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The present invention relates to a volume control insert for a pressurized
water closet flushing system that reduces water usage incident to flushing of a toilet

while maintaining maximum efficiency of effluent transport.
RELATED ART

The herein disclosed volume control apparati.xs for a pressurized water closet
represents an Emprovement over the systems disclosed in Patent No. 4,233,698
issuéd November 18, 1980 and Patent No. 5,870,527 issued October 26, 1999.

Water conservation is an-environmental concern that has resulted in strict
confrols being placed on domestic water usage 1n many areas of the country.
Pressurized water closet flushing systems make a significant contribution to water
conservation in that they exhibit relatively low water consumption coupled with high
effluent transport efficiency.

- Known pressurizéd waier closet systems generally consist of a water véssé_l,
a flush vaive, and a flush valve actuator. These components are disposed internally
-of a convéntional water cioset.' The pressurized water closet is energized by water
- pressure from a conventional fresh water,'supply system. |

In operation, as the water level rises in the closed water vessel after flush, air




in operation, as the water level rises in thé clo~sed water vessel after
flush, air internally of the water vessel is compressed. When water pressure in
the vessel equals the supply line pressure or \;vhen it causes the pressure
-regulator valve to shut, in the event of supply line pressure greater than that
allowed by the regulator, flow of water into the water vessel ceases and the
System is conditioned for operation. Wheh the flush valve actuator is actuated,
the flush valve 6pens whereupon the compressed air in the water vessel forces
the water stored therein into the v;zater closet bowl at relatively high discharge
'_pressure and velocity, flushing waste therefrom with minimum water
consumption. |
Known pressurized water"closet flushing systems have proven successful
in the marketplace but generally.'exhibit one or more operafing characteristics
that can be improved upon. In areas wherg fresh Wafer supply systems have
sufficient pressure to allow a pressurized water closet to readily extract waste
-fro'rr; the water closet bowl, the mandated 1.6 galions per ﬂush may be more
water than required to efficiently extract waste. There_ is no provision for readily
varying the volume of water utilized in each ﬂush-ing -cyclg, absent complex and

costly modifications to the water vessel or flush control mechanisms.

SUMMARY OF THE INVENTION

The water closst volume control apparatus of the present invention, used
in conjunction with a pressurized water closet flushing system, solves the
- aforementioned problems. Specifically, the system allows the amount of water

released into the bowl for waste extraction to vary, thereby accommodating



"

freshwater supplies of varying pressures. The pressurized water closet has a
fiush actioﬁ that is not a function of time of actuator depression. Accordingly,
when the water closet is supplied by a fresh wat'er system having a minimum
static pressure (20 PSI), the volume control insert of the present invention
allows the volume of water -forced into the bowl during each flush cycle to be
reduced. In contradistinction, systems -having less efficient bowis and/or lower
water supply pressure can be operated without the volume control appafatus

installed or with the volume control apparatué at its minimum height, thereby

" allowing the design maximum water volume to be forced into the bowl during

tﬁe flush cycle.

The volume control appafatus is designed to be easily installed in the
aforemenﬁoned pressurized water 'c.!os'ets without replacement of the water
vessel. Additionally, the volume control app?ratus of the instant invention may
be éress-ﬁtted 6nto the ex.isting flange at the bottom of the water vessel,
requiring no fasteners or other hardware for installation. |

Yet another object of the instant invention: is a variable the volume.that
allows any water closet to be converted to any flush volume depending.on the
hydraulic characteristics of a particular water closet.

The aforementioned features of fhe .instant invention provide effective
extraction and drain |iﬁe carry of waste while allowing minimum water usage,
depending upon the particular system hydraulics. A portion o-f the water

contained in the vessel is “held back” during -each flush cycle, thereby reducing

- overall water usage without compromising flushing sy_étem integrity.



BRIEF DESCRIPTION OF THE DRAWINGS

FIG. ~1 is an elevational view of an improved pres.suri;ed water closet flushing
system in accordance with the environment of the present invention;

FIG. 2 is a top view taken in the direction of the arrow "2" of FIG. 1;

FIG. 3 is a view taken along the line 3-3 of FIG. 2; of a fully charged flushing
system; |

FIG. 4 is a view taken within the circle "4" of Fig. 3;

FIG. 5 is a view similar to FIG. 3 upon the initiétion of flush action;

FIG. 6 is a view similar to FIG. 3 wherein the volume control apparatus of the
instant invention is installed;

FIG. 7 is an elevational view of the volume control apparatus of the instant
invention;

