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DESCRI PTI ON ' DI SCHARGE VALVE

This invent i VO 68449%s to a di scharge valve and is primarily i RCHGBS02493
to provide a light action, easily operable, fast flow ng valve for enptying
or partly enptying cisterns and other types of |iquid storage containers.

I t Is particularly, although not exclusively applicable to being used
to reduce t he amount of water used for flushing donmestic toilets or W
C. s. For a great many years flushing toilets, pans and bow s
have been in exi stence, and the WC. in one formor another, is conmon
pl ace in all nodem honmes. Wth the conventional |ow flush or close
coupled toil et cistern and pan, the neans:-for achieving the flush

consi sts either PDESCRIPTIODNon (which at present for the U K is still
the only acceptabl e device that neets the water byelaws) or one of a
nunber of non-si phon type val ves used extensively on the continent and
el sewhere in the world. These non-si phon on direct type val ves,

have a valve plate or ' DISCHARGE VALVE

This invention relates to a discharge valve and is primarily intended

to provide a Light acti;_in, easily operable, fast flowing valve for emptying

- or partly emptying cisterns and other types of liquid storage containers. It

is particularly, although not exclusively applicable to being used to reduce
the amount of water used for flushing domesﬁc toilets or W. C.s.

For a great many years flushing toilets, pans and bowls have been in
existence, and the W.C. in one forin or another, is common place in all
modern homes. With the conventional low flush or close coupled toilet
cistern and pan, the means for achieving the flush consists either of a
siphon (which at present for the U. K. is still the only acceptable device
- that meets the water byelaws) or one of a number of non-siphon type
valves used extensively on the continent and elsewhere in the world.

| These non-siphon on direct type: valves; have a valve plate or
member which: covers and seals the outlet to prevent water from escaping
unintentional]y..- Both the siphon and the direct type: flush valve have a
threaded outlet pipe which extends downwards through the bottom of the
cistern into which it is fixed by a bulkhead fitting. It is then connected to
the toilet pan either directly or by a short length of pipe.



menber which covers and seals the outlet to prevent water from escaping
uni nt enti onal two 94 t he si phon and the direct type flush valve 502493
t hreaded outl et pipe which extends downwards through the bottom of the
cistern into which it is fixed by a bulkhead fitting. It is then connected

to the toilet pan either~directly or by a short | ength of pipe. WO
96/ 14479 PCT/ GB95/ 02493
- 2- Wth the sole nmeans of fl ushi or cleaning the pan being
t he water di scharge fromthe cistern, the £ffectiveness of the flush
I's mainly dependent on flow rate. Mst siphons do not have a good fl ow

rate and require a consi derabl e anount of water to achieve a
Tevel setting and most Vil th8 SeE ik BF AnSing o tRaning B Pt betngahs pater
ow that i n Some (RehEfER OB e cisteftE! the DeH8PRveARIS, of?{he i *ls” rilinly
the ki hetic. ener gocbaiddi 8 How, 267, MBePSitiicils do v 1BV Hioq, foyy Hateand
' fact the perf oruaté " ponsidesleChtiount SFWAEFto Rehifle 3 sBFstion, fhilh,
i mproved by repl afrigréoveetidy ars séhditive toi clffiiged| inCWatétdleve] ¥ating*akd most do
5 ‘not perform satisfactorily below a medium level setting. With some siphon
installations, the flow rates are so low that in some cases more than one

flush is necessary.

Non-siphon type valves generally achieve greater flow rates and
with the kinetic energy of the water in the pan approximately doubling for
a 50% increase in flow rate, less water is required for an effective flush.
In fact the performance of most U. K. toilet pans could be considerably
improved by replacing the siphon with a direct discharge valve. Some
existing installations in the U. K. and elsewhere would accommodate even
higher flow rates than are generally available with existing flush valves.
For new installations, by designing the galleries and contours of the pan
and cistern in conjunction with a high performance non-siphon flush valve,
the quantity of water required for effective flushing could be substantially
reduced. For instance with a valve of the type described in this
specification installed in the U. K. the amount of water required could be
reduced from 7 litres to 3.5-4.5 litres full flush capacity for all installations
since January 1993 and from 9 litres to 3.5-4.5 litres for installations prior
to then. Moreover when the valve is operated in its short flush mode only
'1.5-2.0 litres are required.



L}
existing installations in the U K and el sewhere woul d acconmodat e even
hi gher flom/rﬁ&éﬁﬂ%gﬁn are generally available with existing flush val ves.
For few i nstal 2 by designing the galleries and contours SCHERISH24S3
and cistern in conjunction with a high performance non-siphon flush val ve,
the quantity of water required for effective flushing could be

substantially - reduced. For instance with a valve of the type described
in this -~ specification installed in the U K the anount of water
reguired could be reduced from7 litres t033.5-4.5 litres full flush
capacity for all installations . since January 1993 and from9 litres to
3.54.5 litres for installations prior to then. Mreover when the val ve
is operated in its short flush nopde only 1.5-2.0 litres are required.
WO 96/ 14479 In my patent GB-B-2274344 I have described a Fis¢HaBR8 Vabvid 3f
-3 - In ny patent GB-B-2274344 | have described a di scharge

val ve of | nprimproved rjerformarccenandithe preseat invention ains ab"rovide further
provide further i mprovenents in this respect. Accordi ngly
it is an object ofimprevementsin thiseespest. t o provi de a fluid outlet

val ve to increase and enhance the performance of WC. s.

- Accordingly it is an object of the present invention to provide a
fluid outlet valve to increase and enhance the performance of W.C.s.

It is a further object to provide a valve that can operate a full or
partial flush, a so-called dual flush valve.

It is also an object to provide a convenient overflow means through
the valve, with the added advantage of the quantity of water required for
fully or partly flushing being considerably reduced.

Accordingly thé invention providés a device, for immersion in a
fluid in a cistern, which comprises an upper housing, an upwardly
moveable main valve assembly within the housing and forming with the
- '_".". er part thereof a variable volume upper chamber, a ptessure balance
hole between the upper chamber and the surrounding exterior and an outlet

' leading down from the lower part of the housing, a seat for the main valve
assembly at the entry to the outlet, so that in the lowered position of the
main valve assembly the outlet is blocked against the ingress of fluid in
which the device is immersed, and a pilot valve, actuable remotely from
the housing to put the upper chamber in free communication with the
outlet, the arrangement being such that on this free communication being




It is a further object to provide a valve that can operate a full or

parti a so-called dual flush valve. I s al so an

obj ec 6{’19 g‘? vi de a conveni ent overfl ow nmeans through Pﬂl@%@:@% ve, with
t he added advantage of the quantity of water required for fully or
partly flushing being considerably reduced. : ' Accordingly the

I nvention provides a device, for imersion in a fluid in a cistern,

whi ch conprises an upper housing, an upwardly noveabl e mai n val ve
assenbly within the housing and formJsy.w th the upper part thereof a
vari abl e vol unme upper chanber, a pressure bal ance hol e between the
upper chanber and the surroundlng exterior and an outl et | eadi ng down
fromthe |l ower part of the housing, a seat for the main valve assenbly

at t he. egstablished hfuid id ejected from the apyer chamber pagd the rclzingehin

mai n val ve assenbly the outlet is blocked agairst the ingress of fluid in

whi ch t heeldtivecpressuesnabove! andbelowithet mam walverassebly causes=the f r om

the housing to put the upper chanber in free comunication with the .
outl et, latterato amseat; rthereby: permittingh floveroft thes ithmersing fluid dntia the bei ng
WO 96/14479 PCT/ GB95/ 02493
-4 - outlet and, on 1ts substantially complete discharge, the cessation of flow -
allows the main valve assembly to revert to its seated position with the
pilot valve cutting off said free communication and air penetrates the upper
chamber and on replenishment of immersing fluid a net downward
pressure is created on the main valve assembly to keep it seated, wherein
the pilot valve has a hollow stem, the stem communicating to atmosphere
above the desired full level of fluid in the cistern, the main valve and

 hollow stem defining therebetween a hollow annulus. -

_ Thus the main.path-fdr-.ﬁ'ee-commlmicaﬁon between the upper
chamber and the outlet is via the hollow annulus between the main valve
- assembly (piston) and the pilot valve stem.

. .. The hollow: stem protruding above the normat full level of the fluid

cistern provides a convenient and efficient discharge route for fluid

to-the-outlet, should the fluid level rise above the desired normal full level.
Thus an overflow. route is: conveniently prowded through the discharge
valve.

To provide a dual flush faéility, in addition to the main path for free
communication; the upper chamber may, for example, be arranged to
* initially communicate with the interior of the hollow stem, the top of which



¥
established fluid is ejected fromthe upper chanber and the change in
rel ative pres e ve and bel ow the nmain val ve assenbly causesg _the _ -
lattdar to unszgto, lﬁ%&eby permtting flow of the inmmersing flui CHEEOY97493
outlet and, on its substantially conplete discharge, the cessation of flow
allows the main valve assenbly to revert to its seated position with the
pilot valve cutting off said free communi cation and air penetrates the
upper chanber and on repl eni shnment of imersing fluid a net downward
pressure is created on the main val ve assenbly.#§a keep it seated, wherein
the pilot valve has a hollow stem the stem comunicating to atnosphere
above the desired full level of fluid in the cistern, the main valve and
hol | ow st em defi ni ng t her ebetween a hol | ow annul us. Thus the
mai n path for freeiscopennioc atrnospherevecrhishadditipaal commanidationais! enabled, for
outlet is via the hollow annulus between the nmain valve"’ assenbl y
(pi ston) and the péxample;/bseslots in the hollow stem Bbeviedhe pilott seat and sealed from
above the normal full level of the fluid in the cistern provides a .
conveni ent and ef fthei apperichamber: sucht that conly vnd depression rof the Ipilat stem is
should the fluid | evel rise_above the desired normal full |evel. Thus
an overflow rout e ¢eMByMicationt betweenvithed Wﬁuﬁmmmﬁ]aﬁge hollow stem
val ve. To ﬁrov'de a dual flush facility, in addition to the
mai n path for f r ecestab @%ﬂ%unication; t he upper chanber may, for exanple,
be arranged to initially communicate with the interior of the holl ow
stem the top of which

- Maintaining this additional free communication by keeping the
hollow stem depressed causes downwardly acting forces provided by
spring or drag means to overcome the progressively reducing upward
forces on the piston thereby. resulting in air being drawn into the upper
chamber followed by rapid premature reseating of the main valve assembly
and as such providing the means of interrupting the discharge to provide a
short flush facility. Thus in this way, either approximately half the
contents of the cistern can be discharged by holding the pilot stem down
for a few seconds, e.g. 2 or 3 seconds, or the contents can be fully
discharged by actuating the pilot stem and releasing it straight afterwards.
Where drag forces are used in the dual flush embodiment, they may be
wovided: by suitable projections on the lower part of the main valve
assémbly.

