby-alter the bal ance
of the flow velocity induced pressure forces acting-on said valve body. 2.
A valve as clainmed in claim1 wherein said valve body is nounted on a
- spindle which passes through said outlet. 3. A valve as clained in
claim2 wherein said spindle is mounted for |ongitudinal reciprocal notion
t hereof. 4. A valve as clainmed in anyl3ene of clains 1 to 3 wherein said
outlet is curved and extends around said |nter|or cavity towards said
inlet. 5. A val ve body as cl g vihe vatwherei n said out | et
conprises a plurakity of paraIIeI onnecte& passage ways. 6. A val ve
body as claimed in claim4 or 5 wherein said valve outlet surrounds said
valve inlet. 7. A val ve as cl ai medaBsTRAyT One of clains 1 to 6 mherein

said outlet includes ﬂ{e ﬂr‘%@ﬁm&ﬂﬁo &%E‘cﬂi % Qa(mn@ﬁir?%ﬁsgs ?r{ GEB%BE%%‘? 5 A

valve as clained jn ere is/are

I n eni
occl uded when s&9 ce&ﬁr?sé‘fre f%wﬁcff’ ifﬁ?c‘ﬁ Yf. opgn or o sed, \Lheyal "%1§ CIREEE i N any
one of clainms 1cvwdy&lphiatoerhick ah @ppagihendsalignadyinles (92 lant vttt (13dwptdie Agr oup
consi sting of apulbstBibddy €16) Rl16ca@s eitdinaectavityRAad ks €iprocally mounted on a spindle

'(17) which passes through the outlet. Movement of the body increases the flow area at
one end of the body and decreases the flow area at the other end of the body. In
‘accordance with Bernoulli's theory this changes the pré'ssures acting on the body (16)
giving rise to a net force on the body. A cistern mlet valve (111, 21 1) and cistern (19)
are also disclosed.

FIG. 2

This. ia the replacement sheel
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ovul @ d.. 10. A valve as clained in any one of clains 1 to 9 and

conprising a cistern inlet valve. 11. A cistern inlet valve as clained
in-claim10 and nounted at the upper end gf a stemconprising an inlet for
said cistern. 12. A ci stern incorporat| ng a cistern inlet val ve as

clainmed in claim10 or od. of controll fl ow h . a
pressure anfbstaptial WKW@Y&P‘?&C m:i?‘g ﬁ}%mh‘ﬁt?é%% € GRR ?1 %egn

i nl St I Ieafll ngdl ntltnllae pmdet 8 mrinmhbmhnkesafbmgesearchrcmedamt iwithed Wiew waatiemptingi

said inlet and qutle n e us
val ve body Pt @aatﬁn% g}eg (ﬁ@a%vgx;tgge%r@? g(}ea%g ar?xlagf ée&g'téuosgof
movi ng sai ddesetibedl ibuptagesay Afc::ondlm dit dsi theeobjead of the prasentt m@enmn to prov1de
cross-sect |£{1 gf,&itav ailable for flow between said body and said cavity

dut and

adj acent said to simultanequsly reduce the cross-sectiqnal area
avai | abl e for fl odcoosdingdn & Hrsy aspee) o the ){Jresent invention there is disclosed a valve

comprising: a valve housing which has an inlet leading into, and an outlet leading
from, an interior cavity, with said inlet and outlet being substantially opposed; a
generally bulbous valve body located within said cavity and mounted for movement
towards and away from said outlet, said valve body and outlet being sized to permit said
outlet to be occluded by said valve body; and means for reciprocally moving said valve
body extending from said valve body, wherein the interior surface of said cavity and the
exterior surface of said valve body are adapted to provide a pressure and flow balance in
said valve so as to reduce the cross-sectional area available for flow towards said outlet
and between said valve body and cavity, and simultaneously increase the cross-sectional
area available for flow from said inlet and between said valve body and cavity, as said
valve body moves towards said outlet, and vice versa as said valve body moves away
from said outlet, said cavity and said valve body thereby altering the balance of the flow
velocity induced pressure forces acting on said valve body.

Pref'erably, the bulbous valve body is an ovoid, ellipsoid or a Rankine ovuloid.

In accordance with a second aspect of the present invention there is disclosed a
method of controlling flow through a pressure and flow balanced valve, said valve
comprising: a valve housing which has an inlet leading into, and an outlet leading from,
an interior cavity, with said inlet and outlet being substantially opposed; a generally
bulbous valve body located within said cavity; and a means for reciprocally moving said
valve body extending from said valve body, said method comprising the steps of:

moving said valve body away from said outlet to increase the cross-sectional
area available for flow between said body and said cavity adjacent said outlet and to
simultaneously reduce the cross-sectional area available for flow between said body and
said cavity adjacent said inlet, to thereby apply a net flow induced pressure force to said
body acting to continue ‘said valve body motion away from said outlet and open said
valve, and

moving said valve body towards said outlet to reduce the cross-sectional area
available for flow between said body and said cavity adjacent said outlet and to
simultaneously increase the cross-sectional area available for flow between said body and
said cavity adjacent said inlet, to thereby apply a net flow induced pressure force to said
body acting to continue said valve body motion towards said outlet and close said valve.
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said*cavity adjacent said inlet, to thereby apply -a net flow | nduce&m
\way

pressure force to said body acting to continue said v “mm
fromsaid outlet and open said val ve, andinovi ng sai dT “