FIG. 8 is a view taken along the line 8-8 of Fig. 7;

FIG. 9 IS an elevational view of an alternative embodiment of the instant
invention;

FIG'. 10 is a view of the instant invention taken é_zlon_g the Iéne 10-10 of Fig. 9;
and |

FIG. 11 is a partial view of an alternative embodiment of the instant invention.

| DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE
INVENTION
As seen in Figs. 1, 2 and 3; a pressu.rized water ﬁl_oset flushing system
10, illustrative of the environment of fhe present invention and fully disclosed in

U.S. Patent No. 5,970,527, is shown in operative association with a




conventional water closet tank 12. Major components of the system 10 are a
water vessel 14, an internal flush valve assembly 16, ahd a manifold 18
comprising an integral flush valve actuétor 22, a water pressure regulator 24;
and an air induction regulator. .

Water is supplied to the system 10 from a pressurized source (not
shown) and flows upWardly without re;triction through an inlet conduit 27 and
vacuum breaker 28, thence laterally to the manifold 18. .Water is free to flow
through the conduit 27 to the manifold 18 at sysiem pressure thence, after
regulation, to both the fiush valve assembly 16 and water vessel 14, as will be
described.

The water vessel 14 con;nprises a pair of vertically stackgd half sections
32 and 34, The upper section_32 §f the water vessel 14 has a pair of
downwardly extending partition;s, 35 and 36 that creaté isolated chambers 37
and 38, _réspectively as lqn_g as the water level is above the weld joint between
- the sections 32 and 34 of the water vessel 14, a tybipal condition between
ﬂuéhes, as will be described. Accordingly, because the compressed air in the
chambers 37 and 38 which powers the system 10 is-isolated, a leak in an upper
portion of the flush valve assembly 16 will not result in the s’yétem 10 becoming
waterlogged.

. The manh_‘éld 18, comprising the water pressure regulator 24, aif
inductioh regulator 25 and flush valve actuator 22, is mounted on the upper
section 32 of the water vessél 14. . |

As best seen in Fig. 4, the integral air induction system 25 on the

manifold 18 comprises an externally threaded mounting nipple 42 that accepts a




cap 44. The cap 44 has an aperture 46 therein the periphery of which
functions as a seat for a ball valve 48. The valve 48 is normally biased to the
closed position by water pressure within the manifold 18. However, when
internal pressure in the water vessel 14 is redut:e_zd during the discharge phase of
the flush cycle, to a predeteiﬁ\ined minimum, for example 2 PSI, the resultant
flow of water into the water vessel 14 c.!'eates én air pressure differential across
the valve 48 that effects opening thereof and the induction of makeup .air. into
the water stream, replenishing air in the water vesse.l 14 in a self regulating
manner.

A tubular sleeve 50 extends downwardly int§ an orifice 52 in the
manifold 18 leading to the water 14 thereby to conduct air into the water
'stream flowing into the water véssel’ 14. Thé éir induction system also
functions as a vacuum breaker to preclude backflow of water from the system
10 to the water supply system in the event of pressure Ibss therein.

The water pressure regulator 24 on the manifold 18 is of tubular
configuration and has an end cap 64 thereon. . A ball valve retainer 66 of
cruciform cross section is disposed internally of tHe ehd cap 64 .for support of a

ball valve 68. The valve 68 is biased against an annular seat 69 on a tubular

portion 70 of a pressure regulating piston 71 by system water pressure when

pressure internally of the water vessel 14 is lov_ver. Similarly, a second ball
valve 72 is suppo&ed iﬁ a second retainer 74, of cruciform cross section. When
pressure internally of the water vessel 14 drops _below the predetermined
pressure, the piston 71 moves away from the end cap 64 under the bias of a

regulator spring 76, thereby allowing water to flow past the ball valve 68,



thence past the ball valve 72 for distribution to the flush valve 16 and water
vessel 14, as will be described.

In the event of pressure loss in the water supply, the ball valves 68 and
72 move to the left, as seen in the drawing, against annular seats 78 and 79,
on the end cap 64 and piston 72, respectively to. preclude backflow of water
from the Water vessel 14 to the syste-m;

The manifold 18 also inciudes the ﬂush valve actuator 22 which
comprises a cylindrical hbusing 80 with a mahually operable spool 82 disposed
internally thereof that is slidably journaled in a sleeve 84. The spool 82 carries a .
valve 85 that is normally seated on a valve seat 86. A needle valve 87 is
supported on one end of the Sp.(.)ol 82 so as to extend into an orifice 88 in the
housing 80 to define the area of an anﬁular water inlet orifice that controls the
flow of water to the flush valve ;16.