_ On cessation of flow of the immersing fluid (with the fluid level
‘having fallen to a level either to an intermediate level or to a level slightly
above the valve seat) air enters either through slots or ports in the hollow
stem or via the bottom of the main valve assembly allowmg it to descend
and revert to its seated position with the pilot valve cutting off said free
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-5- . . i1s open to atnosphere. This additional comunication is enabl ed,
for WO9%AMWI ¢, by slots in the holl ow stem above the PCT/GBIS22493 and

seal ed from t he upper chanber such that only on depression of the pil ot
stemis communi cati on between the upper chanber and its holl ow stem :
est abl i shed. Mai ntai ning this additional free comunication by -
keepi ng t he hol | ow st em depressed causes downwardly acting forces
provided by - spring or drag neans tg overcone the progressively reducing -
upwar d forces on the piston theréb§ resulting in air being drawn into

t he upper chanber -fol lowed by rapid premature reseating of the main

val ve assenbly and as such providing the means of interrupting the

o SSRGS s B P

hol di ng -t lﬁi!ie? d}ﬂ gnds, or
t he cogt etEt s "Can be fuI |y d| schg% iﬂglﬁ“ﬁg“ ng tahﬁetcu?‘g?%?em and
r el easi ndforée o thieiaim Valvecassembly auld disretly deecping e semedusmﬂs i@ the

dual flush enbodi nent, they may be provi ded by suitable projections on

t he Iowersmecasésniayaisorbe/assxstedby astialiobmpression of a contréh ation of
flow of the inmersing fluid (with the fluid |evel having fallen to a

| evel ei tpressing down onctopeof istorel or to a level slightly

The mmersmg fluid, particularly for discharge systems of the W. C. (
type will of course, be water and the invention-will hereafter be descn"bed-
with reference to water for convenience.

- Alternatively this additional free communication: for the short flush
operation may be achieved using an auxiliary valve offset from the hollow
stem and providing a vent to the upper chamber.

With all preferred embodiments the free communication of pressure
with the valve seated and the cistern filled; is via one or more: pressure
balance holes between the outside of the mmn-valveassembly and the
of the upper chamber. To a lesser degree additional communication
cam occur between the outside of the main valve member and. bore of the
upper housing, but this can be kept to an insignificant amount by a

" centralising piston ring fitted at the top of the main valve 'assémbly. The -'

" pilot valve which, when seated, closes off.the upper chamber from the
Tlower main valve assembly, hollow stem interior and outlet, co-operates

~ with the pressure balance hole to open or close it.and allow only a
restricted flow of water into and out from the upper chamber. With the




above the valve seat) air enters either through slots or ports in the

hol | ow stemor: via the bottom of the main val ve assembly allowing it to
descénd amP Mt to its seated position with the pilot vaPG¢a! QQ%MQ
ofif said free WO 96/ 14479

PCT/ GB95/ 02493 ' , -6 -

comuni cations. As refilling takes place, sone imersing fluid penetrates

t he upper chanber via the pressure bal ance hole to.create a net downward -
force on the main valve assenbly and thereby quplng it seated. This in
some cases may al so be assisted by initial conpression of a control spring
pressi ng down on top of the piston. The i nmmersing fluid,
particularly for discharge systens of the W C, type will of course, be

vater and the i nvain oprefbiredneonfifiiitidie oP<he! Valve, thevpilot! eaRects mived

wat er for conveni ence. Al ternatively fhis additional free

conmuni cati.on fordommttofdpmﬂsmd passagetandrtheemaire valviel assethblyirisesao the
auxiliary valve offset fromthe hollow stem and providing a vent to the
upper chamber.  top of the upper chamber where it remains until either the intermediate

level is reached with the pilot valve held depressed or until the cistern is

emptied by the pilot valve being depressed and immediately released.

The upper chamber and inside the main valve assembly contain air
and a small amount of water which enters through the pressure balance
hole(s). On operation of the pilot valve, air and a very small amount of
water that is being expelled from the upper chamber by the rapidly rising
main valve assembly enters the annular cylindrical space within the main
valve assembly and flows downwards outside of the hollow pilot stem
extension (and also in some embodiments through slots in the stem wall
either above or below the pilot. valve) and then down into the outlet.

Water savings of between 60 and 80% over conventional valves
be: achieved by the present invention, while providing a convenient
rffow provision through the valve.

For better understanding-of the invention, various embodiments will
now be described by way: of example only with- reference to the
accompanying drawmgs, wherein:



Wth all preferred enbodi ments the free comuni cati on of pressure Wi th
the valve seated and the cistern filled, is via one or nore pressure

bal an¥OREA449 het ween the outside of the nain val ve ass®PEINGBISHMBhe
i nsi de of the upper chanber. To a | esser degree additional conmunication
can occur between the outside of the main valve nenber and bore of the
upper housing, but this can be kept to an insignificant anmount by a

centralising piston ring fitted at the top of the main valve assenbly. The -

pilot valve which, when seated, closes gff the upper chamber fromthe

| ower main val ve assenbly, hollow steminterior and outlet, co-operates
with the pressure bal ance hole to open or close it and allow only a
restricted flow of water into and out fromthe upper chanber. Wth the

WO 96/ 14479 iour a1 i _arranoe: _ : /02493

-7 - - mali rFl reférsrhggv%gn?%usreg?iogﬁl o¥ tﬁgm\ggr.\?g,atdﬁglc& FOQC‘ valve is

moved - toufiese doal usheambodiinen of dhe dfiverition, e ViR Beitgo ATy 11 S
el

to the top of the upper chanber where it remains until er the

i nt er nedi @pen positienel is reached with the pilot valve held depressed or
until the cisternis enptied by the pilot val ve being depressed and
I mredi ately rel eased. " The upper chanber :and inside the main
val ve assenbly contain air .and a _smal | _amount of water which enters

t hrough the pr&dgunes2ishows @ view similar to Figure 1 of a second dual flush
-device of the invention, again the valve being in the open position;

Figure 3 is a similar view of a third dual flush device of the
invention again with the valve in the open position;

Figure 4 is a similar view of a fourth- dual flush device of the
invention again in the open position; | :

‘Figure 5 is a similar view of a fifth device of the invention, being a
single flush valve in the closed position; and |

. Figure 6 is a similar view of a sixth device of the invention, being a
iigie flush valve in the open position. |

Thus Figure 1 shows a cistern duat flush valve fitted at the bottom
of a cistern | and immersed in water to set level 23 at the instant of the
main valve assembly 35 having just opened and having reached the top
inside of upper housing 5.



hol e(s). On operation of the pilot valve, air and a very small anount of
wat er that |SW@4 pelled fromthe upper chanber by the rapi 1GBYS02493
mai i val ve asse nters the annular cylindrical space within e maln
val ve assenbly and fl ows downwards outside of the hollow pilot stem
extension (and also in sone enbodi nents through slots in the stem wall

el ther above or below the pilot valve) and then down into the outlet.

ter savings of between 60 and 80% over conventional valves may be
achi eved by the present invention, while proviedag a convenient
oVerrow provi sion through the val e. For better of the
i nvention, various enbodi ments wil i now be descri bed by way of exarrpl e
only with reference to the  acconpanyin drawi ngs, wherein:
96/ 14479 : Prior to actuation the valve was of course clossd,Gaath tﬂmgnam

f L?SE © dual ) nsh valbiassmbly (pisiony e 4n tbe Jovies Bosivion schgthak toe coutet 15,
open position; which is either directly connected to the back of the pan or connected by a
short length of pipe, iS empty and water in the cistern prevented from
escaping unintentionally by main seal ring 11 sealing on main seat rim 13
and pilot seal 10 sealing against pilot valve shoulder (seat) 18. Under
these conditions, with the cistern filled to its set level 23 upper chamber 6
is at its maximum volume and contains mainly air (apart from a very small
amount of water) at a pressure equal to the depth of water in the vicinity. of .
- pressure balance hole 9. To prevent water seeping through balance hole 9,
across the top of the piston head 7, into the narrow gap between boss 36
and outside of stem 2 and through vent slots 44 into-the hollow stem and
outlet, a seal 45 is provided. Other leakage paths which would occur are
prevented by the caisson typ'e' overflow sleeve 58; the top edge of which
determines the overflow level, and water overflowing this. edge then gets
away via slots 89 into hollow pilot stem 2. An extension piece 65 of the
hollow stem does not play any part in the overflow condition; it is there
y to ensure that the operating mechanism 1skept<abovethe maximum

R

| overflow height.

With the valve seated and the cistern filled, the piston 35 is kept in
the seated condition mainly by net downward hydrostatic forces acting on
the upper piston annular area between the pilot seat and the bore of upper
housing 5, the piston head 7 being sealed in the bqre of the upper housing
by centring ring 8. Other downward forces are due to water pressure on



Figure 2 shows a view simlar to Figure 1 of a second dual flush devi ce
of the invention, again the valve being in-the open posjtion:

Fi gurvé 96/1447% sipilar view of a third dual flush devi c&CIfCH%N2493 ‘
i nvention again with the valve in the open position; Figure 4
is asimlar view of a fourth dual flush device of the I nvention again
I n the open position; ‘ Figure 5is asimlar viewof a fifth
device of the invention, being a single flush valve in the cl osed

posi tion; and : Figure 6 isi@simlar view of a sixth device of

t he invention, being a sinmple flush valve in the open position.