said outlet to reduce the cross-sectional area avail abl®e for “fl ow between

said body and said cavity adjacent sai Wt and to simultaneously
i ncrease the cross-sectional area avai or flow between said body and
sai d cavity adjachnt sah®resspretandtflow fhalasesd vabys Goraprising f|veiyei hamsingawhich

oo oo DU e S0 e P e

| in
claim 13 W?@ﬂeﬂ’ﬂ?ati’edng/é §/’ FRPOSRSy ARd: 850 1&%‘@8% Vv ?L}?ﬂdﬁog’F?tF‘é)n
at \tq\hld ch sariihihlsaid camhycmﬂ moaaem fer movelfment Iowaiks tand tawal | fyormesaidl odtlet, said A
met hod as ¢ nel udi st e
movenent of" @%nﬁgva?“‘g ogt#y y:zgaé mlsai d %gcpo{] ett'}c()’ %f gt:%lx{iéﬂ g&:’gﬂuf Oﬁve
body comi ngbodm oharacterised mathat thejinferion surface of said cavity and theaexteticr smface lof any
one of cl ai I‘ilargéh bfice t d
body is nov ﬁgl [ n r eséinse tgw%&?? ev \f§ 1rwat ertﬁévm&ioﬁg &Chﬁieﬂcaréé{@é?ﬁaﬁi%g of
A et hod adlew dpwerdssaidcpufietand hetweangsaid) valye bady mngs cavily e aBd fifauianggusly

increase the cross-sectional area available for flow from said inlet and between said
valve body and cavity, as said valve body moves towards said outlet, and vice versa as
said valve body moves away from said outlet, to thereby alter the balance of the flow
velocity induced pressure forces acting on said valve body.

2. A valve as claimed in claim 1 wherein said valve body is mounted on a
spindle which passes through said outlet.

3. A valve as claimed in claim 2 wherein said spindle is mounted for
longitudinal reciprocal motion thereof.

4, A valve as claimed in any one of claims 1 to 3 wherein said outlet is
curved and extends around said interior cavity towards said inlet.

5. A valve body as claimed in claim 4 wherein said outlet comprises a
plurality of parallel connected passage ways.

6. A valve body as claimed in claim 4 or 5 wherein said valve outlet
surrounds said valve inlet.

7. A valve as claimed in any one of claims 1 to 6 wherein said outlet
includes at least one opening connected to atmosphere.

8. A valve as claimed in ¢laim 7 wherein said opening(s) to atmosphere
.is/are occluded when said outlet is not occluded.

9. A valve as claimed in any one of claims 1 to 8 wherein said bulbous
body is selected from the group consisting of an ovoid, an ellipsoid and a Rankine
ovuloid. . |

10. A valve as claimed in any one of claims 1 to 9 and comprising a cistern
inlet valve. '

11. A cistern inlet valve as claimed in claim 10 and mounted at the upper
end of a stem comprising an inlet for said cistern.

12. A cistern incorporating a cistern inlet valve as claimed in clann 10 or
11. '

13. A method of controlling flow through a pressure and flow balanced
valve comprising a valve housing which has an inlet leading into, and an outlet leading
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said‘body with a float in said cistern via a float ar ; I" Nmﬁ]of
filling a cistern, said method including the method aQ]IHM'mtII r"“l n 16
or 17. 19. A pressure and fl ow bal ancer® val ve substahti‘al 'y #s her®ein
described with reference to Fig. 2, Figs. 3 to'5, or Figs. 6 to 12 of the

acconpanyi NoM! Ayl iﬁfé’hor?&v wﬁh%ﬁd’ﬁﬂe@ﬁn@@ﬁ[@tﬂeﬂ& ﬁlb@(aﬁﬁﬁéf & ?(%g%,f bV

bal anced val ve, ‘g net h o 2’6’ subst ant | a as “hereln sc? ﬁ

ref erence tgfnp{aé,lyaﬁ bejs yalye aﬁ%ﬂﬁﬂ Wdthéﬂf s rfg"é’lty’ said method comprlsmg the
steps of:

moving said valve body away from said outlet to increase the cross-sectional
- area available for flow between said body and said cavity adjacent said outlet and to

simultaneously reduce the cross-sectional area available for flow between said body and
said cavity adjacent said inlet, to thereby apply a net flow induced pressure force to said
body actihg to continue said valve body motion away from said outlet and open said
valve, and

‘moving said valve body towards said outlet to reduce the cross-sectional area
available for flow between said body and said cavity adjacent said outlet and to
simultanebuély increase the cross-sectional area available for flow between said body and
said cavity adjacent said inlet, to thereby apply a net flow induced pressure force to said
body acting to continue said valve body motion towards said outlet and close said valve.

14. A method as claimed in claim 13 wherein said valve body is moved
through an équilibriuin position at which said flow induced pressure force is substantially
Zero. _

15. A method as claimed in claim 13 or 14 including the step of limiting
the movement of said valve body away from said outlet to prevent said valve body
coming into contact with said inlet.

16. A method as claimed in any one of claims 13 to 15 wherein said valve
is a cistern inlet valve and said body is moved in response to the level of water w1th1n
the cistern. : o

17. ._ A method as claimed in claim 16 including the step of interconnecting

said body with a float in said cistern via a float arm.
18. A method of filling a‘cistern, sa1d method including the method as
claimed i in claim 16 or 17. :
19. A pressure and flow balanced valve substantially as herein described
with reference to Fig. 2, Figs. 3 to 5, or Figs. 6 to 12 of the accompanying drawings.
-20. A method of operating a pressilre and flow balanced valve, said method .
being substantially as herein described with reference to Fig: 13 of the accompanying

drawings.
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