M}o’vement of the spool 82 of the flush valve actuator 22 against the bias
of a spring 92 moves the valve 85 off its seat 86 to open communication
beﬁtveen an upper chamber "C" of the ﬂu_sh valve 16, through an qrifice 94 to a
pressure relief tube 96 to initiate flush, as will be- described. The tube 96
communicates with ambient pressuré in the toilet bowl (not 'sﬁown').

As best seen in Fig. 3 the flush valve assembly 16 comprises a vertically
oriénted flush va_l\-re-cylinder 100 having an upper end portion 102 that abuts
the manifold 18. A lower end portion 106 of the.cylin'der 100 terminates short
of a conical valve seating sux;face 108 of a Water diécharé_é passage 109 in the
" lower shell 34 of the water vessel 14. Flow of wa’tef from the water vessel 14

through the passage 109 is controlled by an O-ring valve 110 that is carried by




a stem 114 of a flush valve piston 1 16.

An upper end portion 118 of the piston 116 ié of cup shaped
configuration and extends upwardly to a predetermined proximity, for example,
0.4 inches, from the upper end 102 of the flush valve cylinder 100 whereby
upward movement of the pistfm 116 is limited to 0.'4 inches.

The flush valve piston 116 has.an elastomeric piston ring 130 thereon
that effects a seal against the cylinder 100 th_ereby to divide the cylinder 100
into an upper chamber 132 and a “main chahber 134 of the \;vater vessel 14.
'fhe piston 116 has a valve 136 disposed centrally thereof that normally seals
an aperture 138 therein. Upon the occurrence of an over pressure condition in
the upper chamber 132, the v'alv-e 136 opens against a spring 139 so as to vent
the upper chamber 132. This slight vénting pf the upper chamber 132, at, for
example, 45 PSI| causes a pressuré differential between.the upper c.hamber 132
and the _m'ain chamber 134 of the water vessel 14. As a result, the flush valve
piston 116 starts to- lift which allows the pressure in the' main chamber 134 of
the‘ water vessel 14 to. be reduced. Initially, an o_'scillation occurs as a pressure
differential is repeatedly cr_egted which is eventually equalized in both chambers,
thus preventing the pressure in t'he main chamber 134 of the water vessel 14
from exceeding a predetermined level, for example 80 PSI.

In operation, as. seén in Fig. 3, the water vessel 14 is fully charged with
air and water at, for example, 22 psi and the éy'stém 10 is ready for flush.
Specifically, zones (A}, {B), {C} and-(E) are at. 22 psi. Zonéé {D), (F) and (G) are
" at atmospheric pressure.' | '

Fig. 5 illustrates the condition that obtains when flush action is initiated.



Flush occurs when the actuator spool 82 of the flush valve actuator 22 is
~ depressed, allowing pressurized water in zone "C" to discharge through the
actuator 22 into zone "D" thence t6 zone "F. The pressure differenﬁél
established between zone "E" and zone "C" forces the piston 116 of thé ﬂus.h
~ valve assembly 16 to lift, creating an escape path for water in zone "E" through

the discharge aperture 109 into the toilet bowl at zone "F". It is to be noted

that the piston 116 of flush valve assembly 16 lifts, for example, 0.40 inches,

discharging only a corresponding volume of water from zone "C". This volume
of water is determined to be the amount of water capable of being discharged
through the flush valve actuator 22 in 1/4 second. As a result, the same
amount of water_is required af_t.er each flush to refill zone "C" and cause the
flush valve 110 to éeal regardless 'of Whether the spindle 82 of the flush valve
actuator 22 is depressed for mofe than 1/4 second.

A;'ﬂush progresses, pressure in zone "E" begins to lower, allowing the
regulator 24 to begin opening and ﬂoW to begin through zone "A" to zones "B"
and "C", flow through zones "A" and "B" is at m:ax.imum when pressure within
vessel "E" is zero. |

When bowl refill is completed, the ﬂush valve 110 is closed, and fill and
pressurization of the water vessel 14 begins. When this condition obtains all
floW through zone "A" is diverted through zone "B" into zone "E" of the water
vessel 14. It is to be noted that when the pfsfon' 116 of the flush valve
assembly 16 is in the closéd position and ione "C" is full of water, the air
" inducer 25 closes due to pressure buildup in zones "A", "B", "C" and "E".