Thus Figure 1 shows a cistern dual flush valve fitted at the bottom of

a cistern 1 and immersed in water to set level 23 at the instant of the

T "y gl oy the e et s s s wal
PCT/ GB95/pistéa3body, weight of the piston and possibly a small amount of initial
' compression: from a control spring 90. The only upward force on the
piston in the seated condition is due to the water pressure:acting on the
annulus underneath the piston head 7, between: the piston main body and
bore of upper housing 5. The pilot stem 2 does not contribute to these
. forces, it is maintained in the closed position by compression spring 4 (
acting on collar 3. |

The valve is operated by imparting a downward movement onto the
upper stem extension 65 which causes the stem 2 to. move down, opening
the pilot valve 10, 18. This immediately puts the upper chamber 6 in free
communication with the outlet 19 via the annular passages 16-and 25 and
for the pressure in the upper chamber to almost instantly fall to
approximately atmospheric pressure. As soon as this occurs the piston is
subjected to a net upward hydrostatic force which causes the air and small
ammmtéofwater to be slightly compressed and rapidly ejected via the
dlar passage 16, 25 as the piston rises to the top of the upper housing

T e B
e

5. (Passages 25 are provided by longitudinally-extending fins 24 on the

outside of the lower end - tail piece - of the pilot stem.). Durmg the
 piston's rise ‘additional hydrostatic forces. are imparted to the piston
underside profile 20 and reaction forces due to the changing direction of
flow between the contours 20, 33, substanﬁally increase the upward force

" on the piston. However, also as the piston rises there is an increasing
downward force due to the control spring 90 being compressed, but its .




9- Prior to actuation the valve was of course closed, wth the
mai n val ve assenbly (piston) 35 in the |ower position such that t he
outlet 19, WOOSH# is either directly connected to the back ROT/IEBASI03403
of connected by a short length of pipe, is enpty and water in the
cistern prevented from escaplng unintentionally by main seal ring 11
sealing on main seat rim 13" and pilot seal 10 sealing against pil ot

val ve shoul der (seat) 18. Under these conditions, with the cistern
filled to its set level 23 upper chanber 6 _ lis at its maxi.nmum vol une
and contains mainly air (apart froma very snéi anount of water) at a
pressure equal to the depth of water in the vicinity of . pressure

bal ance hole 9. To prevent wat er seeping through bal ance hole 9,

acro the to of t &ﬁaﬁ
and 33tsr de O]E) st %rgggg vent s ts 4 Hﬁ?ﬁffﬁg%ﬁﬁ%g&a‘ ¢
outlet, a seal 45u FOHCES dre Shffitientot) @ke taegiiﬁombqhemuwam;%osiﬁsnm

prevented by the alsson type overil ow sl eeve 5 he top edge of

determi nes the ovgy gg*ﬁ hl and water overflow ng this edge then gets

away via slots 89 I n oIIomrprIot stem 2. An extension piece 65 of the

hol | ow stem does not play any part in the overflow condition; it is there
nerely to ensure that the operating nmechanismis kept above t he maxi mm

over flow hei ght. The pilot stémt2 isprovided withtene endnotecopenings rorfsiotsed4

the piston 35 is kept in t he seated condition mainly by net downward

hydrostatic for ceabove itageatn]8. Duringtheppeningofthesalve aomeﬁthm/&amtthe

pil ot seat and the bore of upper housi ng 5, .t he |sto ﬁ ﬂ

seal ed in the borupper chman)éralaowscages through 'sletst a)ﬂg ollow p pt Stem

domwar d forces ar y dul?h ttlcl)em\lra;l ?séﬁ’én‘f ie. the piston at the top inside the upper
housing, the ingress of water is restricted to a very small amount via the
pressure balance hole 9 and possibly via irregularities between the centring
ring 8 and bore of upper housing 5, but this in total is very small and can
escape from the bottom of the piston at a rate far in excess of that at which

it can enter.

With the valve open and the pilot stem released straight after the
downward movement, the pilot shoulder 18 seals off the end of boss 36 by
lightly compressing seal 45 and thus no air can flow in or out from the
mchamber6 Thus the valve will fully discharge the cistern down to
level 22, at which point the surface of the outflowing water breaks clear of
the lower piston edge 27 allowing air to vent upwardly into the upper

. chamber 6 and for the piston 35 to descend due to its own weight and the
spring force and for reseéting to take place.

In the case of the dual flush, i.e. the short flush mode, operation qf
the valve is somewhat different. This time, the stem 65, 2 is pressed down
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- 10- the main seal 11 over the annular area between the seating rim
and nWM096/1447%i st on body, wei ght of the piston and possPETAB3SAMBI | anount,
of initial conpression froma control spring 90. The only upward force
on the piston in the seated condition is due to the water pressure
acting on the annul us underneath the piston head 7, between the piston
mai n body and bore of upper housing 5. The pilot stem 2 does not
contribute to these forces, it is_pgintained in the closed position by
conpression spring 4 acting on col l'ar 3. The valve is
operated by inparting a downward novenent onto the upper stem extension
65 whi ch causes the stem 2 to nove down, opening ~ the pilot valve 10,

18. This ' c(ﬁﬂﬁrrb @%i th the
out | et 19 VI a e annpqég?zlgggesages 1 9155 gﬁgmwarézor tEe pre@sure in
the upper pilipratve (10,21 90id lopeiisip va 'gdp below boBEOKIIGWifg Ya Fre@spher i c

pressure. As soon as this occurs the piston is subj ected To a net

upwar d hydommadicatibabetweehthe danercpistdie anhulus kb andithe hollowstemh 20f wat er

to be slightly conpressed and rapidly ejected via the annul ar passage

16, 25 asvidglotss44n Withsthio ventingobetweerh ¢che ypperhchamber 6 anfl tHePassages
25 are provided by longitudially-extending fins 24 on the out si de of :
t he | oner hellow stem being-maintairied, ithe hyidoostatic foycesmactingunderneath the
- -piston reduce in propo_mon-to-the fall in water level so that on approaching _
" the level 51 the weight of the piston and force of the control spring 90 are 4
sufficient to overcome the upward forces. As air can now be sucked freely
- through the slots 44 ﬁ'omthemsxde of the overflow, the piston 35 rapidly
" descends and reseats thus providing a short flush and discharging only
approximately half the cistern contents. At the time of early reseating
(short flushing) taking place, the outlet 19 contains water which unlike
with full flushing has to be drained by venting air from the rim of the pan,
but this only takes a few seconds and certainly will have taken place by
the time the cistern has refilled to set level 23. (Refilling may be by

conventional means.).

.. Figure 2 shows an arrangement functionally similar to Figure 1, but
configurationally different, whereby the main pilot valve 92 is integral with
‘the upper housing and the operable part of the pilot valve is an off set
auxiliary valve 94. With this arrangement, the upper housing 101 contains
a cavity 93 and the'pilot: valve seat 100 and the pilot valve 94 are kept
seated by the upward force exerted on rod 97, which passes through
housing 96, and which is exerted by spring 98 via spring cap 99 attached
to the upper end of the rod. The top. edge of the stack tube type housing




piston's rise additional hydrostatic forces are inparted to the piston
underside profile 20 and reaction forces due to the changing direction of
fllows bet ween W@/ Burs 20, 33, substantially increase the upRETGHISNI3
om the piston. However, also as the piston rises there is an increasing
downward force due to the control spring 90 being conpressed, but its

WD 96/ 14479
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stiffness is such that once the piston has ITUt?Loff its seat the
hydrostatic upward forces are sufficient t'0 take the piston to the
fully raised position in t he upper housi ng. . The pil ot
stem2 is provided with one or nore openings or slots 44 above its

seat 18. During 96 PaBove thé makimigh \Gverflow Mvel 6T ﬂiEThi?Péﬁ‘E &Xtension tube 65

upper chanber 6 al so escapes through slots 44 into the ho ow pilot stem

2. Wth the val ve gnd foszDFm't of the sdineticusing Wﬁbh%dﬂﬁnis[&b(@vérﬂ@wg@?mpe

housing, the ingress of water is restricted to a very smal| amunt Vi

pressure bal ance HH. e Moreoveroswith!this/ arrangement dnitial comhmiunication between the

centring ring 8 and bore of upper housing 5, but this in total is very
smal | and can upperahanibemé tand thet outletol 9 us vipuppen chamber atrmekeror recess
excess of that at which_. it can enter. _ .
- 93, auxiliary valve 94, gallery 95 and fixed pilot lower stem 92. Equally at
-this point air from the upper chamber will flow out through overflow top

pipe 91.

The contour of the outlet 102 is different to that of Figure 1; it can
under certain conditions give a marginal increase in flow rate. However
webs 103 are required to prevent the piston from being drawn into the
outlet if installed in a cistern with exceptionally high level of water.

As before to obtain the full flush mode the pilot valve is pressed
down and immediately released. In this case, of course, it is auxiliary pilot
valve spring cap 99 which is pressed down to open pilot valve 94 which in
nnpanowséﬁto_mapeﬁomﬂ:euppérchmber 6. In some cases the
upfper chamber could contain water if the valve has been kept open during
refilling, in which case the water would be pushed into the gallery 95 and
then flow into the lower overflow 92 and to cutlet 19. Prior to the pilot
valve being actuated the valve is maintained in the closed position by the

 same hydrostatic forces as with Figure I and when the valve is actuated
the piston 35 lifts off the seats 18, 13 in the same way. In fact,
functionally from hereon the action is identical to Figure 1 and thus all
identical or similar parts have the same significance as before.



Wth the valve open and the pilot stemrel eased straight after the
downward novenent, the pilot shoulder 18 seals off the end of boss 36 by

| i ghtW@96#4¥9essi ng seal 45 and thus no.air can fl ow i rrcE/GBesio2igaom t he
upper chanber 6. Thus the valve will fully discharge the cistern down to

| evel 22, at which point the surface of the outflow ng water breaks clear
of the | ower piston edge 27 allowing air to vent upwardly into the
upper chanber 6 and for the piston 35 to descend due to its own weight -
and the spring force and for resgﬁ%ing to take pl ace. : In |
the case of the dual flush, i.e. the“short flush node, operation of :
the valve is sonewhat different. This tine, the stem®65, 2 is pressed down
WD 96/ 14479 PCT/ GB95/ 02493 -

;);(23;15 ' pﬁwﬂ%'veawﬁ%@?\% opens u""‘ﬁg@!@ Hﬂq@mﬁgv%%eg)ﬁ&e% a '
stomz PSSR OF spriietean 07 veﬁﬁé‘“@?m@éﬁrfé ?3%&?%%%&?"%' and

the Tinkd ehie svatve Hsi opened and glétbﬁ H¥es ! e goﬁthd]C

underneath the pi ston reduce in proportion to th ter | eve

so that drousimg otGhi ndVhen ' thiddevel diasS falléir ﬂw'&heoiettlﬁwllzBOan&nd force

of the control spring 90 are
approaching level 51, the compressive force on  spring 90 overcomes the

net upward force causing the piston to descend and draw air into the upper
chamber 6 from the overflow gallery 95 via pilot valve 94 and recess 93 to (
enable the piston 35 to rapidly descend and reseat - thus producing a short

flush. All other functional aspects are the same as for Figure 1.

‘Figure 3 is similar in arrangement to Figures 1 and 2, but with the
* upper housing 106, pilot stem guide 54 and air stack pipe 104 being an
integral assembly which on downward deflection causes pilot valve 10,18
and air vent valve 111 to open. -

 The valve.in Figure 3 is shown. in the open position with the main
assemb:y (piston) 35 at the top, inside of upper housing 106 and
sulder 80' abutting top housing; 72 and. rim: 109 of air pipe 104
'seﬁéagamst pad 107. Bracket 108 is an integral part of top housing 72;
seal pad 107 is attached at the top of bracket. 108,

Thus, as with Figures | and 2, Figure'3 shows a: dual flush valve at

 the bottom of cistern 1 and immersed in water soon after the main valve
assembly (piston) 35 has opened and reached the top inside housing 106
and with air valve 111 closed. Prior to actuation the valve would of course



sufficient to overcone the upward forces. As air can now be sucked freely

tgrough the slots 44 fromthe inside of the overflow, the piston 35 rapidly
descends and MX4}447% hus providing a short flush and di schar gi RET/GHIS02493
approximately half the cistern contents. At the tine of early reseating
(short flushing) taking place, the outlet 19 contains water which unlike
with full flushing has to be drained by venting air fromthe rimof the
pan, but this only takes. a few seconds and certainly will have taken
pl ace by the time the cistern has refillfg_to set |level 23.
(Refilling may be by conventional neans.). Fi gure 2 shows
an arrangenent functioally simlar to Figure 1, but configurationally
different, whereby the nmain pilot valve 92 is integral with t he upper

o i e a5 8 U 6t ot s e e g s

auxiliary valve 94, t hi s*arrangenent, ousi ng

a cavity 93 and t§e leveb23yaWith dRpisteiPir i tdwexphbsiﬁoﬁ%&ﬁéggﬁeeﬂieatﬁom

seated by the upward force exerted on rod 97, which passes thro

housing 96, and véscdping istoctheashtiut lﬂogylimiafisearild eing seated ol Sed fiff 1'% dnd
to the upper end of the rod. The top edge of the stack tube type housing

WO 96/ 14479 pilot seal 10 seated on pilot seat shoulder 18. Upper housing 106 is kept
PCT/ GB95/ 02493 N ] - 13- 96 IS
above the maxi nuninother ap @ositior bycspring 4nacting onccollars3 wia théomtégral pilot stem |
to keep upper housing shoulder 80 abutted to the underside of top housing
72. This also maintains the correct position for the pilot stem guide 54 for
seating the pilot valve 10, 18. Airtight sealing of air valve 111 is also

achieved by this same spring action.

With the cistern filled to its set level 23, upper chamber 6 will be at
its maximum volume and contain mainly air at a pressure equal to the
. depth of water in the vicinity of pressure balance hole 9. Air is prevented
from escaping from the upper chamber by the air seal 111 and pilot seal
10, 18. It will moreover be noticed that the air valve is situated higher
than the overflow extension 65 and that there are no access slots in the
overflow pipe/pilot stem wall to allow air flow from the centre of the
hoﬂow stem to the upper chamber.

With the valve seated and the cistern filled, the piston 35 is
maintained in the sedted condition mainly by net downward hydrostatic
forces acting on the upper piston annular area between the pilot seat and
the bore of upper housing 106 - the piston head 7 being sealed in the bore
and kept concentrically disposed in the upper housing by centring ring 8.
Other lesser downward forces are due to water pressure on the main seal



and fornms part of the sanme housing which contains the overflow top pipe
91. Moreover, with this arrangenent initial conmunication between the
upper WOn#4d79 6 and the outlet 19 is via upper chanber RERGBISHMIBccess |,
93, auxiliary valve 94, gallery 95 and fixed pilot |ower stem92. Equally

at this point air fromthe upper chanber will flow out through
overflow top pi pe 91. The contour of the outlet 102 is
different to that of Figure 1; it can under certain conditions give a
mar gi nal increase in flom1rate_.kbmev5? - webs 103 are required to
prevent the piston from being drawn into the outlet if installed in a
cistern with exceptionally high | evel of water. As before to

obtain the full flush node the pilot valve is pressed down and

i mredi at el]y pf! @sganulaP dréhshétoveen te Seuting rim' and main 'piston Body!

val ve spring cap 99 which is pressed down to opén pilot valve 94 which in

turn all Opisténrvvéigheandqs’oésiblmahmalbhn’ﬁabmwﬁﬁon from wontrol spririghe

upper chanber coul’d contain water if the valve has been kept open during
refilling90i rintheseated eonditionathe onlyuipwiard fiordecis due to watemptessuse 95 and
then flowinto the |ower overflow 92 and to outlet 19. Priior to the pilot
val ve bei agtingtomithe anmilusundemeathithe piston headh?, bebwyeen gheipistom by t he

. same hydrostatic forces as with Fjgure 1 and_when_the valve, is actuated

the pi st omas body andborerof uppershawsing 106, {he pletstemy guide H4cdo

functionally from hereon the action,is identical to Figurg 1 and hus al

i dent i cal not contrbute to:these dorces; fisspart é\qmnb@wgagﬁem@ ot wo
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hollow stem assembly and maintained in the upper position by spring 3 q

as described above.

The valve is operated by imparting a downward movement onto
upper overflow stem extension 65, which causes. the integral stem/upper
housing 106/stack pipe 104/pilot stem guide.54-to move downwards -
which opens pilot valve 10,18 and air vent valve- 111. This immediately
allows air and a small amount of water to escape into- the outlet 19, which
is initially empty, via the annular passages.16.and 25 and for air to also
escape from: the air valve 111. On. establishing this communication
between'-the upper chamber 6 and the outlet 19, almost instantly the

pepssure in the upper chamber drops to around atmospheric pressure with
att!xz same time the piston suddenly being subjected to a net upward
‘'hydrostatic force which causes the air and the small amount of water to be
 slightly compressed and rapidly ejected via the annular passages 16 and 25
and causes some air to flow through stack pipe 104. whilst valve 111 is
open and the piston 35 is rising to the top inside upper housing 106.




-14- For the short flush node the auxiliary pilot valve 94 is

opened by ressi g down on spring cap 99 and keeping it op 3
WR & el
23

seconds. val ve is opened and the piston rises to op O

the upper housi ng 101. Wen the |l evel has fallen fromthe set |evel

and approaching |l evel 51, the conpressive force on spring 90 overcones
t he net upward force causing the piston to descend and draw air into

t he upper chanber 6 fromthe overflow gallery 95 via pilot valve 94 and
recess 93 to enabl e the“piston 35 to rapidjy-descend and reseat - thus
produci ng a short flush. Al other functional aspects are the sane as
for Figure 1. Figure 3 is simlar in arrangenent to Figures 1
and 2, but with the ‘upper housing 106, pilot stem guide 54 and air

stack pi pe 104 being aDuring the mairivalves assembly(piston) rising)te the openqosition,
causes pilot valve 10,18 and air vent valve 111 to o

en.
The val ve in Fi guadditional stydrostatict farcescactponi theounderside hprafilen 20 and to a

valve, assenbly (piston) 35 at the_top, jinside of upper hQusing 106
wi th shoul der 80 &ssetemntmcunmforgesdugrtq rﬂtﬂwﬂﬁg&ﬂgeﬁ H @?%WOH

seal pad 107 | ' acontowes 20,53, sutisbgntially arase tisupward force B e piston ~As
o L o e i o M kA, Bt T %o
-compression of control spring 90, but the stiffness and any initial
compression is such that once the piston has lifted off its seat the upward
hydrostatic forces are sufficient to overcome the piston weight and spring
forces and take the piston up to the fully raised position in the upper

housing.