In accordance with a preférred constructed embodiment of the instant



invention, a volume control apparatus 140 is shown in Fig. 6 _in operative
association with the herein disclosed pressurized water closet flushing system
10. As best seen in Figs. 6, 7, and- 8, the volume control apparatus 140
comprises an annular flange 142 that depends from the annular yalve seat 108
having a plurality of circumferentially 'spacec_l- tabs 144 extending upwardly
therefrom. The volume control apparétus 140 further comprises a generally
right circular cylindrical insert 150, open at both top and bottom; having a
bottom edge 152 having a plurality of ciréumferentially spaced slots 154
therein, wherein the slots 154 are engaged by the prb.truding tabs 144 of the
annular valve seat 108.

In-an alternative embodim'ent of the instant invenﬁon as shown in Figs. 9
and 10, the annular valve seat 108 .has an annular flange 142 dependihg.
therefrom having a rabbet 160 disposed around the circumférence thereof.
Additionally, the insert bottom edge 152 has a circumferénce sized 1o engage
the rabbet 162 of said annular flange 142. in either emb_odimént of the instant
'iﬁvention, the insert 150 is press-fitted onto the ahnular flange 142 to provide a
generally cylindric_:ai dam disposed around the flush valve stem 114. It is not
necessary that the press-fitted insert 150 form a waterti.ght seal with the
annular flange 142, just that the rate of leakage between the flange and the
'msért 150 be less than the rate of water flow into the tank 12 during the refill
phase.

In-operation, when the water closet 1.0 is flushed, the instant invention
- severely restricts water below the top edge of the insert 150 in the lower

portion of the tank 12 from flowing through the passage 109, thereby reducing

10



the water volume consumed in a pressurized flush. The instant invention may

be utilized in existing water closet applications, including non-pressurized water

closets, with minimal installation effort and expense. - In an exemplgry
application, the insert 150 volume is sized to hold back approximately .6 gallons
of water, thereby ;:onverting al.6 galk_;ns per ﬂuéh system to a 1 galion per
flush system and conserving a treh’aend.ous volume of water over the life of the
invention. -

in another alternative embodiment of the instant invention as shown in
Fig. 11, the generally cylindrical insert 150 has a central portion 170 comprised
-of an expandablé circumferential bellows 172 thaf allows the height of the
insert 150, and therefore the vqium'e of water held back during the flush cycle,
to be readily varied based on system réquirements. In this embodiment of the
instant invention, the insert 150 is preferably- manufactured of a flexible plastic
that retains its positioﬁ when the bellows 172 are expanded or coﬁtracted.

Systems having superior water supply pressure may readily transport
waste from the water closet bowl while conéuming less water than |6w—
efficiency systems. In these systems, the bellows 172 ﬁay be expanded such
that the insert has a greater height, thereby holding back a greater volume of
watér. Conversely, where the water supply pressure is sub-standard, the
_ central bellows pqﬁion_ 172 of the insert 150 may be compreSsed_to hold back

the minimum water volume, thereby maximizing the system’s ability to remove

waste. As a result, the system 10 can be precisely tuned to different bowl

- configurations to obtain maximum water conservation and maximum

performance. Bowil refill volume can also be varied by changing the height of

11




the insert 150.

While the preferred embodiments of the invention have been disclosed, it
should be appreciated that the invention is susceptible of mod'iﬁcation by one of
ordinary skill in the art without departing from the scopé of the subjoined

claims.
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| CLAIM:
1. A removable volume control apparatus for a pressurized water closet

having a water vessel and an annular valve seat in a lower portion thereof,

defining a water outlet in said vessel comprising:

an annular flange d_epen'ding from said anr_rular valve seat having a plurality

of vertically oriented circumférenﬁally spéced tabs; 'and

a right circular cylindrical insert having a bottom edge having a plui'ality of

circumferentially spaced slots therein, wherein the slots ._are engaged
by the tabs of said annular ﬂange.'

2. A removable volume control apparatus for a .pressurized water, c!osef
having a water vessel and an anﬁular valve seat in a lower portion thereof,
defining a water outlet in said vessel cof’nprising: |

an annular flange depending from said énnular valve seat having a rabbet

-disposed around the circumference thereof; and

a riéht circular cylindrical insert having a bottom edge which engages the

rabbet of said annulér flange.
3. A volume control apparatus as claimed in claim 1 wherein said cylindrical
insert further comprises a central portion having .an expandablé cylindrical
bellows for varying the height of said ins.ert.
4. A volume cpntro! apparatus as claimed in claim 2 wherein said cylindrical
insert further comprises a central portion having ah expandable cylindrical l

bellows for varying the height of said insert. . | '
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