_ . Further to the initial escape of air and a small amount of water from
the upper chamber 6 in the manner described above and the valve fully
opened, the ingress of water into the upper chamber is restricted to a very
small amount via the pressure:balance hole 9 and any irregularities
between the outside of centring ring 8 and the base of the upper housing
)6 but in any case water can escape from the upper chamber via the
pilot valve into the outlet at 2 much greater rate than it can enter via

With the valve open and the upper housing and pilot stem released
straight after downward movement, the upper housing shoulder 80 abuts
top plate 72 and air valve 111 is closed so that no air can flow into or out
from the upper chamber 6 and annular space 16. The water level inside
the piston during operation is confined to a few millimetres above the tail



assenbly (piston) 35 has opened and reached the top inside housing 106

and with air valve 111 closed Prior to actuation the valve would of course
VO 98Y0 9614479 PCT/GB95/02493

PCT/ GB95/ 02493 -15- be
seated with piston 35 in the | ower position and the cistern filled to its
set level 23. Wth the piston in the |ower position water is prevented from
escaping into the outlet 19 by main seal 11 being seated on seal rim 13 and
pi l ot seal 10 seated on pilot seat shogder 18. Upper housing 106 is kept.
in the up position by spring 4 acting on collar 3 via the integral pilot
stem to keep upper housing shoul der 80 abutted to the undersidée of top

housi ng 72. This also maintains the correct position for the pilot stem
gui de 54 Plpé bottozﬁeeﬁgdm tihtheidnpulateépace’DS. Fhus'with the valve! having air

val ve 11 s al so achi eved by this sane spring action. Wth
the ci st diegen’ opémet andithe aievalve ¢11126losedpthe cisterhewilt fully |discharge its
maxi num vol ume and contain mainly air at a pressure equal to the dept h
of wat er fromt et level 23 dowii top emptyrievel:22atewhich-peint she susfape ©f¢heed

from escaping fromthe upper chanber by the air seal 1|1 and pil ot seal

10, 18. lcutflowingowatercbreaks raway romnthe lower tailpipe edges 24; allawaughi gher

t han the qverfl ow extension 65 _and that there are g lots in the
over f | ow 8t feeptercand;vemt ypwardly via annular passages 16rand:3 ¢ JPPert he

-chamber 6 and for piston 35 to descend, due to- its own weight and the
control spring force, to the reseated position.

For achieving the short flush mode, operation is initially as for the
full flush mode wheréby the valve is opened by downward movement of
the extension 65 and upper housing stem assembly 106 which opens pilot
valve 10,18 and air valve 111 and the sudden imbalance of hydrostatic
forces cause the piston to rise off its seat in the same mahne_r as already
described. However; this time the upper housing 106, pilot stem guide 54
and stack pipe 104 are kept pressed down for 2 to 3 seconds. This ensures

that the upper chamber 6 is vented to atmosphere via air valve 111, which
mbemgheldopen, and that as the water level in the cistern falls from set
‘Tewitk 23 and approaches intermediate level 51, the diminishing hydrostatic
forces acting underneath the piston 35 become insufficient to support the
weight of the piston and the control spring force Moreover, with the air
valve 111 open and air free to flow in and out of the upper chamber 6 via
stackpipe 104 and port 110, the piston rapidly descends to the reseated
position and the premature closure of the valve leaves water in the cistern
at intermediate level 51.




hol l ow stemto the upper chanber. - Wth the val ve seated and the
cisstern filled, the piston 35 is mai ntained in the seated condition

mai nly by netvﬂBWﬂhﬂaﬁ hydrostatic forces acting on the upp&CT{GBISBA93

annul ar area between the pilot seat and t he bore of upper housing 106 -
the piston head 7 being sealed.in the bore and kept concentrically

di sposed in the upper housing by centring. ring 8. O her | esser downward
forces are due to water pressure on the nmain seal WO 96/ 14479 -

PCT/ GB95/ 02493 -19- - 16- 11 on

t he annul ar area between the seating r|n1and maln piston body, pi ston

wei ght and possibly a small initial conpression fromcontrol spring

90. In the seated condition, the only upward force is due to water pressure

ti th |
acting on the annul us maﬂh&bﬁﬂ%ﬁ@aﬁbﬁ a0short ‘TRISHE6P i lerﬂush is

mai n body and bore of ousing 106. The pilot stenrguide 5

not contribute thbhmdfmrthe%amdmaanaﬁastmtdé&ﬂ&ﬂeforﬂzigﬁeng aﬁaqqral

pi | ot hol | ow stem assenbly and maintai ned in the upper position by
spring 4 - as descri bed above. The val ve is operated by
|npart|ng a downward novenent onto

Figure 4 shows an arrangement similar to Figure 1 except that the
means for achieving the short flush is a drag ring and disc applied to the
lower part of the piston instead of the control spring 90 at the top of the
piston. Also with this arrangement it is essential that the contour of the
outlet is similar to that shown in Figure 2. Slots in the hollow pilot valve'
stem are provided above and below the pilot valve seat.

The function; hydrostatic balance and basic operation is generally
the same as that described for the embodiment shown in Figures 1, 2 and 3
and therefore again to produce the full flush- mode the overflow pipe/pilot
stem or extension is pressed down and immediately released. This action
as before drops the pressure in the upper chamber 6: to: approximately
" atmospheric causing the main valve assembly 35 to unseat and as the main
vﬁlve-assembly-rises to the top inside upper housing 5, air and a small
mmtofwatens pushed downwardlywaanmxlarspace 16 and through
slotted hole 17 ( which initially is fully incovered with the top edge 36 of
guide boss below it) into the hollow stem 2 and: down into the outlet 19.
Initially with the hollow stem pressed down, air can-also escape through
slots 44 into the hollow pilot stem 2.

~ With the valve open, the piston 35 at the top inside upper housing 5
and the slots 44 closed off by pilot stem shoulder 18 and seal 45 abutting



upper overfl ow stem extensi on 65, which causes the integral stem upper
housi ng 106/ stack pipe 104/pilot stemguide 54 to nove downwards -

whi ch VORAMAY | ot valve 10,18 and air vent valve 111. TRCI/GEISOW9%! el y
allows air and a snmall anmount of water to escape into the outlet 1-9, whi ch
is initially enpty, via the annul ar passages 16 and 25 and for air to also
escape fromthe air valve 111. On establishing this comrunication

bet ween the upper chanber 6 and the outlet 19, alnobst instantly the
pressure in the upper chanber drops tospground atnospheric pressure with

at the sanme tine the piston suddenly b€ing subjected to a net upward .
hydrostatic force which causes the air and the small anount of water to be
slightly conpressed and rapldly ejected via the annul ar passages 16 and 25

and causeﬂwamardlgva jeotinBbuss bfthe ; P‘?é‘.&%% hou5| ng%sﬁ' S

open and the piston 357is r|5|ng to the uppe

WD 96/ 144#9protected against the ingress of air from the bottom of the pistorvid {Hed>/ 02493

-17- During the main val ve assenbly (plston) rising to the
open posi slots117 by a cohtrollethaimcunt ofsvater eritering hode 1 Somd serrotifiding de
profile 20 and to a | esser extent reaction forces due to rate of o
change of theotomtedgeo36 fofotheotower plstontgmde bess33 If aib weret allowedi tecr ease
the upward foﬁﬁe on-the p|ston t he p|ston rises there is also an

i ncr easi nentestheupper shamber-6 tdllﬂllg the: full flush modtfptﬂmm reseating 90, but

ng islt :c I 1;8 ﬁq%g@éawéﬁmuo essi .o.n IS such t hat once the pi s‘ton
In the short flush mode as with the three previous embodiments the
pilot stem/overflow pipe (hollow stem) 2 is pressed down and held down
for 2 to 3 seconds. Unlike the other embodiments, however, the amount of
downward movement is ﬁmctionai in creating downward forces dn the
piston 35. The underside of the pilot seat shoulder 18 engages with the
top edge 36 of the lower piston boSs causing the piston to be moved down
within the upper housing 5. Therefore, in the short flush mode with the
piston in the lower position drag ring 112 and drag disc 113 (which in the
full flush mode do not impose any significant drag) are moved to their
respective lower positions 112A and: 113A, where they set up downward
arees.on the piston sufficient to overcome the upward hydrostatic acting
underneath the piston as the water level falls from the set level 23 and is
approaching intermediate level 51. At this point. with the vent slots 44
being open air enters the upper chamber 6 from inside the hollow stem 2
causing the piston to 'rapi_dly descend and reseat. -

. Following this short flush, the cistern will refill to the set level 23
and be ready for the next full or short flush. '



hydrostatic forces are sufficient to overcone the piston weight and spring
forces and take the piston up to the fully raised position in the upper
housi.ng. WO 96/14479 Further to the initial escape of air ‘and RCEAGR9502493
anount of water from t he upper chanber 6 in the manner descri bed above
and the valve fully opened, the ingress of water into the upper
chanber is restricted to a very - smal |l anmpunt via the pressure bal ance
hale 9 and any irregularities bet ween the outside of centring ring 8
and the base of the upper hOUSIng | 06, buyyin any case water can :
escape fromthe upper chanber via the open pilot valve into the outl et
at a nuch greater rate than it can enter via sai d neans. :

Wth the val ve open and the upper housi ng and pilot stemrel eased

straight after dOV‘“WarF zf‘ %'ﬁ'ﬂe & 28 'the Yotfthin B4 Tistern 1
top plate 72 and air va e 111 |s cl osed so t no air can flow i1nto or
out. from t hgnd pidders8d i dvater aPa mmaﬁn@wmm v&iﬂfth@hﬂin'v%ﬁé seal
i nsi de the piston during operationis confined to a few mllinmetres

glc):%/éB g E’/eot2 Zlg I3 11 séaredbon 4im9 3 sealing off the outlet and with s?a1181:mg 10 sealing off
against pilot seat 18 closing off upper chamber 6 from the outlet. With the
valve seated and immersed in water, upper chamber 6 contains almost
entirely air at a pressure equal to the surrounding water pressure, at the
depth in the vicinity of the pressure balance hole 9. Generally due to the
area on top of the main valve assembly 35 being larger than the annular
area between the bore of upper housing 5 and seat rim 13, a net downward
force maintains the valve in the seated condition. Also with the valve
seated, the annular space 16, pilot stem (overflow) 2 and outlet 19 will be
empty. The pilot stem 2 is maintained in the closed position by
compression spring 4 exerting force on retaining collar 3 which in turn
holds pilot seat 18 against the bottom of downward projecting boss 36.

The valve is operated by pressing the top of the pilot stem 2 which

as before produces a downward movement of the pilot seat 18 away from

seal 10 creating a substantial opening and an immediate drop in

pressurem the upper chamber 6 to approximately atmospheric pressure.

This results in a net upward hydrostatic force and for the main valve

. assembly 35 to unseat and rapidly rise up into the upper housing until the

piston rim 37 reacheé the top of the housing. This upward movement of

the main assembly 35 causes air in the upper chamber 6 together with a

small amount of water to be pushed downwards via the pilot seal 10 and
annular space 16 through the slots 17 into the hollow centre of the pilot




pi pe bottom edge 27 in the annul ar space 25. Thus with the valve havi ng
been opened and the air valve 111 closed, the cistern mAII uII di schar ge
fromWBt”Fng 23 down to enpty level 22, at which poi RCH Thce of the
outfl ow ng water breaks away fromthe | ower tail pi pe edge 27 al | owi ng

air to enter and vent upwardly via annul ar passages 16 and 25 to the upper
chanber 6 and for piston 35 to descend, due to its own weight and the

control spring force, to the reseated position. For achi evi ng
the short flush node, operation is inixdally as for the full flush
node whereby the valve is opened by downward novenent of t he extension
65 and upper housing stem assenbly 106 which opens pil ot val ve 10, 18
and air valve 111 and the sudden i nbal ance of hydrostatic forces cause
the pi st astemno2 s iAetief $ame timeawiththichmaim valvesseal ] laliftiig oty seat 13

descri bed. However, this tine the upper . housi ng 106, |Iot stem gui de 54
and st acka substaneial apeningtis [pro foravater ta flowar dawafds sviansur es

that the upper chanber 6 is vented to atnosphere via air valve 111, which
i s bei ng portsi12 mdtmheldeﬂactedsdomwardsrbydxee¢ontnurn£the§mwenplstons from

ppraches interme t he di m ni shing

ﬁ;ér ost atZlQ?va%ld %:?H&tgégva@nggc Bfrﬂﬁatgtl the q evel)hpmgec&:hﬁ iflowif fi cient
Nor eover CaRtimes|dowRalds via, BATOWPE i ""”Mei.n‘iﬁé‘h?? 3%hensh moand ou
Capi Q?y“ﬁtﬁg ”ber mm afér Bic RS, valve, el bas diged BB oour ¢ o
the val ve lgayg V\éahttgrrs {18 1bWer PiSt fil into RS spaeee 1%%%& ol 13- ¢
PCT/ GB%’A?ﬁf‘Po*img a shallow pool of water around the rim 39. At the start of the
 valve begimning to rise from its seat, air and water flow out through the
slots 17 as quickly as they enter. As the main valve assembly approaches
the top of the upper chamber the rim 39 overlaps the top edge of the slots
17 and water entering the hole 15 marginally rises above the rim 39 and
seals off the space between the bore of the lower piston tail pipe and the
pilot stem lower extension pipe above the top of the slots. - As already
described for the embodiment shown in Figure 4, this water seal ensures
~‘that no air can enter the upper chamber 6 from the hollow stem via the
- slots 17 to cause premature reseating of the valve once the water level in
: ..:_"_ stern has fallen below the top of the main valve assembly (rim 37) in
_the raised position. At this point there is not sufficient pressure or force
underneath the main valve assembly to sustain the weight of the main
 valve assembly (piston) and thus it is essential that the piston remains in
the raised position until the cistern is empty, i.c. the water level is only
slightly above the seat 13. |




-19- . Venting of the outlet 19 after a short flush or

interruptable flush is achieved in the sane manner as that described
for Figures 1WAHH/EM4TI Figure 4 shows an arrangenent PET/GBDS02493
Figure 1 except that the means for achieving the short flush is a drag
ring and disc applied to the | ower part of the piston instead of the
control spring 90 at ‘the top of the pi ston. Also with this arrangenent
it is essential that the contour of the outlet is simlar to that
shown in Figure 2. Slots in“the hollow pil ot ygbze stem are provided
above and bel ow the pilot val ve seat. The function;
hydrostati ¢ bal ance and basic operation is generally the sanme as that
descri bed for the enbodi nent shown in Figures 1, 2 and 3 and therefore

again to produce the fWithfthefd alSeBeinpetiey acéd @ dtistpé épheitheraﬁtﬁd;ﬂswater

extension is pressed down and imedi ately rel eased. Thi's action

before drops the entesstheeappert cleariber6 via?tﬁeegisioﬁ%aﬂpaﬂdiawd %0 Yaccommodate

at nospheri c causing the main val ve assenbly 5 to unseat and as the

val ve assenbly rifadytwidéproductionstolerances; cémtralising piston'ring @ is wsed! | Some

amount of water is pushed downwardly via annul ar space 16 and through _

slotted hole 17 (leakage ispiof ebupse, spémiitteduvia the ecentralising ering 8 ebigetlds is
of gui de boss belowit) into the hollow stem 2 and down into the

outlet 109. | ni negligiblevand, of sonrse, the pressurechalanceihole 9aallowsia sthall flow

escape through .. Slots 44 intqQ the hollow pilof stem?2. .

Wth the val ve opBRO ﬁélﬂﬂesml’;- Astheowatersievel ipthe cisterni dipps down to
the level of hole 15, the main valve assembly begins to descend under its
own weight by pulling in a small amount of water via the hole 15. The
water level then drops still further until it reaches the point at which it is

~ level with the bottom of the lower piston tailpiece 27. This further assists
with drainage of water from around the rim 39 via the hole 15 by venting
air up into the space 16 and breaking the water seal around the rim 39.
This is then followed by initial downward movement of the main valve
assembly 35 to uncover the top edges of the openings 17 and rapid venting

causing the main valve assembly to quickly descend and reseat.

With the contour of the lower piston 20 and the shape of the outlet

gusing mouth 33 being designed to achieve high hydraulic efficiency, the
venturi action at the narrowing 38 causes a partial vacuum and for there to
be little or no water inside the hollow centre: of the pilot stem 2 and
| therefore any communication path or transfer passage which would enable

air to enter the upper chamber during discharge is prevented.

Figure 6 shows an arréngement of the full flush valve with integral
overflow similar to Figure 5 but with the main valve assem_bly 35 raised to



and the slots 44 closed off by pilot stem shoul der 18 and seal 45 abuttind
WD 96/ 14479

PCT/ (WO96(4479 3 - PCTIGRISN2493 e .
downwardly projecting boss of the upper housing, the upper chanber 6 S
protected against the ingress of air fromthe bottomof the piston via the
slots 17 by a controll ed anmount of water entering hole 15 and surroundi ng
the top edge 36 of the | ower piston guide boss. If air were allowed to
enter the upper chanber 6 during the S24L flush node premature reseating

of the valve would occur unintentionally. In"the short flush
nmode as with the three previous enbodi nents the pil ot stenmfoverflow
pi pe (hollow stem) 2 is pressed domm and held down for 2 to 3 seconds.

Unl i ke -t htheofdpeinstdidtlsé appéshousing\si.e. thevalveuppem! Howeverytheredareovenent
I's functional "in creatlng downwar d forces on the | ston 35. The

under si dediffereheegiin the speanssbyuvhich the upper;chamben &ptsecontrolleql andye 36 of

t he | ower piston boss causing the piston to be myed down hin the

upper houthengndin vah'eeassemblynkep inrthe: raised position fo. @chieve a ton in
e ias i i e o ShBs ot
;gfgggtgxgﬁ#omer p05|t| 83&“? anqgﬁliﬁggggre taeﬁ setH§§ dommp%Ethtlng

35 closed and seated, the assembly would again be maintained in the

seated mode by identical hydrostatic seating forces as for Figure 5. With (

also the configuration of the upper part of the main valve assembly, pilot

stem, .spring and upper and lower housing assemblies being the same as

before, the function and condition of such features as pressure balance

hole 9, upper chamber 6, inner valve space 16. will also be the same as for

 the valve arrangement of Figure 5 when seated and immersed in water.

This snmﬂmtyalsoextends to the: operation and opening of the |
.valve wherein on pressing down the pilot stem 2, pilot valve 10, 18 opens
allowing air initially at the same pressure as the water in the surrounding
mstemtoescapeﬁ'omthenpperchamberﬂmthemnervalve space 16
| -'dsthroughthelowerplstonpassagetotheowetw As
beﬁue—' this.action causes the:main valve assembly 35 to lift off seat 13 and
rise to the fully opened position with: the rim-37 at .the_ top inside of the
upper housing 5 and apart from;a smallquanntyof water that enters the
upper chamber 6 via the pressure balance hole 9 the top of the main valve
assembly 35 is closed off by the centralising ring 8. Of course, up to the
point where mainly air is being discharged into the inner annular space 16




underneath the piston as the water level falls fromthe set level 23 and is

approaching i ,ate level 51. At this point with the vent slots 44
bei ng open ai&bérﬁmg the upper chanmber 6 frominside the hol | RFYEBRL43

causing the piston to rapidly descend and reseat. Fol | owi ng
this short flush, the cistern will refill to the set |evel 23 and be
ready for the next full or short flush. WO 96/ 14479 :
PCT/ GB95/ 02493 -21 -

Figure 5 shows a full flush valve fitted at ti@§bottomof a cistern 1

and imersed in water at a typical filled level 23 with the main val ve seal
11 seated on rim 13 sealing off the outlet and with seal ring 10 sealing

of f agai nst pilot seat 18 closing off upper chanber 6 fromthe outlet.
Wth the val vand edowaiwardsi atreapproximately e atmospleeric hpressure;  opetatiors is
al nost enti re_Idy air_at a pressure equal to the surroundi ng water
pressure, at thel entmal_otmtha&oﬁhgmacﬁnity of ' the pressure bal ance hol e 9.
Generally due to the area on top of the main valve assenbly 35 being

| arger than the annul ar area between the bore of upper housing 5 and

seat rim 13, a net do rd . f oprce mai ntai the valve in the seated
condition. Also with thBesignificant @M@g@,ndaﬁ&smwﬁme 61are mam}y inithe

overflo 2 and outlet 19 wijl be enpty., The pjlot stem2 is .
Emi nt ai n\é\% i n t hdOWeTs maip valve, ﬁs§g;nbly ‘Ind’ downwatds extension ‘of the pilot or
-overflow stem region.

Air that is being expelled from the upper chamber 6 and flowing
downwards through the inner annular space 16 is turned radially inwards
and enters the space defined between guide fins 24 and the outside of
downward extension stem 40. It then flows downwards through an
annular passage 25, defined by the space between outside of extensions
stem 40 and bore tailpipe boss 41 interposed by fins 24, from the bottom
of which it emerges at the tailpipe end 27 and flows beyond into the outlet
19." This flow is, of course, only present whilst the main valve assembly is
rising from its seat to the fully open position.

In the fully opened position, the highly efficient flow through the
tapering duct (defined by the curved contours between the lower main
valve assembly 20 and mouth 33 of the outlet housing) creates a venturi
action at the narrowing 38 which, in addition to the high downward
velocity of the water impinging on the stem extension 40 between the
tailpipe edge 27 and stem bottom 26, sets up a substantial pressure
reduction at the bottom of the tailpipe to ensure that apart from some water
at the bottom of boss 41 and annular passage 25, the inner annular space



conpression spring 4 exerting force on retaining collar 3 which in turn

hol ds pil ot seat 18 against the bottom of downward projecting boss 36.

The vdp9éﬁﬂ§”8perated by pressing the top of the pilot REHE Bh as,
bef ore produces a downward novenent of the pilot seat 18 away from .

pil ot sael 10 creating a substantial opening and an inmediate drop in
pressure in the upper chanber 6 to approxi mately atnospheric pressure.

This results in a net upward hydrostatic force and for the main val ve
assenbly 35 to unseat and rapidly riseg.into the upper housing until the
piston rim 37 reaches the top of the housing. This upward novenent of

the main assenbly 35 causes air in the upper chanber 6 together with a
smal | amount of water to be pushed downwards via the pilot seal 10 and

\e}\g ng I671r1 42 r;lg@ endupper chaniter 6| atsdfainedtat A ratd) ekceedingnthiecinpresd ofpi | ot
PCT/ GB9510R4€s, mainly from the pressure balance hole 9. -22 - stem
2. At the sane tinme, with the main valve seal 11 |ifting fromseat 13

a substantial opening is provided for water to flowradially inwards via
ports 12 and to_be defl ected downwards by the contour of the | ower piston
20 and curved ditom $he pointratowhiclsthe valve was ioperatedswith arpistemofilled

The. tof & ettopsat [eNek S, Suaier apidly: HowsnitirouihyBe: Ve fausing the WaleTof 1 i (s
-level to fall and for this to continue until the cistern is empty and the water |
level reaches its lowest level as indicated 22. At this point the level of (
water at the. centre surrounding the tailpipe boss 41 dips downwards and
falls below tailpipe bottom 27 allowing air to enter passage 25 and the@e :
to the upper chamber 6 causing the main valve assembly to descend
rapidly and reseat.  From here onwards refilling takes place and the cistern
then replenished with water to set level with the valve closed and therefore
ready for the next operation. - - | '

A number of alternative embodiments are possible. For example -
boss 36 in Figure | could be eliminated and the: height: of the slots raised
above the top to position them inside the upper housing boss. This -
cmﬁgwanon would - improve short flush- performance on pans with
‘restricted galleries and less than average performance.



seat, water enters the | ower piston tail nlmmnmnﬁﬂmﬂmvr a access hole
15 and form ng a shal |l ow pool of wate 39. At the start
oflthe 'gélnnlngtorlsefromlts seatt &irsantl wateP

through the slots 17 as quickly as they enter As the main val ve
agsenbl y approaches the top of the upper chanber the rim 39 overl aps
the top edge of the slots = 17 and water entering the hole 15 marginally
ri ses above the rim 39 and seal s off the space between the bore of the
| ower piston tail pipe and the pil ot stemmhower extension pipe above
the top of the slots. As al ready "~ described for the enbodi nent shown in
Figure 4, this water seal ensures that no air can enter the upper
chanber 6 fromthe holl ow stemvia the slots 17 to cause premature
reseating of the \GLAFMSce the water |evel in ‘the cistern has fallen
bel ow the top of the main valve assenbly (rim37) in ' the raised
position. At this point there is not sufficient pressure or force
underneath the main val ve assenbly to sustain the weight of the nain

val ve assembly (pilst on)Aalischdrge valve device fior madmbntimarﬂmd)m aecistern, the
the raised position until the cistern is enpty e. the water level is
only sl i ght | ylexige; comprising an1gpper housang,965,1m17,9 106) an upwardly movable
PCT/ GB95/ 02493

Wth there al so b&naig vaiyera@éqmbéye(a§)Jmthmhdxe housingrand fommg/\mﬁr the upper

fairly &edEpB?Ldﬁ%&  SEUDIE ol UERor ShaTaRes (0 AJesTiGoq passags (2)
between the upper chamber (6) and the exterior thereof, an outlet (19)
leading down from the lower part of the housing, a seat (13) for the main
valve assembly at the entry to the outlet (19) so that, in the lowered.
position of the main valve assembly, the outlet is blqcked against ingress
of fluid in which the device is immersed, and a pilot valve (2, 54, 92)

- actuable remotely from the housing (5, 101, 106) to put the upper chamber
'(6) in free communication with the outlet (19), the arrangement being such
that, on such free communication being established, fluid escapes the
upper chamber (6) and the change in relative pressures above and below |
the main valve assembly (35) canses the latter to unseat thereby permitting
flow. of the. immersing fluid- into the outlet (19) and its substantially

' plete discharge, the cessation of flow of the immersing fluid allows the

main valve assembly (35) to: revert to its seated position with the pilot

valve (2, 54, 92) cutting off said free' communication, and air penetrates
the upper chamber (6) and on replenishment of immersing fluid a net
downward pressure is created on the main valve assembly (35) to keep it
seated, and wherein the pilot valve (2, 54, 92) has a hollow stem (2, 54,
' 92) communicating to atmosphere above the normal full set level (23) of




| eakage i s, of course, pelim ' entralising ring 8 but this is
negligi ble and, of cours I]mnﬂmnllﬂllﬂmIEI ance hole 9 allows a small flow
into WS chanber 6. As ®hé wdtef l'vel in the ci SPEVGBIYME3 down to |
the |l evel of hole 15, the main valve assenbly begins to descend under its
own weight by pulling in a small anount of water via the hole 15. The

wat er | evel then drops still further until it reaches the point at which it
S | evel with the bottom of the |lower piston tailpiece 27. This
further assists wi t h drai nage of ter fromaround the rim39 via the
hol e 15 by venting air up into th&®space 16 and breaki ng the water
seal around the rim 39. " This is then followed by initial downward
novenent of the main valve assenbly 35 to uncover the top edges of the

openi ngs h{u&‘% tgg?iéigi‘siggp:,qﬂe main VEH® akke F‘Yr@isggﬁﬁao#.@mé%ﬁmgr

qui ckly desce

pi ston 20 Zn“%mggm&é&m&hqhonowmﬂpﬁg%pg mout h 33 being

desi gned t0 ac ydraulic efficiency, venturi action at

t he narrowi ng 38 causes a partial vacuum and for there to - be little or |
no water inside the hollow centre of the pilot stem 2 and therefore any !
commui cat Ron pa&ﬁevicetawmﬂ’mghm@msly\wmmimaldﬁabﬁuhhwalve; air to enter |
t he upper chanber during discharge is prevented. Figure 6

shows an arrangenent of the full flush valve with integral overfl ow
simlar to Figure 5 but with the nmain valve assenbly 35 raised to WO

96/ 14479 -3. A device according to Claim 2, wherein the dual fhushrvalyesi©2493
~ operable in short flush mode by maintaining a vent to atmosphere from the
upper chamber (6) via the pilot valve (2, 54, 92) in its held-open position.

4., A device according to Claim 2 or 3, wherein the vent to atmosphere
from the upper chamber (6) includes one or more .openings (44) in the
hollow pilot valve stem (2, 54, 92) above the valve seat (18) of the pilot
valve stem (2, 54, 92) which is to seal with the main valve assembly (35)
when the latter is closed. -

-5. . © A device according to Claim 4, wherein the valve stem additionally
- hagone or more openings (17) below the valve seat (18).

6. A device according to any preceding claim wherein the pilot valve
(2, 54, 92) is openable against pressure of a spring (4) which returns the
- . pilot valve to its closed position when the actuating mechanism is released.

7. | A device according to any preceding claim wherein a spring (90) is
compressed by the opening of the main valve housing (35) whereby in
short flush mode, when the falling fluid level approaches the desired final



-24 - the top inside the upper ho val ve open.
However, there are P di fferencgg thﬂl“ﬂuﬂumﬂIm”m the u per chamber
6 is.control | XPWM4?  the nain valve absenbly Kepf ih the rag (GB93/02493
position to achieve a high .  discharge efficiency and effective fast
fliowi ng enptyi ng down to a | evel mar gi nal | y above the val ve seat 13.
Before operation, i.e. the main valve 35 closed and seated, the
assenbly woul d again be maintained in the seat ed node by identical
hydrostatic seating forces as for Figure 5. W b_ al so the
configuration of the upper part of the main valve assenbly, pil ot

stem spring and upper and | ower housing assenblies being the sane as
before, the function and condition of such features as pressure bal ance

hol e 9. upper chaghert fush 1&vel (IF) e rotanting Gctioh! of theCygting (S0 tie welght

t he val ve arrangnment of Figure 5 when seated and 1| nmers I wat er .

This sinilarity abfchextraivalve tdssembly B5) rovrdomec apaardf forbes on the dhai
wherein on pressing down the pilot stem 2, pilot valve 10, 18 opens

al'l owi ng air init valveyassembly (35)e pressure as the water in the surrounding
cistern to escape fromthe upper chanber 6 into the inner valve space 16
and downwards through the | ower piston passage to the outlet 19. As

before, this actiogn causes the main, valve assenbly 35 to lift off seat 13

and rise to 8he fuﬁdyvmpeamrdmmwmwﬁéhmsa &y 6 awhewnein: @ drag ring
I nside of the er _housjin nd aparf{,froma sma|l quantity of water
that enters the '(lffﬁgpd)ﬁrdfi&ﬁ%éiﬁm&m eadbesmam yalve assembly(33) to
top of the main valve assenply 35 is ¢losed off by the.c al i sing

P E e tour'seidiRase,doRaward prbssre o Biemiam NRlve AsseRbly 43 5)

di scharged into the inner annul ar space 16 - ,

9. A device according to any one of Claims 2 to 8, whereih the pilbt-
valve hollow stem (92) is an integral part of the upper housing (101).

10. A device according to Claim 9, wherein the free communication is
provided by an offset auxiliary valve (94, 111).

11. A device according to any one of Claims 2 to 10, wherein the upper
housing (106) and pilot valve hollow stem (54) are formed integrally with
an air stack pipe (104), the air stack pipe (104) providing the free
communication when the hollow stem (54) is forced downwards by the
actuating mechanism. | |

12. A device according to any one of the preceding claims, wherein the
pilot valve (2, 92) has external longitudinally extending fins (24) adjacent
its lower end (26), which provide venting between annulus (16) and the
outlet (19) when the main valve housing (35) is in the open position.



WO 96/ 14479 " PCT/ GB95/ 02493

- 25- . and downwards at approxi mately atnospheric pressur tion
i s i denW@8¢/14% t hat of Figure 5. The si gni f?@%%g&&“b‘?
features and differences of Figure 6 are dnB in the | ower mai n valve
assenbly and downwards extension of the pil overfIOM/stenIreglon

Air that is being expelled fromthe upper cha fl ow ng
downwar ds through the inner annular space 16 i$tturnqd radi ally inwards
and enters the space defined between guide fin$j24 and t out si de of

downward extension stem40. It then flows downyrds tigfugh an annul ar
passage 25, defined by the space between s&d? of ¢ -e ] ons - stem 40 -
ahd bore tail pi pe boss 41 interposed by fﬂﬁL fro ottom of

which it emerges at the tail pipe end 27 ang flqps beyo d to the outl et
19. This flowis, of course, only present Il I njpalve assenbly is
rising fromits seat to the fully open podijt] off: /’5$n the fully
opened position, the 4\ghly efficient flow]t k  t apering duct
(defined by the curved contours between tig | o maiip val ve assenbly
20 and nouth 33 of the outlet housing) creg ven F [
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action at the narrowing 38 which, in addition to the high downward
vel ocity of the water inpinging on the stem extension 40 between_the
tail pipe edgewmﬂﬁmstem bottom 26, sets up a substanti al prespsq}?"émsm“”
reduction at the bottomof the tailpipe to ??[ssre that apart from sone
r

wat er at the bottom of boss 41 and annu passage 25, the inner

annul ar space WO 96/ 14479

PCT/ GB95/ 02493 -26 - 16
and upper chanber 6 are drained at a rate exceeding t i ngress of

water, mainly fromthe pressure bal ance hole 9. Jdh 98 om t he poi nt
at which the valve was operated with a cistern fil o set level 23,
water rapidly flows through the val ve causing e er | evel to fall
and for this to continue until the cist ' Py n wat er | evel

s int | evel of

reaches its | owest | evel as indicate@gs

water at the centre surrounding the tai S di @gnwar ds and
falls bel ow tail pi pe bottom 27 all ow ng Lgnt pgsRhge 25 and t hence
to the upper chanber236\causi ng the main| val ve ggserfdlly &dcend
rapidly and reseal. From nere onwards rehlling ta e and the cistern
then replenished with water to set level]lwith gle v oggd and
therefore ready for the next opélatip. i
l
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A nunber of alternative enbodi nents are possible. For exanple boss 36
in Figure | could be elimnated and the height of the slots raised

above the top WO&4™ i on them i nside the upper housing boss. TRCI/GBISN02493
configuration would inprove short flush perf@qm@nce on pans with

restricted galleries and | ess than average perfOrmnce. WO 96/ 14479
PCT/ GB95/ 02493 -27 - ' CLAI M5
1. A di scharge val ve device for inmmersion in a fluid in a cistern, the

devi ce conprising an upper housing, (5, 101, 106) an upwardly novabl e

mai n val ve assenbly (35) within the housing and formng with the upper
part thereof a variable volune upper chanber (6), a restricted passage (9)
bet ween the upper chanber (6) and the exterior thereof, an outlet (19)

| eadi ng down fromthe | ower parﬁ pf -the housing, a seat (13) for the main
val ve assenbly at the entry to A S o—t-at , in the | owered
position of the nmain valve M o®Red agai nst ingress
of fluid in which the devic h pi | valve (2, 54, 92)
actuabl e remotely fromthe hg ) to’nut t he upper chanber
(6) in free conmunication wt pr angenent bei ng s&h
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that, on such free conmuni cati on being established, fluid escapes the

upper chanmber (6) and the change in relative pressures above and bel ow

the mai n val vovO8&tH4BYy (35) causes the latter to unseat therebPCPEBS024930
flow of the imrersing fluid into the outlemla) and its substantally

conpl ete di scharge, the cessation of flow of° tthe imrersing fluid allows the
mai n val ve assenbly (35) to revert to its seated position with the pil ot
valve (2, 54, 92) cutting off said free comunication, and air penetrates

t he upper chanber (6) and on replenishnent of imersing fluid a net
downwar d pressure is created on the main valve assenbly (35) to keep it
seated, and wherein the pilot valve (2. 54 9 a hollow stem (2, 54,
92) communi cating to atnosphere aldgve the normal |1 set level (23) of

W) 96/ 14479 PCT/ GB95/ pp493

-28 - fluid in the cistern (N), the main vaJye assenbly, (35) and the
hol | ow stem. (2, 54, 92) definijng therebetween hol | ow annul us (16).
2. A device according to daim which is a du ush val ve. 3.
A device according to C aig2, whddein the dual f h valve is oper abl e

in short flush node by a vent Lo atmo trere—fTonTthe
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upper chamber (6) via the pilot valve (2, 54, 92) in its hel d-open
posi tion. . A device according to Caim2 or 3, wherei 4§§
to at nospherewo,é,lwamthe upper chanber (57@ ncl udes one or né’?’g; é’ﬁﬁ%s

(44) in the hol | ow pil ot val ve stem ( 4, 92) above the val ve seat
(18) of the pilot valve stem (2, 54, 92) which is to seal wth the nmain
val ve assenbly (35) when the latter is closed. 5. A devi ce
according to Claim4, wherein the valve stemadditionally has one or
nore openings (17) bel ow the val ve seat (18). 6. A devi ce according
to any preceding claimwherein the pilot valve (2, 54, 92) is openable
agai nst pressure of a spring (4) which returns the pilot valve to its

ed. 7. A
(90) is

cl osed position when the actuating mechani sm
devi ce according to any precedi ng cl ai mwher
conpressed by the opening of the main valve wher eby in
short flush node, when the falling fluidgdlev hes the desired final
WO 96/ 14479 PCT/ GBY&Kd2453— /23
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short flush level (51) the returning action of the spring (90) and the

wei ght of the main valve assenbly (35) overcone upward forces on the
mai g val vavasetze y ( 35). 8. A devi ce according to pCY/GHOC0IND3
Clains 2 to 6, wherein a drag ring (112) 5gdsor di sc (113) are provided
on the main valve assenbly (35) to I ncrea ownwar d pressure on the
mai n val ve assenbly (35). 9. A devi ce according to any one of
Clainms 2 to 8, wherein the pilot val ve hollow stem (92) is an integra
part of the upper housing (101). 10. A device according to daim?9
wherein the free conunication is provi ded by an offset auxiliary valve
(94, 111). " 11. A device according to any one of Cains 2 to 10,
wherein the upper housi ng (106) and pilot valve hollow stem (54) are
formed integrally with an air stack pipe (104), the-air stack pipe
(104) providing the free comruni cati on when the holiow stem (54) is
forced downwards by the actuati ng nmechani sm 12. A device
according to any one of the preceding clains, wherein the pil ot val ve
(2, 92) has external |ongitudinally extending fﬂn§‘T2ﬁT‘a j acent its

| ower end (26), which provide venting between gidnul us (26? and the '

outlet (19) when the main val ve housing (35) i Iin t hd Jopen positi on.
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(54) Title: DISCHARGE VALVE
(57) Abstract
The invention provides an improved discharge valve comprising an

-upper housing (5, 101, 106), an upwardly movable main valve assembly

(35) within the housing and forming with the upper part thereof a variable
volume upper chamber (6), a restricted passage (9) between the upper
chamber (6) and the exterior thereof, an outlet (19) leading down from
the lower part of the housing, a seat (13) for the main valve assembly at
theenu'ytotlwouﬂet(l9)soﬂmt,inthelowemd'posiﬁonofﬂxemam
valve assembly, the outlet is blocked against ingress of fluid in which
the device is immersed, and a pilot valve (2, 54, 92) actuable remotely
fromthehousmg(s 101, 106) to put the upper chamber (6) in free
communication witl: the: cutlet (19), the arrangement being such that,
on such free comniufiication being established, fluid escapes the upper
chamber(6)andﬂ1echanaemrelauvepressmesaboveandbelowﬂxemam

valve assembly (35) causes the latter to unseat thereby permitting flow.

of the immersing fluid into the outlet (19) and its substantially complete
discharge, ﬂiecessanonofﬂawofﬂlenmnemmgﬂmdallowsﬂlemmn
valve assembly (35) to revert to its seated position with the pilot valve (2,
54,92)cumngoffsmdﬁeecommumcanon,andmrpenwawstheupper
chamber (6) and on replemslunem of immersing fluid a net downward
pressure is created on the main valve assembly (35) to keep it seated,
and wherein the pilot valve (2, 54, 92) has a hollow stem (2, 54, 92)
communicating to atmosphere above the normal full set level (23) of
fluid in the cistern (1), the main valve assembly (35) and the hollow stem
(2, 54, 92) defining therebetween a hollow annulus (16).
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